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This document is meant to compile some of the things about using the CASPER tool-flow that we didn't
find intuitive. By CASPER tool-flow we mean the bee xps build environment and the
MATLAB/Simulink design environment.

This knowledge was gained partially through trial and error, but largely thanks to the help of the folks at
CASPER.

Several files are referenced in this document. A summary of these files can be found at:
https://wikio.nrao.edu/binviewfile/CICADA/CicadaNotes?rev=1;filename=README .note6

Included are tricks, suggestions, ad interpretations of error messages...
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1. Error Messages

Vast numbers of messages are generated duringa design build. What follows are interpretations
of the error messages that we got hung up on at some point.

1.1 RAM full message

One error that shows up occasionally during the software part of the build deals with the RAM
being full. (Or at least this is how we have interpreted it.) If you encounter this error message you should
first try changing the compiler optimization level as described in the CASPER memo:

http://seti.berkeley.edu/casper/memos’xps_optimization.pdf
https://wikio.nrao.edu/bn/viewfile/CICADA/GceadaNotes?rev=1:filename=xps_ogimization.pdf

To change the compiler optimization level, open the file:

<design directory>\XPS iBOB_base\system.xmp

Near the bottom of the file where it says "CompilerOptLevel: 2", change the '2' to a '4'. If you still
receive the same error message try taking functions out of the software.

Here is an example of what this error message looks like:

XPS% Evaluating file run_xps.tcl
powerpc-eabi-gcc -O2 Software/main.c Software/tinysh.c drivers/core_util.c
drivers/xps_xsg/clk.c drivers/xps _xsg/devices.c drivers/xps_xsg/memory.c
drivers/xps_adc/adc.c drivers/xps _bram/bram.c drivers/xps_Iwip/fifo.c
drivers/xps_Iwip/lwipinit.c drivers/xps_Iwip/lwiputil.c drivers/xps_sw_reg/reg.c
drivers/core_info.c -o Software/executable.elf
-Wi,-llwip4 -WI,-T -Wl,Software/LinkerScript.lwip

-L/ppc405_1/include/ -ISoftware/ -Idrivers/ -Idrivers/xps_xsg/
-Idrivers/xps_adc/ -I1drivers/xps_bram/ -Idrivers/xps_Iwip/ -Idrivers/xps_sw_reg/

-L./ppc405_1/lib/

-DLWIP ENABLE
/cygdrive/c/EDK/gnu/powerpc-eabi/nt/bin/../lib/gcc/powerpc-eabi/3.4.1/../../../.
./powerpc-eabi/bin/ld: region plb_bram_if cntlr 1 is full
(Sofiware/executable.elf section .got2
/cygdrive/c/EDK/gnu/powerpc-eabi/nt/bin/../lib/gcc/powerpc-eabi/3.4.1/../..1../.
./powerpc-eabi/bin/ld: section .sdata [ff{f0000 -> ffif001f] overlaps section

.text [f{f0000 -> ffifdbaf
/cygdrive/c/EDK/gnu/powerpc-eabi/nt/bin/../lib/gcc/powerpc-eabi/3.4.1/../../../.
./powerpc-eabi/bin/ld: section .boot0 [f{ff0020 -> ffff002f] overlaps section

.text [fiff0000 -> ffifdbaf

/ppc405_1/1lib//liblwip4.a(mem.o)(.text+0x48): In function plug holes'
lwip/src/core/mem.c:105: relocation truncated to fit: R PPC_EMB_SDAZ21 Ilfre
/ppc405_1/lib//liblwip4.a(mem.o)(.text+0x6¢c):Iwip/src/core/mem.c: 94 relocation
truncated to fit: R PPC EMB _SDA21 ram_en
/ppc405_1/lib//liblwip4.a(mem.o)(.text+0x78).Iwip/src/core/mem.c:95: relocation
truncated to fit: R PPC EMB SDA2] Ifre
/ppc405_1/lib//liblwip4.a(mem.o)(.text+0xb4) Iwip/src/core/mem.c: 106:
relocation truncated to fit: R PPC EMB SDA2I Ifre


https://wikio.nrao.edu/bin/viewfile/CICADA/CicadaNotes?rev=1;filename=xps_optimization.pdf
http://seti.berkeley.edu/casper/memos/xps_optimization.pdf

