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About This Document

This document is best viewed with Adobe Acrobat Reader 4 or greater. If the bookmark navigation
feature does not appear automatically upon opening the document, please select the Show Hi de
Navi gati on Pane icon on the navigation bar at the top of the document, or choose “Show
Bookmar ks” from the “W ndow’ menu.

Searching Text

To search for particular words or phrases in this document, please usethe “f i nd..” optioninthe“Edi t”
menu of Adobe Acrobat Reader. This document is not accompanied by an index, so the “sear ch..”
option is not available.

Use of Different Fonts

This document uses different fonts and styles when referring to file names, and specific values within the
text. Hereisalist of these style definitions:

The names of files, directory locations, commands and screen output are displayed in Couri er 11
typeface, as shown in the example below:

e Edittheconfig. h sothat | NCLUDE_FFS DRV and | NCLUDE DOSFS are defined, and do anake.
(For projectsseethe"Syner gy Fl ash File RAM di sk” component.)

Specific values referred to in the text are displayed in Techno 11 typeface, as shown in the following
example:

» If youweretoincrease PCl _M SI ZE to 0x2000_0000, for instance, you would have to switch
PCI _M METHOD to PAGE.

All other document body text isin Times 12 typeface.
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Installing VxWorks

If you are using an IBM PC host, run the setup.exe program on the CDROM. Install the software into the
t arget/ directory.

If you are using aUnix host, just unt ar thesynBSP1_21g. t ar fileat thet ar get/ level.

After this you can remove directories for Synergy CPU models which you are not using. See the
"Directories and Files' section in this document to figure out which directories you need. Dual processor
boards require both "x" and "y" directories. Quad processor boards require "x", "y", "z", and "w'
directories. Do not removethet ar get/ confi g/ syner gy/ directory!

Y ou will also note adirectory called " boot r ons/ " onthe CDROM. Thisis an extra"bootroms-only"
directory. The bootrom.hex files are also found within the various board directories, but this allows you
access them without re-installing the whole BSP. If you want a copy of the bootrom your board was
shipped with (assuming it was shipped with rev. 1.2/1h), just copy the appropriate bootrom.hex file from
theboot r ons/ directory.
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Revision Level Information

This document is for Wind River release 5.4 of VxWorks and 2.0 of Tornado. Wind River Board Support
Package (BSP) versionis 1.2. It beginswith revision "/01a". This was developed from the earlier
Tornado 1.0.1 compatible BSP. It supports the Gemini series of Power PC VMEbus CPU boards and the
Synergy Compact PCI CPU boards.

Important Changes in the Current Release

Prgj ects
The Synergy BSP now supports compiling the kernel as a Tornado Project. This now allows you to

compile your Project as a "bootable application”. The BSP still retains the ability to be compiled in the
"traditional" way by doing acommand line "make" on Unix host or a"St andard BSP Bui | ds" on the
PC host. See the sections of this document entitled " Project versus Non-Project” and "Creating a BSP
Project".

End Ethernet Driver

The Synergy ethernet driver isnow afull END driver. Thisisthe default ethernet driver that you get
whenever you make akernel. If you want to use the old driver (pre-1.21h), you have to change the
"make".

Bootrom Incompatibilities - Dual CPU Boards Only

Unfortunately, making the BSP compilable as a project required altering the memory allocation used for
dual processors. The new alocation is actually more sensible than the old one, but the old bootroms are
incompatible with the new kernels. So, bootroms with rev. 1.21g or earlier cannot load dual processor
kernels of rev. 1.21h or later. Thereis no incompatibility with single processor or quad processor boards.
Y ou can make new bootroms - see the bootroms section later in this document. The bootrom.hex files
delivered with the BSP can be used unless you require some non-standard configuration. Most users don't
need to generate new bootrom.hex files.

Windview Bug Fixed
The bug in previous revs that caused Windview not to work correctly on multi-processor boards has been
fixed.
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General

Wind

River Synergy Date

12 /la 10aug99

First release. SupportsVGM1, VGM2, VGM5, KGM5, dua and single processor boards, VGMD and the
guad processor VS board. BSP itself isnot a Tornado "project” yet. For Unix host systemsit hasto be
built using make filesin the traditional way. Using Tornado, it requires selecting certain options. See the
“Installation Notes’ sections above and "Making a New Kernel or Bootrom" below. The Wind River PCI
autoconfiguration software for Tornado 2.0 isimplemented. See notes on PCI bus below.

1.2 /1b 21aug99

Fixed bug in PC-host makefiles. Fixed bug in sysLocal ToBusAdr sPci (). Fixed buginsysBusTas()
so that SM_TAS_ HARD works properly now. The 21554 chip is how unconditionally in the PCI exclusion
list. synPpcDecTi ner . ¢ setsthe timer rollover limit to maximum (257 sec.) if Windview is not in use.
If Windview isin use, it rolls over in 1/60 sec.

1.2 /1c 05jan00

Added support for PReP map (Grackle Mem. Map A). Onboard PCI peripheral devices (SCSI, ether, etc.)
are now auto-configured at system startup. New Flash support. Bug fixed in SCSI driver. ECC memory
support added. synhpi cl nt Handl er () updated for T2 Windview interrupt logging. The BSPrev. &
Version string have been added to the bootrom at offset 0%118 from the ROM FWA.

1.2 /ad 10feb00

Fixed bug in PCI PEX3 initiaization. Got ECC error reporting working. Fixed bug in VME slave port
initialization. Bus error now prints access address. Changed PEX3 10 space allocation to not use 16-bit
| SA space.

12 /1le 04may00

Fixed abug in PCI 1O space auto-allocation. Added Altivec support for G4/7400 processors. Added L2
sizingto boot I ni t. c for G4's. Added L2 support for G4 processors. Added documentation to READVE
file. Fixedabugin sysBusTasCl ear Pci () insysBusPci . c. Added sysWat chdogEnabl e() to
sysLi b. ¢ (VS only!).

1.2 11f 15,un00
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Eliminated the MAKE_BOOT_ROMmacro fromconfi g. h. Fixed aY-processor LED bug in

boot I nit.c. Buginpci Aut oConfi gLi b. c fixed which affected auto-config. on the cPCI bus.
Default period for timestamp software changed. Default PClI master/slave window setup inconfi g. h
changed. Made bootrom and kernel banners show L2 cache ratio and processor clock speed.

12 /19 020ct00

Modified to allow SMon to boot VxWorks. Fixed abuginrom nit. s relating to initialization of
512Mb memory boards. Updated the PU32 driver to allow PU32 to be auto-configured. Added new
PU32 section to READVE file. Updated PCI auto-configure software to use the latest release from Wind
River, which fixes a PEX3 configuration bug. Added codeto usr Confi g. ¢ to clear Universe Master
registersaswell asthe dave registers. Added | NCLUDE_RPCto default confi g. h. Added error
messages to indicate when PCI auto-configure cannot satisfy arequest for PCI I/O or Memory space.
Fixed abug on multi-processor boards mapping 1Gb or more of address space (the system was allowing
too much space for page tables). Fixed a PCl autoconfiguration bug that incorrectly initialized transparent
PCI to PCI bridges residing on the cPCl backplane. Changed the makefile in the syner gy/ directory so
it will run correctly with the standard distribution (as opposed to the Synergy BSP devel opment
environment).

1.2 /1h 27Dec00

Added afull END driver to the BSP as the default ethernet driver. The BSP can now be compiled asa
Tornado 2.0 project, so bootable applications can be built. Changed the dual CPU's memory allocation
scheme. Altered sysMeniTop() . See sections below about "Projects’ and dual processors. Fixed bug in
memory usage when | NCLUDE_32MB_CCDE_LI M T isnot defined. The Windview bug that afflicted
multi-processor boards has been fixed.
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Bootrom Revision Level

Up until rev. 1.21b, it has generally been possible to boot a VxWorks kernel using a bootrom of earlier
revision than the kernel. Withrev. 1.21c and later thisis still possible with single processor boards, but
not with dual or quad processor boards. Single processor kernels of rev. 1.21c or later can be loaded
using earlier bootroms. Dual or Quad processor kernels of rev. 1.21c or later will hang during the boot
processif abootrom of earlier rev. isused. There are bootrom.hex files on the CDROM for all
processors. See below for instructions on how to make bootroms for multi-processor boards. Itis
expected that rev. 1.21c and later bootroms will work for all later revisions of the kernels.

10
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The standard Synergy Microsystems BSP distribution contains the following directories:

syner gy/
svgn2_04/
svgn2_04x/
svgn2_04y/
svgnb/
svgnbx/
svgnby/
svgnd/
svss4x/
svssdy/
svss4z/
svss4w
kgnb/
kgnbx/
kgnby/

Files common to al

For
For
For
For
For
For
For
For
For
For
For
For
For
For

VGV with PPC 750 with one processor

X processor
Y processor

on
on

t he VGVD board.

X processor
Y processor
Z processor
W pr ocessor

on
on
on
on

t he KGwb Conpact
the X processor on the KGwb with 2
the Y processor on the KGwb with 2

Syner gy board nodel s.
604e VGV with 1 processor installed.
X processor on 604e VGW with 2 processors install ed.
Y processor on 604e VGW with 2 processors install ed.

VGVb
VGVb

VSS4
VSS4
VSS4
VSS4

i nstal |l ed.

wWith 2 processors installed.
wWith 2 processors installed.

quad processor
quad processor
quad processor
quad processor

PCl board.

boar d.
board.
boar d.
board.

processors.
processors.

Note that Synergy does not use the Wind River confi g/ al | / directory. The confi gAl | . h,
boot I ni t. c, boot Confi g. c andusr Confi g. c have been placed inthesyner gy/ directory and

dightly altered.

Y ou can use adual processor CPU board as a single processor board by installing a single processor
bootrom and using a single processor kernel. See section on “Bootroms” below.

11
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Known Bugs

If you select the PReP map (Grackle "Map A") and attempt to use the shared memory driver ("snt")
with aKGMb5, the system will hang during kernel load. smworks fine for al board types including
KGM5 if the CHRP map is used ("Grackle map B"). smalso works with PReP memory map (Map A)
for all VME boards. The KGM5 family isthe only CPU model that has a problem with sm and then
only under Map A. The large majority of users use Map B, so this does not impact many users. This
bug is being researched and should be fixed in the next release of the BSP.

Restart (Cont r ol - X) is till not reliable for the VS$4, though it has been improved. See the section
below on*X (sysToMoni t or). If you”Xal processors and do the X processor last, it will work.
Processor X hasto be restarted after the other 3 have started their countdown but before any of them
have finished it.

When compiling for Y, Z, or W processors as projects, you may see some compiler warning messages

reporting that the function sysMai | Addr ess() isdefined with conflicting types. Thisisan artifact
of the make process for the multi-processor boards. Itisharmless. We are still looking for a solution.

12
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Notes on Multi-Processor Boards

General

IMPORTANT: Thedescriptionsregarding multi-processor boardsin thisdocument arelargely for
dual processor boards, but the same concepts apply to quad processor boards (unless otherwise
specified).

If you have adual processor board, do not just ignorethe Y processor. Either boot it fully, or put asingle
processor bootrom in the board and run it as a single processor board. Leaving the Y processor in its
initial state will degrade system performance and possibly produce some odd side effects.

If you are compiling the kernels as projects, it is advisable to make one workspace for the board and to
have it contain a separate BSP project for each processor on the board. If you make each one a separate
workspace, it becomes quite awkward to make changes since only one workspace can be open at atime.

The multi-processor versions of the Gemini CPU board are treated by VxWorks very much like 2 or 4
different CPU boards. Since VxWorks already handles multiple processorsin asingle VME board cage,
it doesn't require alot of modifications to support multiple CPUs on the same board. So, two (or 4)
separate VxWorks kernels are loaded onto the board - one for each processor. For dual processor boards
there is a separate board directory (svgn2_04x/ for example) for the X processor kernel and another
(svgn2_04y/ ) for the Y processor. For quad processor boards there are corresponding Z and W
directories. Y ou configure them independently and do a separate "nake" or "bui | d" operation for each.

The various resources of the board are generally split among the processors. The onboard memory space
is split up between the two processors. The front panel serial ports are divided between them. The board
has one mailbox for each processor. The X processor runs the ethernet or SCSI (if it isused at all) and
handlesinitialization of the VMEbus master and slave ports. VME interrupts are all directed to the X
processor (See the “Mailboxes’ section below for away to change that). Since all VME interrupts are
funneled into the one PCI-VME bridge interrupt and each interrupt must be steered to only one of the two
processors, only one processor can be interrupted directly when aVME interrupt occurs. X caninturn
interrupt Y via'Y's mailbox, however (or Z or W viatheir mailboxes).

In general asingle peripheral deviceis handled entirely by one of the processors. Certain resources are
assigned to each processor rather than have the software arbitrate for ownership of things dynamically.

However, there are afew exceptionsto thisrule. Both processors need to be able do VME block transfer,

13
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and thereisonly one VME BLT circuit on the board, so thisis shared viaa semaphore. Also, the function
of gaining ownership of the VMEbus s performed by one circuit and only one processor can useit at a
time, so that isarbitrated for also. (This doesn't affect normal VMEbus read/write, which can be
performed by either processor at any time. It relates only to the software actually requesting ownership of
the bus - arelatively rare occurrence. ItisdoneinsysBusTas. )

As explained in the sections below on Flash ROM, the X processor is the only one that has the Flash

primitivesonit. It isthe only onethat can reprogram or erase bootflash, user flash or socketted flash
memory.

14
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Dual Processor Board Serial Ports

The two front panel serial ports are split between the two processors. See the definition of NUM TTY in
confi g. h. Processor X usesthefirst serial port and processor Y uses the second.

15



Svnerqgy Microsystems VxWorks User’s Guide

Single Processor Software on Dual Processor Boards

Single processor bootroms may be used on dual processor boards. The single processor ROMs cause the
second processor to hang executing a short no-op loop. Since the ROM enables instruction cache, the Y
processor effectively vanishes. It makes no external memory accesses, and makes no use of any
peripheral chips (serial, SCSI, timer, etc.). The X processor can then load a single processor kernel.

Do not load a single processor kernel on adual processor board that has a dual processor ROM init. The

dual processor ROM will causethe Y processor to copy the Y bootrom image into RAM and the Y
processor will interfere with the X processor's operation.

16
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Dual Processor Board Exception Handling

ThefilesynExcAr chLi b. oo in each board directory isadlightly altered version of the Wind River
exception library. Since both PPC processors expect their exception tables to be at the same place - 05100
- dightly non-standard front-end exception code is provided. At each exception location thereis a short
sequence of instructions that determines which processor is being interrupted and switches to another
exception table for that processor. As aresult, there are 3 exception tables: the real one shared by both
processors, and one each for the X and Y copies of VxWorks.

ThesynExcAr chLi b. oo isanormal .o file whose name has been altered so it won't be deleted by a

"make cl ean". Thisfileisprovided in elf format only because the source text is proprietary to Wind
River and not a normal part of the Wind River software distribution.

17
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Board Reset

To reset the board, push both toggle switches to the right. The VxWorks bootrom does not support a hard
reset of an individual processor.

Y our software can reset the board by calling sysReset () . It takes no arguments.

18
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Boot Parameters for Ethernet

General

For the typical situation of booting VxWorks over ethernet from a host, one would use something like the
parameters shown below. Naturally, you have to fill in the proper | P addresses for your network. Seethe
boot parameters section of chapter 3 of the Wind River "User's Guide."

What is shown below isfor asingle processor board. See the section below for dual and quad CPU
boards if you have a multi-processor CPU. If you have a multi-processor board, it is unwise to ignore the
other processors (that is, to not set up their boot parameters). Set up their boot parameters and let them
load so that they are in aknown state. Y ou can run a multi-processor board as a single processor CPU if
desired just by using a single processor bootrom and kernel. See the section on multi-processor boards
earlier in this document.

boot device . esyf

Unit Nurber 0

processor nunber 0

host nane : Your Host

file nane . /yourPat h/ wi nd/ t ar get/ svgnb/ vx\Wor ks
i net on ethernet (e) : 123.123.123.123

host inet (h) : 123.123.123.124

user (u) . your User Nane

flags (f) . 0x0

target nane (tn) . fooBaz

"esyf" isthe name of one of the ethernet devices that can be used on the Gemini boards. Theesyf boot
device automatically negotiates for 10BaseT or 100BaseT communications, choosing 100BaseT if itis
available. There are two other ethernet boot devices that can be chosen, however:

- "esyft" will disable the auto-negotiation and force communication in 10BaseT mode.
- "esyf h" will disable the auto-negotiation and force communication in 100BaseT mode.

The | P addresses are shown as 123.123.123.123 because those are dependent on details of your local

network. Your system administrator should be able to supply you with IP addresses appropriate for your
system.
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The board's ethernet addressis storedin NVRAM at NV_ENET_ADRS (normally defined as 0xFFEIE778
inconfi g. h) asathree byte number. You can change thiswith the "n" command (bytewise access
only). Normally thisis set at the factory to be the board's serial number. The digits from the decimal
serial number are entered asis with no conversion to Hex. The other three bytes of the ethernet address
are the portion that identifies Synergy Microsystems and those are specified by ENET_DEFAULT in

svgnt. h. If you have a duplicate ethernet address conflict on your network, modify the three bytes at
0xFFE9E7?78. \When the NVRAM fails because the Lithium battery is exhausted, it may manifest as an
ethernet address problem. Y ou can manually reset the address using the ROM monitor * mf command
(bytewise access only!) when the board is powered up until the "snap-on" battery isreplaced. See aso the
section on NVRAM below. For writes, NVRAM allows bytewise access only.

Other boot devices described later in this document are SCSI and a"RAM disk" in flash file. Y ou may
also use the Wind River "shared memory" backplane driver called "sni'. It works as described in the
WIND RIVER documentation.
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Multi-Processor Board Boot Parameters

The boot parameters for a multi-processor board are filled in very much asthey are in amulti- board
VxWorks system. For the X processor, if it isthe anchor for the system or there is only one board in the
system, set the boot device as you normally would (that'sesyf , normally). TheY processor on the
anchor board (or if its the only board in the system) should use sm=0%4100 as its boot device.

Normally one uses aterminal connected to each processor's serial port to set that processor's boot
parameters. However, the command'y' has been added to the bootrom to allow you to set the Y
processor's boot parameters from the X processor terminal. On quad processor boards, the commands 'z
and 'w allow setting the other processor's boot parameters. These are al equivalent to the 'c' command.

For a dual processor board that is not the anchor board, both X and Y processors should have their boot
device set as required by your system configuration. For the default Synergy VM Ebus addressing (as
described in synMmuVire. h) the value is sm=0%90004100 for both processors. (This assumes using the
VME interface of the PCI-VME bridge chip as opposed to the direct port.) Your bootrom must be
configured so that the specified VME master address window is defined. Y ou may need to make a new
bootrom to accommodeate this.

The processor number of X on the anchor board should be 0 and the Y processor should be number 1. On
the second dual board, X is2 and Y is3, and so on. Each dual board uses two processor numbers.

Only processor 0 should haveit's"i net on et her net " entry filled in. Thisfield should be blank on all
other processors. Fill in"host i net" asappropriate and fill in"i net on backpl ane" as appropriate
for your network subnet (unless you are using proxy ARP). Typically processor 0'swould end in 1 and all
other processors have backplane IPs ending in adigit equal to their processor number plus 1. (This can be
set automatically, too. See | NCLUDE_SM SEQ ADDRin VxWorks Programmer's Guide chapter 5.) All
non-anchor processors have their gateway address set equal to the backplane address of the anchor
processor. (Note: All of the aboveistrue for systems with multiple single processor boards, t0o.)

See the VxWorks Programmer's Guide manual for information on using proxy ARP. It allowsgiving
each board in the system it's own IP address, with all of the |P's appearing to be on the same network.

An example of the way boot parameters might be set up for the two processors where processor X isthe
anchor and using a backplane subnet of 209.0.0.0 is shown below:
kkkkk*k For thex procr kkkkkkhkkk*k

boot device . esyf
processor nunber .0
host nane . phong
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file nane . [/ Tornado/w nd/ target/config/svgnbx/ vxWrks
i net on ethernet (e) . 197.42.42. 235

i net on backpl ane(b) : 209.0.0.1

host inet (h) : 197.42.42.19

user (u) DVW

flags (f) . 0x0

target nane (tn) . Synergy0

*rxkxkx For the' Y processor *******

boot device : sm0x4100

processor nunber 1

host nane . phong

file nane . [/ Tornado/w nd/ target/config/svgnby/ vxWrks
i net on backpl ane(b) : 209.0.0.2

host inet (h) : 197.42.42.19

gateway i net (Q) : 209.0.0.1

user (u) DVW

flags (f) . 0x0

target nane (tn) . Synergyl

In order for this example to work, the host system's routing tables must be configured to associate the
209.0.0.0 subnet with the 197.42.42.235 gateway. The rules are the same as those for any VxWorks multi-
board system using the smnetwork. The only difference isthat if the X processor is number 0, the Y's
processor's access to the shared memory is onboard rather than offboard, so it uses an onboard address
(sm=0x4100).

If the X processor is not the anchor board, configure the X and Y processors exactly as you would any
non-anchor processors in a multi-board VxWorks system, with the additional constraint that Y's processor

number = X processor number +1.

For a quad processor board, some setting values increment accordingly. Therest isthe same asfor the Y
processor.

