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1. INTRODUCTION

This report is basedon our efforts to port a CAMAC device driver [71 from the Sun Spaiv
workstationplatform to two different VME modules,MVME147 [3] and MVME167 [10],
which run theVxWorks real-timeoperatingsystem.Thereportdescribeshow to writea device
driver and connectit to a VxWorks system,by providing examplesfrom the MVME147-
CAMAC andMVME167-CAMAC drivers. ThedifferencesbetweentheI/O systemsof UNIX
SUN 05 4.1.2andVxWorks arealsomentionedfrom theviewpoint of thedevicedriven.

SUN Sparc SFVME CAMAC

Thesystemconfigurationassumedby theSunSparc-CAMACdevicedriver is depictedin Fig
ure 1. This figure illustrates the threecomponentsof the system:a Sun Sparcworkstation,a
Solfiower SFVME crate,and a CAMAC crate.Theworkstationis connectedto theSolfiower
cratewith a SFVME controller. Further, Solfiower is connectedto the CAMAC cratewith a
K2917 VMEbus Interfacemodule [1] in the SFVME side andK3922CAMAC cratecontrol
1cr [2] in theCAMAC side.

TheMVME147S or MVME167-CAMAC devicedriver assumestheconfigurationshownin
Figure 2. Here, theVME cratecontainsa MVME147S or MVME167 module actingasthe
master.Similar to thepreviousconfiguration,theCAMAC crateis connectedto theVME crate
with K2917and K3922modules.
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Figure 1. Configurationfor Sun Sparc-CAMACDeviceDriver

Figure 2. Configurationfor MVME 147/167-CAMACDeviceDriver.



2. AN OVERVIEW OF THE VxWORKS I/O SYSTEM

This sectiongives an overview of the implementationof the VxWorks I/O systemfrom the
viewpoint of the devicedrivers [4,5]. A devicedriver providesthesoftwareinterfaceto an I/O
device.TheinterfacebetweenadevicedriverandtheVxWorks kernelconsistsof aset ofentry
points,which arecalled driver routines.WhentheVxWorks kernelrecognizesthat a particular
action is requiredfrom an 1/0 device, it calls the appropriatedriver routine. A driver for a
non-blockdeviceprovidesthe following sevendriverroutines:creatO,deleteQ,openO,closeD,
readQ, write and ioctlQ. A devicedriver doesnot haveto provideall the driver routines.The
setof routinesincludedin a particulardevicedependson thenatureof thedevice.In additionto
the abovementionedsevenroutines, interrupthandlerroutinescan also be connectedto the
driver.

VxWorks DRIVER TABLE

create delete open close read write ioctl

0 0 ccOpenccCloseccRead ccWrite ccloctl

ccdrvnum= iosDrvlnstall0, 0, ccOpen,ccClose,ccRead,ccWrite,ccloctl;

Figure3. Installing theCAMAC driver to theVxWorks driver table.

2.1 Driver Table and DeviceList
I/O requestsof theuserprogramsareroutedto thedriverroutinesby meansof thedriver table,
which storesthestartaddressesof thedriver routines.Driversareaddedto this tableby calling
the iosDrvlnstall function,which is definedin thedriver level I/O systemlibrary iosLib. This
function returnsthe driver numberof the new driver. As an example,the installationof the
CAMAC devicedriver is illustrated in Figure3.

It is apparentfrom Figure 3 that theCAMAC devicedriver doesnotprovidethecreateandthe
deletedriver routines.Thefunction iosDrvlnstall returns8 asthedriver number.The con
tentsof thedriver tablecan be listed by calling the iosDrvShowfunction.As an example,the
contentof thedriver table, afterthe installationof the CAMAC driver, is given below.
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DAQ1>iosDrvShow

dry create delete open close read write ioctl
1 1a44 0 1a44 0 17a24 17960 laSO

2 0 0 1a942 0 1a94e 1a99a la9fO

3 0 0 0 129f4 l323e 12f8a 28b00

4 18cb4 l8daa 18f32 l8fde 198e4 19a2c l9b7a

5 lac94 0 1ac94 laca6 lacda lad5c ladb4

6 1ac88 0 1ac88 lacc2 lacf4 1ad76 ladce

7 laOf2 1a128 lalSc 1a2e2 1a348 1a4a8 1a636
8 0 0 fcafe6 fcb02c fcbO3c fcbO52 fcbld2
value=80=0x50=‘P’

Sometimes,a driverservesmanyinstancesof thesamedevice type.Forexample,ascanbe seen
below, thefirst driver in oursystemservesfourdifferentdevices,/tyCo/0, /tyCo/1,/tyCo/2, and
/tyCo/3. In VxWorks, thedevicesare defmedby a structurecalleddeviceheaderDEV_HDR,
which is definedin iosLib.h,asfollows.

typedefstruct {
NODE node;
shortdrvNum;
char *name;

DEV_HDR;

The device headerof eachdevice is stored in the device list. New devicesareaddedto the
device list by calling the iosDevAdd function.As an example,theaddition of theCAMAC
device"/ccO" to thedevice list is given below.

pccDevHdr= &ccDevHdr;
strcpyccDevName."/ccO°;
iosDevAddpccDevHdr,ccDevName,ccDrvNum;

Thelist of thedevicesdefinedin thesystemcanbe displayedusing the iosDevShowfunction.
As an example,the list of thedevicesin our systemaftertheadditionof "/ccO" is shownbelow.

DAQ1>iosDevShow

dry name
0/null

1 /tyCo/0
1 /tyCo/l

1 /tyCo/2
I /tyCo/3
4 scruff:
5 /pty/rlogin.S
6 /pty/rlogin.M



5 /pty/telnet.S
6 /pty/telnet.M
7 /usr5

7/home
7 /daq1

8 /ccO

value= 0 = OxO

2.2 Driver Routines and Interrupt Handling
Thelist of thesevendriver routinesweregiven before.Thissectionsummarizesthefunctionof
eachdriverroutine.Further,how theseroutinesarecalledfrom theuserprogram,andhowthey
aredefinedin thekernel level are also described.

LpnQ routine: Whenevera userprocessmakesan opensystemcall, VxWorks directsthe
call to thecorrespondingdriver’s openroutinefor instance,ccOpenO.In theuserlevel, all the
I/O operationsreadO,writeO, ioctlo requirean fd. opensystemcall returnsanfd, which will
be usedin thesubsequentI/O operationson thesamedevice.In thekernel level, basically,this
routineis usedto preparethedevicefor the subsequentI/O requests.

USER CALL: fd = open"name",flag, mode;

DRIVER CALL: ccOpenpccDevHdr,name,flags,mode
DEV_HDR *pccDevHdr;

char *name;

mt flags;
mt mode;

L closeflroutine: Whenevera userprocessissuesa closesystemcall, VxWorks directs the
call to thecorrespondingdriverscloseroutinefor instance,ccCloseO.This routineis usedto
closethe file specifiedby thefile descriptor.

USER CALL: closefd;

DRIVER CALL: close0;
reaclOroutine: Whenevera userprocessmakesa readosystemcall, VxWorks routesthe

call to the correspondingdrivers read routinefor instance,ccReadO.The usercall givesa
pointer to the buffer to store thedata, and thenumberof bytes to read.In thekernellevel, the
driver routine is supposedto returnthenumberof bytes read.

USERCALL: nBytes= readfd, &buffer, maxBytes;

DRIVER CALL: ccReadpccDevHdr,buf, len;

DEV_HDR *pccDevfldr;

char *buf;

mt len;

4 writefl routine: Whenevera userprocessissuesa write0 systemcall, VxWorks routesthe
call to thecorrespondingdrivers write routinefor instance,ccWrite0.The usercall gives a
pointer to the buffer containingthedatato be written to thedevice,and thenumberof bytesto
be output. In the kernel level, the driver routine is supposedto return the numberof bytes
written.



USER CALL: actualBytes= write fd, &buffer. nBytes;

DRIVER CALL: ccWrite pccDevHdr,buffer, nbytes
DEV_I-IDR *pccDevHdr;

char *buffer;

mt nbytes;

fi ioctlO routine: Whenevera userprocessmakesa ioctl0 systemcall, VxWorks directsthe
call to the correspondingdrivers ioctl routinefor instance,celoetlO.This mechanismallows
theuserto performany 1/0 functionthatcannotbe performedusing theothersix basicI/O calls.

