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Test Stand basics

Purpose
* initial testing and debugging a standalone ROD,

* production testing and ROD maintenance.

Software

* programming language ANSI C

* MS Windows 9X, NT, 2000, XP operating system
* NI LabWindows/CV1 5.5 development software

Hardware

* PC with NI PCI-MXI-2 interface card,
* VME crate with NI VME-MXI1-2 card
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Main TestStand tasks and features

ROD initialization and configuration:

- loading FPGA code to flash memories,

- RIW FPGA command/status registers (program/reset manager),
- loading program for DSPs (MDSP flash, slaves directly).

ROD control:
- by PrimitiveLists,
- direct commands via VmeCommandRegister bits (DmaRequest, Pause ...),
- more comprehensive tasks by CommandLists.

ROD monitoring:
- periodic checking of the ROD status registers (ControllerFPGA, DSP status),
- readout text messages from the TextBuffers.

ROD utilities and supporting applications:
- file format converters (binary-hex, coff, ...),
- binary data creator, binary file viewer (freeware Witched), etc.

TestStand supportsone VME crate - up to 16 Rods can run simultaneously.
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Flash Panel and FPGA Program/Reset Manager
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ROD Control/Status[n] and Main TestStand Control/Status Panels
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Primitive List

e List of primitives executed by master/slave DSP; prepared and sent by Host.

* The primitives, input and output data formats, communication registers and
communication scheme are described in “ Communication Protocol” :
http://sctpixel.home.cern.ch/sctpixel/M essageProtocol/M essageProtocol V 25.pdf

» The TestStand user can create different PrimitiveLists in the PrimitiveL ist Editor and save themin
filesfor the next use or directly execute. The PrimitiveListEditor uses more complex version of the
PrimitiveList (PrimitiveListTable), sinceit hasto contain information not only about the input
data but also variable parametes for the reply data (save to file, print on screen etc.).
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Primitive List Editor:

3 PRIM LIST EDITOR M= '

Mainl CommandListEditorl  DataFileCreatorl  Revisionpdatel  Hidetindow!

PRIMITIVE Slot# MASTER LIST
LiztLength  PrimCount  AlFrimCount
MASTER ¥, ALL L e e

=l RW_FIFO | Fepstiions Replist « 1815 | 3 | | ¢,

i ECHO L c:MFodis\D atah T esting“fifaT esting'asriteR eadlnpFifad, pl
SET_ERRMSG_MASK SENDTOROD| 5 prmime PrnLn|Fiepn| =]
PAUSE_LIST 1 |POLL_REG_FIELD | 5
EVENT_TRAP_SETUP - BIIES o y— Py
SET_MEMORY ADD BEFORE> 5 e
COPY_MEMORY REPLACE>> |
MEMORY_TEST R |
SET_LED
FLASH_LED Vmerim}{ i
SEND_DATA <<EDIT PRIM |
MODULE_MASK ChisDel
SET_TRIGGER DELETE PRIM |
START_TASK
TASK_OPERATION
el LOAD LIST |
WRITE_BUFFER _ _

RW_SLAVE_MEMORY INSERT LIST |
TRANS_SERIAL_DATA SAVE LIST |
START_SLAVE_EXECUTING
CONFIG_SLAVE DELETE LIST |
RW_REG_FIELD
POLL_REG_FIELD
v RwW_FIFO
>»»SEND_SLAVE_LIST
START_SLAVE_LIST
SLAYE_LIST_OP
BUILD_STREAM &