*x*kx%kx For the Z processor ** x> ***

boot device : sm0x4100

processor nunber D2

host nane . phong

file nane . /Tornado/w nd/ target/config/svgnbz/ vxWrks
i net on backpl ane(b) : 209.0.0.3

host inet (h) : 197.42.42.19

gateway i net (Q) . 209.0.0.1

user (u) DOVW

flags (f) . 0x0

target nane (tn) . Synergy2
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*xxkx%kx For the W processor * ** ** **

boot device : sm0x4100

processor nunber : 3

host nane . phong

file nane . [/ Tornado/w nd/ target/config/svgnbw vxWr ks
i net on backpl ane(b) . 209.0.0.4

host inet (h) : 197.42.42.19

gateway i net (Q) : 209.0.0.1

user (u) DVW

flags (f) . 0x0

target nane (tn) . Synergy3

If the multi-processor board is not the anchor, then fill in the boot parameters for each processor as though
they were separate VM E boards accessing the anchor over the VME bus.
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Tornado vs. Target Shell

If you compile the BSP as a project, select the "vxWor ks" tab in the workspace window and open up the
project component folders. The folder labeled "Devel opment Tool Conponent s™ contains
parameters controlling target shell and Tornado Windshell. If you want to use target shell, you must
enablethe"t ar get shel |l conponents” and select "downl oaded synbol tabl e".

If you are compiling the kernel the old way - not as aproject - the conf i g. h in each board directory is
default configured to compile for Tornado rather than the target shell. 1f you want to compile for the
target shell, edit conf i g. h in the appropriate board directory. Thereisaline near the beginning that
says:

#undef | NCLUDE CONFI GURATION 5 2

If you change thisto:
#defi ne | NCLUDE_CONFI GURATI ON 5 2

and then re-make the kernel, the new kernel will come up using the target shell via the board's front panel
seria ports. No Tornado communications software will be included in the kernel.
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Bus Errors and Machine Checks

When using the target shell, some bus errors and machine checks (usually caused by access to

unpopul ated address space) will appear to make VxWorks not return to the termina prompt after printing
the error message. If this happens, type*C (CTRL-C). The shell needsthisto restart itself properly under
some circumstances.

ThevxMenPr obe() function does not give correct results when awrite to the VMEDbus is performed.

Y ou should do reads to probe VME memory if possible. sysVxMenPr obe() has been provided (only for
those CPUs using the Universe PCI to VME bridge chip) as a substitute for vxMenPr obe() . It takes
exactly the same arguments as vxMenPr obe() and returns valid results for all addresses onboard and
offboard.
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CTRL_X and sysToMonitor()

Single processor boards will perform arestart after X (CTRL-X) istyped, as specified by VxWorks.
VxWorks will reload, but the board will not reset.

On multi-processor boards, 2 X can present a problem. On the VGM2 dual processor boards, both X and
Y processors arerestarted. Thisis necessary because of the relationship between the 2 processors and the
shared L2 cache hardware.

CPUs using PPC 750 or PPC 7400 processors have a separate L2 cache for each processor, soitis
possible to ~ X one without disturbing the other. However, often the X processor of the multi-processor
board is also the system anchor. In this case doing a” X on the X processor will leave the other processors
without access to the backplane driver (genera accessto VMEbusis not affected). Therestarted X
processor has forgotten that the other processors exist. One solutionisto~ X all processorsin turn,
making sure to do the X processor |ast.

An alternative to the ~ X on any VMEbus CPU is executing sysReset (). This performs the equivalent
of afront panel reset. Of course, if the board is the system controller, then all boards in the cage will seea

reset. This may have undesirable side effects depending on the configuration of your system.

Onthe VS (rev. C or later), you can also enable the watchdog and just let it time out. Just call
sysWat chdogEnabl e and, 250ms later, the board will reset.
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Memory

Error Correction Code (ECC) Memory Support

The initialization of the ECC/Parity hardware is performed in the bootrom. 1f ECC/Parity is enabled, the
only difference in the kernel isthat it contains a couple of extrafunctions (search sysLi b. ¢ for

I NCLUDE_RAM PAR_ECC). So, in genera if you change the state of the ECC/Parity feature, you need to
remake both the kernel and the bootrom.

The ECC features of an appropriately equipped CPU board are enabled (for non-project kernels) by
defining | NCLUDE_RAM PAR_ECCinconfi g. h and re-making the bootrom. The default isthat ECC is
enabled. The same macro controls the few ECC functionsin the kernel. Since the bootrom can't be built
asaproject, edit conf i g. h and follow the section below on making bootroms.

For a non-project kernel, just make the kernel after making the bootrom. For Unix host, just type "make".
For PC host use the St andard BSP Bui | ds menu.

For aproject kernel, look in "Syner gy BSP Confi g" project folder for the "Enabl e RAM Parity
and ECC'.

To disable parity/ECC, disable the | NCLUDE_RAM PAR_ECC and make a new kernel and bootrom.

When ECC is enabled that means that ECC bitsin RAM are valid and that fetches from RAM will be
checked and corrected if possible. Single bit errors are always correctable. Multibit errors are detectable
but not correctable. Do not confuse enabling ECC vial NCLUDE_RAM PAR_ECC with enabling ECC error
reporting which is described below. The two are separate.

The initialization of ECC is handled in the bootrom, not the kernel. Defining | NCLUDE_RAM PAR_ECC
will cause the bootrom to initialize all of RAM upon power-on or RESET, by doing aread and write to
each memory location throughout all of memory. LED 4 (on the front panel) will blink while it is doing
this. This should take only afew seconds even for large amounts (64 - 128Mb) of RAM. Thereafter each
fetch from RAM is checked for ECC correctable errors or uncorrectable errors. Enabling ECC checking
in thisway does result in somewhat reduced system performance. A bootrom with ECC enabled will
print out a message saying so when the bootrom starts up. A bootrom compiled with

I NCLUDE_RAM PAR_ECC defined will aso work for non-ECC memory boards.
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For multi-processor boards, | NCLUDE_RAM PAR_ECC must be defined in the same state for al
processors. That is, for adual processor board, if it is defined it should be defined in confi g. h for
BOTH X and Y processors. If it isundefined for one, it should be undefined for both.

Y ou can control whether detected ECC errors are reported by causing "machine check” exceptions to
occur. A machine check isafata error exception. Any task that gets a machine check is suspended by
VxWorks after it prints an error message identifying the problem. If one of the VxWorks system tasks
gets amachine check, it will also be suspended, which generally crashes the system after printing the
error message. So, since ECC errors can happen to any task, enabling machine check makes it possible to
suspend any application task and possibly crash the system. Since VxWorks itself usually usesonly afew
percent of the machine cycles, the probability of crashing VxWorksin the event of an ECC error rather
than suspending an application task is about 3%.

Y ou must first decide what should happen when a single bit (corrected) ECC error is detected or amulti-
bit error is detected. See the "High Radiation Environments' section below. It may affect how you
decide to configure the ECC reporting.

Machine check in response to a multi-bit ECC error is controlled by ECC_MULTI Bl T_MCP_ENABLE that
isdefined in confi g. h and in the project component. Since multibit errors are rare and very serious, the
default for this should be defined as TRUE. If you choose to disable machine check on multi-bit errors,
you may periodically check the statusto see if one has been detected by callingsysEccMul ti Bit (). If
an error has been detected it returns TRUE and then clears the MPC106 status bit so that a subsequent
multibit failure can be detected. Be advised that if multibit errors are occurring, the behavior of the
computer is completely unpredictable.

If you have machine check enabled for multibit errors, the exception routine maintains a count of the total
number of multibit machine check exceptions that have occurred. That counter is kept at alocation
whose address is expressed by the macro ECC_MULTI _BI T_ERRORS PTR. Thisisdefinedinsvgni. h
(so you can see what the address is) and behaves syntactically as a pointer to it.

Single bit ECC errors are not as important since they (usually) represent correctable errors. (Be advised
that massive multibit errors can fool the hardware and appear as single bit errors.) The MPC106 keeps an
8-bit count of single bit ECC errors. If the error count getsto 0%ff, it sticks at that value. It does not wrap
to 0. You can specify a"trigger value" such that if the error count ever reaches that value then a machine
check will be generated. The macro ECC_TRI GGER_VALUE isdefined inconf i g. h and itsvalueisthe
same one used for the trigger. Its default valueis 32.

Y ou can control what happens when the counter reaches the trigger value via the macro
ECC 1BI T_MCP_ENABLE defined inconf i g. h and in the project component. If it is defined as TRUE,
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then a machine check will be generated when the counter reaches the trigger value. At any time you can
call sysEcc1Bit Count () to obtain the current value of the 8-bit counter register. Thisisvalid
regardless of whether machine check is enabled or not. If machine check is enabled, when a machine
check happens, the exception routine reads the counter, adds it to a 32-bit single bit error counter in RAM
and then zeroes the 8-bit counter. Thetotal 32-bit count of single bit errorsis maintained by the machine
check exception routine at an address that is the value of the macro ECC_1_BI T_ERRORS_PTR. Thisis
defined insyner gy/ svgmi. h. Itisused syntactically as a pointer to it.

Y ou can choose to disable machine check on "single bit error trigger exceeded", and instead periodically
check thesysEcc1Bi t Count () function to see how bad the error situation is getting. 1f the number of
errorsislarge, you may choose to stop your application and restart the computer. Or, you can set the
trigger value to a high value, leave machine check enabled and also periodically monitor the value.

Remember that the ECC error configuration is determined by the bootrom and the kernel. 1f you change
the configuration, you must regenerate both the bootrom AND the kernel.

NOTE: For multi-processor CPU boards, make sure that the conf i g. h filesfor al processors have the
same ECC configuration!

High Radiation Environments

The BSP does not provide a"memory scrubber” task, although they are easily written. Applications
running in high radiation environments (such as an aircraft at high altitude) that produce frequent single
bit memory failures should have alow priority task that runs infrequently and just reads & writes the next
few Kb of memory every timeit runs. It should be set up so that it cycles through al of RAM within one
or afew hours. That way single bit errors will likely be found before they become multiple bit errors and
so they will all be corrected. If you use a scrubber task, you should probably have it clear the single bit
error count periodically to prevent single bit error interrupts from ever occurring.
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The CPU's Memory Map

The VxWorks BSP for the VGM 1, VGM2, VGM5, VGMD, and VS$4 all use Grackle memory map B by
default. This complieswith the CHRP standard (Common Hardware Reference Platform) and isthe
memory map described in the Synergy Microsystems CPU manual. The KGM5 & VGM5 family of
boards can use memory map A or memory map B. Memory map A complies with the PReP (PPC
Reference Platform Specification) standard. It is summarized briefly in the table below. See the CPU
manual for a description of memory map B. Memory Map A is not fully supported by the Motorola
MPC107, so future CPU boards may not be able to useit. Map B isless confusing and is recommended.

MEMORY MAPA

OX7FFF_FFFF

Description of Processor’s Address | Addresson PCI PCI master'sview

Address Space Bus of Address
system memory 0 to Ox3FFF_FFFF <none> 0x8000_0000 to
Space OXFFFF FFFF
reserved 0x4000_0000 to <none> <none>

PCI/ISA 1/0O space

0x8000_0000 to
0x807F_FFFF

0x0000_0000 to
0x007F_FFFF

0x0 to 0x0000_FFFF

PCI 1/0 space

0x8100_0000 to
OXB7FF_FFFF

0x0100_0000 to
OX3F7F_FFFF

0x0080_0000 to
OX3F7F_FFFF

PCI/ISA Interrupt
acknowledge

OXBFFF_FFFO to
OXBFFF_FFFF

OX3FFF_FFFO to
OX3FFF_FFFF

<none>

PCI memory space

0xC000_0000 to
OXFEFF_FFFF

0x0000_0000 to
OX3EFF_FFFF

0x0100_0000 to
OX7EFF_FFFF

ROM space

O0xFFO0_0000 to
OXFFFF_FFFF

<none>

<none>

Memory Map B is not described here because it is described exhaustively in the CPU manual. The chief
difference between the two is that the PReP standard trandates nearly every type of CPU accessinto a
different address value on the PCI bus; the CPU and the PCI bus have very different views of the address
gpace. The CHRP map does ailmost no trandation. That is, the address that appears on the PCI busisthe
same address that the PPC sees, so, CHRP isless confusing. PReP is historically more like what has been
used in PCs.
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The default memory map that is used for all Synergy boardsis Map B. Y ou can change this separately for
each board type by editing svgmi. h. At about line 100 is a section that has a small group of defines for
each of the Synergy board types. To select Map A for one of these board types, just insert these 2 lines
into the appropriate section:

#undef PPC_BRI DGE_MAP
#defi ne PPC_BRI DGE_MAP MPC106_NMAP_A

NOTE: If you change this, you must regenerate both the bootrom and the kernel in order for it to take
effect. A Map A bootrom can’'t load aMap B kernel, and vice versa.
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Memory Mapping Considerations: Page Tables

The discussion in the sections below on PClbus and VM Ebus configuration refer to memory mapping and
explain that there are 2 different ways to map memory: Page tables and DBAT registers. For spaces
larger than 256MDb, (or if all 4 DBATs are already in use) page tables must be used. Pay attention to how
much space you are mapping with page tables. Otherwise, you could run into problems finding a place to
put them.

After your system loads, you can find out how much space is mapped with page tables by executing
sysPhysDunmp() .

Two important facts about page tables are that 1) the RAM allocated for them is always a power of 2in
length, and 2) The page table must begin at an address that is a multiple of itslength. So a4Mb page
table needs 4Mb of space starting at an address which is amultiple of 4Mb.

The amount of space needed for page tables can become rather large. Mapping more than 1 Gb of space
requires 16Mb of page table space! The space mapped does not have to be contiguous space to count in
thisrespect. For example, if you definea VME window that's 512 Mb and a PCI space window that's
512Mb, the few other small patches of mapped space (bootrom, etc.) will push you over the 1 Gb figure
and 16Mb of table space will be required. In multi-processor systems, the Synergy BSP triesto allocate
space for the page tables at the physical end of memory, which iswhy it is advisable have more than
32Mb of RAM for such systems. So, if you have a multi-processor board with more that 32Mb of RAM,
be sureto call sysEndCf Usabl eRant( ) to find out what is the highest address you can use.
(Overwriting the page tables will crash the system hard.)

In single processor systems or in any system that isusing the - nl ongcal | patch (that is, a system where
| NCLUDE_32MB_CODE_LI M T is nhot defined) the page tables are kept within the VxWorks system itself
rather than at the end of RAM. If you are operating with the 32Mb code limit, which is the default, it is
impossible for the system to find 16Mb of aligned RAM space below 32Mb. Since VxWorks starts at 0
and mal | oc() allocates memory space from the end of the 32Mb downward, the need for 16Mb of
aligned space cannot be met and the system will crash while it isloading, typically with a 084 displayed in
the board' s LEDs.

Given the way the PCI autoconfiguration scheme works (i.e., it's rather wasteful of address space), itis

fairly easy to map enough space to get into this condition, especially if you have PCI cards which require
large amounts of address space.
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There are afew things you can do to fix this problem. First, you should never map more space than you
need. For instance, For your VME windows, use the DBATSsIf possible (thisisthe default). If you have
two cards on the VM Ebus which you need to access and they are 1Gb apart in address space, make two
small VME master windows instead of one big one. Y ou can have up to 8 VME master windows.
Review the section below on VME windows for information on how to do this. See aso synvhuVne. h
for further information.

If you have a single processor board and are running with the 32Mb code limit, and you cannot avoid
mapping a huge amount of address space, you have to define RELOCATE_PAGE_TABLES in your

confi g. h file. If you are using the project facility, this parameter is accessiblein the "32Mo Code
Space Limtation" component. Intheconfi g. h itisalready there, just changeit from #undef to
#def i ne. Inthe project GUI, change it from FALSE to TRUE.

If you are compiling as a project, you will have to add

$(W ND_BASE) / t ar get / confi g/ syner gy/ mmuPpcLi b. oo to the EXTRA MODULES macro in the
"Bui | d" tab. If compiling as a non-project, then you will have to add the file name "muPpcLi b. 00" to
the MACH_EXTRA line in the makefile in the board directory. Thiswill cause the single processor BSP to
place the page table at the end of physical RAM, just as it does for multi-processor systems. Of course,
you must start with more than 32Mb of RAM. Note aso that you will then haveto call

sysEndOf Usabl eRan() in order to find out what is the highest RAM address that you can use. If you
have 64Mb of RAM (0£0400_0000), the last 16Mb, for instance, might now be used for MMU page tables,
so sysEndOf Usabl eRant() will return 0%0300_0000. Prior to relocating the page tables it would have
returned 080400_0000. Do not use the area starting at the address that is returned by this function.
Overwriting the MMU page tables will crash the system. If you do not have RELOCATE_PAGE_TABLES
defined, then sysEndOf Usabl eRan() will alwaysjust return the physical end of memory.

33



Svnerqgy Microsystems VxWorks User’s Guide

Dual Processor Board Onboard Memory Allocation and Cache

When the board is reset, each processor starts out using afixed amount of RAM memory. Nominally this
is8Mb for each processor. It isdetermined by parameters defined in the makefilein thex/ andy/
directories, syner gy/ svgni. h and the exception library. X occupies the areafrom 0 to 08007FFFFF. Y
occupies the area from 000800000 to 0x00FFFFFF.

For the default configuration (MMU enabled, | NCLUDE_32MB_CODE_LI M T defined), then an area at the
end of physical memory is used to contain the MMU page tables - one set for each processor. Y our
application cannot use this region which begins at the address returned by sysendCOf Usabl eRant() .
How much is used for page tables depends on how much address space has been mapped via page tables
(as opposed to DBATS). These tables describe all onboard RAM plus whatever VME and/or address PCI
space the user may have added (see synMruVne. h and the section on VME master/slave ports below).
Typically 4 or 8 Mb is used to contain MMU page tables. The tables are created and filled in
automatically by the BSP when it loads. Note that if | NCLUDE_32MB_CODE_LI M T is not defined, or
there is not more than 32Mb on the board, the page tables are |ocated within the kernel space itself and
need not concern the user.

However, when the page tables are located at the end of RAM, your software must not use that area.
Stepping on the page tables crashes the system immediately. ThereisafunctioninsysLi b. ¢ called
sysEndOf Usabl eRan() which will return the highest RAM address that can be used by your
application. Do not use RAM addresses at or above that address.

If I NCLUDE_32MB_CODE_LI M T isdefined, then after the processors finish loading, only memory below
32Mb has been placed into the system's managed "pool” of memory. It remains for the user to add more
memory to the allocation pool (see memAddToPool in the reference manual), or not as desired. |If

| NCLUDE_32MB_CODE_LI M T isnhot defined, then each processor has (by default) taken an equal portion
of the RAM above 32Mb and placed it in its managed pool of memory. Use "nenthow( 1) " to see how
much RAM each processor thinksit has.

Regardless of the state of | NCLUDE_32MB_CODE_LI M T, by the time all the processors have loaded, all
of the memory on the board has been described to all the processors MMUSs. All processors can access
al of RAM.

If I NCLUDE_MWUJ_BASI Cisdefined (practically speaking, it awaysis), the memory maps of the two

processors are described by sysPhysMenDesc[]. Remember, each processor hasit's own
sysPhysMenDesc[] and both describe all of the onboard RAM, most of which is cache enabled. The
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processors depend on snooping to maintain cache coherency. Y ou can print out the sysPhysMenDesc| |
contents by executing the function sysPhysDunp() . Thisfunction will show you how much has been
used in each section.

sysPhysM emDesc|[] for X processor

Element Contents

0 Describes the first 5 pages (one page = 4096 bytes) of RAM as uncached.

1 The 50Mb address range from OxFCF80000 to the end of the address space. Thisis
onboard 1/0O, CPU control registers, etc. It is marked as uncached. (Samefor X and Y.)

2 This describes the X CPU's RAM up to 16Mb.

3 Thisisthe RAM from 16Mb to 32Mb. Normally wherethe Y kernel resides.

4 Describesfirst half of RAM above 32Mb (less the amount at the end of the memory
used for page tables).

5 Describes the second half of high RAM (less the amount at the end of the memory used
for page tables).

6 Describes the page table space at the physical end of RAM. If your board has only
32Mb onboard, the page tables will instead be located in the initial 8Mb allocation for
the kernel and thiswill not be used.

sysPhysM emDesc|[] for Y processor (dual)

Element Contents

0 Describes the first 5 pages (one page = 4096 bytes) of RAM as uncached (for both
jprocessors)

1 The 50Mb address range from OxFCF80000 to the end of the address space. Thisis
onboard 1/0, CPU control registers, etc. It is marked as uncached. (Samefor X and Y.)

2 This describesthe Y CPU's RAM from 16Mb to 32Mb.

3 Thisisthe X processor's RAM from 0 to 16Mb.

4 Describesfirst half of RAM above 32Mb (less the amount at the end of the memory
used for page tables).

5 Describes the second half of high RAM (less the amount at the end of the memory used
for page tables).

6 Describes the page table space at the physical end of RAM. If your board has only

32Mb onboard, the page tables will instead be located in the initial 8Mb allocation for
the kernel and thiswill not be used.
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This allocation describes memory so that each processor sees all of RAM. All RAM except for thefirst 5

pages (=5 * 4096) is (initially) marked as cached. The address range above 08FCF80000 is also marked as
uncached for both processors.

Referring to parts of the region above 32Mb as "the X processor's area” or "the Y processor's area’ isabit
misleading. Both processors can access both areas. Y ou could for instance, place the entire RAM
(exclusive of the page table space!) into X's managed memory pool, if you needed to have large block of
RAM inthe pool. TheentriesinsysPhysMenDesc[] were provided in case a user wanted to have some
different properties ascribed to some areas for some processors.
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Quad Processor Board Onboard Memory Allocation

The quad processor board uses the sysPhysMenDesc[] array in adifferent, ssimpler way. If

| NCLUDE_32MB_CODE_LI M T isdefined (inconf i g. h) and there is more than 32Mb of RAM on the
board, it initialy allocates 8Mb below 32Mb to each processor. It aso placesthe MMU page tables at the
high end of memory. This can amount to 16Mb of RAM for the 4 sets of Page tables. The page tables
must not be overwritten! Y our program can obtain the highest address that it can use - the word
immediately in front of the page tables - by calling sysEndCOf Usabl eRan() . If thereisonly 32Mb of
RAM on the board, then sysEndCf Usabl eRan{() returnsthe sameresult assysLocal Menifop() . That
isthe physical end of RAM, sincein that configuration the page tables are contained within the 8Mb
system area of each processor's system.