USER CALL: result= ioctl fd, function,arg;

DRIVER CALL: ccloctl pccDevHdr,function,arg
DEV_HDR *pccDevHdr;

mt function;
mt arg;

creat routine: The creat routinecreatesa new file on the device and returnsa file de
scriptorfor it. ThedifferencebetweencreateOandopenOis that the lattertakesthenameof an
existing file astheparameter,althoughthe formera newfile. This routineis notprovidedin the
CAMAC devicedriver.

USER CALL: fd = creat"name", flag;

L deleteOroutine: The delete0routinedeletesa namedfile. This routine is not providedin
CAMAC devicedriver.

USER CALL: delete"name";

& interrupjfl routine: In VxWorks interrupt routinesareconnectedto any interruptusing the
intConnecKfunction. In the CAMAC devicedriver, the interrupthandling routinecclntr is
connectedto the interruptvectorusing the following call.

intConnectINUM_TOJVECINT_VEC_LAM,cclntr, 0;
INUM_TO_IVEC is definedin theheaderfile $VWROOT/h/68lc/iy.h,asfollows:

#define IVEC_TO_INIJMintVec int intVec >> 2
Thereare two iv.h files, onein $VWROOT/hand onein $VWROOT/h/68k.In orderto let the
compiler to find the correctheaderfile, the driver should be compiled with the -DCPU
_FAMILY=MC680X0 switch.

2.3 DifferencesBetweenUNIX Sun OS and VxWorks Driver Routines
The parametersof the UNIX SunOS4.1.2 [8,9] driver routinesaxe slightly different than in
the VxWorks. It is usefulto havethelist ofthedifferencesbetweentheparameterspassedto the
driver routines. The following table providesthe differencesfor open, readO, writel, and
ioctlo.

VxWorks Unix SunOS4.1.2
ccOpenpccDevHdr,name,flags, mode ccopendev,flags
DEV_HDR *pccDeyHdr; dev_t dev;
mt flags; mt flags;
mt mode;



ccReadpccDevHdr,buf, len ccreaddev,uio
DEV_HDR *pccDevHdr; dev_t dev;
char *buf; struct uio *uio;
mt len;

ccWritepccDevHdr,buffer, nbytes ccwritedev,uio
DEV_HDR *pccfvHdr; dev_t dev;
char *buffer; struct uio *uio;

mt nbytes;

ccloctlpccDevHdr,function,arg ccioctldev,cmd,data,flag
DEV_HDR *pccDevHdr; dev_t dev;
mt function; mt cmd;
mt arg; short *data;

mt flag;

2.4 DifferencesBetweenSunOS andVxWorks Kernel SupportRoutines
The SunSparc-CAMACdevicedriver usessomeof the SUN OSkernelsupportroutines,which
are not provided by theVxWorks operatingsystem.The list of thoseroutines,and their func
tions aregiven below.

.L pyinflj movesdatafrom theuseraddressspaceto thekerneladdressspace.

L pyoutO: movesdatafrom thekerneladdressspaceto theuseraddressspace.

3. gjjnalO: sends a signal to all theprocessesin a processgroup.

SiodoneO: indicatesthat an I/O operationhasbeencompleted.

fi j gejkfnumO: returnstheassociatedpageframenumberof a virtual address.

MBI ADDRO: returnsthe addressof the buffer in DVMA space.
I mb mapallocO:allocatesaddressin DVMA spacefor I/O transfers.
8. mb mapfreeO:deallocatesthebuffer in DVMA space.

peekO:checkswhetheran addresslocationexistsor notby reading.
i.Q pysioO: is a serviceroutinefor block I/O operations.
a poke0:checkswhetheran addresslocationexistsor notby writing.

fl fpflj puts thecalling processto sleepuntil a wakeupcall issued.
j pfrQj raisesthepriority level.
jj timeoutp:waits for a predefinedintervaland thencalls a function.
J japrintfo: is an interruptiblekernel printf function.
j untimeoutO:cancelsaprior timeoutrequest..

In UNIX, thekernel addressspaceis different than the useraddressspace.Someof thekernel
supportroutinesgiven above,such as, copyin and copyoutO,are usedto dealwith this
distinction. VxWorks doesnot separatethe kernel spacefrom the user space.Hence,those
routinesaresimply discardedwhenporting thedriver. Similarly,in VxWorks, it is notnecessary



to allocatea separateDVMA spacefor DMA transfer.So the routinesMBI....ADDRO,
mb_mapallocOandmb_mapfreeare not used in theVxWorks versionof thedriver. Further,
someotherroutines,suchasuprintfo andiodonearenot necessaryandhavenot beenusedin
the devicedriver.

The routinesthat are provided for the synchronizationof the processes,such as gsignalO,
sleepO,timeoutO,untimeoutoare replacedby theVxWorks functionsgiven in thesigLib and
wdLib libraries.The list of thoseVxWorks functionsaregiven below.

L jgjit : is usedto initilize the signal facilities provided in sigLib.

L jgjc: is usedto connecta specificsignal to a signalhandler.
pauseO:blockstheexecutionof the processuntil a signaloccured.This routinecorresponds

to thesleeproutine in UNIX.
5 killO: sendsa signal to a specific process.This signal correspondsto thegsignalroutinein
UNIX.

wdCreateO:is usedto createa watchdogtimer.
wdStartfl: starts a watchdogtimer and attachesthe routinewhich will be called after a

specifiedtime. This routinecorrespondsto thetimeout routine in UNIX.
I wdCancelO:cancels a currently running watchdogtimer. This routine correspondsto the
untimeoutoroutine in UNIX.

3. VMEbus - CAMAC INTERFACE

As illustrated in Figure 2. the connectionbetweenthe VMEbus and the CAMAC cratesaxe
handledby the K2917 VMEbus Interfacew/DMA module [1], which providesan interface
betweena VMEbus systemand up to eight CAMAC cratesusing a K3922 ParallelBus Crate
Controller [2]. In this section,we discusstheissuesconcernedwith the interfacebetweenthe
VMEbus and CAMAC. The registersof K2917 and K3922 and their role in the interfaceare
alsodescribed.Theschematicrepresentationof this connectionis givenin Figure4.

3.1 AccessingtheRegistersof theK2917
K29l7 VMEbus Interfacecontainsthreesetsof registers:DMA ControllerRegisters,Bus In
terruptRegisters,and K2917 On-BoardRegisters.The completelist of registersand their D16
offsetsare given below.Thedescriptionof eachregistercanbe found in [1].

1. DMA ControllerRegisters D16 Offset
1.1 ChannelStatus/ErrorRegister $00
1.2 Device/OperationControlRegister $04
1.3 Sequence/ChannelControlRegister $06
1.4 MemoryTransferCountRegister $OA
1.5 Memory AddressCounterHigh Register $OC
1.6 Memory AddressCounterLow Register $OE



K2917 VMEbus Interface K3922CAMAC Controller

DMA ControllerRegisters

BusInterruptRegisters

L
12917OnboardRegisters

LAM
Data

Commands

Data

Figure4. VME-CAMAC InterfaceModules.

2. Bus InterruptRegisters
2.1 InterruptControl Registers

2.1.a LAM

2.1.b DONE
2.l.c DMABUFFEREMPTY
2.l.d LIST ABORT

2.2 Interrupt VectorRegisters
LAM
DONE

DMA BUFFER EMPTY
LIST ABORT

3. K2917 On-BoardRegisters
3.1 AddressModmfier Register
3.2 CommandMemoryRegister
3.3 CommandMemoryAddressRegister
3.4 CommandWord CountRegister
3.5 ServiceRequestRegister

3.6 DataLow Register
3.7 Data High Register

3.8 Control StatusRegister

D16 Offset

$40
$42
$44

$46

$48
$4A
$4C
$4E

D16 Offset
$60
$62
$64
$66
$68
$6A
$6C
$6E

StatusRegister

LAM Register

LAM Mask Register

I I

2.2.a
2.2.b
2.2.c
2.2.d



The correspondingstructureKREO = CAMAC for the registersof K2917 is definedin the
headerfile k2917.h.The K2917 residesin theshortI/O addressspaceoftheVMEbus.Thebase
addressof theK2917 is determinedby theswitchesSA15, SA14, ...,SAO8asdescribedin [1].
In our driver, thebaseaddressis equal to OxOOFF. The following codesegmentmapsthereg
istersof thek2917to KREG.

