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The ROD software library

Describe the basic structure for the ROD software library

The software library for the ROD Demonstrator board is described here.

The library is to be used as basic code to develop programs for testing the board in the laboratory and in larger DAQ implementations. 

In its current version is mainly supporting a single ROD board in the crate, while a new version under development is to be used when several ROD boards are put in the same VME crate. 

As a baseline, no VME memory map is used since it is thought not be useful. This might change in the future, as for example when reading histograms or large blocks of data.

Basic data types

There are few general basic data types defined within the library, which are summarized below and contained in the RODDEF.h file.

· aword_t a 32-bit unsigned integer word:

typedef unsigned int aword_t;

· p_aword_t a pointer to a 32-bit unsigned integer word:

typedef aword_t * p_aword_t;

VME Address schema

The VME interface for the RODDemo module is based on the VME64x standard, and uses 32-bit addresses, as shown bellow:
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For more details on the addressing schema refer to the ROD Document [1]
The ROD module supports VME block transfer and interrupts but the exact implementation depends on the VME CPU processor. 

Software Organization

The software library is written in C and is organized in several files as listed bellow:

· rodvme.c: which contains all the VME related routines. The supported platforms/operating systems are:

Motorola MVME162 CPU running VxWorks/VISION software

Compiler flag : __GVAVXWORKS

· rodloc.c: which contains the routines relevant to the VME controller chip (also refered to as "local").

· rodmisc.c: which contains the routines relevant to the miscellaneous controller chip.

· rodttc.c: which contains the routines for the TTC controller chip.

· rodoc.c: which contains the routines for the Output Controller chip

· rodpu_ad.c: which contains the routines for the Analog Devices Processing Unit. 

· rodpu_tim.c: which contains the routines for the Texas Instruments Processing Unit designed by the CPPM group.

· rodpu_tius.c which contains the routines for the Texas Instruments Processing Unit designed by the Nevis group.

· rodutil.c: which contains several general purpose utility routines.

· Severl header files: ROD.h, RODDEF.h, RODVME.h, RODLOC.h, RODOC.h RODPU_AD.h RODPU_TIM.h RODUTIL.h, RODMISC.h, RODTTC.h

All the files are in the src sub-directory.

Libraries

From the source files mentioned above the following libraries are crated using the Makefile:

· libROD.a
· libRODPU_AD.a
· libRODPU_TIM.a
· libRODPU_TIUS.a
Compling a new version

In the src directory there is a Makefile.

Use the command:

· make 

to create a new version of the libraries. The new files stay in the src directory.

After testing it, you can install them in the lib directory using the command 

· make install

This does a copy of all the libraries and the header files in the correct places: all the .h files in the inc and all the .a files in the lib directory respectively. 

Finally, using the command:

· make clean

you can remove the .o and .a files from the src directory.

General Flags and switches

Few general precompiler flags can be defined:

· __GVAVXWORKS to define the operating system in the University of Geneva lab.
A general structure is available to switch on/off debugging information:

typedef struct{

Int loc;


Int misc;


Int oc;


Int ttc;


Int util;


Int vme;


Int pu;

} RODDBG;
In the program you can use the pointer to this structure as in the example below:

p_RODDBG->oc = 1;

A value different than 0 activates the printing statements.

Motherboard components

Routines relevant to the motherboard components

VME access routines

The VME access routines provide a layer between the ROD specific functions and the actual VME implementation. In this way it is possible to implement different VME protocols and different operating systems without having to change the rest of the software.

All the routines are in the rodvme.c file.
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crate_t  *ROD_CrateInit(int NoRODModules, int NoAuxModules)

Create a new VMECrate handler.
Argument description:

·  (input) NoRODModules: the number of ROD modules in the crate.

· (input) NoAuxModules: the number of auxiliary modules in the crate.

Return value:

Creates a ROD crate handler (crate_t structure) and returns the pointer to it. A handler for each module is created as well which can be used in subsequent calls for the module.

int ROD_ModuleInit(rod_t *pROD, int gaddr, prod *pROD)

Configure and a ROD Module handler.

Argument description:

· (input) pROD: a ROD Module handler  (rod_t structure pointer) previously allocated by the ROD_CrateInit call.

· (input) gaddr: the module slot number in the crate (geographical address)

· (input) rodid: the ROD module identifier.

Return value:

The function returns SUCCESS if successfully completed.

int ROD_ConfigPU(rod_t *pROD, int id, int type)

Configure a processing unint for a ROD module.

Argument description:

·  (input) pROD: a ROD module handler.