/ppc405_1/lib//liblwip4.a(mem.o)(.text+0xbc): wip/src/core/mem.c: 96: relocation
truncated to fit: R PPC EMB SDA21 Ifre
/ppc405_1/1ib//liblwip4.a(mem.o)(.text+0x120): In function "'mem_init'
lwip/src/core/mem.c: 130: relocation truncated to fit: R PPC_EMB_SDAZ21 Ifre
/ppc405_1/lib//liblwip4.a(mem.o)(.text+0x138). lwip/src/core/mem.c.:128:
relocation truncated to fit: R PPC_EMB _SDA21 mem_se
/ppc405_1/lib//liblwip4.a(mem.o)(.text+0x13c):lwip/src/core/mem.c:123:
relocation truncated to fit: R PPC EMB SDA2Iram_en
/ppc405_1/lib//liblwip4.a(mem.o)(.text+0x160): In function "mem_free'
lwip/src/core/mem.c:151: relocation truncated to fit: R PPC EMB SDA21 ram_en
/ppc405_1/1ib//liblwip4.a(mem.o)(.text+0x174):Iwip/src/core/mem.c:165:
relocation truncated to fit: R PPC _EMB SDA2I Ifre
/ppc405_1/lib//liblwip4.a(mem.o)(.text+0x18c): lwip/src/core/mem.c: 166:
additional relocation overflows omitted from the outpu

collect?: Id returned 1 exit statu

make: *** [Software/executable.elf] Error

ERROR:MDT - Error while running "make -f system.make init_bram"

No changes to be saved in MSS file

No changes to be saved in XMP file

C:\brumberg\transient _event\event cap22\XPS iBOB_base>copy implementation\download. bit
.\bit_files\event cap22 2007 Jul 26 1148.bit
The system cannot find the file specified.

1.2 Borph file generation

As of now (7/31/07), there are permissions issues with creating .BOF files. (These are the files
that run on the BEE2 from the BORPH environment.) We currently have no solution. Here is what this
message looks like:

C:\brumberg\transient _event\bee_ test\XPS _BEE2 usr_base>mkbof.exe -0
implementation\download.bof -s core_info.tab -v implementation\download. bit
elf=(null), bit=implementation\download.bit, sym=core_info.tab,
bof=implementation\download.bof

Error, cannot open tmpfile: Permission denied

elf file open failed

C:\brumberg|\transient _event\bee test\XPS BEE2 usr_base>copy implementation\download.bof
.\bit_files\bee test floating 2007 Jul 10 1645.bof

The system cannot find the file specified.

This message can be ignored when building for the iBOB, but is critical for BEE2 designs.



1.3 Timing Errors

Timing usually is not an issue when the clock speed is down around 100 Mhz, but when it is
increased up to and beyond 200 Mhz it becomes a big headache.

If your build stops and says it can't build because the constraints for an individual block can't be
met then the latency for some block needs to be increased. One thing to keep in mind is that greater bit
widths (8 vs. 32 bits) require more latency. (Like an adder that needs to carry bits from the operations on
less significant bits.) Sometimesa block is a critical part of a feedback loop and adding latency messes
up the loop. We have dealt with this issue by reducing the precision of that block until the design will
build. Some blocks don't have latency parameters likecounters and accumulators. If you need a big
counter and get timing errors refer to this:

http: //direct. xilinx.com/bvdocs/appnotes/xapp023.pdf
htips.//wikio.nrao.edu/bin/viewfile/CICADA/CicadaNotes ?rev=1 . filename=xapp 02 3.pdf

Once System Generator has finished the PlaceAndRoute (PAR) portion of the build, you can see
your timing summary. Ideally there should not be any timing errors and the score should be zero. If this
is not the case, the Xilinx Timing Analyzer is helpful. Please refer to section 3 ofthis document for more
information on the Timing Analyzer.