#Jefrne KREG_BASE OxFFOO
uintló kbase= KREG..BASE;
struct CAMAC *k = structCAMAC Ø;

uint32 kreg...addrO;
k = structCAMAC * kreg..addrkbase;

uint32 krcLaddrk2917...addr
faddLt k2917_addr

faddr_t local_addr;
- STATUS s;

s = sysBusToLocalAdrsVME...AM_USR_SHORTJO.k2917_addr, &locaLad*;
if s OK returnuint32local.ad&;
elseprintf°sysBusToLocalfailed...zf;

3.2 Handling Interrupts
The driver provides the necessarymechanismsto forward an interrupt requestto the
MVME147/167, whenevera LAM signal is initiated by a module in the CAMAC crate.The
LAM requestis transmittedto MV147/167 in threesteps. In the first step,K3922 is informed
aboutthe LAM. The K3922providestwo registers,namely a LAM registerandaLAM mask
register,to control the LAM signals coming from theCAMAC modules.The LAM register
contains24 bits eachof which correspondsto one station in thecrate.Every bit indicatesthe
currentstatusof the LAM requestsof the correspondingstation. The LAM requestsof the
CAMAC modulescan be maskedusing the LAM maskregister. When the 13922controller
receivesa LAM requestthe SLP LED becomeson.

In thesecondstep,K3922 transmitstheLAM signalto the K2917. As it is describedin Section
3.1, the K2917containsa LAM interruptcontrol registerLAMC anda LAM interruptvector
registerLAMV. LAMC is used to enablethe LAM requests,and to determineits interrupt
requestlevel. LAMV containstheinterrupt vectorof theLAM requests.

In the third step, K2917 sendsan interrupt signal to MYME 147 or 167. In order to let the
processorreceivethe interruptsignal, the interruptsshould be enabled.The addressesand the
contentsof the interruptcontrolregistersaredifferent for MVME147 andMVME167 [4.7,11].
It should also be notedthat the registersin MVME 147 areaccessedin 16 bits. However,in
MVME167, the accessesto the registersarein 32 bits. In our device driver, the interruptsare
enabledasfollows:



#ifdefMVMEl4l
p = u_short* Oxfffe200e; 1 Interrupt HandlerMaskRegisterofMVME147 *1

= u_shortOxftO2;
#endif
#ifdef MVME167

p = mt * Oxfff4002c; I Local Bus InterrupterEnableRegisterof MVME167 /

= int0x40000001;
#endif

4. OPERATING MODES OFTHE K2917

K2917 provides four different types of operatingmodes:slave single transfer, slave block
transfer,DMA single transfer,and DMA block transfermode.A transferoperationmay be 16
bits or 24 bits. Further, it may be from CAJVIAC to VME read,or from VME to CAMAC
write. In this section.we describehow thesetransfermodesare implementedin the device
driver.

4.1 SlaveSingleTransferMode
In this mode,during a CAMAC transferoperation,theDONEbit of theCommandStatusReg
isterCSR is not set until the datatransferis completed.The RDY bit of theCSRindicates
whetherthe datacanbe read from thedataregisters,or it canbe written to dataregisters.In our
devicedriver, slavesingle transfermodeis handledby thecamac._sprocedure.The detailsof
this procedureis describedbelow.

Step 1. Initialize memorypointer, andload theCommandMemorywith thecommandlist.
k>cma= CMA_INTT;
k->cmr= modeI cur_cratecc 8;
k->cmr= naf;
k->cmr= HALT;

k->cma= CMA_INIT;

Step2. Set theDIR andGO bits of theCSR.
if CAMAC readoperationk>csr&= -WRIThC;
else if CAMAC write operationk->csr 1= WRITEC;
k->csr 1=00;

Step 3. Wait until theRDY or theERR bit of the CSRis set to one.
counter= 0;
while k->.csr& RDY I ERR == 0 && counter.c TIMEOUT_COUNT_S

counter++;

Step4. Reador write thedataregistersaccordingto theoperationtype.

if CAMAC readoperation
if k->csr& RDY O

if mode& BIT1Ô = 0



dat = k->dhr & OxOOFF;
= k->4h

else{
*tht+1 = k->dlr;

elseif CAMAC write operation
if k.>csr& RDY != 01

if mode& BIT1Ô =

k>dhr= tdat
k>dlr= ttht÷1

else
k->dlr= *ft+l;

Step5. Wait until theDONE or the ERR bit of theCSRis set to 1.
while k->csr& DONE I ERR =0 && counter< TIMEOUT_COUNT_S

counter++;

4.2 SlaveBlock TransferMode
K29 17 providesfour differenttypesof block transfers:Q-STOP,Q-IONORE,Q-REPEAT,and
Q-SCAN. The RDY bit of theCSR indicateswhetherthe datacan be readfrom dataregisters,
or it canbe written into dataregisters.In our devicedriver, slaveblock transfermodeis handled
by thecamac_bOprocedure.Thedetailsof this procedureis describedbelow.

Step 1. Initialize memorypointer,andload theCommandMemorywith thecommandlist.
k->cma= CMA_1NIT;

k->cmr= mode I cur_cratecc 8;

k->cmr= naf;
k->cmr= .Qen& OxFFFF;

k->cmr= OxFFFF;
k->cmr= HALT;
k->cma= CMA_INIT;

Step2. Set theDIR andGO bits of the CSR.
if CAMAC readoperationk->csr &= -WRITEC;

elseif CAMAC write operationk->csr1= WRITEC;

k->csr1= GO;

Step3. Until theDONE or theERR bit of the CSR is set to one,perform Step4 and 5..
while k->.csr& ERRIDONE = 01

Step4 }
{ Step5 I



Step4. Wait until theRDY or theERR bit of the CSRis setto one.
while k->csr& RDY I ERR == 0 && counterc TIMEOUT_COUNT_S

counter-*-4-;

Step5. Reador write thedataregistersaccordingto theoperationtype. Only readoperationis
providedfor slaveblock mode.

ifk->csr& RDY !=0
ifmode& B1T16=0{

= k->dhr & OxOOFF;
dat+l = k->dlr;

else
tdat+1 = k->dlr;

4.3 DMA Block Transfer Mode
In DMA block transfermodeis similar to theslaveblock transfermode,however,this time the
K2917 becomestheVME bus master,andmanagesall thehandshakingoperations.The DMA
controllerof 2917 is limited to transfer64k words. So, if thetransferblock size is largerthan
64k, then the DMA operationshould be repeatedfor every64k words. In our devicedriver,
DMA block transfermodeis handledby thecamac_mboprocedure.The detailsof this proce
dure is describedbelow.

Step 1. Initialize memorypointer, andload the CommandMemory with thecommandlist
k->cma= CMA_INIT;
k->.cmr = mode I cur_cratecc 8;
k->cmr= naf;
k->cmr = -len & OxFFFF;
k->cmr = OxFFFF;
k->cmr = HALT;
k->cma= CMA_INrF;

Step2. LoadtheMACHI andMACLO with thestarting addressof thedatabuffer.
ko.macto= dma_addr& OxFFFF;
k->machi= dma.addr>>16;

Step 3. Set theAMR registerto the appropriateaddressmodifier code;load theMTC with the
numberof memorycounts;andclearCSER.

k->amr= AMR_INIT;
k->mtc = wc;
k->cser= DMA_RESET;

Step4. Initialize the DOCR register;and in orderto startDMA controllerset SCCRwith 0x80.
if CAMAC readoperationk->docr = DOCR_INfl’ I DMA_READ;



elseiICAMAC write operationk->docr= DOCR_INIT I DMA_WRiTE;

k->sccr DMA;

Step5. SettheDMA, DIR andGO bits oftheCSR.
if CAMAC readoperationk->csr&= WRITEC;
else if CAMAC write operationk->csr = WRITEC;
k->csr= DMA;
k->csr1= GO;

Step6. Wait until theDONE or the ERR bit of the CSRis setto one.
white k->csr& DONE I ERR = 0 && counter.cTIMEOUT_COUNT_B

for i = 0; i <1000; i÷+j a i;
counter++;

5. LIBRARY ROUTINES AND USER EXAMPLES

In orderto facilitate theuseof driver routinesa setof high level proceduresareprovidedin the
CAMLIB library. Theseproceduresallow the user to write programsusing driver functions
without knowing thedetailsof the driver. In this section,we provide threeexampletest pro
gramsfor single action transfer, interrupts,and block transfermodes.The block transfertest
programis capableof performingboth slaveblock and DMA block transfers.For everytest
program,we will explainthefunctionsof the library routines.