· (input) id: processing unit id (position) number

· (input) type: the procesing unit type: 1=AnalogDevices, 2=TI-CPPM, 3=TI-US.

Return value:

The function returns SUCCESS if successfully completed.

int ROD_Pmodule(rod_t *pROD)

Prints the processing unit configuration for a ROD module.

Argument description:

·  (input) pROD: a ROD module handler.

Return value:

The function returns SUCCESS if successfully completed.

void ROD_end(rod_t *pROD)

Releases all memory allocated for a ROD module. It should be the last call of the VME access routines.

Argument description:

·  (input) pROD: a ROD module handler.

int ROD_Write(rod_t *pROD,  aword_t addr, int reqb, int *realb, p_aword_t data)

Writes the specified number of bytes from the memory pointed by data to the VME address. If more than 4 bytes are to be transferred, a fast x-fer mode is used automatically. This is NOT block x-fer however.

Argument description:

· (input) pROD: a ROD module handler. 

· (input) addr: the VME address to be used. The valid addressed can be found in the RODAddrDef.h header file.

· (input) reqb: the number of bytes to write.

· (output) realb: the number of bytes actually written.

· (input) data: a pointer to the data values

Return value:

Returns SUCCESS upon successful completion.

int ROD_BWrite(rod_t *pROD,  aword_t addr, int reqb, int *realb, p_aword_t data)

Same as ROD_Write routine, but now the VME block x-fer mode is used.

int ROD_Read(rod_t *pROD,  aword_t addr, int reqb, int *realb,  p_aword_t data)

Reads the specified number of bytes from the memory pointed by data to the VME address. If more than 4 bytes are to be transferred, a fast x-fer is used automatically. This is NOT block x-fer however.

int ROD_BRead(rod_t *pROD,  aword_t addr, int reqb, int *realb,  p_aword_t data)

Same as the ROD_Read routine, but now the VME block x-fer mode is used.

void ROD_VMEError(int ierr)

Argument description:

· (input) ierr: the error code. It can be the return of any of the VME access routines.

VME Controller

The routines listed here correspond to the functions of the VME controller FPGA on the motherboard. The source code can be found in the rodloc.c file.

For description of the arguments please refer to the VME interface routines. In general all the routines return SUCCESS upon successful completion, unless otherwise specified.

int ROD_Status(rod_t *pROD,  p_aword_t status)

Read the status register of the VME controller

int ROD_GeneralReset(rod_t *pROD)

Sends the general reset command to the board. All the components of the MB are reset as well as the communication port (CP) FPGA on the processing units. 

What exactly is done with the rest of the PU components is implementation dependent. In any case, there are specific commands which can be use used to reset individual components on each (or all) the PU.

int ROD_SendFebData(rod_t *pROD, p_aword_t data, int nbytes)

Sends FEB simulated data to the processing units. Please refer to the ROD Description document for further details.

Miscellaneous Controller

The routines listed here correspond to the functions of the MISC controller FPGA on the motherboard. The source code can be found in the rodmisc.c file.

For description of the arguments please refer to the VME interface routines. In general all the routines return SUCCESS upon successful completion, unless otherwise specified.

int ROD_MiscStatus(rod_t *pROD, p_aword_t status)

Returns the value of the status register. The return word can be casted as RODMiscStatus for easier use.

int ROD_MiscPStatus(aword_t status)

Nice printouts of the status register.

int ROD_MiscEnable(rod_t *pROD, aword_t enable)

Sets the enable register.

int ROD_MiscPEnable(aword_t enable)

Nice printouts of the enable register.

int ROD_MiscFebStatus(rod_t *pROD, p_aword_t fstat)

Read the FEB status information bits. These are the bits accompanying the data from the link, handled by the misc chip controller.

int ROD_MiscIrqConfig(rod_t *pROD, int vmeid, aword_t identifier)

Configure a VME interrupt (vmeid) according to the identifier.

int ROD_MiscSetIrqMask(rod_t *pROD, int id, aword_t mask)

Disables (masks) a given VME interrupt.

int ROD_MiscRIrqMask(rod_t *pROD, int id, p_aword_t mask)

Reads the mask register for the specified VME interrupt.

TTC Controller

The routines listed here correspond to the functions of the TTC controller FPGA on the motherboard. The source code can be found in the rodttc.c file.