Example (Bad) Timing Summary:

Timing summary:

Timing errors: 72 Score: 20476

NOTE: Data paths and computation blocks should not use more bits than required. For example, if the
largest possible value for the inputs of a multiplier is 8 bits but the inputs are allowed to be 16 bits, then
the multiplier will be 32 bits when 16 bits was all that was required.

Another thing to consider is that the software registers are by default 32 bits. If all 32 bits are not
required then the unnecessary bits should be sliced off immediately after the register to avoid propagating
unnecessary bits through the design.

Keeping this in mind will reduce the number of logic slices used and reduce the number of
physical wires on the chip needed to route the data.


https://wikio.nrao.edu/bin/viewfile/CICADA/CicadaNotes?rev=1;filename=xapp023.pdf
http://direct.xilinx.com/bvdocs/appnotes/xapp023.pdf

1.4 No sequential components.

Sometimes it helps to build small sections of a design to work out the timing errors without
having to wait for the whole design to build. When doing this you may encounter this error:

MATLAB Seg Fault
No Counter
ERROR:NgdBuild:76 - File

"C:/brumberg/xaui_ex/XPS iBOB _base/implementation/xaui_ex xsg core_config wra
pper/xaui_ex.ngc" cannot be merged into block "xaui_ex xsg core config"
(TYPE="xaui _ex") because one or more pins on the block, including pin "clk",

were not found in the file. Please make sure that all pins on the

instantiated component match pins in the lower-level design block

(irrespective of case). If there are bussed pins on this block, make sure

that the upper-level and lower-level netlists use the same bus-naming
convention.

This error occurs when there are no sequential components. The solution is to add an isolated counter to
the design.



2. Simulink Tricks

Simulink is a part of MATLAB that is used to draw and simulate the designs.

2.1 “From Workspace” variables

Simulink offers several inputs: sine waves, step functions, noise, etc. But you may wish to
simulate the design using a specific data set. We had some trouble loading simulated data from the
workspace until we configured the GUI as follows.

If you have data in a file, then you can read it in using a Matlab script and save the datain a
Simulink "From Workspace"variable. Included is an example Matlab script called data_in.m:

https.://wikio.nrao.edwbin/viewfile/CICADA/CicadaNotes?rev=1.filename=data_in.m
This script reads input from data.file:
https.//wikio.nrao.edu/bin/viewfile/CICADA/CicadaNotes ?rev=1. filename=data.file
The data file has three columns and no header information. The script saves the second column to a
workspace using the Simulink format. Of course you can also create your own data set using Matlab.
The parameters when you double click on the from workspace variable should be set to:

Data: the variable that has your signal in it

Sample time: 1f the input is not going into an ADC you will probably want the sample time to be
1. If it is going into an interleaved ADC you will want the sample time to be 1/8 so the
system will get eight samples a clock. If the ADC is not interleaved then the sample time
will be 1/4 so that each input will deliver four samples to the system each clock.

=] source Block Parameters: From Workspace §|

From “workspace |

Read data values specified in array ar structure format from MATLAB's warkspace.
Array [or matrix] farmat:

1-D zignal:

var=[TimeY alues D atay alues]

For 2-Dr zsignal use structure format
Structure format:

wvar.time=[T imeY aluez]

wvar.zignalz. valuez=[D ata¥ aluez]

var. zignalz. dimensions=[Dimt alues)
Select interpolation to interpolate or extrapolate at time steps for which data does not
eist.