F fiaﬁzBSJSE;b;ATA ﬂl ﬂl wirite and read back random data to Input FIFD A, =

i SEND_CONFIG s o

= DSP_RBESET

SET_ROD_MODE
RwW_ MODULE ¥ARIABLE
Rw_BOC_DATA




Primitive List Internal Structure (PrimListTable):

primLi st Tabl eDefinitions. h

#defi ne MAXPRI MS_I N_LI ST 100
#defi ne COMMENT_LENGTH 600

struct PRI M TABLE{
char comment [ COMMENT _LENGTH]; /* primtive conent */
struct MSG HEAD i nPrinHeader; /* primtive header */
U NT32 repl yLength; /* predicted |ength of reply data */
uni on PRI M_PARAMS_UNI ON parans; /* primtive paraneters */
b
struct LIST_TABLE{
char commrent [ COMMENT_LENGTH]; /* |ist coment */
U NT32 al | Pri mCount ; /* nunber of all primtives(naster+slave) in list */
Ul NT32 nmst er ToTabl ePri ml ndex[ MAXPRI M5_| N_LI ST] ;
/* the array contains the real index in Prinflable for each master primtive;
array index=master index */
struct MSG LI ST _HEAD i nLi st Header; /* primtive |list header */
U NT32 repl yLength; /* predicted |length of reply list */
Ul NT32 repl yCount ; /* nunber of prins with reply data */
struct PRI M TABLE_UNI ON pri mrabl e[ MAXPRI M5_| N_LI ST] ;

prinmFunc_RWFi fo. h
/* RWFIFO primtive parans exanple - included in PRIM PARAMS UNI ON */

struct PRI M RWI FO PARAMS{ /* parans for host */
struct RWFIFO_IN inputParans;
char dat aFi | eNane[ PRI M_PATHNAME_LENGTH] ;

}s

Note: The max. number of primitivesin the PrimListTableislimited for ssimplicity and to avoid
possible problems with dynamic memory allocation (current limit is 100).
However this number can be easily changed if necessary. The same applies to the comment
length field “artificialy” limited to 600 characters.
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Primitive List example:

[E3 PRIM LIST EDITOR M= E
Mainl  CommandListEditorl  DataFileCreatorl  RevizsionUpdatel  Hidelwindow!
PRIMITIVE Slot# MASTER LIST
MASTER = m' ListLenath  PrimCount  AlIPrimCaolnt
eSTER B PrimList » 1821 3 3 |
% FOLL_REG_FIELD | HeDe‘g'ons Replist « 1815 3 LastFile
- INPUT DATA/ T - ﬂ—J || c\Rodts\DatahTesting'fifoT estingwiteFle adlnpFifad, pl
e R i Y eq % H
Base ID 5o (8o |2 SENDTOROD|: |y primiTive Rl ol =1
- IDE_MEM_STAT || " ERroL reG FiELD g 5
i Chl+
wREE RRIF Cnd/3tatus Reg TREE A i 2 |Rw_FIFO 1809 ]
#+5#  TestBench I/D Status 4% _ADD BEFORE | 3 |Fw_AIFO 3 |1as
'REPLACEz>> |
/% IDE_MEM STAT */
e -—- ADD AFTER>> |
INP MEM i DONE 0 0 /% IN MEM COUNTER,
INF MEM B _DONE 0 1 /% IN MEM COUNIEER, vieanmg y
DEG_MEM 4 DONE O 2 /% IN MEM COUNTER, = Lt
DEG_MEM E_DONE_0 3 /% IN MEM COUNTER, <<EDIT PRIM |
EVT MEM A DONE 0 4 /j+ IN MEM COUNTER, | Chl+Del {
EVT MEM B DONE 0 5 4% IN MEM COUNIER, DELETE PRIM |
OFERATION DONE 0 6 /% TEST BENCH OPER
M_0F DONE_TT Z J% 00 AND 11 I3 O _
INMEN A EMP O a
INMEM & FULL @ a =
{INMEM B_EMP D 10 | EHADIEET _
ol | b INSERT LIST |
l]ﬂ_sel ?.d 8 bi-ts Desired¥alue.. 00000001 SAVE LIST |
Widthld 2 |bits 3| a0 |20 |2 |27 | 26| 25| 24
Timeout[pSec] 232z |21 |20 |1af1z |17 |16 DELETE LIST |
= 00100000 15| 1a]tz]rz |1 ]w|a]s
sl ls]|alz]z]1]o
OUTPUT DATA|
Last reply in ROD Status window.
Poll IDE_MEM_STATUS register for INMEM_&_EMP=1 and o “wiite and read back randam data to Input Fl FO A, o
INMEM_A_FULL=0. Clear | Clear |
a 'n 4 n