For description of the arguments please refer to the VME interface routines. In general all the routines return SUCCESS upon successful completion, unless otherwise specified.

int ROD_TtcConfig(rod_t *pROD, aword_t config)

Set the configuration register for the TTC controller:

· b0: 1=VME data, 0=No VME data

· b1: 1=Local mode (VME or FP), 0=TTCrx mode

· b3: 1=Trigger disabled

In other words: 3=VMEMODE, 2=Front Panel

int ROD_TtcRConfig(rod_t *pROD, p_aword_t config)

Read the TTC configuration register.

int ROD_TtcDisable(rod_t *pROD)

Disable (block) triggers in the ROD module. 

At power-up by default the triggers are disabled and the VME mode is selected.

int ROD_TtcPConfig(aword_t config)

Nice printouts of the TTC configuration register.

int ROD_TtcStatus(prod *pROD,  p_aword_t status)

Read the TTC controller status.

int ROD_TtcStatus(aword_t status)

Nice printouts of the TTC controller status register.

int ROD_TtcClrStatus(rod_t *pROD)

Clear status register of the TTC controller.

int ROD_TtcEvidWr(rod_t *pROD, int evid)

Set the EventID for the next trigger. It is valid only in VME mode. The event id is not distributed until a BCID is available.

int ROD_TtcBcidWr(rod_t *pROD, int bcid)

Set the BCID for the next trigger. It is valid only in VME mode. This write also starts the sequence to send the BCID and EventID data to the PU's and the OC.

int ROD_TtcTtypeWr(rod_t *pROD, int ttype)

Set the TriggerType information for the next trigger. This information is immediately distributed in the ROD module. It is valid in both VME and Front-Panel mode. In the second case the same trigger type information is sent for all the triggers that arrive.

int ROD_TtcEvent(rod_t *pROD, int bcid, int evid, int  ttype)

Sent the complete TTC information for an event. Valid only in VME mode. 

Output Controller

The routines listed here correspond to the functions of the Output controller FPGA on the motherboard. The source code can be found in the rodoc.c file.

For description of the arguments please refer to the VME interface routines. In general all the routines return SUCCESS upon successful completion, unless otherwise specified.

int ROD_OcStatus(prod *pROD, p_aword_t ocstatus)

Read the status register of the output controller.

int ROD_OcPStatus(aword_t ocstatus)

Nice printouts of the output controller status register.

int ROD_OcReset(prod *pROD,  aword_t reset)

Set the reset register of the output controller.

int ROD_OcConfig(prod *pROD,  aword_t config)

Set the configuration register.

int ROD_OcRConfig(prod *pROD, p_aword_t config)

Read the configuration register of the output controller.

int ROD_OcFmtVNo(prod *pROD, aword_t fmtvno)
Set the Format Version Number register for the output data.

int ROD_OcSrcId(prod *pROD,  aword_t srcid)

Set the Source Identifier register for the output data format.

int ROD_OcDetEvType(prod *pROD,  aword_t  detevtype)

Set the Detector Event Type identifier for the output data. 

int ROD_OcDetFmtVNo(prod *pROD, word detfmtvno)

Set the Detector Format Version Number for the output data.

int ROD_OcReadRAM(prod *pROD, int *nwords,  p_aword_t data. int iopt)

Read nwords from the RAM memory of the output controller. 

Argument description:

·  (input) pROD: a ROD module handler.

· (input, changed in the output) nwords: number of words to read from memory. If more words are available in memory the new number is returned.

· (input/output) data: a pointer to the data. Since memory is allocated inside this routine, it should be released in the external program once the data are not needed anymore.

· (input) iopt: 0=no printout, 1 = print the words read from memory

The routine first clears (set to 0) the DTM bit in the configuration register and then waits that the DataAvailable bit is set before reading the memory. At the end the DTM bit is enabled (set to 1) .

int ROD_OcResetEOE(prod *pROD)

Reset the EndOfEvent flag.

int ROD_OcResetLink(prod *pROD)
Reset the output S-Link.

int ROD_OcResetGen(prod *pROD)

Do both the EOE and Link resets.

int ROD_OcSetupEvt(prod *pROD, aword_t fmtvno, aword_t srcid, aword_t evtype, aword_t detfmtvno)

Setup all the registers for the output event format.

int ROD_OcDumpRAM(int nwords, p_aword_t data)

Do a nice dump of the memory data read.

Utility Routines

General-purpose routines to facilitate the ROD library routine calls. The source code can be found in the rodutil.c file.

For description of the arguments please refer to the VME interface routines. In general all the routines return SUCCESS upon successful completion, unless otherwise specified.

void BitPrint(int v, int start, int end)

Print the bit content of the word v between bits start and end.

