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lntrodur:tion 

This reports on a Software Package to acceRfl 
CA~1AC th.rouF,h the Jorwa.y-411 lnterfacle, for 
usl' or1 \'AX/VMS systems. The softwar{' can he used 
lo acf'ess paralle1 and/or serial CAMAC branch 
highways, and multiplf" Jorways may be conner:ted to 
t11c \'AX UJ\'IDUS or J\iicro\'l1X QBUS. The software 
available includes a VAX/VMS device driver for the 
.JOR\\'A '\'-411 1 and support routines and programs 
thnt aC"cess the driver, The software is accompanied by 
extensive documentation. 

As discussed belov.•, several of the packages 
originated from other institutions and have been 
enhanced by the Data Acquisition Software Group at 
Fermilab. The software package is in widespread use 
at Ferruilab and over 20 other sites. 

The soft.ware <:an be run on any of the 
UNIBUS VAX~ll family of computers using a 
B"NIBUS Jorway-411 to interface to CAMAC, or on 
a Microvax-Il either interfaced to CAMAC through a 
Q-BUS Jorwa.y-411, or through a Microverter and 
UNIBUS Jorway. The package includes facilities 
for performing CAMAC operations remotely. The 'r AX on which the user runs his or her program need 
not be directly connected to the Jorway. Server 
programs allov.· a VAX conner.teO via DECNET or a 
PDP-11 connected via a DRII-\V Jink2 to be the route 
for accessing the CAMAC hardware. 

The CAMAC \'MS software consists of the 
components ru: shov.7ri in Fii;. 1. 

L CAMAC Device Driver 

A 'l AX/\'MS Device Drlver, CJD RIVER, 
provides multi-user access to a Jorway, as well as 
provlsion for data acquisition from CAh1A C - where a 
CA.ti.1AC LAM stimulates execution of a list of 
CAhlAC operations. The driver incorporates the 
ori,1dnal SL . .\C .. CA!\1AC driver for the .Jorv>ay by 
Charles Granieri" . ]t provides for single word and 
D11A operations to be performed. 

At Fermi.lab the following features have been 
added: 

A 1\1oduk and Crate Booking Handler. 

A user may request exclusive access to one or 
more particular CAMAC Crates or stations v.•ithin a 
crate. The CAMA C driver keeps lists of the crate~ 
and stations booked b)· each process and channel 
identifter. \Vhen the booking handler is insta!ied. any 
CAJ\lAC operation attempted through the normal 
CA!'.1A C ci.rlvcr is only donf' if the proct'ss is allo\\·ed 
access to the crate and station. A very simple priorit.y 
and identification scheme allov.•s for restricted as well 
as exclusivf' access t.o a hooked station, and for 
priority overrid(' of a bookeci modulc 4 . 

Figure 1: 
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Event Handler 1'.1odule 

A whole parallel piecC' of code has been added to 
the driver to provide data acqulsition functions. 

The Event Randi.er allows a program io be 
informed of the occurrence of a CAJ\1AC LAJ\1. In 
addition. the user may pre-cicclarC' 1ist$ of CA!\.1A C 
operations to be performed on :receipt of a specific 
CAA.1AC LAM or OJl expiration of ti software timer. 
Tb.e user aiso provides a data buffer into \\·hici1 data 
read by these li.<its will hf' read. The driver ~t.oreF ti-H• 
address of a connPcted list. The user then declarl'¢ a 
data buffer to be filled by one or n1orc cxecution,c; of 
the ii~t. \Vhcn th(' CAr..1AC dr~ver <lct.<:>cts trie LA:1\1. 
it executes tiH• CA.J\..1AC list and read~ data into the 
b11fier. \\'hen ~ufficient nnmber of ('\'Cnt.s hav.p hecn 
read to fill thc buffer. the user j,c; informed and can 
acces~ the even 1 ciata. 

Thi,c; nicchanism "°ig-nificantlr r(•duces th(' \"I\.1:-; 
QJO and Foft.\\•.'irf' nvf'rhead aFFociRtf'd ,~·ith tiif' 
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CA?\.fAC readout. Only Z QIO~ a.r<· ff'quirf'd t.o read 
out hS 1nanv f'vent~ Bli call fn in th(' declared buffer 
and 1.0 cxe~ut<· auy nurnber of CA.\1AC operationf\. 
IJf'causf· of the specializf'd purpose of the Evf'nt 
H<nidler packagi.::. the hst!'. art' T{':!'.trictcd to 11n-d.ata 
CAf\.1AC op('rations, CA.t>.1AC ~·ritC' opC'rations wh('rC' 
th(' data cari bC' spccifi<'d .. vhcn the list i.s huilt. and 
TC'atl operations. No arithmetic., lop;ir.al or nthf'r ~Clll:'ral 
pro~ramnung fuuc-tion5 ar<• supported by t}H• Jji;t 
structure. 

The Event Handler allows multiple LAM!> to he 
a<".tivcly r:onnf'Ctf'd t.o different proce.sses at any tirr1f'r.. 