If I NCLUDE_32MB_CODE_LI M T isundefined, then the region above 32Mb will be allocated among the
various processors. That is, mal | oc() andfree() will usedit. The page tableswill be contained
within each processor's VxWorks system instead of at the end of RAM.

The region between 32Mb and the page tables is nominally split up into 4 pieces - one for each processor.

The percentages for each processor are described by macrosin confi g. h called:
AFTER _32MB_X_PCNT
AFTER 32MB_Y_PCNT
AFTER 32MB_Z_ PCNT
AFTER_32MB_W PCNT

Asin the dual processor case described above, this nominal allocation is an artificial distinction. All
processors have the same view (by default) of RAM and the user could, for instance, decide to have one
processor use this entire region or any other combination. The extraentriesin sysPhysMenDesc[] were
provided in case a user wanted to have some different properties ascribed to some areas for some
processors.

You can use sysPhysDunp() to see how the RAM has been described and how much space was used by
page tables.
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Wind River/Gnu Memory Coding Restrictions

General

Thereisacoding restriction that must be observed when writing software for the PPC processor using the
Gnu tool chain with VxWorks. If you have 32Mb or less total onboard RAM, then thisrestriction is
invisible and you can ignore this section. If you have more than 32 Mb, you must be aware of it. If you
are not using the Gnu tool chain you need to find out if the compiler you are using has any restriction like
this and make appropriate changesin conf i g. h and/or your application makefiles.

The problem is the standard Gnu compiler uses a 25-bit addressing mode to do function calls. This
addressing mode is fast, but it can only access the first 32 Mb of RAM. This means that executable code
must reside in the first 32 Mb of RAM, that is, below address 0%02000000. Y ou can eliminate this
restriction by compiling your application using the - nl ongcal | switch. Since Tornado 2.0, this feature
isincluded in the standard Wind River distribution. The- nl ongcal | causesthe compiler to generate
32-hit accesses to functions and, therefore, they may be located anywhere in onboard RAM. Thereisa
speed penalty for this change. (See notes at the end of this section.)

To understand the discussion below you must be clear on the distinction between mapping memory and
placing memory into the "managed memory pool”. All onboard memory gets "mapped", that is, described
to the MMU (Memory Management Unit). 1t must be mapped to be accessible at al. But when the term
"managed" is used, it refers to the pool of memory from which nmal | oc() alocates RAM and to which
free() returnsit. Blocks of memory are placed into the managed pool by acall to remAddToPool ().
Some memory is added to the pool automatically when the system is starting up. Other parts are |eft to be
added to the pool by the user if desired. In many applications where you need afew very large RAM
regions, you might not want to have that RAM managed.

When you execute the VxWorks "l d" command to download an application program, it callsmal | oc()
to get a piece of memory into which to place the program. nal | oc() aways allocates RAM from the
block that was most recently added to the managed pool. If you place memory above 32Mb into the
managed pool and then use | d to download a program it will be placed in high RAM. If you have not
compiled the application with - M ongcal | as mentioned above, this program cannot execute. 1t will
generate error messages at thetime it isloaded.

The Gemini BSP is not dependent on the user having the compiler patch, but it can accommodate it if you
wish. Infact, it is probably better not to use the compiler patch because your program will execute faster.
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However, the memory usage becomes a bit more complicated. There are 3 different ways to deal with
this problem:

If you choose not to get the compiler patch, then you can operate under the following restriction if you
use the standard Gnu compiler. While loading programs, only the first 32Mb of RAM must be in the
managed memory pool. After all programs are loaded, then any additional memory can be added to
the pool by calling nremAddToPool () (assuming you want VxWorks to manage that additional
memory space). If you do add memory to the pool, then you cannot do any more software downloads
after that point. | d commands done after that will place the code above 32Mb and it won’t execute up
there. Thisisthe BSP's default method as specified by the definition of

| NCLUDE_32MB_CODE_LI M T and LOCAL_MEM AUTGCSI ZE inconfi g. h. For kernels compiled as
projects, seethe"32Mo Code Space Linitation" component. Thisisthe modein which
VxWorks is most commonly used.

Make sure that the make files that you use to compile your application programs specify - nl ongcal |
when they invoke the compiler. In this case undefine the | NCLUDE_32MB_CODE_LI M T macro and
define the LOCAL_MVEM AUTOSI ZE or LOCAL_MEM SI ZE macrosin conf i g. h as described by Wind
River. If the"MACH _EXTRA" line in the makefilelists afile called mmuPpcLi b. oo, then delete that
file from the MACH_EXTRA list. If you switch back to defining | NCLUDE_32MB_CCDE_LI M T, you'll
have to put it back.

For kernels compiled as projects, accessthe "32Mb Code Space Li mitati on" component to
define/undefine | NCLUDE_32MB_CCDE_LI M T. Seethe Wind River "BSP Menory

Conf i gur at i on" component for LOCAL_MEM AUTOSI ZE. The nmuPpclLi b. oo fileis controlled
through the EXTRA_MODULES macro in the Bui | ds tab.

Compile your applicationswith - m ongcal | , and leave | NCLUDE_32VB_CODE_LI M T defined.
After the kernel loads, have you standard initialization (a script is good for this) place some or all of
the memory above 32Mb into management. (If you have a multi-processor board, 2 processors
obviously cannot manage the same or overlapping regions!)

Tell VxWorks how much memory to use by setting LOCAL_MEM Sl ZE to that value and undefine
LOCAL_MEM AUTOSI ZE and | NCLUDE_32MB_CODE LI M T. If LOCAL_MEM Sl ZE is <= 32MMb it
doesn't matter if you have the compiler patch or not. Then write your application code to use the area
above LOCAL_MEM SI ZE in whatever way is appropriate for you. That areawill not be managed by
mal | oc(). Thisisasimple, practical method for many applications. It only works, however, for
single processor boards.
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As delivered, the Gemini BSP makes the default assumption that you have chosen method 1 above. In
detail this meansthat sysMeniTop() will never return aresult larger than 32Mb no matter how much
RAM thereis. Thisisdifferent from its behavior as defined by Wind River. This behavior of
sysMeniTop() iscontrolled by amacroinconfi g. h called | NCLUDE_32MB_CODE_LI M T. If thisis
defined, then sysMenilop() never returns more than 0%02000000. This s true regardless of the values of
LOCAL_MEM SI ZE and LOCAL_MEM AUTCSI ZE. If | NCLUDE_32MB_CODE_LI M T is not defined (or if
you have no more than 32Mb of RAM), then sysMenTop() works as specified by Wind River.

sysPhysMeniTop() will always behave as documented in the Wind River reference manual and in Wind
River Technical Note #42. Also, the actual total memory size is always available by calling

sysLocal MeniTop() andisalso awaysstored at (i nt *) NV_MEMSI ZE. Thisisalocationin NVRAM

that isset by r om ni t . s when the system powers up (by reading it from a configuration register on the

memory board - it incurs no execution speed penalty). Seesvgmnt. h.

Note that if the MMU is enabled (which it normally is), then the Gemini BSP always maps all of the
physical memory on the board. All memory isvisibleto all processors on the board at all times regardiess
of the state of the macros described in this section.

ThefilenmuPpcLi b. oo isavery dlightly modified version of the Wind River mmuPpcLi b. o file. It
allows the processor to relocate the MMU page tables to high RAM, which is outside the VxWorks kernel
memory area. For multi-processor boards, you must use the Synergy version if

| NCLUDE_32MB_CODE_LI M T isdefined. For single processor boards, you need it only if
RELOCATE_PAGE_TABLES isdefined (or for kernels compiled as projects, it is marked as TRUE in the
appropriate component). If you are compiling the kernel as a non-project, then you include thisfile by
listing it in the MACH_EXTRA line of the makefile. If the kernel is a project, then you list

$(W ND_BASE) / t ar get / confi g/ syner gy/ nmuPpcLi b. oo in the EXTRA_MODULES macro in the
"Bui | ds" tab.
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Notes on Using Method 1

ThisBSP by default has| NCLUDE_32MB_CODE_LI M T and LOCAL_MEM AUTOSI ZE defined, so it starts
with no more than 32Mb allocated to the managed memory pool. If there'slessthan 32Mb, it autosizes
memory. To usethe system, start VxWorks, and then do all necessary | d commands to load application
programs. After those are completed, call the nemAddToPool () function to add any additional RAM to
the managed pool (soit canbeused by mal | oc() andfree()). After theaddMeniroPool () is
executed, no further | d commands can be executed.

Also, when using method 1, note that if your programs use large data arrays, these should not be included
as part of your program because they will make your program larger than necessary. For instance, instead

of:
char dat a[ 0x01000000] ;

use:
char *dat a;

and later in an initialization function, mal | oc() the 16Mb of RAM needed for the "data" array and
initialize the "data" pointer to point to it. Inthisway, the data space will be assigned in the high RAM
area and not use up code space.
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Notes on Using Method 2

Undefine | NCLUDE_32MB_CODE_LI M Tinconfi g. h. You should decideif you want to specify
LOCAL_MEM SI ZE or if you want the system to auto-size RAM by defining LOCAL_MVEM AUTCSI ZE.
Install the Gnu compiler patch described above. Then re-make VxWorks and your applications. Y ou can
then do | d commands at any time; application code will run at any address. The relocation of your data
space to high RAM mentioned above is unnecessary. Y ou do not need to re-make the bootroms.
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Notes on Using Method 4

Undefine | NCLUDE_32MB_CODE_LI M T and LOCAL_MEM AUTGCSI ZE inconfi g. h (or the project
GUI). Set LOCAL_MEM SI ZE to the desired size (probably 32Mb). Write your application to manage the
region above 32Mb for itself. Note also that in this case the above advice about relocating large data
arrays to memory not used by VxWorks s still advisable in order to conserve the space in the first 32Mb
of RAM for code. Delete mmuPpcLi b. oo from the MACH_EXTRA line in the makefile if you are
compiling in the old way. If you are compiling as a project, delete the path to mmuPpcLi b. oo that was
specified in the EXTRA_MODULES macro in the "Bui | d" tab.
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For Multi-Processor Boards

On dual processor boards, conf i g. h files (or project component definitions) for both X and Y
processors must have the same memory configuration. That is, LOCAL_MEM SI ZE,

LOCAL_MEM AUTOSI ZE, and | NCLUDE_32MB_CODE_LI M T must be in the same state for both kernels.
If you #undef | NCLUDE_32MB_CODE_LI M T, then you must also remove muPpcLi b. oo from the
MACH_EXTRA line in the makefile or the EXTRA_MODULES macro in the Project facility. These two
aways go together.

On adual processor board, LOCAL_NMEM S| ZE describes the RAM used by both processors. So, if
LOCAL_MEM SI ZE is 20Mb, then the 20Mb will be split between the 2 processors (see

MEM ALLOC X _PCNT). If you set USER_RESERVED MEMto 1MDb, for example, then 1 Mb is removed
from use by both processors. sysMenTop() will return the address of that end of memory assigned to
that processor’ s kernel. For example, with LOCAL_MEM S| ZE set to 20Mb and USER_RESERVED MEM
set to 1 Mb, sysMeniTop() will return 19 Mb for processor Y and 19 Mb for processor X.
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Compiling Application Programs

Aswell as adding (using the command #i ncl ude) the various Wind River header filesin your
application program, you may wish to #i ncl ude synBsp. h. This header file has a prototype for all the
Synergy-specific functionsin sysLi b. c.

A sample makefile for compiling generic applications (non-project) is provided insysLi b. c. Itiscalled
"makefile.std". Youcaninvokeit as:
make -f nakefile.std myApp.o

Y ou will haveto edit it to create atarget for your application. It isfull of examples. If you compile your
application as a project, it is of no useto you.

Altivec Support

For those users with G4 (=PPC7400) processors who want to use the Altivec facility of the G4 processor,
you must use the VxWorks 't askSpawn( ) ' function to spawn atask using the Altivec. Y ou cannot use
'sp() . Furthermore, you must turn on the Altivec bit in the ‘options argument to t askSpawn. That is
done by using the command OR in the VX_ALTI VEC _TASK macro. Thelatter isdefinedinsynBsp. h, so
you'll need to #i ncl ude that too. Note that you should probably OR on the VX_FP_TASK bit also since
your application will probably use the normal floating point unit aswell as Altivec. An example would

be:
t askSpawn "nyTask", 100, VX _FP_TASK | VX_ALYI VEC TASK, 0x5000, start,
0,0,0, 0,0,0, 0,0,0, O

To create atask which uses the G4 processor's Altivec processor, you must compile your application with
the specia version of the Gnu compiler that supports Altivec instructions and/or use the Altivec-
compatible version of the Synergy DSP library.

Y ou can get a copy of the compiler from www.altivec.org. When you compile your application, specify
the - f vec flag to the compiler.

Y our application must call sysAl ti vecEnabl e() before doing any Altivec operations. The VxWorks
kernel (rev 1.2) turns the Altivec unit off by default.

When you spawn your Altivec task, be sure to have the floating point bit and the Altivec bit set in the
‘options argument that you supply tot askSpawn() . The'opt i ons' argument should include

45



Svnerqgy Microsystems VxWorks User’s Guide

(VX_FP_TASK | VX _ALTI VEC TASK). VX _ALTI VEC TASK isdefined insyner gy/ synBsp. h. Your
application should probably use #i ncl ude synBsp. h anyway, since it contains prototypes for many
useful functionsin the Synergy BSP.

NOTE: An Altivec task cannot be started using the "sp" command. The sp command does not allow you
to specify the optionsword. The Wind River default options word used by sp only specifies floating-

point support, not Altivec support.

Seethet askSpawn() function inthe Wind River Reference Manual.
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PMC Modules and PCI Bus Configuration

In order to install a PMC module, the socketted EPROM must in general be removed. If you have boot
codein a32 pin DIP EPROM/Flash ROM, it can be copied into the surface mount boot Flash ROM
soldered on the motherboard using the "r omToFI ash” command (see the "Using the Boot Flash" section
below). A bootrom.hex file can also be copied over the network into the boot flash using thel oadRom o
program. See the section on “Bootroms’ below.

The default location in PCI space for the onboard PMC board(s) is determined by the macrosin the
confi g. h filewhose names all begin with"PCl _M'. Seethe commentsin that file. For kernels
compiled as projects, these are also accessible from the Project GUI inthe"PCl  Addr ess Space
Confi gur ati on" component inthe"Syner gy BSP Confi gurati on" folder.

In earlier BSPs, use of PCI auto-configuration was optional. With rev. 1.21c and later the PCI
autoconfiguration software must be used (I NCLUDE_PCl inconfi g. h or the project facility must be
defined). This softwareis used to configure the onboard PCI devices such as SCSI and Ethernet.

The macros defined in conf i g. h following the #def i ne | NCLUDE_PCI (andinthe“PCl Address
Space Confi gurati on” component) are used to configure the slave & master PCI ports for the
offboard PCI bus. That is, the PCI bus on the other side of the 21554 PCI to PCI non-transparent bridge.
It also controls how much onboard PCI address space there is for PMC modules and the PEX3 PMC
carrier.

At the moment these macros are used instead of the Wind River macrosinthe"PCl confi gurati on”
component in the "busses” folder. The nameswill be brought into line with Wind River specification
soon.

The other file that controls most PCI auto-configure operationsissyner gy/ sysBusPci . h. Userswill
probably not have to modify the parameters defined in thisfile. The default set up has the processor auto-
configure only the devices on the onboard PCI bus or an attached PEX 3 expansion module. It does not
probe across the 21554 bridge onto the PO PCI bus (on VME boards) or the Compact PCI bus (on the
cPCI series of boards) unlessit istold to do so. Thisisdone (for a non-project kernel) by changing the

definition of:
#define PCl _GLOBAL_CONFI G O /* Default value is 0 */

insysBusPci . h to be:
#define PCl _GLOBAL_CONFI G 1
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For kernels compiled as projects this parameter is accessed inthe "PCl  Addr ess Space
Confi gurati on" component.

A kernel compiled with this macro set to 1 will probe across the 21554 bridge and attempt to auto-
configure any device (except another non-transparent bridge) which it encounters.

If you want to access configuration space directly, you may want to use the Wind River-supplied
functions such aspci Confi gl nByt e(), pci Confi gl nLong(), pci Confi gQut Wrd(), etc. Seeaso
the functions defined int ar get / src/ drv/ pci / pci Confi gShow. c.

Also see the Synergy-supplied functionswr i t eMPC() , r eadMPC() wri t eMPC16() andr eadMPCL6()
for accessing the PCI bus configuration space (something you probably won't need to do if you use the
autoconfiguration software).

There are 2 different methods of expressing a configuration space address. The Wind River method
specifies the bus, device, and function as separate numbers. The other method (used by

wr i t eMPC/ r eadMPC) masks al that information into a single 32-bit quantity. The MsB (=hit 31) is
always 1, the bus number isin bits 23-16, the device isin 15-11, the function in bits 10-8 and the register
offset in the low byte. So the Synergy PMC module begins at 0%80006800. That is bus 0, device 0xd,
function 0, and offset 0. See PMC_A CFG ADRSint ar get/ confi g/ syner gy/ svgni. h. Fora

VGMD CPU that has 2 PMC connectors, the second PMC deviceis at 0%80007000 in configuration space.
(See PMC_A1_CFG_ADRS for further details.)

Accessto byte-reversed PClI memory space is handled by r eadPCI () ,wri t ePCl (), readPCl 8(),
writePCl 8(),readPCl 16(),andwritePCl 16(). You can access PCI memory space using al the
same functions you use to access RAM, but some portions of it (depending on the device being accessed)
may be byte-reversed. These functions perform the conversion to Big Endian format. All of these
functions are defined int ar get / conf i g/ syner gy/ syn€©i c. c. See commentsin that file for more
information.

The onboard PMC connector is accessed in configuration space at 0%80006800. See PMC_A CFG ADRSIn
target/ confi g/ synergy/ svgnil. h. ForaVGMD CPU that has 2 PMC connectors, the second PMC
deviceisat 0%80007000 in configuration space. (See PMC_Al_CFG_ADRS.)

Again, using the auto-configure software eliminates the need to know these details.

In general you want your PMC module (or modules) and your PEX3 to be configured by this software.

Y our PMC driver can then use "geographical" addressing to locate the PMC card, initialize it and use it.

48



Svnerqgy Microsystems VxWorks User’s Guide

Seethet arget/src/ drv/ pci/ pci Confi gShow. ¢ filefor the various "Show" words available to tell
you about PCI devices.
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PEX3 Support

The PEX3isa6U daughterboard that expands the CPU's PMC slot to 3 PMC slots on the PEX3. Thereis
aDEC 21154 PCI to PCI bridge chip on the PEX3 that supports a secondary PCI bus on the PEX3. The
autoconfiguration software should initialize the Base Address Registers of any PMC modules on the
PEX 3 when the system comes up (except for any that might be listed in the Exclusion list in
target/confi g/ synergy/ sysBusPci . h).

The 3 PMC connectors on the PEX3 module are accessed at 0x80010000, 0x80010800 and 0x80011000 in
configuration space (see PMC_B_CFG_ADRS, PMC_C CFG _ADR, and PMC_D CFG _ADRSSinsvgnt. h).
SeereadMPC(),w it eMPC() and associated functionsin syner gy/ synMoi c. ¢ for accessto
configuration space. You can also use the Wind River functions

pci Confi gl nLong(), pci ConfigQutLong()
pci Confi gl nWord(), pci ConfigQutWord()
pci ConfiglnByte(), pci ConfigQutByte()

to access PEX3 devices in configuration space. The arguments to these Wind River functions include bus
number, device number and function number. For a PMC module on the PEX3, the bus number is always
1. The device number for the 3 PMC modulesis0, 1 and 2.

The autoconfiguration software generally makes configuration space accesses unnecessary. If you have
trouble configuring a PMC module, use the Wind River pci Header Show() command to inspect the
devices configuration space registers after configuration. See

target/src/drv/pci/pci Confi gShow. ¢ for further details.

See the section below on "Interrupts from PCI Devices' for information on servicing interrupts from
PEX3 devices.
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Internal and External (L2) Caches

The PPC 604e and 603e processors feature 32K b of internal instruction cache and 32Kb of internal data
cache. Additionally, Synergy provides the user the option of 256K b or more of external, or "L2" cache.
The PPC 750 processor used on the VGM5 typically has even larger, faster L2 cache.

For non-project kernels, the use of these caches and the MMU are controlled by macros defined in the
confi g. h filefor each board. The section is reproduced below:

/*************************************************************************/

/* MMU and Cache options */
#undef | NCLUDE_MWVU_FULL
#define | NCLUDE_MMJ BASI C /* bundl ed mmu support */

#i f defined(| NCLUDE_MWJ_BASI C)
#define USER D CACHE ENABLE /* Enabl e data cache, copyback w snoopi ng*/

#define USER | CACHE ENABLE /* Enabl e instruction cache */
#defi ne | NCLUDE_CACHE_SUPPORT

#undef | NCLUDE_L2_ CACHE /* Define this to enable L2 cache. */
/* only ppc 750 gives you a choice of wite-thru or copyback on L2. */
#defi ne L2_CACHE_MODE ( CACHE_WRI TETHROUGH)

# i f (PROCS_I NSTALLED == 2)

#defi ne USER_D_CACHE_MODE ( CACHE_COPYBACK)

# el se

#defi ne USER_D_CACHE_MODE ( CACHE_COPYBACK | CACHE_SNOOP_ENABLE)
# endi f

#defi ne USER_| _ CACHE_MODE ( CACHE_WRI TETHROUGH)

#el se /* defined(l NCLUDE_ MMU BASIC) */

#undef | NCLUDE_MWU_BASI C

#undef USER_D CACHE_ENABLE

#undef USER | _CACHE_ENABLE

#undef | NCLUDE L2 CACHE

#undef USER D CACHE MODE

#defin USER_D_CACHE_MODE CACHE_DI SABLED

#defin USER_| _ CACHE_MODE CACHE_DI SABLED

#endi f /* defined(l NCLUDE_ MMJ BASIC) */

To make akernel with no cache or MMU, undefine | NCLUDE_MVLJ_BASI C.
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If you are compiling the kernel as a project, then inthe "Syner gy BSP Confi gur ati on" folder in the
project GUI, see"Enabl e/ confi gure L2 Cache". Also seethe Wind River "har dwar e/ menor y"
folders.