continued on next page
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|3 PRIM LIST EDITOR MmE
Mainl  CommandListEditorl  DataFileCreatorl  RevizsionUpdatel  Hidelwindow!
PRIMITIVE MASTER LIST
| ListLength  PrimCount  AlPimCount
I MASTER By PrimList » 1821 3 3
E RW_FIFO Hepetgions Replist « 1815 3 LastFils
ﬂ—l c:\HodtshDatahTesting'fifaT estingwiteR eadlnpFifad, pl |
INPUT DATA| AL EE BHE D PRIMITIVE PiimLn| RepLn|2]|
] 1 |POLL_REG_FIELD g} 5
Al
ADD BEFDHIEi | = 103 2
3 |Rw_FIFO 9 1805
) HEHEEES [ PRIM LIST EDITOR M=
lNI;E:;I_DM&EBh‘IlaTlI; " FifoSize[elems] ﬁD[:_l AFTER>> I Mainl  CommandLigtEditor!  DataFileCreatorl  RevisionUpdatel  HideWindowl
UILEN R, 413000 4 e PRIMITIVE MASTER LIST
NumElements Debug ﬂq@ 450 -' b Chil+ MASTER = o ListLength  PrimCount  AlPHimCount
« 00001000 | EwentdB 4000 |48h <<EDIT PRIM R = PrimList » 1821 3 3
EventC  00FF |32 Eil-Del E RW_FIFO foisiee Replist ¥ 1815 3 =
Tim 2000 | 8h DELETE PRIM | i o | o MRodts\DatahT estingfifoT estingwriteReadlnpFifad. pl
INPUT FILE e |
INPUT DATA SEND TO ROD : -
&:4RodT 54D ataT estingbfifaT esting’4Krandam1.bin | = D FRIMITIVE PiinLn|RepLn| -]
P e 1 |POLL_REG_FIELD g} 5
| Chil+
OUTPUT DATA! : T | 2 |Rw_FIFO 1809 ]
INSERT LIST | 9 1805
3 SAVE LIST | REPLACE>>»
FifolD%B ank ADD AFTER
INPUT_MEM - & ™ FifoSize[elems] : 2x |
DELETE LIST | Input- » 8000 | 4k s
MumE lements Debug 1000 | 45h = d Lirl+
200001000]  EveniAB « 4000|485 <<EDIT PRIM |
EveniC  OOFF | 32h LilDel
e x_260_0_ o DELETE PRIM |
LOAD LIST |
L OUTPUT DATA| |
= o = INSERT LIST |
“write random data from file to lnput FIFD A, Tite: &
ﬂl ﬁl QUTFUT FILE IJSA\.-"E OUTPUT DATA TO FILE? SAVE LIST
E] .fl il inmemA.bin|
DELETE LIST |
Read data from file to Input FIFD & and store it to file. o “wiite and read back random data to Input FIFD A, o
Clear | Clear |
o 4 n
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Primitive List File (*.pl) example:

1st
primitive

N

2nd <
primitive

N\

3rd <
primitive

Note:

(created and saved using PrimitiveListEditor)

wri t eReadl npFi f 0A. pl

Wite and read back random data to I nput FlIFO A.

