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LJST PJ!OCESSING SOFTWARE FOF. THE 
LECROY 1821 SEGMENT MA!\AGER INTERFACE 

TMn· DoTrie.."-. Carmcnita Moore. Ruth Porde~ 
· Dati:I .A C(Ju1Sitio11 .bofr.wart· Group• 
Fermi 1'a.t1on11.l Acceiera.tor Labora.torv 

P.O. Boo: 500. Bai.11.vio;., lJ 60510 . 

Thr L£"Croy 1821 !:-iegment Manager if' :a 
r ASTBlJS host interface that I~ Ufied lll 

cxperin1entF> at Fcrn1ilah at two if'vell'> of th(' ('vent 
tlata readout. 1 A't the lowest j(>vel the 182ls ar€ 
employed in fron1.-end crate," to read TDC and ADC 
modules. ln som(' ca11e1'. J82lf' operating at thi~ 1.Pvel 
read the dat11 d1rectl~· into a host computer; in other 
caseE> they store the ciat11 i:n intermediate buffer 
memorie~ "such 8.6 the LeCroy 1892 multiple record 
bufier memory, 

At the second level the l82ls are Ufled in the 
{single} host F ASTBU.5 crate at the apex of the data 
Tea.clout. Herc the 182ls are used to reaG data into 
the rlata acqui!litior, computeT from the buffeT 
memories in which many hundTecis of pT('V1ouely 
gathered events have beer. stored. 
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Fipure. 1: Topology of Experiments Using 18:!1 

The Data Acquisition Soft.'\11,•arf' Group in the 
Computing Depa.:rtmen; ai. Fermiiab provicie~ sup-port 
L'ioft\\·arf' for the 1821 to run or:;. ·vAX/"\/]1.:f.S, I'DP-
11/RSX-llM and PDT-11/ItT-ll "'~;!':tems. The 
softwarC' h<lf heen ci('velopecl in t\'10 pha.~es 

'T.he first phase provicies a package of lo·w jevc~ 
acces~ routine~ v<'h1ch al1ow the user to 1mrneci1at.cly 

execut-e any one of n1any 1821 sot-cifii: functions. Th(' 
,_econd pha,.c, ~'l'hich l~ oni;· avaiiabi£' on RSX-llM 
and \'~1S !iystems, provides for th£> cicf1nitio11 and 
execution of list!" of 18:?1 operations. By executin,:: iistf; 
of 1821 operation~ man~· 1821 fullct1on5 can he 
performed u1 o s1nid(' 1./0 request to thC' cievict· driver 
thu5 sii:rnificantiy reciucini:; the i;;.otr.war(' ovcrhead!i 
1u1,.oc1ated with the u~c of thr 1821. Thi~ paper ""ill 
c:oncentTatc on th{' list proc:ef'i,.OT implementations. 
Since thf' lov.· level routine· packai:rc i5 U5ed hy 
}!:cncral use:::- lf'vel programs, it v.·ill b{' brief!~· 
d1scus8ed. 

Conner.tier: t<' thf' 1821 !i 

A LeCro'' 1821 SeJ?;:nient h1ana(!cr can he 
controlled by ~ ho1n computer throuj!h one of t.wo 
connection patns The LeCroy 2891 lnterfacc· Moduic is 
used to interface the 1821 tci CAMA C aliowin~ the 
host computer access tci the 1821 throuj!h CAMAC. 
AiternateJy th€ 1821 car, be connectf'!d to a UN~BUS 
or QBUS through a DRll-V.' DMA interface.~ In 
the iatter ca1Re. if several 182ls are chained toirethe:r, 
a1 least one 1821 in the chain must be connected 
through tbe auxiliary port to thf' DRll~ V\" using a 
LeCroy 1821/DEC interface card. Other 1821 'F- ma~· 
Oe chained to thif primary, either tbrou~h 
connections to their front panel or, with a slight 
modification of the l'it;.a.ncia.rd 182l IDEC ca.rd, tb.rou~h 
a private 1621/DEC connected to ihen· auxih~· port.. 

Note that for a host computer with a UNIBUS 
connection. the 1821 mar be connecteil usinh a DEC 
DRll- V\'. V..1hen the connection 1s to a QBUS. th€ 
DEC DR''ll-~' i:za..,. been found not to wor.k. [This is 
hoP.r.l.Ul"if' t.hf'. 1821/DEC ,.,,.liP,o: ot. th"' C::O l"it.Tohr T.ti 
jnitjat.e itF operations. a.ncl. the DEC DR'VlJ-V..1 cioeF 
not pro.,:itle this stroDe t.o thc u8er cievicc.) The 
MDB Svst.ems MLS1-DR11- Vil interface, however, cioes 
work.a . 