NOTE: Any board with aPPC 750 and an MPC 106 chip (KGM5, VGMD, VGM5, and VS$4) needs to
have the MMU enabled in order to run at all. If you compile akernel for such a board with

I NCLUDE_MWU_BASI C undefined, the MMU will be enabled anyway (cache will be off). Thereasonis
the PPC 750 bootrom unconditionally enablesthe MMU - it must in order to allow write accessto the
MPIC (Multi-Processor Interrupt Controller), serial ports and CPU registers. If you then load a kernel
which was generated with | NCLUDE_MMJ_BASI C undefined, the kernel will not attempt to do anything
with the MMU, so the MMU will remain in the state in which the bootrom left it. Practically speaking
this means you can make a kernel for a PPC 750 board which has no cache enabled by undefining

| NCLUDE_MWUJ_BASI C. However, the boards with PPC 750 and MPC 106 will always have the MMU
enabled. Only DBAT (Data Block Address Translation) registers are used to describe MMU address
trandation (whichis 1 to 1) and cache characteristics. Page tables are not used. Since there are only four
DBAT registers and the system has to use two of them to run itself, the system is not capable of accessing
the whole 4 Gb of memory space in this condition. Turning the cache off also seriously degrades
performance. S0, it isnot recommended to run this type of CPU in this configuration because its
performance is significantly restricted.

To make akernel with MMU and internal cache enabled, define MVMU_BASI C. If your Gemini board is
equipped with L2 cache, then also define the | NCLUDE_L2_CACHE macro.

Note that with MMU_BASI C defined, the Memory mapper is enabled, but it performs only a one to one
translation of memory addresses. The MMU isreally just used to control caching on a page by page basis
(one page = 4096 bytes). (SeecacheDmaMal | oc() inthe Wind River Reference manual.) The
L2_CACHE_MODE isonly relevant for PPC 750 CPUs. The 750 supports both CACHE_WRI TETHROUGH
and CACHE_COPYBACK modes. The default is copyback because it gives better performance.

NOTE: On certain versions of the PPC 750, the processor chip has a bug which can cause cache failuresif
L2 cacheisin copyback mode and if there is another processor on the same board. So if you have a
multi-processor PPC 750 board, you may find it will refuse to let its L2 cache go into copyback mode. It
will be in write-through regardless of whether or not you specify COPY. Thisisthe software

(sysCache. c) protecting you from the bug. If the processor is alate enough version to have this bug
fixed, then the software will not restrict the configuration.
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VME Bus Interfaces

General

Synergy provides two different VMEbus interface mechanisms for the VGM series of boards. With some
restrictions they can both be used at the sametime. One interface method is via the PCI-VME bridge
chip. The other method isthe Synergy "Direct VMEbus" interface. The PCI-VME bridge chipisa
complete VME interface supporting interrupts and block transfersin addition to the standard A32, A24,

A 16 supervisor and user data and program accesses. The Synergy Direct interface is less flexible, but
faster for non-sequential single read/write operations. It also supports read/modify/write. TheVGM1
series of boards usesthe IBM AlmaPCI-VME bridge. The VGM2, VGM5, VS$4 and VGMD use the
Universe I PCI-VME bridge made by Tundra Semiconductor Corp.

The PCI-VME bridge chip can be used to define multiple slave ports. Since each port islimited in the
AM (Address Modifier) codes that it will support, you may want to define more than one of them at the
same address with different properties.

NOTE: Take care not to define PCI-VME bridge and Direct VME slave ports that overlap.

Before getting into the details of specifying VME master and slave portsin following sections, please
look at the default VME port definition. Y ou may not need to change much and so may not need to spend
much time figuring out the address translation mechanisms described below. To check your default VME
master and slave port definition, get VxWorks to load and run, and then type sysMast er Por t sShow( )
and sysSl avePor t sShow() . The kernel delivered with the BSP should work fine for this purpose.

sysSl avePor t sShow() will print something like this:

VMEadr s Si ze Local Adrs (Uni verse Ports)
0: 20000000 02000000 00000000 prg+dat Usr+Sup A32

Direct slave port at VME adrs= 0xc2000000 is Enabl ed.
Direct slave port size = 0x02000000

Mai | box VME sl ave address is at 0x20000080

indicating that one PCI-VME bridge slave port is defined. 1t begins at VME address 0520000000. Itis
32Mb long and begins onboard at 0. The direct VME port is responding to 05€2000000 and is also 32Mb
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sysMast er Por t sShow() will print something like:

-> sysMast er Por t sShow

Local VMVEadr s Si ze AM
0: 0x80000000 0x00000000 0x00800000 0x2d
1: 0x81000000 0x00000000 0x01000000 0x3d
2:  0x90000000 0x20000000 0x10000000 Ooxd
3: 0xa0000000 0x30000000 0x10000000 Ooxd

=0x40000000 vneAdrs =0xc0000000 si ze=0x10000000
=0x7f f f 0000 vneAdrs =0x00000000 si ze=0x00010000
=0x7b000000 vneAdrs =0x00000000 si ze=0x01000000

Direct Master A32: Local
Direct master Al6: Local
Direct Master A24: Local

There are 4 master ports defined by the Universe/Alma PCI-VME bridge chip. Thefirst is A16 space
(AM code 082d) and is accessed at 0%80000000 onboard. It translates onboard accesses for 0%80000000 to
VMEbus address 0. It uses 8Mb of onboard address space even though A 16 space is only 64Kb long
(Almahas a minimum 8Mb window size). An A24 port (AM code 0%3d) begins at 0%81000000 as seen
from onboard and maps onto the bus at 0 also. Starting at 0590000000 isaVME A32 (AM code 0xd)
window. References to 0890000000 will appear on the bus at VME address 0%20000000. The window is
256Mb long. A second 256Mb window into A32 space starts at 0xA0000000. 1t maps onto the bus at
0%30000000. Ports0 and 1 are controlled by entriesin arrays defined in synMhuvne. h (see below).
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VME Slave Port Addressing through the Alma/Universe

The Synergy BSP follows the Wind River prescription for describing the first VME slave ports. By
"first" this means one A32 port, one A16 port and one A24 port. They are defined by the macros:

VME_A16_SLV_SI ZE VME_A16_SLV_BUS VME_A16_SLV_LOCAL

VME_A24_SLV_SI ZE VME_A24_SLV_BUS VME_A24 SLV_LOCAL
VME_A32_SLV_SI ZE VME_A32_SLV_BUS VME_A32_SLV_LOCAL

which arein the board'sconf i g. h file. If you are compiling the kernel as a project, then these are found
inthe "har dwar e/ busses" folder in the project facility.

The default condition has the dave A16 and slave A24 ports disabled by having VME_A16_SLV_SI ZE
and VME_A24 SLV_SI ZE = 0. See notes below before changing these!

These macros behave as defined in the Wind River documentation. See commentsinconfi g. h, also.
Note that CPU number also affects the A32 slave VME address as explained below.
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VME Slave Address Mapping Via The PCI-VME Bridge Chip

Thisisthe one VME slave port you will have if you define DEFAULT_SLAVE_PORTO to be TRUE in
sysMmuVne. h. There's a separate copy of synvhuVne. h for each board directory in the Synergy BSP.
For multi-processor boards the X processor directory hasthe synvhuVvne. h file. TheY (or Z or W
directories just have a symbolic link to the copy in the X directory. This guaranteesthey all use the same
configuration, which is essential.

The VME address of the default VME slave port is determined by the board processor number (whichis
specified in the Monitor ROM boot parameters) and the #def i ne SLAVE_PORT_SI ZE and
SLAVE_PORT_SEP in synMruVne. h. For projects, SLAVE_PORT_SEP isaso accessible in the

"Syner gy BSP Confi guration” folder asthe"VME sl ave Port Separation" component. The
default Save VME address is computed as shown below:

VME sl ave address = (processorNunber * SLAVE W NDOW SEP) + VME_A32_ SLV _BUS

In thisway, if you have severa Synergy boardsin the same VME chassis, their VME slave ports will be
automatically configured to be non- conflicting by merit of their unique CPU numbers. The size of each
default lave port is SLAVE_PORT_SI ZE. The slave ports beginin VME space at VME_A32_SLV_BUS.
The onboard address that the VME slave address maps into is normally 0, but you can modify this viathe
DEAFULT_SLAVE_PORTO_ONBOARD macro. You can ater these four parameters as required for your
system, but SLAVE_PORT_SEP must always be >= SLAVE_PORT_SI ZE or the boards slave ports will
overlap. The definition of the default port takes place in sysPr ocNunBet () insysLi b. ¢ automaticaly
when the system isinitializing itself.

Since the PCI-VME bridge chip can support up to 8 slave ports simultaneously, there is also provision for
defining other slave portsin addition to or instead of the default port described above.

The extra slave ports are described by an array called sl avePor t s[ ] whichisdefined in sysvhuVne. h.
It has 8 elements. Each element has 5 numbers describing one slave port. sysProcNunSet () in

sysLi b. ¢ readsthrough thislist and defines a slave port for each entry which does not specify

sl aveSi ze = 0.

If DEFAULT_SLAVE_PORTO is not TRUE, then initialization of the default port will be skipped. If the

DEAULT_SLAVE_PORTO isTRUE, then only thefirst 7 of the 8 elementsin sl avePort s[] will be
examined by sysHwM ni t ().
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Size and Address Restrictions

Please note that there are size and address restrictions on these slave ports. The minimum slave port size
is TMb for the Alma, or 64Rb for the Universe (actually, the Universe allows 4Rb for ports 0 and 4 and
64Rb for all other). The slave port address must be a multiple of the slave port size.

Slave ports are normally aligned so that a VME access to their first word will access the onboard RAM at
address 0. For the default slave port, the onboard starting address is defined by the
DEFAULT_SLAVE_PORTO_ONBQARD macro in synMruVne. h. Thesl avePorts[] array hasa
parameter for each of the slave portsit describes, which is the starting onboard address. See the
commentsin synnmuVne. h.

IMPORTANT: The command sys Sl avePor t sShow() will print out alisting of the board's current
dlave VME port configuration.
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Changing the VME Base Slave Address

If you want to relocate your board's VME base dlave address to some address other than the default of
0%2000_0000, you simply edit conf i g. h to alter the value of (for instance) VME_A32_SLV_BUS and
recompile the kernel.

IMPORTANT: If you have a multi-processor board, then when you change the value of any slave port,
you must also modify and regenerate the bootrom. Because different processors are in different phases of
loading simultaneously and thereisonly 1 Universe chip, it must be initialized in away that is usable to
all processors. For single processor boards you can get away with regenerating only the kernel. The same
istrue for the direct VME interface described below.
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VME Slave Port Addressing through the Direct VME Interface

The direct VME interface is ssimpler and faster than the PCI-VME bridge - nearly twice as fast for non-
sequential single VME bus cycles. It supports only A32 supervisory or user data and program accesses.

There are default initialization parameters for the direct slave port at the beginning of synMruVvne. h.
They are:

#define DIR SLAVE PORT _ENABLE /* undef this to disable direct slave port*/
#define DIR VME_SLAVE FWA (0xCO000000 + (sysProcNum * SLAVE PORT_SEP))
#define DI R_VME_SLAVE_SI ZE 0x02000000 /* 16, 32, 64, 128, 256 M only! */

Y ou can edit these to change the default direct slave port initialization that takes effect when the system
starts. To disable the port entirely, #undef the DI R_SLAVE_PORT_ENABLE macro.

Altering the location on the VME bus of the Direct Slave interface at run timeiseasy. Simply call

sysDi r Sl avePort Set () , specifying the VME address and the port size.
sysDi r Sl avePort Set (0x03000000, 0x01000000)

The above call will set the port to start at 0%03000000 on the VMEbus and be 16Mb in size. Take care not
to overlap it with any PCI-VME bridge slave ports!

The only legal sizesfor the direct Slave port are 16, 32, 64, 128, and 256MMb. The starting address of the
port must be a multiple of the port size.

A VME accessto the first word of the direct slave port will access the onboard RAM at onboard address
0. Thiscannot be configured in any other way.

IMPORTANT: The command sysSI avePort sShow() will print out alisting of the current dave VME
port configuration.

If you have a multi-processor CPU board and are using the direct interface to load over the VME bus (via
the smbackplane driver), then to change the direct VME slave address you must regenerate both the
kernel and the bootrom. Thisis the same restriction described above for the Universe VMEDbus slave
address.
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VME and PCI Master Port Definition

This BSP follows the Wind River prescription for describing the first VME master ports. Here "first"
refersto one A32 port, one A16 port and one A24 port. They are defined by the macros:

VME_A16_MBTR S| ZE VME_A16_MBSTR BUS VME_A16_MSTR LOCAL
VME_A24_MBTR S| ZE VME_A24_MBTR BUS VME_A24 MSTR_LOCAL
VME_A32_MBTR S| ZE VME_A32_MBTR BUS VMVE_A32_MSTR_LOCAL

These aredefined intheconf i g. h file. By default A32 and A24 ports are defined and A16 isnot. See
commentsin confi g. h and aso Wind River documentation. These are defined viathe PCI-VME bridge
chip.

The PCI-VME bridge VME master ports are defined by the contents of two arraysin the synMruVne. h
file. The uMast er[] array defines VME master ports viathe Universe/Alma, while the dMast er [ ]
array defines VME master ports viathe Direct VME interface.

Y ou edit the contents of these arrays to ater these windows. These arrays also set up the necessary MMU
registers/page tables to enable access.

The PCI space is defined by macrosin confi g. h. These are also accessible from the project facility in
the"Syner gy BSP Confi guration" folder's"PClI Address Space Confi guration" component.
These are shown with their default values below:

#define PCl _M ONBOARD ADRS 0xc0000000

#defi ne PCl _M OFFBOARD_ADRS 0x20000000

#define PCl _M SI ZE 0x10000000

#define PCl _MEM LOCAL_SI ZE 0x08000000 /*Subpart of it that's onboard. */
#define PCl _M METHOD DBAT3 /*Miust use PAGE if it's > 256M */
#define PCl _M CACHE_MODE VM_STATE_CACHEABLE_NOT

The PCI memory space as seen by the processor startsat PCI _M ONBOARD_ADRS. Thetotal sizeis

PCl _M SI ZE. TheVGM5, VS$4, and KGM5 boards can support an offboard PCI bus in addition to the
usual onboard PCI bus. This area consists of two adjacent windows - a portion that's mapped onto the
offboard PCI bus and a portion that addresses onboard PCI memory space. The window to the offboard
PCI busbeginsat PCl _M ONBOARD_ADRS. Thelast PCI _MEM LOCAL_SI ZE bytes of the total window

are onboard PCl memory space. The onboard PClI memory space portion begins at:
(PCl _M ONBOARD +PClI _M SI ZE - PCl _MEM LOCAL_SI ZE)
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Note that since both areas must be a power of two in size, the only practical division isto split it in half or
make the offboard window of 0 length. If you don't need access to the offboard PCI bus (many VME
boards do not even have a PO connector installed), then set PCI _ MEM LOCAL_SI ZE to the same value as
PCl _M SI ZE. Thisleaves 0 space for the offboard window. This may be especially important if you
have a PMC module that requests alarge amount of space.

NOTE: If you change the offboard window to 0 length, you will need to regenerate both the kernel and
the bootrom with these new parameters. Leaving a 50/50 split and just changing the size of the window
does not normally require making a new bootrom.

The PCI _M METHOD indicates the method that should be used by the MMU to map this region of memory
space. The MMU "method" is described in detail in synMruVvne. h and below in the sections on
“uMaster[]” and “dMaster[]”. Basicaly, it iseither PAGE to indicate mapping via page tables, or
DBATO, DBAT1, DBAT2, or DBAT3 to indicate one of the Data Block Address Trandlation registers.

NOTE: If aDBAT register is already used for the Universe master or the Direct master (neither of which
are present on the cPCl boards) then it cannot be used again to map the PCI space. DBATs can only be
used once. DBATSs can map no more than 0%1000_0000 bytes. |f you wereto increase PCl _M Sl ZE to
0%2000_0000, for instance, you would have to switch PCI _M METHOD to PAGE.

If you increase PCl _M S| ZE beyond a value of 256[Mb, then you must change PCI _ METHOD to PAGE,
because aDBAT can't map more than 256[Mb of RAM.

Configuration of the offboard PCI bus (PO or cPCl) isdiscussed in confi g. h. Look for macro names
beginning with"PCl _1 O'.
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The uMaster[ ] Array

Each entry inuMast er [ ] defines one VME bus master port window to the Universe/Alma PCI to VME
bridge. You must have exactly 8 entries. A VMEbus window effects an "address transation” of an
onboard address (as seen by the PPC) into a VMEbus address (that is, the address that appears on the
VMEbus). The Universe/Alma chip responds to onboard accesses to addresses in the range 0%8000_0000
to 0%C000_0000 and trandl ates those into other addresses on the VM Ebus.

For instance, a VMEbus board might have aVME slave address of 0%0100_0000 (16Mb) and occupy 16Mb
of VME address space. To address this board, the Universe/Alma could have a 16Mb window defined to
start anywhere within the 0x8000_0000 to 0xC000_0000 range and to transl ate that address to 0x0100_0000
on the VMEbus. For example, a 16Mb window defined at 059000_0000 would translate to an onboard
access to 0%9000_0000, then into an access to 0%0100_0000 on the VMEbus.

Since VxWorksis nearly always configured to use the memory mapper, you must, in this example, also
describe the 16Mb address space at 089000_0000 to the MMU. When the MMU is enabled, no memory
anywhere can be accessed unless it has been described to the MMU.

The purpose of theuMast er [ ] array below isto describe the onboard address range of the VME window
to the MMU and to specify how you want that address trandlated into a VM Ebus address by the
Universe/Alma chip.

Six parameters must be specified for each Universe/AlmaVME master window:

1. "onboard address" is the beginning address of the VME window as seen from onboard (that is, the
address your program accesses to use this window).

2. "VME Address' isthe VME Address into which the onboard address is tranglated. In other words, a
read from the onboard address shows up on the VMEDbus as aread from this VME address.

3. "am code" isthe VME address modifier code. It isa6 bit code specifying if the accessis supervisor
mode, user mode, a 32-bit address, a 16-bit address, etc. Wind River has defined standard names for

theseint arget/ h/ vne. h.

4. "Size" isthe size of the VME window in bytes. See rules about size below.
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5. "Method" specifies which MMU method you want to use for this block of address space. There are 2

possible methods - DBAT registers, and page tables. DBATSs are preferable but have some
restrictions, chiefly that there are only 4 DBAT registersin the PPC (see below). You can have any
number of spaces described by page tables. Spaces described by page tables must begin on 4kb
boundaries and have lengths that are multiples of 4kb. The ratio of address space size to page table
sizeis 128; a 128Mb address space described by page tables consumes 1IMb of RAM for the table.
Initializing these tables takes time when the system starts up. Using a DBAT to describe address
space consumes no RAM since it uses no tables. But DBATS can't describe less than 128Rb or more
than 256Mb. It is, therefore, best to use DBATSsto describe very large addresses spaces. Once all 4
DBATsare used, you must use page tables to map any additional blocks of memory.

6. "cache mode" notes whether you want this space cached or not. Normally it isabad ideato cache

VME space so you would specify VME_STATE_CACHEABLE_NOT. To cache an area specify
VIVE_STATE_CACHEABLE (for copyback cache) or VME_STATE_CACHEABLE_WRI TE_THRU for
write-through cache.

The Rules for defining VME master ports for the PCI-VME bridge Chip are:

N B

o gk w

~N

©o

. The"Method" parameter below must be either DBATO, DBAT1, DBAT2, DBAT3, or PAGE.
DBATSs should be used for large regions of address space. A DBAT can't describe less than 128Kb

(0x00020000) or more than 256Mb (0x10000000) of address space.

The sizefor aDBAT region must be a power of two.

The size for a PAGE region must be a multiple of 4096 bytes.

There must be 8 elementsintheuMast er [ ] array. Unused elements should be all zeroes.

The "onboard" address of a VME window using PAGE method must be between 080000000 and

0xbfffffff. The last word address+1 computed as onboard + size, must be between 0%80000000 and
0xc0000000.

Any entry in uMast er [ ] with size =0 isignored.
VME Windows should normally be marked as not cached! Caching offboard RAM space can easily

create cache incoherency bugs.

. VME AM codes (address modifiers) can befound int ar get / h/ vire. h. Most commonly used are

0%x2d = A16 supervisor data, 0xd =A32 supervisor data, and 0%3d =A24 supervisor data.

10. The"VME_A32_MSTR_LOCAL", "VME_A24 MSTR _BUS'", etc. parameters in the default uMast er [ ]

array below are macros defined in confi g. h. They are required by Wind River to be part of the
BSP. You may choose to ignore them and replace them with your own values. Wind River only
anticipated one window of each type and the board can support up to 8, so there's a mismatch here.
Note that the A32 window is expected to be large, so it is defined to use DBAT0. The smaller A16 and
A24 windows are defined with PAGE method.

11. The Almabridge chip (on VGM1) requires each window be at least 8Mb in size.

63



Svnerqgy Microsystems VxWorks User’s Guide

Below isthe default set up for theuMast er [ ] array. This corresponds to the sample printout from
sysMast er Port sShow( ) listed earlier in this document.