5.1 SingleAction TestProgram
This programusestheslavesingletransfermode.Thefollowing CAMLIB library routoinesaxe
calledfrom this program:CAMOPNO, CGENCO,CGENZO,CSETIO,CREMIO, CAMACO,
CAMCLSO, and NAFO. The routinesCAMOPNO and CAMCLS are usedto open andclose
thecamacdriver. CGENCOandCGENZO generateclearandinitialize signalsto the CAMAC
crate,respectively.The routinesCSETIO setsthe inhibit signal, andCREMlOremovesthein
hibit signal.The routineCAIVIACO makesa slavesingle transferbasedon its input NAFn, a,
f. Here, n, a, and f correspondto the CAMAC crateslotnumber,subaddress,and thefunction
code,respectively.

#include cstdio.h>
#include "camlib.h"

caml_mainargc,argv
mt argc;
char argvfl;

mt loop;
mn, a. f. q, x, dat;

if CAMOPNO I
perrorC’Openerror: ";



exit1;

CGFNCO;
CGENZO;
CSFF10;
CREMIO;
while loop-- > 0 1

printf"Input n a f data>";
scanfC’%d%d %d*", &n, &a, &t;
iff& OxiC = OxlO scanf’%d",&dat;
CAMACNAFn, a, . &dat, &q, &x;
printf" N=%d A=%d F=%d Q=%d X=%d Data:%06XHex %08dDecnn", n, a, f, q, x, dat,dat;

CAM CLS0

5.2 Interrupt Test Program
This program is written to test the interrupts.The mechanismof the interrupthandling is pre
sentedin Section3.2. In addition to the CAMLIB library routinesgiven in thesingleactiontest
program,the interrupt test program usesthe following routines:CSETBRO,CSETCR 0’
CELAMO, CWLAMO, and CDLAMO. The routinesCSETBROand CSETCRsetsthe
branchand cratenumbers.CELAMenablestheLAM signal, andCDLAM disablestheLAM
signal. CWLAM waits until theoccurenceof a LAM signal or a timeout.The following pro
gram assumesthat thereis a MM interruptmodule in CAMAC slot 23.

#include.cstdio.h>
#includecsys/fcntl.h>
#include<sys/file.h>
#include"camlib.h"

#defrneDEFN 23
#defineDEFLOP 10
#defineDEFFIMEOUT 100

cam2_mainargc.argv
mt argC;
charargv[];

ml i,j, n, mask,status;
itit nafenalam,nafdislam,nafclrlam, nafchklazn;
intdat, q, x;
hu loop, timeo;

n =DEFN;
loop = DEFLOP;
timeo = DEFTIMEOUT;



mask=1.c.cn-1;
nafenajam= NAFn, 0, 26;
nafdislam= NAFn, 0,24;
nafclrlain = NAFn, 0, 10;

CAMOPNO;
CSEFBR1;
CSFFCR0;
CGENC0;
CGENZO;
CREMIO;

CAMACnafenalam,&dat, &q, &x;
CELAMmask;
for i= 0 i< loop; i++

if CWLAMtimeo printf"Thneout";
printf"Interrupted!! count= %dn,i+1;
CAMACnafclrtam,&dat, &q, &x;

DLAMØ;
CAMCLS

5.3 Block Transfer Test Program
This program testsboth theslaveblock and theDMA block transfermodes.Themechanismof
the block transfermode is given in Section 4.2 and 4.3. Block transfersare handled by the
CAMACB procedure.In the following programthevariable len gives thelength of theblock
transfer.

#include <stdio.h>
#include "camlib.h"

camlb_mainargc.argv
mnt argc;
char argv[1;

hit loop, len, m;
hit n, a, f, q, x;
u_shortdat[2048];

if CAMOPNO I
perrorCOpenerror: ";

exit1;



COENCO;
CGENZØ;
CSFFIØ;
CREMIØ;

while loop--> 0
printf"Input n a f>";
scanf"%d%d %dt", &n, &a, &t;
printf"Input len >";

scanf"%d",&len;
for 1=0; i < len; i++ dat[i] = 0;
CAMACBNAFn,a,Q,dat,&q, &x, len;
for i = 0; m < len; 1+-i- printf"dat[%dJ= %Xn", i, dat[iJ;

6. PERFORMANCE

In this section,weprovidethe datatransferspeedof our devicedriver for singleblock transfer
mode, and DMA block transfermode. The results are obtainedempirically. Our test results
demonstratethat the data transfer time dependson severalfactors,suchas the types of the
CAMAC modules,their relativepositions,the numberof theempty slots, thestateof the sys
tem,etc. However,the following frameworkcanbe used to calculatetheapproximaterun time
of thesingle andDMA transfermodes.

6.1 Performanceof theSingleBlock TransferMode
The datatransfertime I’d for singleblock transfermodeis givenwith the following formula:

Td = T1 + N * Tc + T
where,T is the initialization time, N is the numberof channels,Tc is the transfertime per
channel,and1’ is theterminationtime.

Accordingto our testresultstheinitialization time Fm,andtheterminationtime Ti for single
block transfermode takes25 microseconds,and7 microseconds,respectively.In scanmode,
the transfertime perchannelTa is approximately6.6 microsecond.Therefore,thedatatrans
fer time canbe given as

Td = 6.6 * N + 32.

Assumingan infinite numberof channelsand 16-bit datafor eachchannel,themaximumdata
transferrate in single block transfermodeis calculatedas 1/3.3 MB/sec = 330 KS/sec.



6.2 Performanceof the DMA Block TransferMode
Similar to thesingleblock transfer,in DMA block transfermode, the datatransfertime T11 is
given with thefollowing formula:

Td = T1+ N * T + T
where,Tm is the initialization time, N is the numberof channels,Tc is the transfertime per
channel,andT1 is the terminationtime.

According to our test resultsthe initialization time Tm, andtheterminationtime T1 for DMA
block transfermodetakes27 microseconds,and52 microseconds,respectively.In scanmode,
the tranfertime perchannelTC is approximately2.7microsecond.Therefore,thedatatransfer
time can be given as

= 2.7 * NC + 79.

Assumingan infinite numberof channelsand 16-bit datafor eachchannel,themaximumdata
transferratein singleblock transfermodeis calculatedas 1/1.35MB/sec= 740KB/sec.

The 16-bit transfertime for scan mode and the overheadof different transfermodesand the
interruptlatencyof thedriver is given in thefollowing table.