I engt h: 0x1821, numvsgs= 0x3, prinListRevision= 111
al | PrinCount: 3, replylLength: 0x1815, replyCount: 0x3

Pol | | DE_MEM STATUS regi ster for | NMEM A EMP=1 and
I NVEM A FULL=O0.

index: 0, id: 0x2005, prinRevision: 104, |ength: 0x9, replyLength: 0x5
POLL_REG FI ELD

regi sterl D= 0x227, offset= 8, width= 2, desiredVal ue= 0Ox1, timeoutlnUsec= 0x100000
basel d= 0x227, x= 0, y= 0

Wite randomdata fromfile to | nput FIFO A
index: 1, id: 0x2006, prinRevision: 104, |ength: 0x1809, replyLength: 0x5

RW FI FO

fifold= 0, bank= 0, readNotWite= 0, nunEl enents= 0x1000, *dat aBaseAdr = OxFFFFFFFF
dat aFi | eNane[]= c:\ RodTS\ Dat a\ Testi ng\fifoTesti ng\ 4Krandoml. bi n

Read data fromfile to Input FIFO A and store it to file.

index: 2, id: 0x2006, prinRevision: 104, |ength: 0x9, replyLength: 0x1805

RW FI FO

fifold= 0, bank= 0, readNotWite= 1, nunEl enents= 0x1000, *dat aBaseAdr = OxFFFFFFFF
dat aFi | eNane[] = i nnemA. bin

<4—PrimList comment
- PrimListTable header

< primitive comment
- primitive header

- primitive name
- primitive params

The comments can be edited also outside the CommandList Editor using any text editor.

Number of comment linesis not explicitly limited.

5/12/03 ROD TestStand Overview
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Command List

In general any Rod task is defined in the TestStand environment as a sequence of the basic commands
executed by the host - CommandL.ist, which can be edited and saved in the interactive CommandListEditor.
The implementation and the structure of the CommandList is very similar to the PrimitiveList (CommandList
isthe host parallel to the Rod PrimitivelList). => TestStand asa“list processor” is ready to run most of
possible user defined tasks without recompiling the code.

Currently implemented commands:

* R/W Master DSP memory

* R/W Save DSP memory

* Send PrimitivelList

» Compare Files

* Bus Test

* Run Child Command List (the parent command list can execute other command lists)

* R/W FPGA Flashes

* Write to Master DSP Flash

* BOC Setup (used temporarily, PrimitiveList should be used instead)

* Run External Program - user can (create and) call any executable (so far used mainly for data processing
and conversion)

» Delay.

New commands can be easily added in the TestStand if the current set is not sufficient for some tests (for
example if some variable primitive lists must be built “on the fly”) or if it’s useful to move more complicated
and often repeated tasks into separate commands.

TestStand is also able to execute CommandLists and PrimitiveLists (in “raw” or PrimListTable format)

sent from another application.

5/12/03 ROD TestStand Overview 13




Command List Editor:

3 COMMAND LIST EDITOR
tdainl  FrimListEditor!  DataFileCreator!  HidetAfindow!

COMMAND T COMMAND LIST
Edeepetitionsg L1} Continue if enar’y ]_. v CrdCount] 2 L astFile
ai Send PrimList | - | o\ RodkshD atah T estingfifaT estingiweriful npFifod, ol
b Repetitions
R/W VME - COMMAND Repeal|]
R Master
SEHMD TO ROD
B Slave [ — CompareFiles

¥ Send PrimList
CompareFiles
BusTest
RunChildCommandList
R Fpga Flash
Write to MDSP Flash
BOC Setup
Run External Program
Delay

ADD BEFI]HE)-l
REPLACE>> |
ADD AFTER>> |

<<EDIT CHD |

wiite data to Input FIFO A and read back.

a

DELETE CHD |

LOAD LIST |
INSERT LIST |
SAYE LIST |

DELETE LIST |

Clear | Clear |

Werify [nput FIFD & test, o
J g

5/12/03
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Command List Internal Structure:

commandLi st Definitions. h

s COVMAND LI ST DEFI NI TIONS - === =cmmmmmmmmmcmmeaome *)
#define MAXCOWMANDS | N LI ST 100
#define CVMD_COWMENT LENGTH 600

struct COVMAND{
char comrent [ CMD_COMMVENT _LENGTH]; /* command comment */

int id; /* command id */
U NT32 nunRepetitions; /* nunber of command repetitions; 0 neans execute once, don't repeat */
int continuelfError; /* if set, continue to the next command in the |ist even