UNI V_VME MASTER uMaster[8] = {

/* onboard adrs, VME addrs, am code, si ze, net hod, cacheMode */
{ 0xa0000000, 0x30000000, VME_AM EXT DATA, 0x10000000, DBAT1,

VM STATE CACHEABLE_ NOT},

{ VME_A32_MSTR LOCAL, VME_A32_MSTR BUS, VME_AM EXT DATA , VME_A32_MBTR S| ZE,
DBATO, VM STATE_CACHEABLE_NOT},

{ VME_A16_MSTR LOCAL, VME_A16_MSTR _BUS, VME_AM SUP_SHORT | O,
VME_A16_MBTR Sl ZE, PAGE, VM STATE_CACHEABLE_NOT},

{ VME_A24_MSTR LOCAL, VME_A24 MSTR BUS, VME_AM STD SUP DATA,
VME_A24_MBTR SI ZE, PAGE, VM STATE_CACHEABLE_NOT},

0, 0 0 0, VM _STATE_CACHEABLE_NOT},
0, 0, 0, 0, VM _STATE_CACHEABLE_NOT},
0 0 0 0
0 0 0

’ ’

, VM STATE CACHEABLE_ NOT},
, 0, , VM STATE CACHEABLE_NOT}
; /* Must have exactly 8 entries! */

1 ’ ’

P o e e ]
h""'C)_C)C)C)
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The dMaster[ ] Array

ThedMast er[] array below is used to describe master VME windows for the direct VME interface.
Like the Universe/Alma VME interface, the direct interface performs an address trand ation that converts
an onboard address to a VMEbus address. The onboard address regions that are used must also be
described to the MMU. Unlike the Universe/AlmaVVME windows, the direct VME interface has few
programmable parameters. There are just 3 direct VME windows possible. Their addresses as seen from

onboard are:
1- The A32 wi ndow from 0x4000_0000 to 0x7800_0000 (869Mn)
2- The A24 wi ndow from 0x7B00_0000 to Ox7BFF_FFFF ( 16Mb)
3- The A1l6 wi ndow from Ox7FFF_0000 to Ox7FFF_FFFF ( 64Kb)

Note that the A16 and A24 windows describe the entire VME A16 and A24 space. These windows
cannot be disabled, though you can choose not to describe them to the MMU or not to describe their full

sizetothe MMU. Thetrandationto VME address for A16 and A24 spaceis fixed by the hardware:
Access to 0x7B00_0000 transl ates onto the VMEbus as A24 address O.
Access to Ox7FFF_0000 transl ates onto the VMEbus as Al6 address O.

Thistrangdlation cannot be changed. The only thing you can specify is how (or if) you want these
windows to be mapped by the MMU. The A16 and A24 spaces are small and so best described by the
PAGE method.

The 869 Mb A32 window begins at 084000_0000 as seen from onboard. The address trandation to VME
address converts 0%4000_0000 to DI R VME_NMASTER _FWA, which is a macro defined near the beginning of

synvhuVne. h. Thereare only 4 possible valuesfor DI R_ VME_MASTER _FWA. They are:
0x0000_0000
0x4000_0000
0x8000_0000
0xC000_0000

However, the whole 859M b space need not all be mapped by the MMU since you probably don't need to
access al of it.

For instance, if you have aVME dave at a VME address of 08A000_0000 you would access it through the
direct interface by setting DI R_VME_MASTER_FWA to 0%8000_0000. Then accessing 0x6000_0000 onboard
would trandate into 0%xA000_0000 on the VME. 0%6000_0000 is 0x2000_0000 from the start of the onboard
VME window so it gets trandated to 0%8000_0000 + 0x2000_0000, which is VME address 0xA000_0000.
Since you would not be using the first 082000_0000 bytes of the onboard VME window, it need not be
described to the MMU at all.

65



Svnerqgy Microsystems VxWorks User’s Guide

Because of al this, the dMast er [] array contains no address translation information, only address
mapping information for the MMU. The address trandation is completely described by your selection of
thevaluefor DI R VME_MASTER _FWA (whichisin synMruVne. h). (See next section for information on
dual processor boards.)

RULES:

1. Any DBAT used aboveintheuMast er[] table cannot be used in the direct table. DBATS can only
be used once!

2. Theremust be 8 entriesinthedMvast er [] array. Any entry with size specified as0 isignored.

DI R VME_NMASTER dMaster[] = {

/* onboard si ze, met hod cacheMode */

{ 0x40000000, 0x10000000, DBAT2, VM STATE CACHEABLE NOT},/* A32 */
{ Ox7FFF0000, 0x00010000, PAGE , VM STATE CACHEABLE NOT},/* Al6 */
{ 0x7B000000, 0x01000000, PAGE , VM STATE CACHEABLE NOT},/* A24 */
{ 0, 0, 0, VM STATE_CACHEABLE NOT},

0, 0, 0, VM STATE_CACHEABLE_ NOT},
0, 0, 0, VM STATE_CACHEABLE NOT},
0 0 0, VM STATE_CACHEABLE NOT},
0 0 0, VM STATE CACHEABLE_ NOT}

i e W e W e W )
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Direct VME Master on Dual Processor Boards: sysDirMasterPortSet( )

The 8-bit CPU register at 0xffef_ff18 controls the relationship between the onboard access address and the
address that appears on the VMEDbus - in other words, the address trandlation that is done by the direct
interface. Asexplained above, an access onboard to 0%4000_0000 generates a VM Ebus access at address
DIR_UME_MASTER_FWA. (See preceding section for further details.)

On dual processor CPU boards, each processor has its own direct VME address translation control.
Initially the X and Y processors both set their Direct Master interface transation to access

DI R_VME_MASTER_FWA. However, you may want the X and Y processors to have different address
trandations. Or you may want to dynamically change the address trandlation of the direct master
interface. This can be done by calling sysDi r Mast er Por t Set . It takes one argument and that is the
new translation value.

So, for example, to change the direct VME master port so that an access to 0%4000_0000 will generate a

VME master access to 0%8000_0000, one would execute:
sysDi r Mast er Por t Set (0x80000000)

After doing this, executing sysMast er Por t sShow() will show that the address trandlation for the direct
port has changed.
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Universe VME Initialization Defaults

The Universe VME master isinitialized to use “Rel ease on Request”, and “f ai r” modes. Write
posting is enabled. In general this gives the most efficient performance for most users. There are many
adjustable parameters, however. Seethe Universe || manua from Tundra Semiconductor Corp. and the
Synergy Gemini CPU manual for further details. Virtually all of theinitialization is performed in
sysHwM nit () insysLi b. ¢ and afew functions called by sysHw ni t () . Some changes you might
want to make are obvious (like changing to Rel ease Wien Done, or disabling write posting) and easy
to do. Others are more obscure and require a detailed knowledge of the part and the VMEbus. The
header file for the Universe chipissyner gy/ uni ver se. h. The synMruVne. h file in each board
directory also contains some configuration parameters, as mentioned above.
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sysBusTolLocalAdrs and sysLocalToBusAdrs

Providing these two standard BSP routines presents a problem because the Gemini series has two
VMEDbus interfaces. In many cases an address can be accessed through both of these, so the function is
not single valued. The solution isto provide two sets of these conversion routines. The functions
sysBusToLocal AdrsDirect () andsysLocal ToBusAdrsDi rect () returninformation valid only
for the direct VME interface.

The Wind River standard names sysBusToLocal Adrs() andsysLocal ToBusAdr s() check the VME
ports supported through the PCI-VME bridge chip first. If that search is unsuccessful, they then call
sysBusToLocal AdrsDirect () andsysLocal ToBusAdrsDi rect () to seeif the address can be
found through the direct port. So, the standard routines give priority to the PCI-VME bridge interface. If
you want to check the direct interface only, call sysBusToLocal AdrsDirect () and

sysLocal ToBusAdrsDi rect () directly.

Because Synergy boards can have VME, offboard PCI and onboard PCI buses, the address translation
performed by these functions can get pretty involved. Thisissimplified by the use of "pseudo AM codes’
for PCI bus. Seethe section below on “sysBusToLocal AdrsPci () and

sysLocal ToBusAdrsPci ()".
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PCI Bus Interfaces

Defining Offboard PCI Bus Master/Slave Windows

The Offboard PCI busis present on the Compact PCI CPUs and on those VGM5 VM Ebus CPUSs that
have a PO connector installed between P1 and P2. It can have master and slave windows defined on it just
asthe VMEDbus can. These are also controlled by arraysin the synMwuvne. h file.

The bootrom and kernel use the Wind River auto-configuration software to configure the standard board
1/O (ethernet, SCSI, etc.) aswell as any PMC boards on the motherboard or on the PEX3 extender card.

If you have aVMEbus CPU with a PO connector installed between the VME P1 and P2 connectors, that
PO connector offers a connection to an offboard PCI bus (provided for in the VME64 standard). The
board connects to that bus viaa DEC 21554 non-transparent PCI to PCI bridge. For VME CPUs the PCI
auto-configuration software is set to ignore the 21554 bridge. Since in most VME applications the PO
connector is not connected to a PCI bus, it is best not to initialize the chip.

If you have a Compact PCI CPU, then the Compact PCI busis your offboard PCI bus.

The offboard PCI bus appears to the PPC CPU as a piece of memory. It isdescribed inthe VME section
above.

Two macros control the probing action of the auto-configuration software over the offboard PClbus.
They are PCl _GLOBAL_CONFI Gand PCI _UNI VERSAL_CONFI G. Their default values are 0. If

PCl _GLOBAL_CONFI Gis 1, auto-configure will attempt to discover and configure PCI devices past the
onboard non-transparent bridge (that is, PCI devices on the offboard PCI bus). If

PCl _UNI VERSAL _CONFI Gis 1, auto-configure will attempt to discover and configure every PCIl device it
can find, traversing every non-transparent bridge it discovers.

Synergy has provided two "Show" words to print out the current state of the offboard PClbus master and

dave windows. They are called:
sysMast er Port sShowPci ()

and:
sysSl avePor t sShowPci ()
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sysBusTolLocalAdrsPci and sysLocalToBusAdrsPci

These functions are provided for the PCI bus and are directly analogous to their VM Ebus counterparts.
Their arguments are the same. Synergy has defined PCI bus "pseudo AM codes' to facilitate handling
PCI bus addresses through the existing sysBusToLocal Adrs() and sysLocal ToBusAdrs()
functions,

The PCI pseudo AM codes are defined in sysBusPci . h and are:
#define PCl _AM MEM LOCAL 0x100/* Local PCl bus nmenory space */
#define PCl _AM MEM SYS 0x101/* PO-PCl or cPCl bus nenory space */
#define PCl _AM | O LOCAL 0x110/* Local PCl bus |/O space */
#define PCl _AM 1O SYS 0x111/* PO-PCl or cPCl bus |/O space */

Since al VME AM codes are below 0%40, if sysBusTolLocal Adrs() and sysLocal ToBusAdrs() are

called with an AM code greater than 0x%40, they will in turn call sysBusToLocal AdrsPci () and
sysLocal ToBusAdr sPci () to attempt tranglation.
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Writes to CPU Control Registers (LEDs)

The Grackle chip on the Gemini board performs al memory accesses to onboard RAM and to the "ROM
space” - addresses above 0xFF000000. Thisincludes CPU control registers, LED registers, etc. When a
write is performed, the Grackle gives priority to awrite to ROM space at the expense of servicing other
pending memory requests from onboard DMA, PCI or slave accesses from some VMEbus master. If a
program does a large number of consecutive writes to ROM space, it can cause the Grackle to ignore
other pending memory access requests for too long atime. In an extreme case, it can cause abus error to
VME master attempting to access onboard RAM. Thefix for this problem isto intersperse ROM space
reads between the ROM space writes.

Fortunately, there is little need to perform repeated writes to the CPU control registers. Most control
items (like direct VME dlave address) are just written once at system start-up and not bothered with again.
The front panel LEDs are probably the only register to which an application program might well perform
many frequent writes. The BSP'ssysCodelLedSet (), sysLedOn() and sysLedCf f () functions have
aready been altered to deal with this problem. So, if your program uses these functions, rather than
writing directly to the LED control register, then you will have no problems. However, if for some reason
you write code that performs frequent writes to CPU control registers, be sure to protect them with a
ROM space read just before or after the write. (SeesysCodelLedSet () insysLi b. ¢ for acode
example.)
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Timers

The VxWorks Tick Timer

The VxWorksttick timer is by default running at 60 Hz, so calling t askDel ay( 60) will produceal
second delay. Thisfrequency isdetermined by SYS CLK _RATEinsyner gy/ svgni. h. It may be
increased for higher time resolution. Be advised that there is overhead associated with each tick of the
clock. Itisunwiseto set it to values larger than 1000 or 2000. If you need higher resolution, use the
timestamp driver (see below). Thetimer softwareisinsyner gy/ synMi cTi mer. c.

The timers are physically located in the MPIC chip. There are 4 of them. The usageis asfollows:

Board type T0 T1 T2 T3

single processor VxWorks Tick  unused Aux. Timer unused

dual Processor X'sTick Y'sTick X Aux. Timer Y Aux. Timer
Quad Processor X'sTick Y'sTick Z'sTick W's Tick

The basic frequency that the timers divide down is PCI_CLOCK/8. Thisis hardwired on the board and
cannot be changed or read by the software. The MPIC timer chips have a"Frequency reporting register”
which shows only what the software writesinto it. It has no connection to the hardware. After rev. 1.21f,
the BSP was changed to write to the MPIC software reporting register at the time the timer is enabled.
Prior to this, the contents of this register were non-initialized. Of course, if the software has the base
frequency wrong, the frequency reporting register will also be wrong. It only shows the value that the
software is assuming for the frequency.
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The Decrementer Register and Timestamp Driver

The PPC family supports a decrementer register internal to the microprocessor itself. The decrementer
register is used as the timer for the VxWorks time stamp driver. Thisisa 32 bit down counter. Itis
loaded with a 32-bit value and counts down at arate equal to a supplied clock signal. When it
underflows, an interrupt is generated and the counter is automatically reset to the initial value.

To configure the timestamp into the kernel, define | NCLUDE_TI MESTAMP in conf i g. h and re-make the
kernel. Inthe project facility it isfound in "har dwar e/ per i pher al s/ cl ocks/ hi gh res.

ti mest anp" folder. The timestamp commands work as described by Wind River. See the comment
headers for functionsin syner gy/ synPpcDecTi ner. c.

If you are not using Windview, the "rollover” time of the decrementer is set by the value of

decCount Val insyner gy/ synPpcDecTi ner. c. ltsdefault is 0%7FFF_FFFF. (See
DECREMENTER_DEFAULT insyner gy/ svgni. h.) Itisa32-bit value whose MSB (Most Significant Bit)
must be 0, so 0x7FFF_FFFF is the largest allowed value. The decrementer counts this number down at a
rate of BUS_CLOCK/4, which is 66666666/4 = 16.667MHz. \When it underflowsto -1 an interrupt is generated.
Then the counter is automatically reset to decCount Val and the process beginsagain. The
decrementer register isread by calling vxDecGet () and written to by calling vxDecSet () .

If you do not define | NCLUDE_TI MESTAMP, then the synPpcDcTi ner . ¢ codeis not included in the
kernel. The default code that services the decrementer in that caseisinsysLi b. c. Theinterrupt routine
iscalled sysDecl nt (). Eachtimeitisentered, it just increments a global variable called

decRegRol | overs. You can read the value of the decrementer register at any time by calling
vxDecGet (). You can changeit by calling vxDecSet (). The default value that isloaded into the
decrementer is DECREMENTER _DEFAULT and isdefined in syner gy/ svgmil. h. So the units of
decRegRol | over s isDECREMENTER _DEFAULT/ 16666667. Setting it to 16,666,667 gives a period of 1
second. The value of 0X7FFFFFFF givesit arollover period of 128.8 seconds. At any given moment the
fractional part of the current rollover period is obtained by computing X - vxDecGet () , where X isthe
value that was initialy loaded into the decrementer. So, if one sets DECREMENTER _DEFAULT to
16666667, the basic time resolution of the timer is 60 nanoseconds (=1/16666667). In this case, at any

instant the elapsed time (in seconds) since the computer was started would be:
decRegRol | overs + (16666667 - vxDecGet())/ 16666667

If you leave it set to 0%7FFFFFFF, then the units of decRegRol | over s is128.849 seconds and the time (in

seconds) at any given moment is:
(decRegRol | overs + (Ox7FFFFFFF - vxDecGet())/Ox7fffffff) * 128.849

74



Svnerqgy Microsystems VxWorks User’s Guide

Thisisavery avery high degree of time resolution, but it's absolute accuracy is only as good as the
66.667 MHz crystal oscillator generating the board's basic clock. That is about one part in 10,000 or
100,000. If you usethisasaclock, it will be off by as much as afew seconds per day.
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Interrupts

All interrupting devices that may be used in the system need to have an entry in atable in
target/src/drv/intrCl/synMic.c whichisnamedi nt VecTabl e[ ]. Normally users need not
concern themselves with this table.

Thistable records the interrupt vector and other information for a device and describes both VMEbus
interrupters and onboard interrupting devices. All the descriptions of the onboard interrupting devices are
aready done for you, but any additional VME interrupting devices may befilled in by the user, or

i nt Connect () cando it automatically. Interrupt vectors are one byte numbers, so the largest possible
interrupt vector is 255.

Even if adeviceisnot instaled in your system, it is permissable to put a description of it in

i nt Vect abl e[]. Theinformation for aparticular devicein thisarray isnot used unlessacall to

i nt Connect () ismade, so it isharmlessto describe any and all devices which may ever end up in your
VME system. (See extensive commentsin synhpi c. ¢ which explainthei nt VecTabl e[ ] array.)

76



Svnerqgy Microsystems VxWorks User’s Guide

VME Interrupts

The system makes the assumption that interrupt vectors above MAX_ONBOARD_VEC are for VME
interrupters. The default value of MAX_ONBOARD VEC is0%30. Vectors less than this are for onboard
devices (that is, devices run by the system). User interrupt vectors should be chosen to be above this
value. If you have aVME interrupter whose vector isless than MAX_ONBOARD_VEC and you cannot
change it, and there is already an onboard device using this vector number, then you may have to change
the vector number of the onboard device to a higher number by editing i nt VecTabl e[ ] and

syner gyl nt. h. Thevector numbers are al arbitrary assignments anyway. All that really mattersis that
they are al unique. SeesynMpi c. c for details.

To enable a VME interrupting device you need to do three things:

1. Pick avector number larger than MAX_ONBOARD_VEC, if possible. If that's not possible, then see
comments above andin synM€i c. c. You may have to modify i nt VecTabl e[ ] .

2. Cdl int Connect () specifying the vector and your interrupt service routine's address.

3. Cdlint Enabl e() specifying the VME interrupt level (IRQ) of the VME device.

See the VxWorks Reference manual for information oni nt Connect (), i nt Enabl e() and
i nt Di sabl e(). When you compile your application make sureit has#i ncl ude i ntLi b. hinit.

i nt Connect () will search through thei nt VecTabl e[ ] array to find an entry describing the specified
vector number. If it finds one it will make an entry in another table (sys! nt Tbl [ ] ), which isused by the
front-end interrupt routine to steer the interrupt to the specified interrupt routine function. If

i nt Connect () can't find the vector inthei nt VecTabl e[ ], and the vector is less than
MAX_ONBQARD VEC, it will return ERROR (whichis-1). If the vector is above MAX_ONBQOARD VEC, it will
automatically create an entry for the device in both tables (i nt VecTabl e and sysl nt Tbl ) and the
interrupt is then ready to enable.

The VxWorksi nt Enabl e() andi nt Di sabl e() functionstake interrupt level astheir argument.
Interrupt levels 1 through 7 are understood to refer to VMEbus interrupt levels 1 through 7. Interrupt
levels or priorities (assigned by the MPIC interrupt controller) for onboard devices are actually 0-0%F, but
since 7 of those conflict with the VME levelsthey arereferred to in callstoi nt Enabl e() as 0%100
through 0810F. In other words, there is abias of 0x100 added to the onboard interrupt levels to allow the
software to distinguish those from the VMEbus levels. There are device interrupt level macros defined in
target/confi g/ synergy/ synergyl nt. h for all onboard devices (SCSI, seria, ethernet, etc), which
you can use if necessary. Since the BSP already takes care of initializing and controlling these devices,
you shouldn't need to deal with them. Most users will only need to enable and disable VME interrupts.
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Note that synMpi c. ¢ also contains the functions sysMpi cl nt Enabl e() and sysMpi cl nt Di sabl e().
These perform the same functions asi nt Enabl e() andi nt Di sabl e() , except that they take vector
number as their input argument instead of interrupt level. These functions are unique to the Synergy
Microsystems BSP.

Y ou can cause your Synergy VME board to generate interrupts on the VMEDbus by calling

sysBusl nt Gen(). The VME interrupt is generated by the Universe PCI-VME bridge and it hasa
restriction on the vector number. The vector number is required to be an even number. |f

sysBusl nt Gen() iscalled with an odd vector number (on aboard using the Universe chip), then it will
return ERROR. Otherwiseit returns OR. Also note that for boards with the Universe bridge, if this
function is called twice in quick succession, the first VME interrupt may not have been acknowledged yet
at the time of the second call. In this case, the function will add on a semaphore until the interrupt is
responded to. If the previous interrupt is never acknowledged, this function will hang indefinitely
because the senirake() call specifiesWAI T_FOREVER. Depending on your environment, you may want
to disable this feature or protect callsto sysBusI nt Gen() with takes and gives of aMutex semaphore
(to prevent priority inversion bugs). In general some sort of synchronization like thisis necessary.
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The VMEbus SYSFAIL Interrupt

For Gemini boards using the Universe PCI to VME bridge chip (not the VGM 1 board) the default

SY SFAIL softwareis set to respond to VME SY SFAIL by generating an interrupt. Functions controlling
this operation are defined in synhpi c. ¢ and arecalled sysFai | | nt Enabl e and

sysFai | I nt Di sabl e. They take no arguments and, as their names imply, enable and disable the

SY SFAIL interrupt.