Overhead 16-bit TransferTime

SlaveSingle Transfer 70 .tsec *

SlaveBlock Transfer 32 p.tsec 6.6 .tsec

DMA Block Transfer 79 r.Lsec 2.7 I.lsec

InterruptLatency 40 psec ----
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___

Makefile

4$ 4$
* Hakefile Hay 20, 1992 Cengiz Erbas SSCL 4$
4$ 4$

4$ 4$
*
4$ inputs: environment variables
* VWROOT where Vxworks is e.g. /usrs/vw for mvrnel47
4$ or /usr5fvw4O for mvmel67
* Cpu 147 or 167 CPU model 4$
4$
VX5O_PATH = $VWROOT

VX5O_INCL = -IS VXSO_PATH /h -1$ VX5O_PATH /h/drv -1$ VX50...PATH /conf ig/xnv$ CPU -1$ VXSO...
PATH /config/all

cc = cc6ak

CFLAGS = -DCPU_FANILY=MCSSOXO -DMVME$CPU

OBJ = cCmain.o camlib.o ccdriver.o caml.o camlb.o cam2.o

all: $OBJ

CCTnaifl.o: ccniain.c
cc68k -c $CFL.ACS $VXSO_INCL. -o ccmain.c -o ccmain.o

cajnlib.o: camlib.c
cc68k -c $cFLAGS $VXSO_INcL -o camlib.c -o caxnlib.o

ccdriver.o: ccmain.o caynlib.o
1d68k -o ccdrjver.o -r ccmain.o camlib.o

canil.o: caml.c
cc68k -c $CFLAGS $VX5O_INcL -o caml.c -o caznl.o

camlb.o: canilb.c
cc68k -C $cFtAGs $VXSO_INCL -o $? -o cainlb.o

cani2.o: cam2.c
cc68k -c $CFLAGS $VX5O_INCL -o cam2.c -o caxn2 .0



ccmain.c
1* _*/

1* ccmain.c May 20, 1992 cengiz Erbas SSCL
I.
/* for MVME147 K2917 13922 or MVME167 12917 13922 *1
1* *1
1* original by Y.Takeuchi TIT for SUN-SPARC SF-VME 12917 13922 /
1* *1

*include <stdio.h>
*include vxWorks.h’
#include ‘iv.h"
#include "ioLib.h"
#include iosLib.h"
#include corifig.h"
#include "sigLib.h"
#include "wdLib.h
*include "vme.h

$ifdef MVME167
#include mvl67 .h"
Isendif

*ifdef MVME].47
*include ‘mv147.h"
*endif

*include "cc.h"
$iinclude ‘k2917.h"

LOCAL mt ccDrvNum;
LOCAL DEV_HDR ccDevHdr;

LOCAL mt ccOpenU;
LOCAL mt ccCjoseQ;
LOCAL mt ccReadQ;
LOCAL jut ccwriteU;
LOCAL mt ccloctlQ;
LOCAL jut cclntrO;
LOCAL void cctmnieoutQ;
LOCAL VOID sigHandlerfl;
LOCAL VOID clkHandlerfl;

*defjne TIMEOUT_cOUNT_S 1000
*defmne TIMEOUT_COUNT_B 100000
*defmne INT_VEC_LAM VME_INT_VECTOR

typedef unsigned char *faddr_t;
typedef unsigned short uintl6;
typedef unsigned long uint32;

u_short camac_qx;
uintl6 kbase = KREO_BASE;
struct CAMAC *k = struct CAMAc * 0;
struct cc_device ccdeviceNCCT!;
mt task_id, clk_count;
W000_ID wid;
SIGVEC pVec, pOvec;

1* *1
1* *1
/ ccDrv : Installs the cc driver functions to driver *1
/* table, and adds the device to the device list /
1* *1
1* *1



STATUS ccDrv

ccmain.c

char ccDevName;
STATUS status;
DEV_HDR pccDevHdr;
register struct cc_device *cc = &ccdevice0J;
uint32 kreg_addrQ;
mt vector;

k = struct CAMAC* kreg_addrkbase;
cc->max_branch = CC_K_MAX_BRANCH;
cc->cur_branch = 0;
cc->cur_crate = 0;

intConnectINUM_TO_IVECINT_VEC_LAM, cclntr, 0;
ccDrvNum = iosDrvlnstallFUNCPTR NULL, FUNCPTR NULL, ccOpen,

ccclose, ccRead, ccWrite, ccloctl;
printfVDrvNuln = %dn", ccDrvNurn;

pccDevHdr = &ccDevHdr;
strcpyccDevNaxne, "/ccO";
iosDevAddpccDevHdr,
if status == ERROR

printfError in iosDevAdd
exit 1

siglnit C
clk_count = 0;
sysAuxClkconnectclkHandler, 0;
sysClkRateSetl000;
sysAuxClkEnable
return OK

ccDevName, ccDrvNuxn;

1* *1

1* ccOpen : CANAC open procedure.
1*

*1
*1
*1

1* *1
LOCAL mt ccOpenpccDevHdr, name, flags, mode
DEV_HDR *pccDevHdr;
char *name;
jut flags;
mt mode;

register struct cc_device *cc = &ccdevice[0];
u_short *q;

mt *p;

wid = wdCreateQ;

k->lamc = K2917_ENABLE;
#ifdef MVME147

q = u_short *oxfffe200e;
= u_short OxffO2;

q = u_short Oxfffelold;
= u_short OxOOff

#endif

*ifdef MVME167
p = mt *Oxfff400Gc;

= int Ox4000000l
p = jut *Oxfff40000;

= int Oxffff0000

/* Interrupt Handler Mask
/ Register of MVME147 /
/* Watchdog Timer Control
/* Register of MVME147 /

/ Local Bus Interrupter */
/* Enable register /

‘a jcv

1 t Ik,t

ns

I.

{

*1

*1



ccmain.c
p = mt * Oxfff40008; /* DMA Map Decoder */

= int Ox00000000 ; 1* Initialization
p = mt Oxfff400lO;

= int 0x0000039l
*endif

if cc->cc_busy == CC_BUSY C
printf’Busy . .

returnlG; / EBUSY /

cc->cc_busy = CC_BUSY;
pVec.sv_handler = sigHandler;
pVec.sv_mask = Oxffff;
pVec.sv_flags = 0;
sigvecSIGUSR1, &pVec, &pOvec;
task_id = taskldSelf C;
k->lamv = INT_VEC_LAM;
return 0;

1* 1
1*
/ ccClosefl: CANAC close procedure. *1
1*
I. *1
LOC?L hit ccClose

register struct cc_device *cc = &ccdevice0;

cc->cc_busy = 0;
return 0;

1* *1
1*
/t ccReadQ: CANAC read procedure.
1*
1* *1
LOCAL hit ccReadpccDevHdr, buf, len
DEV_HDR *pccDevHdr;
char *buf;
jut len;

return ccwritepccDevHdr, buf, len;
}

1* *1
1* *1
1* ccwritefl: CM’IAC write procedure. */
1 *1
1* *1
LOCAL mt ccWritepccDevHdr, buffer, nbytes
DEV_HDR *pccDevHdr;
char *buffer;
mt nbytes;

struct message*pm;
u_short mssg_command,mssg_mode, mssg_naf, mssg_dat, mssg_blocksize;
register struct cc_device *cc = &ccdevice0];
register u_short mode, naf;

pm = struct message*buffer;

cc->status = 0;



ccmain.c
cc->mode = mode = pm->mode;
cc->naf = naf = pm->naf;

mssg_command= pm->command;
mssg_mode = pm->mode;
mssg_naf = pm->naf;
mssg_dat = *pm>ptr data;
mssg_blocksize = pm->block_size;

switch mssg_command
case CC_CMD_DOSINGLE:

switch mssg_naf & 18
case Ox0000: / single CAMAC read */

camac_smssg_mode, xnssg_naf, pm->ptr_data
break;

case OxOOlO: / single CAMAC write /
camac_smssg_mode, mssg_naf, pm->ptr_data;
break;

default:
cainac_smssg_mode,mssg_naf, pm->ptr_data;
break;

break; -
case CC_CMD_DOBLOCK:

switch mssg_naf & 18 1
case Ox0000: /* block CANAC read */

camac_mbmssg_mode,mssg_naf, pm->ptr_data, mssg_blocksize;
1* camac_bmssg_mode,mssg_naf, pm->ptr_data, mssg_blocksize; *1
break;

case OxOOlO: /* block CAMAC write /
camac_mbmssg_mode,mssg_naf, pm->ptr_data, mssg_blocksize;
/*cajnacmbmssgjnode, mssg_naf, pm->ptr_data, mssg_blocksize ; *1
break;

default:
camac_bmssg_mode,mssg_naf, pm->ptr_data, mssg_blocksize;
break;