Farameters
Data: |
Sample time: B
double
k 144 —
Fram Interpolate dat |
Worepace [] Interpalate data

Enable zera crozzsing detection [

Form output after final data walue by: | Setting to zero - |

o double B

‘ I QK l [ Cancel ] [ Help ]
I LI I I I I

If you receive errors using from workspace variables, we know that it works with the above parameters.


https://wikio.nrao.edu/bin/viewfile/CICADA/CicadaNotes?rev=1;filename=data.file
https://wikio.nrao.edu/bin/viewfile/CICADA/CicadaNotes?rev=1;filename=data_in.m

2.2 Scope stuff: multiple inputs, holding all the data points

It is often helpful to have a Simulink scope show multiple signals. You can specify the number of
inputs to a scope by double clicking on it then clicking on the icon in the top left next to the printer icon.

In the 'Scope’ parameters dialog box you can specify the number of axes.

) 'Scope’ parameters -_||_.[Z|
General || Data history | Tig: try right clicking on axes
Axes

Murnber of axes: |:| floating scope

Tirme range: |aut.:. |

Tick labels: |t:u:tt|:|m axis only j

Sampling

|Dec:imatin:nn j |1 |

(o ] [careet | [ | [y |

Also, if you are running a long simulation you will likely want to click on the Data history tab and un-
check the box that says Limit data points to last. .

) 'Scope’ parameters ZII:.D__<|

General | Data history Tigx ey right clicking on sxes

[] Litnit dsta pairt= ta last: |

[] Save data to workspace

“Yariable name: |

Farrmat: | J

(o | [caront | [ | [y |




2.3 Automatically run files when opening a design

You can have Matlab commands run automatically every time you open a design. This is helpful
if the simulation input is generated by a Matlab function or if you want to add the path to a library used
by the design. With the design open, right click on a blank part ofthe design and choose Model
Properties from the list.

Unda Block Marne
Paske
Select all
Remowve Highlighting Fic & 7 = ;
1x
8 | o1
, | Fix_87
{ouble o Fix_&_7
Update Diagram o [Fix 8.7
Configuration Parameters. .. o |Fi 8.7
Model Properties Fix 8 7
Fixed-Point Settings. .. i
o | Fix 8.7
Signal & Scope Manager. ..
o | Fix 8.7
Screen Color 2
Library Link Display » D —E@]
»
Format q -E%l
+H+
r el o
+
outofrangeq1 —E@
syncl Mlij

Then go to the Callbacks tab and enter your commands under Model pre-load functions.

=] Model Pro perties

4 | Main

— 1 || Model callbacks | kodel pre-load function:
| PreLoadFen addpath c:/brumberg/nraa_lib; =
PostLoadFon gen_event_data;
ImitFcn
StartFcn
StopFcn
— PreSaveFcn

| Higtary Description =

PostSaveFon
ClazeFcn

—‘ oK H Cancel ” Help Apply




2.4 Creating a library

To create a library, first save a model file with a masked subsystem in it. In the same directory
with this model file, place the slblocks.m file:
https://wikio.nrao.edu/bn/viewfile/CICADA/GcadaNotes?rev=1:filename=slblocks.m

Edit slblocks.m according to the comments in the file. Now, at the Matlab prompt enter addpath

<path_to_library file>.
To make changes to library blocks, rig
Simulink Library Browser

File Edit Wiew Help

O = Ha 44 |
HMRAD Blockset:

+- Tl Sirnulink
B BEEZ ADC Scope Blockse
W BEEZ CIC Blockset
W BEEZ Correlator Blockset
¥ BEEZ DDC Blockset
B BEEZ Delay Blockset
¥ BEEZ FFT Blockset

| BEEZ Reorder Blocksst
W BEEZ System Blockset

W

9

MRAD Blockset has nat vet been
loaded. Click onthe '+' zign nest to the
name in the library browser tree to load
thiz library

B Real-Tim Open the MRAD Blockset library

B signal Processing Blockset

+
=
o
+
+
+
+)-- W BEEZ PFB Blocksst
=
o
+
+
+
=

W& simulink Extras
B stakeflow
+- g ilircs Blockset

+- g ilin: Reference Blockset

+- T ilins: XrremeDSP Kit

Then go to Edit and Unlock libra

B = =

Ol
cc_length

File WSl ‘iew Help
0O
Select all Chrl+a
Copy Model To Clipboard
Fird... Chrl+F

Allow

ung

Unlock Library

hannelATOR

step  pulse

step_to_pulse

ate

bias [
din
find_biazs

100% Locked

Now you can edit the blocks.
If you would like to add blocks to alibrary, unlock the library as described above and drag a

block into the library.