When a SY SFAIL interrupt occurs, the uni ver sel nt 5() functionin synMi c. ¢ trapstheinterrupt. It
callssysAbortint () insysLib.c. sysAbortInt () justprintsamessage (vial ogvsg) and disables
further SY SFAIL interrupts. Thisis because SY SFAIL is often held true by various VME boards during
reset, sometimes for long periods of time. If you need to re-enable the SY SFAIL interrupt, do so by
calling sysFai | I nt Enabl e() .

Y ou can modify uni ver sel nt 5 or sysAbor t | nt if your environment requires other action in response
toaVME SYSFAIL.
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Interrupts from PCI Devices

The PCI bus only supports 4 different interrupt lines: l, B, C, and D. PMC modules are generally made so
that they all assert PCI interrupt i, although in general a PMC module could assert any or al of the 4
interrupts. The PCI slots are wired so that each slot connects PCI interrupt Al to one of the 4 interrupt lines
on the PCI bus. If there is more than one PCI dlot, then the interrupt connection rotates one pin over for
each dot. For example aVGM5 or KGM5 has only one PMC dot so that slot connects the 4 interrupts
straight across. The second slot rotates the connection wiring by one pin as shown below:

VGMD PMC dlot 0 (The only PMC dot onthe VGM2, VGM5, and KGM5)
PMC BOARD CPU PCI Bus
A A So the 1st PMC dlot iswired straight across.
B B Interrupt A on the PMC card is A on the PCI bus.
C C
D D

VGMD PMC dlot 1
PMC BOARD CPU PCI Bus
A B The 2nd PMC dot iswired connects A on the
PMC card to B on the PCI bus.

B
C
D

>0 0

On the PEX3 the wiring is as follows:

PEX3PMC dot 0
PMC Board CPU PCI bus
A B So the 1st PMC dlot isrotated by 1 wire.
B C
C D
D A
VGMD PMC dlot
1
PMC Board CPU PCI bus
A C
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B D
C A
D B

VGMD PMC dlot

2
PMC Board CPU PCI bus
A D
B A
C B
D C

So, once aPMC board's dlot is discovered (just read the configuration space registers), your software can
compute to which interrupt the PMC module is actually connected.

Once you know which PCI interrupt a board is going to use, you can treat it like any other interrupting
device. Thatis, doani nt Connect () and ani nt Enabl e() toturnit on. If thereismore than one
device on the same interrupt, then the interrupt routine will have to sort out which device isinterrupting.

Thefilesyner gy/ syner gyl nt . h defines the vector numbers and interrupt levels for all the deviceson

the board. The vectorsfor PCI interrupts are:
PCl _A | NT_VEC
PCI _B I NT_VEC
PCI _C I NT_VEC
PCI _D I NT_VEC
Thelevelsare:
PCl _A I NT_LEVEL
PCI _B I NT_LEVEL
PCI _C I NT_LEVEL
PCI _D I NT_LEVEL
S0, the sequence:
i nt Connect (PCl _A I NT_VEC, nylsrFcn, 0);
i nt Enable (PCl _A I NT_LEVEL);

would get PCI interrupt Al connected to nyl sr Fcn() and enableit.
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Multi-Processor Board Interrupts

Interrupts can be individually assigned to either the X or Y processor. When acall toi nt Connect () is
made (seetarget/src/drv/intrCl/synMi c. c) it takes note of which processor is making the call
and sets up the MPIC interrupt controller to direct that interrupt to the correct processor.

However, since some interrupt groups are bundled together, there are some complications. The PCI to
VME bridge chip groups all the VME interrupts onto a single interrupt. This meansthat all the VME
interrupts must be handled by one processor (the X processor). The sameistrue for BLT/DMA done
interrupts, etc. If Y isrequired to handle some VME interrupts, it is best to implement them through the
Y mailbox. Thiswas done for the BLT/DMA interrupt and may be used asamodel. (See the description
of the FIFO mailbox below.) ThecodeisinsynMi c. c inal nmal nt () for boards with AlmaPCI-VME
bridge, and inuni ver sel nt 5() for models using the Universe bridge.

The method isto have the X processor receive and clear the interrupt, and then have it write a code to the
Y processor's mailbox. You must set up the'Y processor beforehand (by acall to sysRegi st er Mai | as
described above) to associate that mailbox interrupt code to a service routine appropriate to the VME
interrupt. Such changesare made in al mal nt () or uni ver sel nt 5() insynMhpi c. c.
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Mailboxes on VGML1 (rev. D and later) and all VGM, VSS and KGM Boards

The VGM1 rev. D and later boards (VGM2, VGM5, VSH) have asimple, very robust mailbox circuit.
Any write to byte at onboard address 0880 causes the data written to memory to also be entered into a
hardware FIFO (First In First Out). The non-empty condition of the FIFO causes a mailbox interrupt. On
Dual processor versions of the Gemini CPU the mailbox at 0%80 is for processor X and another at 08A0 is
for processor Y (the region in between is unused). Each processor has its own hardware FIFO. The write
to the mailbox may come from any source: the onboard processor(s) themselves, aVMEbus master,
PClbus master, etc. Normally one writes byte-wise to the mailbox.

This scheme virtually guarantees that no mailbox writes will be missed. All the mastersin the system can
attempt writes to the same mailbox simultaneously and they will al get captured and recorded and will
eventually be serviced in the order in which they were actually performed. Of course, there is a chance
that the FIFO could overflow. The FIFO is 256 bytes long and so can record 255 mailbox interrupts. In
practice, experience has shown this gives plenty of capacity for mailbox activity. If the CPU is so busy
that it can't keep up with mailbox interrupts, alonger FIFO will only delay failure, not avoid it. If it can
keep up, then you only need enough capacity to absorb temporary bursts of activity.
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About Mailbox Length

The Mailbox isasingle byte. If you do a 32-bit write to the mailbox address, the mailbox circuitry will
see the data value in the high 8 bits of that 32-bit word, not the data value in the low order byte. That
high byte isusually 0, so you will get an error message about an "unr egi st er ed nai | box code of
0". To avoid the problem, just do bytewise writes to the mailbox address. The mailbox ignores the bytes
that follow after the mailbox byte. Y ou might plan to do 32-bit writes (or even longer data writes) and
use the bytes following after the mailbox for other application-specific information for the mailbox
function. However, the byte that lands in the mailbox byte must be the one that has the mailbox code in
it.
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Mailbox Software Support

The BSP presently provides support for 256 different mailbox routines. (Thisis determined by

NUM_MAI L_ROUTI NESinsysLi b. c.) The system presently uses 3 of these. The function

sysRegi sterMai | () (insysLi b. ¢) alowsthe user to define additional mailbox routines.

sysRegi st er Mai | iscalled with adata value (0-255), a function address and a constant argument. |t
uses the data value as an index into an array (mai | Rout i ne[ ] ) wherethisinformation is stored. When a
mailbox interrupt occurs, the mailbox interrupt routine reads the data value from the Mailbox FIFO and
usesit asanindex into thisarray. The function (whose address is stored there) is then called with the
supplied constant argument. Thus the data byte written to the mailbox selects the function that will be
executed. The VxWorks shared memory software already uses the value of 1. (See VXVAI LSTOP defined
inconfig. h.) Ondual processor boardsthe value 2 is used by the BLT (BLock Transfer) interrupt (see
Y _BLT_MAIL_CODEinconfig. h). If thevaueisabove 10 you should be safe from conflict with future
system enhancements.

The mailbox interrupt is enabled viaacall to sysMai | boxEnabl e() . It can only be called (that is, it
only has an effect) after at least one mailbox routine has been registered viaacall to the

sysRegi ster Mai | (). Ondua and quad processor boards, thisis done by the operating system when
it'sstarting. On single processor boards which are not using shared memory, no mailbox routines are
defined by the system, so the user must call sysMai | boxEnabl e() after at least one mailbox routine has
been registered.

The user may extend this logic to include alarger number of possible interrupt routines. The front-end
mailbox interrupt routine ignores mailbox writes with data values that have not previously been
associated with afunction viaacall to sysRegi st er Mai | () . It clearsthe interrupt, but if no function
has been associated with that data value, it does nothing further. Thereisaglobal variable called

sysMai | Ct r which isincremented upon each mailbox interrupt whether it is caused by alegal datavalue
(i.e, a"registered" datavalue) being written to the mailbox or not.

To summarize, in order to add a mailbox function, call sysRegi st er Mai | to associate your function
with a particular mailbox code. (On single processor boards, al'so do asysMai | boxEnabl e() call after
registering the first mailbox routine. Only one call is necessary.) For example, acall to

sysRegi st er Mai | likethis:
sysRegi sterMai | (11, foo, 23)

would cause the function f oo() to be called with an argument of 23 every time an 11 iswritten to the
mailbox byte. See sysRegi st er Mai | () insysLi b. ¢ for further details.
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Making Bootroms and Kernels

Project vs. Non-Project

See the Wind River User's Manual for basic information on projects and workspaces.

This document describes compilation and configuration of the kernel both as a project and as a non-
project (the old way of compilation). You may use either method. The only restriction you face when
you compile your application as a project and the BSP as a non-project is that you cannot make a bootable
application. That is, you can't link your project application in with a non-project kernel to produce a
single executable file. You can of course, dwaysload it with the "l d" command.

The way one configures the kernel for compilation as a non-project (with aUnix host) is nearly alwaysto
edit something inthe confi g. h file and then type "nmake" in the board directory. See the section

"Maki ng A New Ker nel " below to learn how to compile a non-project BSP with a PC host. Project
configuration, on the other hand, requires finding the appropriate element in the project component tree
that is presented to you by the project facility and enabling or disabling it.

If you are compiling the BSP as a project, any configuration feature which is not covered in the project
component tree ("vxWor ks" tab) is still handled the old way. That is, you edit the appropriate .h file and
then re-build the project. The vast majority of users should not need to do this, since virtually all
parameters are accessible through the project GUI.

All the commonly used parameters are available through the "VxWor ks" tab in the project facility. There
may be afew that were overlooked. Please let usknow if you come across one.

If this document refers to defining "I NCLUDE_FOO' to enable a particular feature, you can find the project
component that controls this by pulling down the “Pr oj ect ” menu and selecting "Fi nd Obj ect ". Pull
down the"Type" menu. You will nearly always be looking for acomponent "I NCLUDE_" or a

"Par anet er ". After selecting the appropriate type of object, open the "oj ect " menu and scroll
through looking for the name. When you find it, select it. Then click the"Fi nd" button. It will locate
the desired component.

Note also that while the project facility provides Synergy with enough capability to add to VxWorksto
build akernel, Wind River does not provide any project capability to configure the code for a bootrom.

86



Svnerqgy Microsystems VxWorks User’s Guide

Therefore, the Synergy bootroms cannot be built as projects. They have to be made in the non-project
way. See the section on making bootroms below. Most users will never need to make bootroms.
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Creating a BSP Project

The directory tree that isinstalled by the normal install processisfor the non-project directory and kernel.
If you aren't interested in using the project facility, you do not need to read this section.

For a single processor CPU board (see below for multi-processor boards) or adual processor board that
you are running as a single processor, create a workspace and base it on the appropriate BSP directory
(thesvgn®/ , svgnb/ , svgnd/ , kgnb/ or svend/ directory).

If you have adual processor board and want to run it as a dual processor board, then you have to create
one workspace containing the 2 BSP projects - one for each processor. For aVVGMS5 dual, for instance,
you might make aworkspace called "svgnbdual ". Within that would be the sygnbx pr oj ect and the
svgnby proj ect and they would be based on the svgnbx/ and svgnby/ directories respectively. For
the VS$4, you need 4 projects based on the four VS$4 directories. svss4x/ , svss4y/ , svss4z, and
svssdw .

Once the project (or projects) is created, thereis an initialization you have to do for each one. Click on
the"Bui | ds" tab and then click on each BSP project to open it (you'll see atriangle symbol). Right-click
the triangle and select "pr oper ti es™ from the pop-up menu.

Inthe"macr os" tab of the dialog box that appears, select the EXTRA_MODULES macro. For its"val ue"
list the whole path to the syner gyLi b. a file. Putitintermsof $( W ND_BASE) . Enter it as.

$(W ND_BASE) / t ar get / confi g/ synergy/ synergylLi b. a

If you have a single processor board and RELOCATE_PAGE_TABLES is defined (the default isthat is not
defined) then enter ablank after the syner gyLi b. a string and add the following:

$(W ND_BASE) / t ar get / conf i g/ syner gy/ nmuPpcLi b. oo
Click "add/ set ” and then click "OK".

If you have a multi-processor board, which you are using as a multi-processor board, then you must add
the mmuPpcLi b. oo path as described above. Y ou must also add the path:

$(W ND_BASE) / t ar get / conf i g/ syner gy/ synExcAr chLi b. oo
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Next, regardless of what kind of board you have, select the"C/ C++ Conpi | er " tab. You must either de-
select the"i ncl ude debug i nfo" box or, typeina”2" inthe"Opti mi zati on Level " box. If you
want optimization level 2 and debug info, it will give you awarning message, but let you doit. If you run
thisway, the debugger may behave alittle strangely because the source text is not so closely related to the
actual code. The optimizer changes things around a bit. Do not set the optimization level to “3” or to
“none".

If you have a multi-processor board, which you are using as a multi-processor board, the above steps must
be performed for each of the CPU projects.

Next click on the "VxWor ks" tab and open each project. Within each one check the "Devel oprent

Tool Conponents" folder. If you want to use target shell, you'll need to enable that and also the
“synbol table downl oad”. You may want to turn on various show routines, as well.
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Making A New Bootrom

In general a bootrom cannot be built as a project. Wind River did not provide for configuring the bootrom
viathe project facility. Some small changes (especialy for the multi-processor boards) need to be made
to the standard bootrom code in order for it to work on the Synergy board. So, for the moment, the
bootroms must be compiled the old, non-project way.

A new bootrom is made (on aUnix host) by typing "make boot rom hex" in the relevant board
directory. OnaPC host it is done by configuring the Tornado Bui | d menu to give you the old method of
compilation as an option. To do thisselect "opti ons. .. " under the"Tool s" pull-down menu. Then
click onthe"Proj ect " Tab. In that dialog box, check the "Show Tor nado 1. 0.1 nenus" option.
After that is done, anew entry called "St andard BSP Bui | ds" will appear inthe"Bui | d" menu. Do
not be misled by the reference to Tornado 1.0. Thiswill alow you to make Tornado 2.0 compatible
bootroms.

Physically, the processis to generate a bootrom.hex file. (Your BSP was delivered with standard
bootrom.hex files already compiled for you. They get deleted when you do a"make cl ean”, though.)
The bootrom.hex fileis an S-record file which can either be programmed directly into the boot flash (see
"I oadRom o" and "r onifoFl ash" in the “Using the Boot Flash ROM” section below), or it can be
downloaded into an EPROM programmer and then programmed into an EPROM or 32 pin DIP flash
device.

In each board directory thereis afile called conf i gBoot rom h. Thisisincluded by boot Confi g. c
and is used to ater configuration of the bootrom. It normally contains afew linesto specify no L2 cache
and to disable some common options (like Windview) to conserve ROM space. Y ou may want to edit
this to add or subtract some features to/from the bootrom code. Most users don't have any need to alter
thisfile.

Note that the PPC bootroms do not use the first 08100 bytes of the ROM. The code begins at 0x100
relative to the beginning of the ROM. When a PPC isreset, it setsits program counter to this address.
The bootrom.hex file that is generated by “make bootrom.hex” has 0sin the first 08100 bytes and the
executable code begins at byte 0%100. The first 0100 bytes are unused by the system.

At relative address 0%118 from the beginning of the bootrom is a null terminated ASCI| string which
containsthe BSP revision level. Thisisthe same revision information printed when the system starts. It
isin the usua format of "VxWorks kernel rev/BSP rev". So for aTornado 2 system (VxWorks kernel rev
1.2) and Synergy BSPrev "1€", for instance, it would be"1. 2/ 1e".

Note for Multi-Processor Boards: The software that manipulates the Flash ROM resides only on the X
processor.
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Making A New Kernel

NON-PROJECT COMPILATION:

Using aUnix host, generating a new kernel is donein the traditional way by changing directoriesto the
board directory (such as#cd svgnb/ ) and typing "make". To make a bootrom you type "make

boot r om hex". (In older versions of the BSP there was a macro called MAKE_BOOT _ROMthat had to be
defined inconfi g. h. That isno longer needed.)

Using a PC host, you must first configure Tornado to compile a non-project BSP. To do this select
"options..." underthe" Tool s" pull-down menu. Thenclick onthe" Proj ect™ Tab. Inthat dialog
box, check the " Show Tornado 1.0.1 nenus” option. (Do not be misled by the reference to Tornado
1.0. Thiswill alow you to make Tornado 2.0 compatible kernels.) After that isdone, a new entry called
" St andard BSP Bui | ds" will appear inthe" Bui | d" menu.

To generate akernel or bootrom, pull down the “Bui | d” menu and select " St andard BSP Bui | ds".
This allows you to select a Synergy board directory and atarget such as" vxWor ks" , " vxWor ks. st ",
etc. A bootromisbuilt usingthe" Bui | d Boot r ont' menu entry.

PROJECT COMPILATION:

To compile akernel as aproject, you have to make the workspace and project first (See Tornado 2.0
User's Manual). After it iscreated, open the workspace and click on the "vxWor ks" tab in the workspace
window. Then open the BSP configuration tree. The folder named "Syner gy BSP Confi gur ati on”
allows you to configure all the Synergy-specific features. You can also look through theconfi g. h file
for your CPU. The comments there on many of these parameters are informative.

Open the Synergy folder and look at the various features. Y ou may want to change some. If you havea
PU32 PMC module, see the “PU32 Support” section later in this document. The various Wind River

components are described in the Wind River documentation.

After you have things set the way you want, just pull down the "Bui | d" menu and choose "Bui | d" or
"Build All". Thelatter doesa'cl ean"” first and rebuilds everything.

If you have a multi-processor board (and are using all processors), then you will have to do this for each
processor. Seethe"Creating a BSP Proj ect " section above.
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WARNING: Do not attempt to make a bootrom thisway. While it can be made to work for Synergy
single processor boards, it does not allow selecting many options and it does not work at all for multi-
processor bootroms.
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Multi-Processor Board Bootroms

The dual processor board needs to have one bootrom for each processor, but only has one EPROM socket.
S0, both bootrom images are burned into the same EPROM. Typically a"040" type deviceis used
(27C040 EPROM or 29C040 flash). The X bootrom image is placed at the beginning of the ROM and the
Y bootrom image is placed at 0%40000 from the ROM beginning. (This offset can be changed in

rom nit.s -searchfor"ycontinue".)

First, go to the X directory, make any bootrom changes you requirein conf i gBoot rom h, and do a
make bootrom hex. GototheY directory and repeat the process. (Seethe "Making a New Bootrom”
section above.)

Once the two bootrom.hex files exist, you can either concatenate them (using the dual Rom ¢ program
described below), or burn them directly into boot flash using the | oadRom ¢ application program.

Y ou should concatenate the two files if you need to burn them into a 32-pin DIP device (like a 27c040).
Otherwise you can just copy them into onboard flash, or you can do both. The last option allows the user
to keep the EPROM some place safe as a backup.

The program syner gy/ dual Rom c isused to join the two S-record files together. This copiesthe X
processor bootrom.hex to a new file and concatenatesthe Y processor bootrom.hex onto it, with al the
address fields of the S-records adjusted to place the Y bootrom at an offset of 0%40000. Thissingle S-
record file may then be downloaded into your PROM programmer normally. The dual Romprogram
would be invoked from your Unix/PC host devel opment system (from the syner gy/ directory for
example) as:

dual Rom . . /svgn?_04x/ bootrom hex ../svgn2_04y/ bootrom hex dual . hex

To program the bootrom.hex files into the onboard boot flash, use thel oadRom ¢ program (I oadRom o
is also provided to save you the trouble of compiling it). Thisisthe easiest method. It is described below
in the following section "Using the Boot Flash ROM™". It is aso described in the detailed comments at
the beginning of thel oadRom c file.

For quad processor boards, the processisthe same. You must make bootrom.hex files for the Z and W
processors. The program syner gy/ dual Rom ¢ will then combine all four bootrom.hex files.
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Using the Boot Flash ROM

Y ou can program the boot flash on the CPU either by copying the contents of the socketted bootrom into
the boot flash or by downloading a bootrom.hex file over the network and programming it directly into
the boot flash.

The Flash ROM software described in this section will not be compiled into the kernel unless the

| NCLUDE_FLASH_FI LE macro isdefined in confi g. h (whichitisby default). If you are compiling the
kernel as a project, then make sure that the "Syner gy Fl ash Primitives" componentisenabledin
the"Syner gy BSP Confi gurati on" folder in the project facility.

The command sysFl ashShowwill print out areport on the types and amounts of flash memory present
on the CPU board.

The command "r onilfoFl ash” (see below) isincluded in VxWorks to copy the contents of the
EPROM/FlashROM device in the 32 pin DIP socket into the boot flash ROM on the motherboard (not to
be confused with the "user-flash" flash ROM on the motherboard). The jumper from pin 1to 2 on JLO1
(see the manual that came with your Synergy board for pin location) should be in place to make the
system use the socketted device as the boot device as opposed to using the boot Flash (which is soldered
to the motherboard).