II. Support Routinf' Packagei;; 

Easy user accesi;; to each part of the CAMAC 
driver ji;; provided by Fortran subroutine packages. 

IEEE Standard Routi11e PAckagf' 

An implcuicntation of the IEEE CAMA C routines6 

provides a.Cc(•Sf' to the orisdnal SLAC driver. All 
flavours of CAMA C DMA are implemented Q­
STOP, Q-llEPEAT and Q-SCA]';. This library, 
CAMLIB, is an extension of that implemented by the 
Universit.y of J\.fichigan. 12 

Extensions to the original package and to the 
IEEE specification, a.Ila\\' access to more thari one 
CAMA C branch, and ac<:ess to both paraHe! and ser\al 
branch high\\·ays, access .. to the Booking Handler, and 
extensive error reporting 1 • Further extensions provide 
a transparent interface to the remote CAMAC facility 
described below, and to the Fermilab Smart Crate 
Controller, described in a compan1on paper to this 
conference. The changing of a \.'AX/VMS logical, 
external to the user's program. i~ all that i~ nf'ecied to 
sv .. itch betV1•een the various CA11AC i.ntctfaces. 

Even1 Handler Packages 

A package of Fortran 6ubroutines allows a user 
program to dvnamica!Jy construct and declare the 
CAM AC listf.. ·A pTogTaffi wh1r-.h nsf:>~ thf' f.nhron1.inf'-s 
has been \\'ritten to allo·w the user to construct the 
CA?v1AC lists as fiies of ASCIJ text and pass them 
throu~h an interpreter before ci('c.iaring them to the 
driver . 

III. Remotf' CAMA C Function~ 

A program running on a V AX)\rMs system may 
actually execute the CA1-1AC operations on a 
CA1v1AC branch physically connected to another 
\'AX., connected to the user's \'AX throu~h DEC;.;ET. 
or on a PDP-11 running RSX-111\1 and 
conuect.ed by a DRll-\Y link. Tl1e PDI'-11 and 
\'AX must be running the Fermi lab Connected 
lvl;ichines softv.·are package 9 Server programs ar·e 
proYidetl to run on the remote \' • .i\.X or RSX-111v1 
system. Although the performanc<' of this configuration 
is much slo\A·er than that for CAJ\1AC ciirectlv 
connected to the u.<.ers \. A.X, this facilir.~· ha·s 
bPc11 found to hC' useful in instal!at.ions \\'herf' 
experiments are ta.king data. on one or Inorc PDP-lls. 
and ·where calibration and 1nonitorir1g µrop;rams 
are more naturally suited for a hos7 \'AX'. 

Th<' !'ofrwarC' is acrornpanif'd hy san1pfr progranis 
\\'hicli exercis<' each ff•atur<' or llH' CA!\1AC drivf'r. 
Tht> intC'rarti"""t', int.C'tpre1iv(' pro}:;ran1 Devir<' 
Diagnostir Lang:uagc 10 ha!' lH•en 1ntcrfacf't! to th<' 
IEEE CA1-1AC routines. Th<' f(•rn1ih1b \'AX data 
acqui~ition proF;ra1n. E\'ENT Bl:ILDEU. has IH•c11 
interfaced to allow CA!\1AC data to IH• taken and 
coucatcnat.ed \vitli event datii. frorn ot lier source.s 11 . 

V. Tin1ings 

The timi.ngs meaf'.ured depend on which \'AX 
systcJn is being used. On a \'AX 11/780 CA1-1AC 
DMAs ta.k~ between 3.5 and 5 mir.roi;econds per 16-bit 
word. On a Microvax II i;ystent ( usin.1?; either a Q~ 
Bus .Jorway-411 or a Ul\'IDUS .lor\'.·ay interfaced 
throug}i a Microverter) Dl\1A sp<•cds of 2.5 
n1icroseconds per lf>..bit word lun'P lH'<'li n1easured_ 

The QlO overhead for a norrr1al CAMAC 
operation ii-; 5 msec on a 1-ficro\·'a:x-II and 6 mscc on 
a \' AX-11/780. The event handler overhead is about 
10 usec per list operation. Th<~ Q10 overhead for 
event readout depends significantly on the data buffer 
size. 

Summarv 

Traditionn.Hy, FeT1nihd:> ftxe<l t.argct experimentF 
have read their CA1'.1AC data into PDP-11 
cotnputcrs. They have used the \'AX softY.•arc tc 
perform calibration and monit.orinl!; tasks on the 
experiment. At Fermilab we have n1odified the .Jor\\'il.)"· 
411 such that two interfaces may access (share) the 
same CAMAC branc.h, The n('V.' iencration of 
experiments will read data from several sub~syst.cJn!' 
into a Micro\lax or \ 1 AX for 1og~ing to tape. The 
soft.ware reported in thi~ paper allo\\.·s them to read 
CAMAC data directly into the ciata stream on such 
systems. 
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