NOTE: A subsystem must be masked to properly add it to a library. Subsystem masking is well
documented in the Simulink Help Browser.


https://wikio.nrao.edu/bin/viewfile/CICADA/CicadaNotes?rev=1;filename=slblocks.m

2.5 From/goto blocks

Often one must route signals from one side of a design to the other, crossing many other signal
paths. These extra lines confuse the design layout. These lines can be hidden using the Simulink blocks

From and Goto under the Signal Routing section.
aces, 14

B Simulink B Bus fissi
B
2 Commonly Used Blocks = 5|g,-,u:| us Assignment

u=
2 Continucus i

% Discontinuities Bus Creatar

y Discrete

g Logic and Bit: Operations

2 Lockup Tables

#] Math Cperations "
# Model Verification —
B Model-wide Utilities —

Bus Selectar

Diata Store Memony

2 Ports & Subsystems a Data Store Read
#1 signal Attributes p—
y Signal Routing i Data Store WWrite
2 sinks
# sources I Demus
2 User-Defined Functions .
+- 3 Additional Math & Discrete fim out|  Erwironment Contraller
R

B8 EEEZ ADC Scope Blackset

B8 EEEZ CIC Blackset -
[4] From ol
B BEEZ Correlator Blockset

B8 EEEZ DDC Blacksst

W8 BEE2 Delay Blocksst " | Goto

8 BEEZ FFT Blackset

3| BEEZ PFE Blockset ) Goto T ag Yisibility
= R e Y JPY 1 [ B

By setting the Tag Visibility (in the mask parameters) to global you can connect parts in different
subsystems. (It is recommend including a note next to from/goto blocks, saying what subsystem they are
coming from or going to.

E: Sink Block Parameters: Gotol

Goto

Send zignals to From blocks that hawve the specified tag. If tag wizibility iz 'scoped’,
then a Goto Tag Yisibility block must be uzed to define the vigibility of the tag. The
block icon dizgplays the zelected tag name [local tags are encloged in bracketsz, [], and
scoped tag names are enclozed in braces, {1,

Farameters
| Tag Visibilty: | global v
Corresponding From blocks: refresh
event_cap? 1ade/Froml
lcon Displa_l,l:l Tag Vl

I (1] l ’ Cancel ] [ Help Apply




3. Timing Analyzer

Xilinx Timing Analyzer is useful to find the maximum routing and logic delays in your designto
track down timing issues. You can run the timing analyzer by going to the start menu, Xilinx ISE,

Accessories, Timing Analyzer.

s IR
I Realnc
f Internet @ Rkl
Internet Explorer [@ Startup
/-“:] E-mail [@ Symantec Client Securiby
[@ Windows Resource kit Tools
Windows Support Tools
e Mozilla Firefoo | @
@ wilirce 15E 7,10
WordPad I ilirce Platform Studio 7. 1i
- Acrobat Distiller 7.0
m uol
_' iMPACT Adobe Acrobat 7.0 Professional

Adobe Designer 7.0
Adobe Reader 7.0

B = o

Internet Explorer
Remote Assistance
Windows Media Player
Windows Movie Maker

Beon

all Programs B |

L3

Architecture Wizard

@ Docurmentation 4 Chip Wigwer

|z® Project Mawvigator Zonstraints Editor
E] Readme

@ Software Update Center

CORE Generator
Floorplanner
FPGA Editor
iMPACT

By PaceE

StateCAD

Timing Analvzer

Hurnrmingbird Connectivity 2007 r

@| Lag Off |*g :

i: ninstall Service Pack,

\Webupdate
ut Davan

% %InfFo Syskem Checker

These delays must always be shorter than the timing constraints which are on the order of a few
clock cycles. Designs that take a very long time to build (more than 5 hours) often have timing issues.
When these timing issues are resolved the build time decreases dramatically.