if this command returned error */
uni on COMVAND PARAMS_UNI ON par ans; /* conmand paraneters */
b
struct COVMAND LI ST{
char comment [ CMD_COMMENT_LENGTH]; /* cnd |ist comment */
i nt commandCount ; /* nunber of commands in the list */
struct COVMAND conmand[ MAXCOVMANDS | N LI ST]; /* array of commands */

comandFunc_sendPri nLi st . h
/* SEND PRI M LI ST command parans exanpl e - included i n COWAND PARAMS_UNI ON */
struct SEND_ PRI M LI ST_PARAMS{
i nt repeat ExecNotBuild; /* repeat only execution of the list not building */
char fil eName[ PATHNAME LENGTH]; /* prinmitive list file */

Note: Again, the number of Commands in the CommadList is limited (current max is 100), but
can be easily redefined if necessary, aswell as This number can be redefined if necessary
aswell asthe comment array size (now max 600characters).

5/12/03 ROD TestStand Overview
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Command List example:

[E3 COMMAND LIST EDITOR M= B
Mainl  PrimListEditorl  DataFileCreatorl  HidelWindow!
COMMAND Slot COMMAND LIST
Cdeepetitions§ 1} Contirue if error?r‘ v| CrndCount| 2 e
ei Send PrimList QH Srliion: c::\Hodts\Data\Testing\fifoTesting\verif}llonifu‘l.cI|

INPUT DATA|

) PrimList )
c:\FodtzhD atah T esting'fifoT esting'writeR eadlnpFifod, pl |

Edit PrimList |

‘wiite data to Input FIFO A and read back.

-

2 0 |
SEND TD HDD|"

ADD BEFORE> |
REPLACE>> |
ADD AFTER>> |

<<EDIT CHD |
DELETE CHMD |

LOAD LIST |
INSERT LIST |
SAVE LIST |

DELETE LIST |

“Werify Inpl
Clear | Clear |

CompareFiles

=

COMMAND

Repeat

[ COMMAND LIST EDITOR
Mainl  PrimListE ditor

DataFileCreatorl  HideWWindow!

1
S B3

_COMMAND

CmdR epetitions§ 0 Continue if error? 1_‘

CompareFiles

e

INPUT DATA|

WordSize
43 bits [

COMMON DATA FILE

« Q000FFFF | IaTaas

c:\RodT 54D atahT estingfifo T estingd32Krandom1. bin |

ROD DATA FILE (in RodDiata directory]

inmemé. bin |

=]

5/12/03

Compare data readout frarm Input FIFD A& with the written original. o

o

Slotd

ALY

F epetitions
i

ADD BEFORE> |
REPLACE>> |
ADD AFTER>> |

<<EDIT CHD |
DELETE CHMD |

LOAD LIST |
INSERT LIST |
SAVE LIST |

DELETE LIST |

Clear | Clear |

COMMAND LIST

CrndCount| 2

LastFile
c:\Rodts\DatahTesting\fifoT esting verfulnpFifad, ol |

SEND TO HDD|"_

e} COMMAND

=T

1 J5end PrimList

0
1

“erify Input FIFO A test,

=]

=

ROD [estStand Overview
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Command List File (*.cl) example:
(created and saved using CommandListEditor)

verifyl npFi f oA cl

Verify Input FIFO A test. <€—CommandList comment
commandCount : 2 - CommandList header
Wite data to Input FIFO A and read back. < command comment
1st index: 0, id: 3, nunRepetitions: 0, continuelfError: 0 - command header
command SEND PRI M LI ST_COMVAND | D - command name
r epeat ExecNot Bui | d= 1 - command params

fileName[]= c:\Rodts\Data\Testing\fifoTesting\witeReadl npFi foA. pl

Conpare data readout fromlnput FIFO A with the witten original.
index: 1, id: 4, nunRepetitions: 0, continuelfError: O
COWPARE_FI LES_COWAND_I| D

wor dSi zel nByt es= 6, dat aMask[]={ OxFFFFFFFF, OxFFFF }

commonFi l e[]= c:\ RodTS\ Dat a\ Testi ng\fi foTesti ng\ 32Kr andonti. bi n
rodFil e[]= i nmenA. bin