I
break;

case CC_CMD_LOADLIST:

case CC_CMD_LOAODOLIST:

case CC_CMD_DOLIST:

default:
break;

return 0;
I

I. *1
1* *1

cctimeoutfl: CAMAC timeout procedure. *1
1*
1* *7
LOCAL void cctimeoutparam
mt param;

register struct cc_device *cc = &ccdevice[01;

cc->interrupt 1= CC_K_INT_TIMEOUT;
killtask_id,SIGUSR1;

I



ccmain.c

LOCAL VOID sigHandlersig, code1 sigContext
mt sig;
mt code;
SIGCONTEXT *sigContext;

C

I

LOCAL VOID clkHandler

C
clk_count++;

1* *1
1* *

1* cclntrQ: CAMAC interrupt handler.
I. *

1 *1
LOCAL mt cclntrparam
mt param;

register struct cc_device *cc = &ccdevice0J;
register struc CAMAC *CC;

CANAC = struct CANAC *k;
if cAMAC->.csr & LAN 1= 0

cc->interrupt 1= CC_K_INT_LAN;
I
if CANAC->csr & DONE != 0

cc->interrupt 1= CC_K_IMP_DONE;
I
if CAMAC->empc & INT_ENABLE == 0

cc->interrupt 1= CC_K_INT_EMPTY;

if CANAC->aboc & INT_ENABLE == 0
cc->interrupt 1= CC_K_INT_ABORT;

/ untimeout & wakeup /

wdCancelwid;
killtask_id,SIOUSR1;
return 0;

I

1*
1* *

1* ccloctlO: CAMAc ioctl procedure.
1* *

1* *1
LOCAL mt ccloctlpccDevlldr, function, arg
DEV_HDR *pccDevHdr;
mt function;
jut arg;
C

register struct cc_device *cc = &ccdevice[0;
register struct CAMAC *CANAC;
mt *data;
mt cmd;
mt sdat;
mt idat, i;

CAMAC = struct CAMAC *k;
cmd = function;
data = &arg;

C

/
*1
/

/
*1
/

-/-



ccmain.c
switch cmd

case CCIOC_CHK_BRANCH:
*int *data = cc->max_branch;
break;

case CCIOC_SET_BRANC}{:
if *mnt *data >= 0 && *int *data .c cc->max_branch

cc->cur_branch = *int *data;
break;

case CCIOC_SET_CRATE:
if int data >= 0 && *int data c MAX_CRATE

cc->cur_crate = *int *data;

break;
case CCIOC_WAIT_LAN;

/*taskid = taskldSelfO;*/
/*CANAC_>lamc = K2917_ENABLE;*/
/*for i0; icl00; i++ */

if cc->interrupt & CC_K_INT_LAN C
cc->interrupt &= -CC_K_INT_LAN;
CAMAC->lamc = 12917_ENABLE;
return 0;

I

7* Timeout & Sleep *7
wdStartwid, arg, VOIDFUNCPTRcctimeout, 0;
pause
cc->interrupt 1= CC_K_IMP_TIMEOUT;
if cc->interrupt & CC_K_INT_LAN C

cc->interrupt & -cc_K_INT_LAN;
I
else if cc->mnterrupt & CC_K_INT_TIMEOUT

cc->interrupt &= -CC_K_INT_TIMEOUT;
return CC_SPA_TIMEOUT;

return 0;
break;

case CCIOC_ENB_LAM:
camac_su_shortBIT24,
camac_s u_shortBIT16,
sdat 1= OxlOO;
camac_su_shortBIT16, u_shortNAF30, 0, 17, &sdat;
CAMAC->lamc = 12917_ENABLE;
break;

case CCIOC_DSB_LAN:
CAMAC->lamc = K2917_DISABLE;
idat = 0;
camac_s u_shortB1T24,
camac_su_shortBIT16,
sdat &= -OxlOO;
caniac_su_shortBIT16, NAF30,0,17, &sdat;
break;

case CCIOC_GENZ:

case CCIOC_OENC:

case CCIOC_SETI:

case CCIOC_REMI:

case CCIOC_WAIT_SIC:

case CCIOC_SET_DEBUG:

u_shortNAF30,13,17, mt *data;
u_shortNAF30,O, 1, &sdat;

u_shortNAF30,13,17, &idat; /twrite mask */
u_shortNAF30,0,1, &sdat;

case CCIOC_READ_STATUS:



return 0;

ccmain.c

/* *1
7* *1
1* OTHER PROCEDURES *

1* *1
1* *1
uint32 kreg_addr k29l7_addr
faddr_t k2917_addr;

faddr_t local_Addr;
STATUS 5;

s = sysBusToLoealAdrsVME_AN_USR_SHORT_IO,k2917...addr, &local_addr;
if s == OK ptintfs = %d, localAddr = Ox%x ", s, local_addr;
else printf"sysBusToLocalAdrs tamled. ..n";
return uintfl local_addr;

7* */

* slave single transfer mode
7* */
/* */

caznac_smode, naf, dat
u_short mode, naf, *dat;

register mt counter;
mt cur_crate 0;
mt status, teup;

/

*1

k->cma = CMA_INIT;
k->cmr = mode I cur_crate << 8;
k->cmr = nat;
k->cmr = HALT;
k->cma = CMA_IWIT;

counter = 0;
switch nat & 0x0018 C

case Ox0000:
k->csr &= -WRITEC;
k->.csr 1= Go;
while k->.csr & RDY I ERR ==

counter++;
if k->csr & RDY 1= 0 {

if mode & BIT16 == 0 C
*dt = k->dhr & OXOOFF;
*dat+l = k->dlr;

else

I
I

break;

*ciat+1 = Ic->dlr;
*dat = u_short0;

case OxOOlO:
k->.csr 1= WRITEC;
k->csr 1= 00;

7* Initialize memory pointer f

/* Reset memory pointer *1

/ CAMAC read */

7* Go! /
0 && counter < TIMEOUT_COUNT...S

/ CAMAC Write *7

default
break;

I

C

I

/

/ Go! /



ccmain.c
while CCk->csr & RDY I ERR =t 0 && counter c TIMEOUT_COUNT_SI

counter+÷;
if k->csr & RDY 1= 0 {

if mode & BIT16 == 0
k->dhr = *dat;
k->dlr = *dat+l;

I
else C

k->dlr = *dat+1;

I
I
break;

default: / NDT /
k->csr = GO; / Go! *7

break;

while k->csr & DONE I ERR == 0 && counter .c TIMEOUT_COUNT_S
counter++;

caxnac_qx= k->csr;

if counter >= TIMEOUT_COUNT_S
status = CC_CA}4AC_TIMEQUT;
k->csr = RST; /***** RESET *****/

return status I camac_qx >> 12;

It *1
1* *1
/* slave block transfer mode *1

*7
1* *1
camac_bmode, naf, dat, len
u_short mode, nat, *dat, len;
C

register hit counter;
jut cur_crate = 0;
mt status, i;
jut temp = 0;

k->cma = CMA_INIT;
k->cmr = mode J cur_crate << 8
k-,cmr = naf;
k-,.cmr = -len & OxFFFF;
lc-?cmr = OxFFFF;
k-,.cmr = HALT;
k->cma = CMA_INIT;

counter = 0;
switch nat & 0x0018 C

case Ox0000:
k->csr &= .-WRITEc;
k->csr 1= GO; 1*
while k->.csr & ERR I DONE == 0

temp+÷

7* Initialize memory pointer *1

/* Reset memory pointer I

/ CANAC read */

Go! I

while k->csr & RDY I DONE I ERR == 0 && counter c TIMEOUT_COUNT_S
counter++;

I

if k->csr & aD? = 0
if mode & BIT16 == 0 C



ccmain.c
*dat = k->.dhr & OxOOFF;
*dat+l = k->dlr;
dat += 2;

else C
*dat = k->dlr;
dat÷+;

break;

counter++;

master block transfer mode

/ CAMAC write /

7* */
/ Go! *1

RESET

*1
*1
/

case OxOOlO:
/* Not provided yet *1

default:
k->csr 1= GO;

I
while k->csr & DONE I ERR == 0 && counter c TIMEOUT_COUNT_S

camac_qx = k->csr;

if counter >= TIMEOUT_COUNT_S C
status = CC_CAMAC_TIMEOUT;
k->csr = RST;

return status I camac_cjx >> 12;