To copy an EPROM (or other 32 pin DIP socketted device) into the boot flash, boot a VxWorks kernel
that was configured as described above and execute the command r oniToF| ash. It will print progress
information asit runs. If you are using Tornado, you won't see any of this printout until it is finished, so it
will appear busy for 30 seconds or aminute. After it is done, you can remove the jumper and the EPROM
and then the board will boot from the boot flash ROM. Note that in general the EPROM socket has to be
empty in order for a PMC module to be installed on the board, although some PMC modules may fit with
an EPROM installed. This depends on the height of the components installed on the PMC module.

Included with your BSP distribution isafilein thesyner gy/ directory called | oadRom ¢ (and

| oadRom o). Thisisan application program that can be loaded into the target VxWorks with the'l d'
command, or included in your kernel by adding | oadRom o to the MACH_EXTRA list in the makefile. It
will read a bootrom.hex file over the network and program it into the boot flash. See detailed
documentationin syner gy/ | oadRom c. First you generate the bootrom.hex file or files that you need.
(Multi-processor CPUsrequireone”. hex" file for each processor.) Then you download | oadRom o and
invoke "l oadRon() " with an argument that is the file path to the directory that contains the bootrom.hex

file for the processor (or for the X processor on multi-processor boards). An example would be:
| oadRon("/usr/wi nd/target/config/svgnb") /* single processor */
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Or, for adual (or quad) processor board:
| oadRon( "/ usr/wi nd/target/config/svgnbx") /* multi-processor */

For multi-processor boards, | oadRomwill automatically find the Y (and Z and W directory and read the
bootrom.hex filesin those directories. After this processis completed, you should be able to reboot from
the boot flash using the new bootrom code. If you were previously booting from the 32 pin DIP socketted
device, you will have to remove the JLOT pin 1-2 jumper to enable booting from the boot flash.

NOTE: if there is something wrong with the bootrom.hex file which is downloaded into the boot flash
(i.e., aconfiguration mistake), the board may be unable to boot from it. If so, it will then be necessary to
have an EPROM that you can boot from in order to get the system going again, and then repeat the
process. See the comments at the beginning of | oadRom ¢ for further information.

The User flash ROM can be tested by typing sysFl ashTest . Thiswill erase and write to every byte of
User flash (not boot flash) and verify that the correct datais read back.
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Using The System Or Expansion Board Flash ROMs

The system flash ROM consists of one, two or four devices (depending on your CPU model) which
provide 1, 2, 4, or 8 Mb of "user flash" (or "system flash") memory (not to be confused with the "Boot
Flash"™ ROM, which can contain the VxWorks bootrom code).

A PEX3 PMC expansion board may also contain additional optional flash memory. Options are
controlled by three definesinconfi g. h. | NCLUDE_FLASH_FI LE causes flash control commands to be
included in the kernel. If you also define | NCLUDE_FFS_DRV, then software supporting a RAM disk in
the system flash will be included in VxWorks. If you are compiling the kernel as a project, see the
components called "Syner gy Fl ash File RAM di sk" and"Synergy Flash Prinitives"inthe
"Syner gy BSP Confi guration" project folder.

| NCLUDE_PEX3 causes the PEX3 flash and DRAM initialization code to be included. That is defined in
confi g. h and, for projects, in "I ncl ude Syner gy PEX3".

Basic high-level system flash control functions (exclusive of using aRAM disk) are declared in
synergy/ flash/fl ash. h and described insyner gy/ fl ash/ fl ash_hi . c.

Thefunction f1 ashDi ag() will perform various read/write tests of flash memory. It takes one
argument, a sum of the following values:

#defi ne TEST_SOCK FLASH 0x00000001
#defi ne TEST _BOOT_FLASH 0x00000002
#defi ne TEST_USER_FLASH 0x00000004
#defi ne TEST_PEX3_FLASH 0x00000008
#defi ne TEST_PFSH FLASH 0x00000010
#define TEST_ VERBGCSE 0x00000100
#defi ne COPY_BOOT_FLASH TO _SOCK 0x00010000
#defi ne COPY_SOCK_FLASH TO BOOT 0x00020000
#defi ne SHOW ALL_VERI FY_ERRORS 0x01000000

Many of the flash primitive routines take a flash area (type) number. The following areas have been

defined:
#define SOCK FLASH 0x0
#defi ne BOOT_FLASH 0x1
#define USER _FLASH 0x2
#defi ne PEX3_FLASH 0x3
#define PFSH FLASH 0x4
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To configure aflash ROM areaas a RAM disk, define | NCLUDE_FFS_DRV, | NCLUDE_FLASH FI LE, and
| NCLUDE_DGSFS, and optionally | NCLUDE_PEX3, inconf i g. h and do anake. This causes

synFf sDrv. ¢ to be loaded, allowing VxWorks DOS file system facilitiesto run afile system in the flash
devices. After thisit isnot necessary to use any of the block erase, read or write functions mentioned
above. The flash ROM can be read and written to like alocal disk drive.

Thereis an important restriction when using a RAM disk in the flash ROM. The flash can beread like
RAM, but writing to it is quite different. Flash ROMs have alimited lifetime for writes. The flash ROMs
can only withstand about 100,000 write operations before failing. Thereisno limit on the number of
reads that can be performed. This means you must use the flash RAM disk as a"read many times, write
very infrequently” type of device. The most common usage isto write VxWorks and/or your application
.0 filesinto the flash RAM disk and then bootstrap load the system from the RAM disk. Thisis much
faster than loading over anetwork and is essential if the target application does not have a network
connection available.

In the following example, an 8 Mbyte FFS disk is created in the user flash (area2) with 16,384 512-byte
blocks, and offset 0 blocks from the start of the flash file device. The deviceisthen initialized for use
with dosFs and assigned thename "/ f f s/ ". This device name is recommended because it is the form
the bootrom code recognizes as a bootabl e flash file device. If you have more or less than 8Mb of flash
ROM, adjust these numbers accordingly. The exampleisgiven asif compiled in a program rather than
typed in at the keyboard. (NOTE: If you are powering up a CPU that already has a FFS with datafiles on

it, do not do this sequence. See below!)
BLK_DEV *pBl kDev:;
DOS VOL_DESC *pVol Desc;

flashWiteEnabl e(2);
pBl kDev = ffsDevCreate (512, 16384, 0, 2);
pVol Desc = dosFshkfs ("/ffs/", pBl kDev);

/* Here, wite all files to the Flash disk */

ffsFlush(); /* make sure RAM cache gets flushed to Flash ROM ! */

(You can type this from the keyboard. Just use any variable name in place of pBl kDev and pVol Desc -
they don't have to be defined with the right type except when being referenced from within a C program.
See example below.) If you forget to write enable the flash before doing the copy operation it will
proceed for awhile (filling the cache space) and then give you a flash memory error message when it
actualy triesto write.
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ThedosFsMf s() routine callsdosFsDevl ni t () with default parameters and initializes the file system
onthedisk by callingi oct | () withthe Fl ODI SKI NI T function. After executing these 3 commands, the
/ ffs/ device should appear in the output from the devs command.

Note that if the RAM disk was previously defined and loaded (that is, previous to the last time the CPU
board was turned off), the dosFsMkf s() call will wipe out its previous contents. Note that the third
parameter in f f sDevCr eat e (0 in the example) should agree with the FFS_BLK_OFFSET macro in
config. h.

If the FFS disk memory already contains a earlier disk image that you want to preserve, then call
dosFsDevl ni t () instead of dosf sWkf s. The formatting parameters given to dosFsDevi ni t
(<bytesPerBlk>, <nBlocks>, and <blkOffset>) must be identical to those used when the disk image was

created. For example (again, for aboard with 8Mb of Flash):
pBl kDev = ffsDevCreate (512, 16384, 0, 2);
pVol Desc = dosFsDevlnit ("/ffs/", pBl kDev, 0 );

(If thistwo line sequence is compiled in a program, the third argument to dosFsDevl ni t should,
technically, be aNULL rather than 0, but from the keyboard you must specify 0.) The previous contents of
the FFS disk will then be preserved (see synFf sDr v. ¢). Thisimpliesthat if you have created aflash file
system and you want the kernel that loads over ethernet (or SCSI, which is not from FFS) to be able to
use the FFS device, then each time that kernel downloads via ethernet it must do the f f sDevCr eat e()
and thedosFsDevl ni t () calsbeforeit can use the FFS device.

After the/ f f s/ device exists, you can use "copy" to copy VxWor ks and vxWr ks. symto the flash
RAM disk. You can usethe VxWorks| s command to verify that the files are on the RAM disk. You
must execut e ffsFl ush() to make sure the data (which isbuffered in RAM cache by synFf sDrv. c)
is actually written to the flash ROM. To make VxWorks boot from this RAM disk, you must make a
bootrom that contains the flash RAM disk software. This bootrom can then load VxWorks from the flash
RAM disk. (To do thisjust go through the normal "make boot rom hex" operation described earlier in
this document, but make sure | NCLUDE_FLASH _FI LE and | NCLUDE_FFS DRV aredefinedinconfi g. h
- or the project facility - when you perform the make.)

If your application program is going to create a RAM disk, writeto it and then use it (without resetting the
CPU), thenit must call f | ashw i t ePr ot ect () after doing the last write (that is, the last call to
f f sFl ush), so that no further writes can occur.

IMPORTANT: Thef f sFl ush() function must be called at appropriate times to make sure that cached
dataiswritten out to all flash file RAM disks before the system is turned off. Writing to flash ROMsisa
slow process. That iswhy flash RAM disk I/O is cached in RAM (NUM_CACHE_BLKS insynFsDrv. h).
When your program is done writing to flash, do an f f sFl ush() to make sure the datais written out
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before a power failure or system crash causes the cache contentsto be lost. Since the number of writesto
Flash File chipsislimited, do not cause any more writes to occur than are necessary. The flash file chips
can be expected to function for about 100,000 writes.

NOTE also that if you are using Tornado Wind Shell, as opposed to target shell, functionslikel s will
behave differently (see section 5.4 of Tornado 1.0 User's Guide or section 6.3.12 of the Tornado 2.0
User's Guide). Thisistrue of al WindSH Primitives. Since the file system is defined on thetarget, | s in
the Wind Shell won't refer toit. It will try to access file systems local to the host on which Tornado runs.
The solution istoinclude| s in the target kernel and then indicate to the Wind Shell that it should execute
thetarget'sversion of | s, rather than the host version. Thisisdonein 2 steps. First (for a non-project

kernel), inthe conf i g. h define these macros:
#define INCLUDE SHELL /* To access local file structure via Tornado */
#define | NCLUDE LD
#define | NCLUDE_NET_SYM TABLE
#def i ne | NCLUDE_SHOW ROUTI NES

(If they are undefined there, change the "#undef " to "#def i ne". If they are not there at al, add them.)
Then re-make the kernel.

For akernel compiled as a project, these are found in the Wind River "Devel opnent Tool
Conponent s” folder of the project facility.

Then in the Wind Shell, to execute the target version of | s, prefix an @symbol on the command name, as

n:
@s "/ffs/", 1

The printout from this| s will go to the board's serial port rather than to the Wind Shell. To divert the
target's print out to the wind shell usethei od obal St dSet () function. An example of how to do this
isgivenint ar get / syner gy/ di vert , and you can load this file as a script to effect the diversion of the
print out.

For kernels compiled as a project, see the Wind River "Devel opnent " folder in the Project facility GUI.

To summarize, the full sequence of eventsto (manually) create a Flash RAM disk, copy VxWorks onto it
and then boot VxWorks from it, is shown below. Thisiswritten assuming that you are using target shell
rather than Tornado. (Compiling for target shell iseasy - just #def i ne

| NCLUDE_CONFI GURATI ON_5_2 inconfi g. h. Or, for projects, gointo "t ar get Shel |

Conponent s" and enable what you need.)
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1. Edittheconfi g. h sothat | NCLUDE_FFS DRV and | NCLUDE_DOSFS are defined, and do anake.
(For Projectssee"Synergy Fl ash File RAM di sk” component.)
2. Download the new kernel over ethernet and (if you have 8Mb of flash) type:
-> flashWiteEnable 2
value = 0 = 0x0
-> pb = ffsDevCreate(512, 16384, 0, 2)
new synbol "pb" added to synbol table.
pb = Ox1ffe730: value = 33548096 = Ox1ffe740 = pb + 0x10
-> pv = dosFshkfs("/ffs/", ph)
If you execute the devs command now you should see/ f f s/ inthelist.
3. Typeacd command to change your NFS directory to your board directory. Thiswould be something
like:
cd "/usr/wi nd/target/config/svgml_04d/"
4. Copy thefile from you host system to RAM disk, by typing:
copy "vxWorks", "/ffs/vxWrks"
copy "vxWorks.synm', "/ffs/vxWorks.syni
Doinganls "/ffs/" should show you the two files on the RAM disk.
->|s "/ffs/", 1

si ze dat e ti nane
870132 JAN- 01- 1980 00: 00: 00 VXWORKS
121922 JAN- 01- 1980 00: 00: 00 VXWORKS. SYM

5. Make sure the cache buffers get written to Flash by typing:
ffsFl ush

6. Return to your development system and type:
make bootrom hex

7. Burn the new bootrom.hex into an EPROM (see section above entitled "Making a New Bootrom™) and
install the EPROM on the board and install the EPROM jumper (JL01 pin 1-2). Or download the .hex
fileinto the boot flash using the | oadRom o utility.

8. Turn on the board and set the boot parameters as shown below:

boot device . ffs
processor nunber 0

host nane . host

file nane o [ ffs/vxWorks

i net on ethernet (e)
i net on backpl ane(b)
host inet (h)

user (u) . your _user_nane
flags (f) . 0x0

target nane (tn) . target Nane

O her (0) :

9. Type @to start the system loading and you should see it come up quickly from the RAM disk.

100



Svnerqgy Microsystems VxWorks User’s Guide

If you want to also have the ethernet interface present, list esyf asthe"other" and fill inthehost i net
andi net on et hernet asappropriate for your system.
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Note for Multi-Processor Boards

There is a complication when doing this process on adual processor board. First, the Y processor should
be configured to load using smas usual, but it should specify FIP as the load method. Secondly, if target
shell isbeing used (as opposed to Tornado), it must load vxWor ks. st rather than vxWorks. Alternately,
an FTP patch must be applied to usr Conf i g. c. The problemisthat theY processor kernel is otherwise
unable to get the FTP server on X to switch clients from the bootrom to the newly loaded kernel. A more
permanent fix is going to be worked out shortly.

The boot parameters for the other processor(s) on the board should be set up as follows (assuming the Y
processor kernel was called vxWor ksy. st ).

boot device : sm0x4100
processor nunber 1

host nane : host

file nane . [ ffs/vxWorksy. st
i net on ethernet (e)

i net on backpl ane(b) : 209.0.0.2

host inet (h) : 209.0.0.1

user (u) . your _user_nane
flags (f) . 0x0

target nane (tn) . target Nane

In the above example it was assumed that the backplane subnet was 209.0.0.0, the X processor is 209.0.0.1
and the Y processor is209.0.0.2. The subnet IP numbers will be different in your case.
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NVRAM (Non-Volatile RAM)

General

The Gemini seriesNVRAM is powered by a snap-on battery pack with an expected lifetime of severd
years. Either 32Kb or 128Kb of NVRAM may be installed on the board.

NVRAM begins at address 0xFFE98000 for boards with 32Rb (052000) NVRAM and it begins at
0xFFEB0000 for boards with 128Rb (0x8000) installed. The VxWorks BSP (for reasons of compatibility
with earlier versions) behaves as though the NVRAM begins at 0xFFEIEN00 (defined asS_BBRAMIN
svgnt. h) regardless of how muchisinstalled. Thisis8Rb from the end of the NVRAM space. The BSP
uses only asmall part of the NVRAM space. The region from S_BBRAM + 0%500 through to S_BBRAM +
0%800 is used. You may alter the region used by the BSP by changing S_BBRAMin svgni. h. However,
thiswill require regenerating both the bootrom and the kernel. When first powering up the board you will
have to reset the ethernet address to its new location.

The BSP's detailed used of NVRAM referenced to the base address of 0%ffe9e000 is shown below:

Off

0 - 02ff
0x300 - Ox3ff

0x400 - Ox4ff

0x500 - Ox5ff

0x600 - Ox6ff

0x700 - Ox76b

0x76C - Ox76F

O0x770 - Ox773

OX774 - OX777
Ox778 - OX77b

Description
Unused.

W processor boot parameters (on quad boards). Unused on single and dual
processor boards.

Z processor boot parameters (on quad boards). Unused on single and dual
processor boards.

Y processor boot parameters (on dual boards). Unused on single processor
boards.

A copy of the boot parameters (on dual boards thisisthe X processor's
boot parameters).

Unused.

Size of L2 cache (for 750 and 7400 processors only).

The memory size. Thisisfilled in by the bootrom when the board is reset.
Ethernet addressfor Y processor.

Ethernet address for board (or for X processor on dua boards). Thisisthe
serial number entered with the "m" command in byte-wise mode, two
digits per byte. SN of 845622 is entered as 3 bytes: 88, 56, 22. They
actualy are taken as hex, but that doesn't matter (they're still unique and
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that's all that counts). The leading 3 digits of the ethernet address that
identify synergy are compiled into the ethernet code as a macro and so,
aren't stored here.

0xQ77c - Ox77c MPIC init counter. 0 Means the once-only part of the MPIC done by
sysMpiclnit() hasn't been done yet. (1 byte)

0x077d - Ox77f Unused.

0x0780 - 0x783 Flag used for Smon booting VxWorks on dua board.

0x0784 - Ox1fef Unused.

Ox1ffO - Ox1fff Clock/caendar registers.

The NVRAM can beread as 8, 16 or 32 bit data, but it can only be written bytewise. So, when using the
mcommand to alter memory, always specify bytewise access. When writing datato NVRAM use
bcopyByt es() or abyte-wise pointer, etc. For reads, it can be accessed like any other memory.

See synNvRam ¢ for sysNvRantGet () and sysNvRanSet () functionswhich transfer datato and from

NVRAM. These access NVRAM relative to the boot line, however, so are primarily used by the BSP to
change and display the boot parameters.
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Clock/Calendar

The calendar/clock registers are accessed in the last 16 bytes of the NVRAM space. Since the larger
NVRAM begins at a smaller address the end of the NVRAM is aways at the same address. See
synCal Li b. ¢ for functionsto set the clock/calendar time and date, to read the time and date, and print
out the time and date.
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SCSI Support

General

The Gemini board's Symbios 53C885 chip provides both Ethernet and SCSI I/0O. Thispartisa
descendant of the NCR 53Cxxx series SCSI chips. Support for wide and narrow SCSI-I1 is provided.
SCSI-I isnot supported. To add SCSI capability to your system, find | NCLUDE_SCSI inconfi g. h and
defineit (its default condition is undefined). Set the SCSI _HARDDI SK_| Dto be equal to the SCSI ID of
your disk. Read the commentsin the SCSI section of theconfi g. h file.

Using alocal file system from a Tornado host is a bit more complicated than using it from the target shell.
See Wind River’s "Tornado User's Guide" Chapter 7 section on "C-Primitives'. See the Wind River
"Programmer's Guide" Chapter 4 for more details of using SCSI in VxWorks.

To copy aVxWorks kernel out to disk and have the system load from disk, do the following:

1. Enable SCSI optionsin confi g. h (including SCSI _AUTO_CONFI G) and do anake. Or, for kernels
compiled as projects, enablethe"Syner gy SCSI initialization" componentinthe"Syner gy
BSP Confi gurati on" folder. You should (if you are using SCSI2) define the | NCLUDE_SCSI 2
parameter there as TRUE. The other parameters are set at their nominal defaults and probably don't
need to change.

2. Loadthat kernel via ethernet. After the kernel loads, initialize aDOS file system on the SCSI disk.

To make anew file system type:
scsi Show

Thiswill print the address of pScsi PhysDev. Next type:
pb = scsi Bl kDevCr eat e( 0xPPPPPPPP, 0, 0)

where the 0XPPPPPPPP is the value for pScsi PhysDev that was printed by scsi Showabove. Next,

to create a new file structure (destroying any earlier one!), type:
dosFsMkfs("/sd0/", pb, 0)

Thiswill initialize the file structure and create the/ sd0/ device which you should now see when you
type devs.
If thereis already a DOS file system on the disk that you wish to use, then instead of the

dosFsMkf s() call above, type:
dosFsDevlnit("/sd0/", pb, 0)
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If you don't want to boot VxWorks off the SCSI disk, you can stop at this point. Y ou can now access
and create files on the disk, read, write, etc. If you want to copy VxWorks (or vxWér ks. st , or
vxWor ks and vxWor ks. sym) from your host onto the SCSI disk, then proceed. This presumes you
have re-generated the kernel with SCSI options defined. The copy is done with the copy command.
(The copy command may not be present in Tornado. Y ou may have to use target shell to do this, or
write asimple application, etc.) To usecopy (from the target shell), for example, assuming the path

to VXWorks on your host is / usr/ wi nd/ , type:
copy "/usr/wi nd/target/config/svgml_04d/ vxWorks", "/ sd0/ vxwor ks"

Copy any other files you need in the same manner (such asvxWr ks. sym). Thel s command can be

used to see that the filesare on the/ sd0 device. Type:
Is "/sdO/"

See’'l s'inthe Wind River Tornado reference manual. Note that if you are using Tornado, | s will be
understood by Tornado to refer to the file system on your host, not on the target. Preface the
command with an @sign to force it to use the version on the target system. See Wind River Tornado
User's Guide Chapter 7.

NOTE: If you have done thisinitialization process once, and if you have SCSI _AUTO_CONFI G
defined in confi g. h, then the next time you load the kernel it will automatically find the disk and
initialize the file structure. If you type devs right after the kernel loads, you should see the/ sd0/
device aready listed.

Generate a bootrom in the fashion described in the bootrom section above. Make sure that the SCSI
parametersin conf i g. h are defined, including | NCLUDE_SCSI _BOOT inconf i gBoot r om h.