Unsigned long int hex2int(char *hstr)

Convert the input character argument to an unsigned long int.

int ROD_RegBitSet(prod *pROD, aword_t reg, int bitno)

Set (=1) the selected bit of the ROD register.

Note: it assumes that the register is Read/Write enabled.
int ROD_RegBitClr(prod *pROD, aword_t reg, int bitno)

Clears (=0) the selected bit of the ROD register.

Note: The register has to be Read/Write enabled.

int ROD_RegRead(prod *pROD, aword_t reg, p_aword_t regval)

Read the selected ROD register.

int ROD_RegWrite(prod *pROD, aword_t reg, aword_t regval)

Write (set) the selected register.

Processing Unit Components

Routines relevant to the motherboard components

Analog Devices PU - LAPP/Uni.Geneva design

The routines listed here correspond to the functions of the Analog Devices Processing Unit. The source code can be found in the rodpu_ad.c file.

For description of the arguments please refer to the VME interface routines. In general all the routines return SUCCESS upon successful completion, unless otherwise specified.

int ROD_PUAD_Status(prod *pROD, pu_t *pUnit, p_aword_t status)

Read the status register.
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int ROD_PUAD_PStatus(aword_t status)

Nice printouts of the status register values.

int ROD_PUAD_RVME(prod *pROD, pu_t *pUnit, int nwords, p_aword_t data)

Read data by the VME. It uses DSP Link Port 2.

int ROD_PUAD_WVME(prod *pROD, pu_t *pUnit, int b2wrt, p_aword_t data)

Write data to DSP, using Link Port 4. The data are written in 32-bit words.

int ROD_PUAD_BootDSP (prod *pROD, pu_t *pUnit, char *lfname)

Download boot code for the DSP using Link buffer #4 in 48-bit word transfer mode.

int ROD_PUAD_RHisto(prod *pROD, pu_t *pUnit, int nwords)

Read histograms from the DSP using Lnk 5.

int ROD_PUAD_Cmdod *pROD, pu_t *pUnit, p_aword_t cmd)

Pass an "operating system" command to the DSP using Link #4. Typically a command contains 3 arguments: 1=type, 2=address, 3=length

int ROD_PUAD_Reset(prod *pROD, pu_t *pUnit, aword_t resreg)

Write the reset register.

int ROD_PUAD_Config(prod *pROD, pu_t *pUnit, aword_t confreg)

Write the configuration register.

int ROD_PUAD_RConfig(prod *pROD, pu_t *pUnit, p_aword_t confreg)

Read the configuration register.

int ROD_PUAD_PConfig(aword_t confreg)

Nice printouts of the configuration register.
Texas Instruments - CPPM design

The routines listed here correspond to the functions of the Texas Instruments - CPPM Processing Unit. The source code can be found in the rodpu_tim.c file.

For description of the arguments please refer to the VME interface routines. In general all the routines return SUCCESS upon successful completion, unless otherwise specified.

int ROD_PUTIM_ Histo(rod *pROD, pu_t *pUnit, int nwords, p_aword_t data)

Read a histogram from the processing unit by VME.
int ROD_PUTIM_ Status(rod *pROD, pu_t *pUnit, int nwords, p_aword_t status)

int ROD_PUTIM_ PStatus(aword_t status)

int ROD_PUTIM_ Reset(rod *pROD, pu_t *pUnit, int nwords, aword_t resreg)

int ROD_PUTIM_ Config(rod *pROD, pu_t *pUnit, int nwords, aword_t confreg)

int ROD_PUTIM_ RDSP(rod *pROD, pu_t *pUnit, int nwords, aword_t baddr, p_aword_t data)

int ROD_PUTIM_ WDSP(rod *pROD, pu_t *pUnit, int nwords, aword_t baddr, p_aword_t data)

int ROD_PUTIM_ BootDSP(rod *pROD, pu_t *pUnit, char *fname)
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Registers

ROD Mother board registers

All the registers of the motherboard components can be accessed through pre-defined macros. 

For details about their meaning please refer to the documentation pages on the Web.

Below follows a list of the macros available.