1* *1
1*
1*
1*

camac_mbmode, nat, dat, len
u_short mode, naf, *dat, len;
C

register struct cc_device *cc = &ccdeviceto];
register mt wc = mode & BIT16 ? len : len*2;
register u_long dma_addr;
register mt counter;
mt cur_crate = 0;
mt i,j;
mt temp;

dma_addr = u_longdat;

k->cma = CMA_INIT;
k->cmr = mode I cur_crate c< 8
k->cmr = naf;
k->cmr = -len & OxFFFF;
k->cmr = OxFFFF;
k->cmr = HALT;
k->cma = CMA_INIT;
k->.maclo = dma_addr & OxFFFF;
k->machi = dma_addr >> 16;
k->amr = ANR_INIT;
k->mtc = wc;
k->cser = DMA_RESET;

7* Initialize memory pointer /

/ Max length = lMWord /

/ Reset memory pointer /
/ Set DMA base address /

/* Set VME AN code /

I

I
break

break;

/t DMA reset /



ccmain.c

switch naf & 0x0018
case Ox0000: / CAMAC read /

k->docr = DOCR_INIT I DMA_READ;
k->sccr = DMA_START;
k->csr 1= DMA; 7* DMA mode */

k->csr &= -WRITEC;
break;

case OxOOlO:
k->docr = DOCR_INIT I DMA_WRITE;
k->sccr = DMA_START;
k->csr 1= DMA; / DMA mode */

k->csr 1= WRITEC;
break;

default:
return; /* ERROR */

break;

k->csr 1= GO; --

counter = 0;
while k->csr & ERR I DONE == 0 && counter .c TIMEOUT_COUNT_B

for i = 0; i < 1000; i++ / wait /

j += i;
counter++;

if counter >= TIMEOUT_COUNT_B cc->status = CC_CAMAC_TIMEOUT;

cc->cainac_qx = k->csr;

if k->csr & ERR == 0 C
cc->retlen = cc->mode & BIT16 ?

len - k->mtc : cc->len - k->mtc / 2;
cc->ptr_udata += wc;
cc->len_udata += wc;

k->csr = RST;

return;
I



.cstdio . h>
cerrno .
<sys/fcntl .

<sys/types .h>
<sys/file.h>
csys/mman. h>
"vxWorks .h"
"vme.h

May 20, 1992

W unsigned short
B unsigned char
CC_CAMAC_TIMEOUT Oxl 000
KEASE Ox0000FFQO;

unsigned char *faddr_t;
unsigned short uintl6;
unsigned long uint32;

Cengiz Erbas SSCLI

camlib.c
1* *1
7* caxnlib.c
1*
/ for MVME147 K2917 13922 or MVME167 12917 13922
1*
1* original by Y.Takeuchi TIT for SUN-SPARC SF-VME 12917 13922 /
It *1

#include
#include
#include
#include
#include
#include
#include
#include

#ifdef MVME167
#include "mvl67.h
#endif

#ifdef MVME147 -
#include kmv147.h’
#endif

#include ‘camlib.h"

$define
#define
#define
#define

typedef
typedef
typedef

static struct message message;

extern mt camac_sQ;
extern u_short camac_qx;
mt cc_path;

CANOPN

mt flags = 0;
mt mode = 0;
cc_path = open"/ccO, flags, mode;
printf"cc_path = %d", cc_path;
return 0;

I

CMCLS

return closecc_path;

CSETCRcrate
mt crate;

return ioctlcc_path, CCIOC_SET_CRATE, crate;

CSETBRbranch
mt branch;

*1

*1

II 1i -

*1

*1



camlib.c

return ioctlcc_path, CCIOC_SET_BRANCH, branch;

CGENZ
C

mt status, i, q, X;

I

CGENC

status = CAMACWNAF30,
if status = 0 return
i 1= 1;
status = CAMACWNAF30,
returnstatus;

mt status, i, cj, x;

status = CAMACWNAF30,
if status != 0 return
i 1= 2; --

status = CAMACWNAF30,
returnstatus;

izit status, i, q, X;

CSETI

C

0, 11, &i, E.g, &x;
status;

0, 17, &i, &cj, &x;

0, 1, &i, &q, &x;
status;

0, 17, &i, &q, &x;

&q, &x;status = CANACWNAF30, 0. 1, &i,
if status = 0 return status;
i 1= 4;
status = CAMACWNAF30, 0, 17, &i, &q, &x;
returnstatus;

CREMI

mt status, i, q, X;

&i, &q, &x;status = CAMACWNAF30, 0, 1,
if status != 0 return status;
i &= -4;
status = CAMACWNAF30, 0, 17, &i,

returnstatus;

CANACWnaf, dat, q, x
mt naf, *dat, *q, *x;

char tbuffer;
register hit status;
u_short qx;
mt len;

&q, &x;

*ushort *dat = 0;
message.command = u_short CC_CMD_DOSINGLE;
message.mode= u_shortBIT16;
message.naf = u_shortnaf;
message.ptr_data = u_short tdat;
message.ptr_qx = u_short *&qx;

buffer = char *&message;
len = sizeofstruct message;

C

I

C

I

I

C

I

C
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writecc_path, buffer, len;

= camac_qx & NOX == 0 ? 1 0;
= camac_qx & N0Q == 0 2 1 : 0;

returncamac_qx >> 12;

CAMACnaf, dat, q. x
naf, tdat, *q, tx;

char *buffer;
register mt status;
u_short cjx;
mt len;

tu_short *dat = 0;
camac_su_shortBIT24, u_shortnaf, u_short *dat;
message.command = u_short CC_CMD_DOSINGLE;
message.mode= u_shortBIP24;
message.naf = u_shortnaf;
message.ptr_datä = u_short *dat;
message.ptr_qx = u_short *&qx;
buffer = char *&message;
len = sizeofstruct message;
writecc_path, buffer, len;

= camac_qx & NOX == 0 ? 1 : 0;
= camac_qx & NOQ == 0 7 1 : 0;

returncamac_qx >> 12;

CELAM mask
mt mask;

return ioctlcc_path, CCIOC_ENB_LAN, mask;
I

CDLAN
I

mt dummy;

return ioctlcc_path, CCIOC_DSB_LAN, dummy;

CWLAM timeout
mt timeout;

return ioctlcc_path, CCIOC_WAIT_LAN, timeout;

CANACBnaf, dat, q, x, len
mt nat, /**dat,*I *q, tx, len;
u_short dat

char *buffer;
register mt status;
u_short qx;
mt length;

lj i-’,- -
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message.command = u_short CC_CMD_DOBLOCK;
message.mode= u_short QSCANIBLOCKIBIT16;
message.naf = u_shortnaf;
message.ptr_data = u_short *dat;
message.ptr_qx = u_short *&qx;
message.block_size = u_short len;
buffer = char *&message;

length = sizeofstruct message;
writecc_path, buffer, length;

= camac_qx & NOX == 0 7 1 : 0;
= camac_qx & NOQ == 0 7 1 : 0;

returncamac_qx >> 12



cc.h
/ ** * * *** * * * **** ** * ** * * * ** ** *** * ** * * ** *** *** *** *** ******

*
20-FEB-1992

* original: cc.h on SUN4 by Y.Yasu KEK
*

Y.Takeuchi T.I.T. *

*

*

*

* for SUN-SPARC SF-VME K2917 13922 *

/ ** User Definitions *****************/

#define DEBUG
#define DEBUG_LEVEL 0
1*
#define DEBUG_LIST
#define LIST_ERR_ABORT
*1
#define LIST_EXTENSION

#define CC_SIGNAL SIGUSR1
#define CC_LIST_MAX_STEP 1000000
#define CC_LIST_MAX_LENGTH 0x20000 / max len of list 64kw */

#define CC_LIST_MA_DATA 0x20000 / max len of data 64kw *7
#define CC_KLIST_MAX_DIR 256 /* max number of 12917 lists *7
*define CC_DMA_WAIT_LOOP 1000 /* DMA done poling rate for IPC /
/************* End of User Definitions *************/