Install the bootrom EPROM/Flash ROM in the CPU card. If you specify boot devi ce = esyf,
this bootrom will still allow you to boot over ethernet (as long as you didn't change the defaultsin
your confi g. h). To boot from SCSI disk, one would use boot parameters something like these:

boot device : scsi=4,0
processor nunber -0

host nane . your Host Nane
file name : /sdO/ vxWor ks

i net on ethernet (e) : 123.123.123.123
host inet (h) : 123.123.123.124
user (u) . your User Nane
flags (f) . 0x0

target nane (tn) . fooBaz

The 4 in the "scsi=4,0" isthe SCSI ID of thedisk. Substitute the correct ID for your disk drive. The0
isthelogica unit number. Fill in IP addresses appropriate for your network. (See
SCSI _HARDDI SK_I Dinconfig. h.)
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6. Push reset and the board should load from the disk. Thisisnormally much faster than loading over
the network.
NOTE: Thereisagenera problem accessing local file systems on atarget from the Tornado Wind
Shell. Functionslikel s and | d are defined on the Tornado host and will refer to file systems on that
host rather than on the target. Thisistrue of al WindSH Primitives (see section 5.4 of the Wind
River “Tornado User's Guide” for more information). To get around this, you need to cause| s to be
included in the target kernel. Y ou must then indicate to the Wind Shell that it should execute the
target'sversion of | s rather than the host version. Thisisdonein 2 steps. Firstintheconfi g. h

define these macros:
#define I NCLUDE SHELL /* To access local file structure */
#define | NCLUDE LD
#define | NCLUDE_NET_SYM TABLE
#def i ne | NCLUDE_SHOW ROUTI NES

(For kernels compiled as projects, these parameters are accessed in the "devel opnent t ool s
conponent s" folder.)

Then in the wind shell, to execute the target version of | s one would prefix an @symbol on the

command name, asin:
@s "/sdo/", 1

The printout from this| s will go to the board's serial port rather than to the wind shell. To divert the
target's print out to the wind shell usethei od obal St dSet () function. An example of how to do this
isprovided int ar get / syner gy/ di ver t, and you can load thisfile as a script to effect the diversion of
the print out.
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Multi-Processor Boot from Local SCSI

Since there are no Unix-type remote shell commands supported by the VxWorks kernel on the X
processor, the Y processor must use FTP to load its kernel from alocal SCSI disk. This means that the X
processor kernel must be configured to have its FTP server task running. Thisis done by defining

I NCLUDE_FTP_SERVERIn the X processor confi g. h file a some point after the "#i ncl ude

confi gAl | . h" statement. For kernels compiled as projects, find the "net wor k
conponent s/ net wor ki ng protocol s/ network filesystens" folder. Or, just search for

"I NCLUDE_FTP_SERVER."

The boot parameters for the Y processor would then be something like this (assuming the dual board
processors are 0 and 1, respectively):

boot device : sm0x4100
processor nunber 1

host nane . your Host Nane
file nane ./ sd0O/ vxWor ksy
i net on ethernet (e)

i net on backpl ane(b) : 209.0.0.2
host inet (h) : 209.0.0.1
gateway i net (Q)

user (u) . your User Nane
ftp password . foo

flags (f) . 0x0

target nane (tn) . fooBaz

This example assumes the VxWorks kernel for the' Y processor is called vxWor ksy (and that the. sym
fileis vsWor ksy. sym). The user name and ftp password can be anything, but the ftp password must be
specified.

Some versions of VxWorks may have adelay inloading the Y processor. After the kernel isloaded, the
FTP session started by the bootrom isn't terminated properly which causes the next session started by the
newly loaded Y -kernel to have to wait for atime out period of a minute or so. We are presently working
on afix for this.
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Built-in Self Test Capabilities

General

It is possible (prior to starting VxWorks) to use the Synergy SMon monitor ROM to start the Synergy
CPU and perform a script that runs various tests. The VxWorks bootrom in this case resides in the user
flash rather than in its normal location in the bootrom space at 0sfff0_0000. Only BSPsrev. 1.2/1g or later
(for Tornado 2.0) and 1./01q or later (for Tornado 1.0) support this feature.

The process described below is for a single processor board or for the X processor on adual processor
board. The dual processor is addressed later in this section. If you have adual processor but intend to use
it as asingle processor, then just follow the single processor instructions.

Y ou will need to purchase SMon from Synergy Microsystems and use it in the EPROM socket or in the
boot flash. The CPU board must also have the user flash option installed. Y ou then have to generate a
copy of the VxWorks bootrom compiled to execute at 08fff8_0100. Thisis done by atering the makefile
so that ROM TEXT_ADRS is changed from its normal value of 0xfff0_0100 to 0xfff8_0100. It is convenient
to have both versions of ROM _TEXT_ADRS defined in the makefile and to just comment out (by placing
“/*” infrontand “*/ " at the end) one of them at any given time.

Beware that it is an easily made mistake to forget the state of ROM TEXT_ADRS and generate a bootrom
with ROM_TEXT_ADRS set to 0%FFF8_0100 (for example) and burn that into an EPROM (or vice versawith
normal EPROM resident code placed into the user-flash). When the CPU is started with such an EPROM
it will not run at all.

When changing the address like this, it is necessary to delete any .o files, which might be present in the
directory, that were compiled at the other address, before you generate the new bootrom image. So,
deleterom nit. o, boot I nit. o, boot Confi g. o andboot rom Z. o before you do the make

boot rom Youcandoanake cl ean instead. Immediately after that, however, you must perform a
make (to generate the dependenciesfile).

Typing make boot r omgenerates the bootrom code.
It is not necessary to make a bootrom.hex. The bootrom file produced is converted to an absolute

memory image by typing:
power pc- eabi - obj copy -O binary bootromraw
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This produces afile called r aw (araw image of the bootrom) that needs to be programmed into the user
flash. You must then placether awfileintothe /t ft pboot/ directory on the host used by SMon.

To program the raw image into user flash, start SMon and then type:
| oad "raw'

Thiswill read the raw file into memory at 0x10000. (Note that for adual processor board, in which you

intend to use both processors, thel oad commands are abit different. See Below.) Next type:
flashwen 1
fl ashcopy 0 10000 40000 2

This programs the raw image into user flash.

When SMon starts, you can cause it to jJump to VxWorks by typing:
flashadr 0 2
g fff80108

Y ou can automate this process by putting these 2 commands in the SMon startup script. In that case it

would be:
flashadr 0 2; or flashadr (0, 2);
g fff80108; or g(fff80108);

Y ou can also put self-test commands in the startup script before the jump to VxWorks.
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Multi-Processor Boards

If you have a dual board and you intend to run both processors, then the processis a bit different. First
you must edit the makefile in the Y processor directory so it says ROM TEXT_ADRS is 0xFFFC_0100

instead of the normal 08FFF4_0100. Then, aswith the X processor described above, remove the old .o files
fromthe Y board directory, and do anmake boot rom Y ou then usethe power pc- eabi - obj copy
command as shown above to generate the Y processor raw image and copy it into the/ t f t pboot /
directory. Since both X and Y raw images have to reside in this directory, they need different names, so
well call one“r awx” and the other “r awy”.

To program the 2 images into the user flash, start SMon and then type:
| oad "rawx"
| oad "rawy" 50000

This command copies both filesinto RAM in the same relationship to each other that they need to have in

the flash. Then program both bootroms into flash by typing:
flashwen 1
fl ashcopy 0 10000 80000 2

The VxWorks bootroms are started the same way as described above, that is, by starting SMon and then

typing:
flashadr 0 2
g fff80108

After the bootrom gets started it behaves exactly as though the board had started initially with VxWorks
(instead of SMon). The downloaded kernel has no sensitivity to the altered location of the bootrom code
except if you reference ROM REV_STR_ADRS (the system BSP revision string stored in the bootrom). |If
you look at ROM REV_STR_ADRS insvgnil. h you will seethat it is defined in terms of

ROM TEXT_ADRS. If the kernel was compiled after the makefile was altered, then it will be correct. If it
isan older kernel, it will reference the wrong address. If you intend to use ROM REV_STR_ADRS, then
your should recompile your kernel.
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PU32 Support

The PU32 isaPMC module manufactured by Synergy Microsystems. It has up to 32 serial channels
implemented with Cirrus CD2401 serial chips. The previous driver (from Tornado 1) was not able to be
auto-configured. That driver has been updated a bit (as of Sept. 18, 2000) for Tornado 2 so that the PU32
can reside in the PMC dot on the motherboard or on a PEX3 carrier. The driver will find it and configure
itself accordingly. At the present time, the driver can still handle only one PU32 module.

To configure the PU32 driver into the kernel:

NON-PROJECT: Find | NCLUDE_PU32 intheconfi g. h fileand change it from #undef to#defi ne.
Then remake the kernel.

PROJECT: In the Workspace window, select the "vxWor ks" tab and then open the "Syner gy BSP
Confi g. " folder. Usethe Project menu to includetheelement called "I nitialize PU32 channel s".
Then right-click this component and check the NUM TTY_A parameter that it has. NUM_TTY_A should be
set to the number of serial ports on your PU32. There are 4 per cd2401 chip. Do not specify more
channels than there actually are!

Note that if you make akernel (or bootrom) with I NCLUDE_PU32 defined and thereis no PU32 installed
on the board, the system will hang when it isinitializing the serial devices.

When that kernel loads successfully, and if there is a PU32 connected, typing the devs command should
show you a"/t yCo/ n" device for each serial channel on the board.

If you have a single processor CPU, then the first 2 serial ports, / t yCo/ 0 and/ t yCo/ 1 are the front
panel serial ports. Inthiscase /tyCo/ 2 isthefirst seria port onthe PU32, / t yCo/ 3 isthe second, and
so on.

If you have a multi-processor board, then the front panel serial port for each processor is/ t yCo/ 0. The
first serial port on the PU32 isthen/t yCo/ 1. Note that on a multi-processor board, only one processor
can have | NCLUDE_PU32 defined at atime.

Once the serial devices are being displayed by the devs command, you can start to use them like any

other VxWorks serial port. Use an open command to open the deviceand thenread andwri te
commands to send and transmit data. For example:
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pu0 = open("/tyCo/ 2", 0, 0)
wite(puO, "Hello\r\n", 7)

will open the first PU32 port and print the word "Hello" on the port.

If your PU32-configured kernel hangs with a0%3 in the LEDs and you compiled the kernel as a project,
then the value of NUM_TTY_Aiswrong. In thiscasethe value of NUM TTY_A must be no greater than the
number of physical serial ports actually installed on the board. Seethe"Initialize PU32

Channel s" component inthe"Syner gy BSP Confi gur ati on" folder. Alter the NUM TTY_A
parameter and rebuild the kernel.
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Toubleshooting

VxWorks LED Diagnostic Information

VxWorks is an operating system which depends on everything working normally. If some feature is not
working, VxWorksis pretty poor at giving any indication other than the point in the load process at which
it dies. Wind River does not want VxWorks to output huge amounts of status or configuration
information while it downloads.

The 8 user LEDs offer some general clue as to where in the process the problem was encountered. They
display a4 bit count which starts at 0%C and counts down to 0. On dual processor boards the X processor
uses the low order 4 LEDs (3 - 0) and the Y processor uses the high order 4 LEDs (7 - 4).

On quad processor boards, there is no reasonable way to share 8 LEDs among 4 processors. The 4
processors al write to the LEDs with no synchronization, so the content of the LEDsisn’'t very
informative.

The start-up process follows these steps:

1. Power-on

- All LEDs areturned on. The processor jumps to the bootrom code at 0xfff0_0000. The software sets up
the MBR, HI DO and HI D1 registers. For PPC 750 and PPC 7400 boards it a'so must enable the MMU
and uses the DBAT registers to map memory.

- The Grackleisinitialized.

2. Jumpstoronttart ()

- Thevery first thing thisdoesis display a0%C in the LEDs. The softwareis till executing out of
EPROM/Flash. If the processor isa G4 and the memory card is capable of doing ECC, then the ECC
bits throughout memory are initialized. To do thisthe data cacheis briefly enabled and each 32-bit
word isread and written. LED 4 blinks rapidly while thisistaking place. Then data cacheis disabled.
On multi-processor boards, only the X processor does the ECC initialization. The other processors are
held off and their LEDs will be read at thistime.

- L2 cacheisnot used at al in the bootrom code.

- ronStart () then reads the compressed VxWorks bootrom software out of adata array in the ROM,
decompressesit and copiesit into low RAM.

115



3. Jumpstousrlnit()

Svnerqgy Microsystems VxWorks User’s Guide

- It jumpsto the decompressed bootrom codein low RAM. Thevery first thingusr | ni t doesiswritea
0xB to the LEDs. It theninitializes the PCI devices. The Universe chipisset up. Grackle ECC
reporting is enabled if the processor and memory can support it. The VxWorks bootrom kernel is

Started.

4. Jumpsto usr Root ()

5. Jumpsto boot CndLoop()

VxWorks starts the root task. The first thing it doesis output a 08 to the LEDs.
Interrupts are enabled and the VxWorks tick timer starts.

The processor initializesits serial port (or ports).

The command loop function is started.

- booCnmdLoop() outputs a0%9 to the LEDs. It then prints the bootrom sign-on information. An

example would be:
VxWbr ks Syst em Boot

Copyright 1984-1998 Wnd River Systens, Inc.
CPU. Synergy vgnb- 750 dua

Version: 5.4
BSP version: 1.2/1d

for multiprocessor using Gackle nenmory nap B
Creation date: May 5 2000, 14:34:02

Et hernet: 91 92 45

Shared nem uses bus | ocking.
Configured for FIFO nail box.
PCl autoConfig. code is in bootrom
SDRAM nenory card install ed.

Press any key to stop auto-boot...
- Thenit startsit's 8 second countdown. If no key is struck, it startsloading automatically.

6a. (X processor) Jumpsto boot Load()

- It outputs an 0%8 to the LEDs. It prints out the boot parameters which are used during the load. These

parameters ook something like th

boot device

uni t nunber
processor nunber
host nane

file nane

i net on ethernet (e)
i net on backpl ane(b)
host inet (h)

ef

ollowing:

esyf

0

0

sl uggo

[ Soft 7/ Vxt enp/ t arget/ confi gl. 21d/ svgnb/ vxWor ks
197.42.42. 235

209.0.0.1

197.42.42. 29
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user (u) DOVW
flags (f) . 0x0
target nane (tn) . fooBaz

- It normally is setup to load via a network, so it now does alot of network initialization. This may
involve the ethernet, backplane driver, Flash ROM RAM disk, or SCSI.
- Then, if it isthe X processor, it prints out:

Attaching network interface esyf0... done.
Subnet Mask: Oxffffff0O
Attaching network interface | 00... done.

6b. (For non-X processor) Jumpsto boot Load()

- If you are not concerned with the Y Processor, skip to 7- below. At thispoint Y displays an 0%8 in the
LEDs and then prints the boot parameters just as the X processor does. However then, if itistheY
(or Z or W) processor, it prints:

Waiting for valid master VME wi ndow list...

It swaiting for the X processor's kernel to initialize the Universe chip. The X processor bootrom
initialized it once, and after the X kernel startsup, it initializesit again. The VME windows that are
defined by the kernel might not be the same as those defined by the bootrom, so the Y processor has
to wait for X to signal that it is done accessing the Universe for the last time.

Next it prints:
Backpl ane anchor at 0x4100... Attaching network interface snD... done.

It rarely hangs up here, but if it does, it may indicate a problem with the VMEbus. Thisis because
involved in this"sm" processis a use of the Universe chip as an arbitration device to briefly get
ownership of the VMEDbus. If that attempt to get ownership of the VMEbusfails, Y can hang here
indefinitely. If the board in question isa cPCl board, it does a similar thing with the 21554 bridge on
the compact PClbus.

Next it prints:
Attaching network interface | 00... done.

7. Jumpsto net Load()
- Outputs a0x? to LEDs. It then starts reading the VxWorks kernel from what ever device was specified

(ethernet, SCSI, etc.). At thispoint it prints:
Loadi ng... 891428

- If aprocessor hangs at this point, it indicates some problem in reading the kernel image. This could be
an ethernet problem, if ethernet is being used. If anon-X processor hangs at this point, it indicates
that its communication with the X processor isfouled up or that the Unix host that supplies the kernel
image file is not responding for some reason. The IP addresses could be wrong. For multi-processor
boards, there is an additional pitfall - the Unix host must have a network route defined that identifies
the X processor's | P address as the gateway for the sm(Shared Memory) backplane subnet. Typing
net stat -nr onaUnix terminal will show if the network routing is OK. It rarely produces errors.
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Usually the only way for that to happen isif the host computer (Skyler) was rebooted and some one
forgot to redefine the route. Normally once it gets set up right, it stays that way for months at atime.

- After the kernel image is completely loaded into RAM, the last thing the bootrom code does is print:
Starting at 0x30000. .

and then jumps to the start address of the newly download kernel. (If itistheY, Z or W processor, it
will print adifferent starting address.) That isthe last thing done by the bootrom code. After that
anything done by the board is done by the kernel that was just downloaded.

8. New Kernel Starts

- The new Kernel starts up and outputs a 085 to the LEDs. Caches and interrupts are disabled and it does
virtually al of theinitialization (except for the Grackle) over again. This includes the auto-
configuration of all the PCI devices.

- A hang with a 0%5 displayed usually indicates something went awry with the PClbus initialization,
although it can be due to some other cause.

- The kernel root task is now started.

9. Kernel Root Task Starts

A 0s4 isdisplayed in the LEDs. At this point the processor re-initializes interrupts, starts the tick timer
and then fillsin the MMU pagetables. Filling those tables can take several secondsif thereisalot of
onboard memory that needs to be described by the page tables, so the 0%4 stays displayed for along
time.

L2 cacheisenabled at this point (if the kernel was compiled to use L2).

Serial ports are initialized.

If local SCSI or flash file RAM disk isbeing used, it is now initialized.

Network softwareisinitialized. At thispoint it will print:

Attaching network interface esyf0... done.

Attached TCP/IP interface to esyf unit O

Initializing backplane net with anchor at 0x4100... done.

Backpl ane anchor at 0x4100... Attaching network interface snD... done.
Attaching network interface | 00... done.

This represents alarge number of actions and is a vulnerable spot where things often hang up.
Internal message queue software is initialized.

10. Triesto Download the vxWor ks. symFile
- It outputs a 0%3 to the LEDs.
- On multi-processor boards, the mailbox interrupts are used for the first time when the non-X processor

downloads the vxWor ks. symfile. If aY processor hangs displaying the message:
Loadi ng synbol table from sluggo:/vxw VXTEST/ svgnby/ vxWorks. sym . ..
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then either there is some networking problem or the mailbox interrupt may not be working. It is most
often a network problem of somekind. If it isasingle processor board, then it is definitely a network
problem because the mailbox interrupts are not used by VxWorks itself and are not enabled.

- It does a bit more network initialization.

11. Prints Out the VxWorks Banner

- Displaysa0%2 in the LEDs and prints the VxWorks banner:
TTTTTITTT00 0001111100000 111111111111111

TTTTITT00T0 00000100010 1000110 111111111]
TTITITT0 0300000000000 1000110 11111111

11111111111 1111 1111111111 11 1111 (R
] 111111111 111111 11111111 1] 1111
11 1111111 11111111 111117 1 11 1111
111 11111 1] 111 1 1111 111 111111111 1111 11 1111 11 11111
1111 117 11 1 111 17 11110 111111 11 11110101 1111 11 1111
11111 1 1111 11111 11111111 1111 11 1111 1111111 1111
111111 11111 111111 1 11111 1111 11 1111 11111111 1111
1111111 11111 1 111111 ] 1117 1111 11 1111 1111 1111 1111
11111111 11111 111 1111111 ] 1111111 1111 1111 1111 11111
TTITITT0 0000000100 01101111111
TTITITT0 0000001010 0110111111 Devel opnent System
TTITITT0 01000000110 01101111]
ITITIT10 0110101001010 11111111] VxWorks version 5.4
IT111T10 01100110 1101111111 KERNEL: W ND version 2.5
1111111111111 111111111111 Copyright Wnd Ri ver Systenms, Inc., 1984-1999

- It then displays the board configuration. This is something like:
BSP: 1. 2/ 1f 0x02000000/ 0x04000000 RAM MULTI cpu
Board: Synergy vgnb-750 dual. Processor #0.
MMJ_BASI C, D Cache=on, |-Cache=on, L2=copyback
Shared nenory code uses bus | ocking.

Conpi |l ed May 15 2000 at 18:27:39, nenory nap B

12. Shell and Startup Script

- It next displays a0%1 in the LEDs and initializes the VxWorks shell and, if a startup script was
specified, it attemptsto load it an interpret it.

- If the processor is a PPC 7400, the software that saves and restores the Altivec registersis now
initialized.

13. Done
- Itisdoneloading, soit outputs a0 to the LEDs.
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LED Reference Guide

Below is adiagram showing the numbering convention for the 8 user LEDs on your on your Synergy PPC
CPU board. Also shown isaquick reference guide for converting the hexidecimal code into the patterns
shown in the 8 user LEDs.

User LED Configuration

7 6 5 4
0000

Hex-to-L ED Conversion Guide

For the X Processor:

Hex Value LED Pattern Hex Value LED Pattern
0 none 0x8 3
Ox1 0 0x9 0,3
0x2 1 OxA 1,3
0x3 0,1 0xB 0,13
0x4 2 0xC 2,3
0x5 0,2 0xD 0,23
0x6 1,2 OxE 1,23
0x7 0,12 OxF 0,123
For the Y Processor:
Hex Value LED Pattern Hex Value LED Pattern
0 none 0x8 7
Ox1 4 0x9 4,7
0x2 5 OxA 57
0x3 4,5 0xB 4,5,7
0x4 6 0xC 6, 7
0x5 4,6 0xD 4,6,7
0x6 5,6 OxE 56,7
0x7 4,56 OxF 4,5,6,7
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