2nd
command

Note: The comments can be edited also outside the CommandList Editor using any text editor.
Number of comment linesis not explicitly limited.
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USER

5/12/03

Test Stand Structure
« Single process multithreaded application:

Main Process Thread:

- RODIn] control/status
- TIM control/status

USER INTERFACE(LabWindows):

- MEMORY ACCESS (VME, Master,
Slaves, Flashes) CommandList
Execution Thread

Communication

Loop Thread PrimList *

PrimList and TEST STAND
TxtBuff[rlj]andIers SOFTWARE
(HOST)/
VME
CRATE
(RODs)

[n] .... Rod index {0,1...15}

* Commands with VME access are synchronized/executed via CommunicationLoop.

ROD TestStand Overview
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Threads

* Main Thread
- interaction with the User (LabWindows GUI),

- Main Panel (program options, thread priorities...),

- RW Memory Panels(VME, MDSP, SDSPs, Flashes, FPGA Control/Status),
- PrimList Editor, CommandList Editor,

- ROD Status/Control Panel;

« CmdL istExecution Thread[n] - CommandList execution.

* CommunicationL oop
- common to al RODs,
- distributes an access to the shared VME bus between all RODs in the crate on
“round robin” basis,
- executes PrimitiveLists and processes TextBuffer messages;
- periodically monitors the status of all Rods in the crate.

5/12/03 ROD TestStand Overview
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CommunicationLoopThread

BuffersHandler[n]

I
\ 4

|| Read( MDSPStatusReg[n] ) ||

v

TextBufferHandler[n]

State Machine
(Error, Info, Diag, XFer)

v

PrimListHandler[n]
State Machine

\_{—

if(time>refreshPeriod){
Read and Display ROD Status
(ROD FPGA controller,
MDSPStatusRegs...)

}

Yes
N
CommL oop Enabled

Yes
N
ROD[n] Enabled

(0, 1, ... 15}

n = (n + 1) mod maxN

1

(Thread SQuspended)

Y

ROD TestStand Overview




PrimListHandler[n] State Machine

» executes PrimititiveListTable (builds PrimitiveList, send it to Rod, processes ReplyData)

primLi st Ready=0;
set Event (Pri nLi st Done) ;

i nLi st Rdy=0

I A

* Read ReplyList from
MDSP ReplyListBuff,
* Process ReplyList

* out Li st Rdy==1
L

out Li st Rdy==0

Lo

POLL
DspAck SET

DspAck==1 .-~

primLi st Ready==1

\\A
MDSP StatusReg
CommandReg

1
1
[}
[}
1

A 4

e Build PrimList,
* Write PrimList to
MDSP PrimListBuff

POLL
DspAck_CLEAR

i nLi st Rdy=1

21
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TextBufferHandler[n] State Machine

* reads and processes Text Messages from MasterDSP (Error, Info, Diagnostic, XFer).

MDSP StatusReg
CommandReg

Txt Buf f Not Enpt y==0

- Read TextBuffStruct;

AN » Read TextBuffer;

. | *Process message
(display, save to file);
ReadRequest =0

5/12/03 ROD TestStand Overview




Thread priorities

* | MainProcessThread(Userl nterface) > the other threads

- the user interface must be responsive at any moment!!

e | CommunicationThread <= CmdListExecutonThreads

When CommunicationLoop is not suspended, the processor is always 100% busy
(no additional delays included).
The CmdListExecutonThreads are active only for alimited period of time when

executing a CommandList, so they can have a higher priority than the CommunicationLoop.

5/12/03 ROD TestStand Overview
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