Timing

Then File, Open,

Edit

Mew Macro CkEl+I j | G

Open Design. ..

Yiew Analvze Window  Help

Tirnirg R 5300
Apply Phesical Constraints., .. Conskraints Interaction Report...
Close Design Timing Analyzer Macra, .,
Close Physical Constraints File, .,
Close all

Save Chrl+5
Save hs...
Sawve Al

Run Macro, ., Ckrl+R

Print. .. Ckrl+P
Print Preview. ..
Page Setup...

Recent Design

Fecent Physical Constraints

Recent Timing Analyzer Macro

Recent Timing Analysis Report

Fecent Constraints Interaction Repart

Exit

And navigate to <design directory>\XPS iBOB _base\implementation\system.twx. Now you can
see what part of the design is causing timing errors. This ASCII file will show the routes with time in
excess of the constraint. We found that adding delay blocks between paths causing problems would
usually fix those problems. The build and modify process was repeateduntil there were no timing errors.

NOTE: You should select the Enable Register Retiming parameter for all delay blocks.

3] Function Block Parameters: Delay3
Hilirw Delay Block [mazk) [link)

Delay line having configurable length.

Hardware notes: & delay line iz a chain, each link of which iz an SEL1E followed by a fip-flop. 1f register
retiming iz enabled, the delay line iz a chain of fip-flops.

Parameters

Latency

Enable Register Retiming
[] Usze E=plicit 5ample Periad
[] Provide Enable Port

[] Qwerride with Doubles

[] wememmememeemeenees Show Irmplementation Parameters

L 0k, ” Cancel ][ Help Apply




4. Clock speeds for the ADC and iBOB

The ADC clock should always be 4 times the desired system clock. If the ADC is not used in
interleave mode then the FPGA will receive four samples for each clock for each channel. If the ADC is
used in interleave mode then one input is sampled on both the rising and falling edge of the clock. Thus
the FPGA will receive eight samples per clock for one channel.

5. Notes for coding iBOB software

There are a few nuances when it comes to programming C code to compile onto the iBOB's
Power PC. Firstly, when connecting through either the ethernet or serial link to the IBOB (the serial
connection was made in our test using the Berkeley written “openPort()” function), if you do not send
an escape code specifying the type of connection, Tinyshell will not send any command prompts or
command echoes. To enable these replies for TCP, send the value '255' to the IBOB immediately
following the connect() call. For more information on how the serial link was setup, see the code file for
openPort.

We used the escape code so that Tinyshell would send the “IBOB %" prompt when a command
finished. This way we could key off the prompt to know when the iBOB was finished sending data.

There are two ways to do bath general I/O and data transmission from the iBOB to a PC. The
first is the xil_printf() function. This function behaves exactly as the normal printf(). The second is
outbyte(), which simply outputs (or sends) an 8 bit character. The xi/ printfultimately calls outbyte, so it
may be more efficient to use outbyte directly, although the overall limiting factor for transmission speed
1s most likely Tinyshell itself. The main difference between xil_printf and outbyte is data type; xil_printf
transmits in ASCII, thus it will appear on the screen as printable characters, whereas the outbyte function
sends in pure binary. Both functions will send to either the serial port or the ethernet port (a check is
done upon calling to determine which interface is active).

It is also worth noting that the iBOB Tinyshell is not threaded, so only one connection is
supported at one time. Multiple simultaneous connections can be made, but the behavior is unpredictable
since it only has a single input buffer (so any character typed on either connection is placed in the same
buffer).
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