Miscellaneous Controller registers:

/* Status register */

#define RDMISC_SBUSYIN   0x03b00000        /* bits 29:26 */

#define RDMISC_SBUSY     0x00200000

#define RDMISC_SBUSYEN   0x00100000

#define RDMISC_SIRQ      0x00078000

#define RDMISC_SIRQIN    0x00000ffe

#define RDMISC_SIRQEN    0x00000001

#define rdmisc_sbusyin(x) ((x & RDMISC_SBUSYIN) >> 27)

#define rdmisc_sbusy(x)   ((x & RDMISC_SBUSY) >> 20)

#define rdmisc_sbusyen(x)  ((x & RDMISC_SBUSYEN) >> 20)

#define rdmisc_sirq(x)     ((x & RDMISC_SIRQ) >> 12)

#define rdmisc_sirqin(x)   ((x & RDMISC_SIRQIN) >> 1)

#define rdmisc_sirqen(x)   (x & RDMISC_SIRQEN)

/* Enable register */

#define RDMISC_EBUSY     0x00000002

#define RDMISC_EIRQ      0x00000001

#define rdmisc_ebusy(x) ((x & RDMISC_EBUSY) >> 1)

#define rdmisc_eirq(x)  ( x & RDMISC_EIRQ )

/* IRQ register */

#define RDMISC_ISTATUS   0x00000000

#define RDMISC_IVALUE    0x00000000

#define RDMISC_IMASK     0x00000000

#define rdmisc_istatus(x) ((x & RDMISC_ISTATUS) >> 11)

#define rdmisc_ivalue(x)  ((x & RDMISC_IVALUE) >> 8)

#define rdmisc_imask(x)   ((x & RDMISC_IMASK) >> 1)

TTC Controller registers

/* TTC Controller configuration register */

#define RDTTC_CVME 0x00000002   /* bit 2 */

#define RDTTC_CFP  0x00000001   /* bit 1 */

#define rdttc_cvme(x) ((x & RDTTC_CVME) >> 1)

#define rdttc_cfp(x)  (x & RDTTC_CFP)

Output Controller registers

/* Configuration register */

#define RDOC_CENTLINK 0x08000000 /* bit 27 */

#define RDOC_CDTM     0x04000000 /* bit 26 */

#define RDOC_CENSPY   0x02000000 /* bit 25 */

#define RDOC_CENLINK  0x01000000 /* bit 24 */

#define RDOC_CMASK    0x00ff0000 /* bit 23:16 */

#define RDOC_CBMAX    0x00003000 /* bit 13:12 */

#define RDOC_CRMAX    0x00000fff /* bit 11:0 */

#define rdoc_centlink(x) ((x & RDOC_ENTLINK) >> 27)

#define rdoc_cdtm(x)     ((x & RDOC_CDTM) >> 26)

#define rdoc_censpy(x)   ((x & RDOC_CENSPY) >> 25)

#define rdoc_cenlink(x)  ((x & RDOC_CENLINK) >> 24)

#define rdoc_cmask(x)    ((x & RDOC_CMASK) >> 16)

#define rdoc_cbmax(x)    ((x & RDOC_CBMAX) >> 12)

#define rdoc_crmax(x)    (x & RDOC_CRMAX)

/* Status register */

#define RDOC_SEOEFLAG  0x04000000 /* bit 26 */

#define RDOC_SLINKFAIL 0x02000000 /* bit 25 */

#define RDOC_SMEMFULL  0x01000000 /* bit 24 */

#define RDOC_SMEMEMPTY 0x00800000 /* bit 23 */

#define RDOC_SDATAVAIL 0x00400000 /* bit 22 */

#define RDOC_SMEMSIZE  0x003fffff /* bit 21:0 */

#define rdoc_seoeflag(x)  ((x & RDOC_SEOEFLAG) >> 26)

#define rdoc_slinkfail(x) ((x & RDOC_SLINKFAIL) >> 25)

#define rdoc_smemfull(x)  ((x & RDOC_SMEMFULL) >> 24)

#define rdoc_smemempty(x) ((x & RDOC_SMEMEMPTY) >> 23)

#define rdoc_sdatavail(x) ((x & RDOC_SDATAVAIL) >> 22)

#define rdoc_smemsize(x)  (x & RDOC_SMEMSIZE)

/* Reset register */

#define RDOC_ROCGEN    0x00000004 /* bit 2 */

#define RDOC_REOEFLAG  0x00000002 /* bit 1 */

#define RDOC_RLINK     0x00000001 /* bit 0 */

#define rdoc_rocgen(x)   ((x & RDOC_ROCGEN) >> 2)

#define rdoc_reoeflag(x) ((x & RDOC_REOEFLAG) >> 1)

#define rdoc_rlink(x)    (x & RDOC_RLINK)

Test programs

Few examples for test programs

Example 1

This is the basic skeleton to initialize the rod and a single PU.

The source code can be found in the test directory rodbasic.c
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Example 2

A menu and command driven program to test all the functions of the ROD

The source code and executable is in the test sub-directory in the file rdemo.c
References
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