U include csys/types . h>
#include csys/ioccom.h>

#define NCC 1
#define CC_MINPH?S_SIZE Oxl0000
#define CC_KJ1AX_BRANCH 8
*define MAX_CRATE 8

7* command for message structure *7

#define CC_CMD_DOSINGLE 1
#define CC_CMD_DOBLOCK 2
#define CC_CMD_LOADLIST 3
#define CC_CMD_LOADDOLIST 4
#define CC_CMD_DOLIST S
#define CC_CMD_ADDKLIST 6
#defmne CC_CMD_DELKLIST 7
#define CC_CMD_EXEKLIST 8
#define CC_CMD_SAVEKLIST 9
#define CC_CMD_LOADKLIST 10

/ max word count = 64k *7

1* ioctl command */

Udefme CCIOC_CHK_BRANCH
#defme CCIOC_SET_BRANCH
Udefine CCIOC_SET_CRATE
Udefine CCIOC_WAIT_LAM
*define CCIOC_ENB_LAN
#define CCIOC_DSB_L,AM
*define CCIOC_GENZ
#define CCIOC_GENC
Udefine CCIOC_SETI
Udefine CCIOC_REMI
*define CCIOc_WAIT_SIG
*define CCIOC_SET_DEBUG
*define CCIOC_READ_STATUS
#define CCIOC_KINIT

/* check branch * *1
1* set branch 0 *1
1* set crate * *1
1* wait LAN interrupt *1
7* enable LAM interrupt *1
1* disable LAN interrupt *7

* cc.h

_IORc,0, int
_I0Wc, 1, int
_IOWc,2, int
_IOWc,3, int
_IOWc, 4, int
_IOWc, 5, mnt
_IOWc, 6, int
_IOWc,7, int
_IOWc, 8, int
_IOWc, 9, int
_IOWc, 10, int
_IOWc, 11, int
_IORc, 12, int
_IOWc, 13, int

Udefine CC_K_INT_LAN 1
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*define CC_K_INT_DONE 2
*define CC_K_INT_EMPTY 4
#define CC_K_INT_ABORT 8
*defmne CC_K_INT_TIMEOUT 0x8000

*define CC_K_TIME_TIMEOUT 100 /* 100 * 10 msec /

*define CC_DMA_TIMEOUT 200 /* 200 * 10 msec /
*define CC_CAMAC_TIMEOUT Oxl000 /* for cc->status cc->qx /

*define CC_WRITE_FAIL_COUNT 10 /* for Interrupt registers *7
*define CC_WRITE_FAIL OxOBOO /* for cc->status /

#define CC_LIST_STOP OxOOlO 7* not equal 0 */

Odefine CC_LIST_EMPTY 2
#define CC_LIST_TIMEOUT OxS000

*define CC_KLIST_YES 1
$define CC_KLIST_NO 0
*define Cc_KLIST_CMAINIT 100
*define CC_KLIST_SANENANE 1
*define CC_KLIST_MEMORYFULL 2
*define CC_KLIST_NONAME 3

*define CC_STA_TIMEOUT 2

*define CC_BUSY 1 /* for cc->busy /

struct iosb
mt status;
mt ret_length;
mt s_reg;

I;

struct message C
u_short command;
u_short mode;
u_short naf;
u_short *ptr_data;
u_short *ptr_qx;
u_short block_size; /* added by C. Erbas *1
struct iosb *ptr_iosb;

char tklne
I;

/ *ifdef KERNEL */

struct cc_device C
mt status; / current system status *7

mt cc_busy; /* true if the device is busy */

struct mb_device *md; 1* current pointer of md /

struct CANAC *CANAC; /‘ current pointer of CANAC /
u_short tptr_list; / current pointer to list_buffer */

mt len_list; 7* actual length processed */

u_short *ptr_udata_s; 7* first pointer to user’s buffer address */

u_short *ptr_udata; / current pointer to user’s buffer address */

mt len_udata_t; / total length of user’s buffer *7

mt len_udata; / actual length of user’s buffer /

u_short *ptr_kdata; / current pointer to kernel’s buffer address */

mt len_kdata; / actual length of kernel’s buffer processed */

mt s_reg;
mt t_reg;
mt a_reg;
mnt event_count;



u_short camac_qx;
mt branch_flag;
mt max_branch;
jut cur_branch;
mt cur_crate;
jut interrupt;
u_short mode;
u_short naf;
mt len;
mt retlen;
struct uio *uio;
dev_t dev;
mt klist;

I;

I #endif *1

Iii cc.h



k2917.h
/ ******* * ******** ** * *** ***** * *** *** *** ** * * *** ******

* k29l7.h Kinetic K2917 registers *

* *

* 20-FEB-1992 Y.Takeuchi *

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

*defmne KREG_BASE OxFFO0
*define VME_INT_LEVEL 1 / CAMAC mo kaeru /
*define VME_INT_VECTOR Oxff

*defmne NAFn, a, t n << 9 + a cc 5 + fl

/ ***** DMA *****/

*defmne DMA_DONE OxS000
*define DMA_ERR 0x1000
*define DMA_ACT 0x0800
*define DOCR_INIT 0x8010
*define DMA_READ 0x0080
#define DMA_WRITE Ox0000
Odeuine DMA_START OxOOSO
#defmne DMA_ABORT OxOOlO
*define DMA_INT_ENABLE 0x0008
*define DMA_RESET 0x0000

e/***** Interrupt *****/

#defjne INTR_INfl’ 0x0000
*define TEST_FLAG 0x0080
*define FLAG_AUTO_CLEAR 0x0040
*define INT_ENABLE 0x0010
*define INT_AUTO_CLEAR 0x0008
*define tRQl Ox000l
*define IRQ2 0x0002
#defSue IRQ3 0x0003
#define IRQ4 0x0004
*define IRQ5 Ox000S
*define IRQ6 0x0006
*define IRQ7 0x0007

/" Main register *****/

*defjne A4R_INIT Ox0O7D
*define CMA_INIT Ox0000

*define AD 0x0001
Odefine INLINE 0x0060
*define BLOCK 0x0020
*define BIT24 Ox0000
*defjne BIT16 0x0002
*clefine QSTOP Ox0000
*define QIGNO 0x0008
*clefine QREPE OxOOlO
Odefine QSCAN 0x0018
#define HALT 0x0080

*define ERR 0x8000
*define ABT 0x4000
#define TMO 0x2000
*define RST Oxl000
*ciefine LAN 0x0200
*define RDY OxOlOO
*define DONE 0x0080
*defjne DMA 0x0040
*define WRITEC 0x0020
*define NOX 0x0004



*defmne NOQ
Odefine GO

/* for cc device driver *

#define 12917_ENABLE
#define K2917_DISABLE
*define K2917_VECTOR

#define W unsigned short

*define K_REQ CAMAC

struct K_REQ
W cser;
W dummy02;
W docr;
W sccr;
W dummyOS;
W mtc;
W machi;
W macb;

W dummyll;
W dummyl2;
W dummyl3;
W dummyl4;
W dummyls;
W dununylE;
W dummyl7;
W duivzwyl8;

W dumtny2l;
W dummy22;
W duinmy23;
W dummy24;
W dummy25;
W dummy26;
W dummy27;
W dunnny28;

W dummy3l;
W duxnmy32;
W dummy33;
W dummy34;
W dummy35;
W dun’imy36;
W duntny37;
W dummy38;

W lamc;
W donc;
W empc;
W aboc;
W lamv;
W donv;
W empv;
W abov;

W durnmy5l;
W dummy52;
W duinmyS3;
W dummy54;
W dummy55;
W dwnmy56;

k2917.h
OxO002
Ox000l

/
Oxf 8 I VME_INT_LEVEL
Oxe8 I VME_INT_LEVEL

VME_INT_VECTOR

/* for cc.c /

7* OxlO - OxlF *7

1* 0x20 - Ox2F /

7* Ox3O - Ox3F *1

/ OxSO - OxSF /

Ii:



W duztvny57;
W dummy58;

W
W
W
W
W
W
w
W

amr;
cmr;
cma;
cwc;
srr;
dir;
dhr;
csr;

I;

struct kiist {
char name9];
W cma;
W wc;

k2917.h

I;