Lov: L""vel lS:?J Arr.f/!.'R~ RoutinP'" anC Sunnor Pro!""rams 

The io"'· ltovel accesi: routines are a Fortran 
routine package tha; pro·viOe & user int.erfacf' to the 
1821. The pacKa~e contain~ routine~ fo'.!' readinb and 
v.·riting 1821 host 1/0 registers, Ci.ov.•nloadint, and 
executing 1821 microcode· programs. ciov.•nioading 
peOest.ais, anG reaciint out the 1821 "s internal memory. 

Two ci1apio!itic tools. one \.\•hlch test5 th~ internal 
intet:rity and function~ of an 1821. and on£ v.·.hic..h 
provicie~ an interpretivf' envlronment fo; c. user to 
specify 1821 operat1onF to oc performed,, have been 
cieveioped baseC on the iov.: ievel routines. 4•" 

Fo~ a use:-'5 pro~ram t.o access the 1821 the 
host.".c; opcratlnf'. s~•st.crn mus1 pJarr arJ J/O :reques! 10 
th(' 1821 ci.C'YJC{' cirivc:r The t.imc required fo; tiie 
s:vsten.1 to issue suci, i:. recues1 it- o:r. tfit· orci.cr of :' to 
4 miiiiseconci:-. f,evcrnl 18:21 funct.ions mus1 bt: cio11e 

• UJl('jEJ.('1; n:. tJ)f ·, "h.h.. J.Jl(... UlJOe::- contretcl "'Jth t..iH' r -~· DOI:. 



for thr 1821 to pcrfor111 any U"f'ful funrtion. For 
exampl<:. using thf' 1821 mic:rorodf' provided by 
Lf'Cro', ru1 operation to r"!ad il F ASTBU~ ciati! word 
(if it ·i~ to follov.· lht F ASTB1}S ~pPcification of all 
operatio11) will rf'quirf' b('tween 4 and C> tunrt1ons 
pt>rformed on or h3· the 18:?1. Clearly the soft\\-·arc 
overhead i1nposed b~- accessin~ thl' 1821 on a per 
fu11ction basi~ j~ too restrictive iu a real t1n1c data 
a<":quisition environment. 

ln order to minimize thf' number of I/0 requf'sts 
issue(l b;; the system. Jist processin~ driver.<; havf' becJJ 
dPvclopt'!d. Such drivers exist tor th<' RSX-11?>.1 and 
\rl\.1S sy1:a.ems for 182ls connf'cted thrOuf!;h <1 DRll-\\1 
to the .host., The11c drivers allo"'· th(' user to perform a 
list of 1821 and F ASTBU~ operations throuf!;h o sinf!;lf' 
I/O request. Th<' driver" arf' 11. sif!;nificant exten!'iiori to 
th(' original drivers provide~ ~by LeCroy (\'MS) and 
Ohio State Un1versit.y (RSX). ' 1 

In addition to the device drivers, the lo'\\' Jpvel 
Fortran acces!;. routines have been extended to allo"' 
building, executinh. saving and interrogating the lists 
and the result" of their execution. 

List Strur:t.ur~ 

The li!'it structure developed consi!'its of fixed 
Ieng-th 8 byte list elements. Each list element 
spec:ifieE> an 1821 control operation, DMA readout of 
the 1821 data memory. microcode execution, or a 
control or arithmetic function. The list structure is 
ciesi~ned ·to ease the later implef1entation of the 
standard routines for "FASTBtJS for the 1821. 
The list element. structur(' i" compatiblC' with the so 
called °F-Codf'" format., defined by CERN for 
F ASTBUS lists. 9 The a.vaiJahle list. element opcodes 
provide enough flexibility and functions.lit.:· that a 
whole data acquisition read-out can be specified by a 
single, or at the most two, lists. 

The list !!itructure allows for: 

o definition of control parameters to var·y the 
opt.ion!'i and para.meters Mi:;ociat.ed with ~f>r:11tion 

of each list clement. 

o read/write of individual 1821 I/O re!j!;isters. 

o execution of 1821 microcode routines with and 
without data from the host computer, 

o readout of the 1821 data memor)· within the 
list. 

o 3 internal variables for manipulation within the 
Hst. 

o arithmetic and logical functions to be performed 
on the data read or written, the status returned 
by the 1821, or the internal variabiesi 

o immediate or conditional branching within a list, 

o execution of DO loops within the list, 

o 16 or 32-bit mode <lata manipulation, 

o separate read and v.•ritc data buffers) 

o Tl'turn of status information from the execution 
of thf' list, 

<1 rf'turn of statu,_ froni th<· cxf'cution of eacl1 
operation ·within <:i hst. 

o inclusion of an 'Even~ H('adC'r· i11 thC" data 
buftC'r {for tiH' \-'J\.1~ 1mpletuC"utat1011 oniy). 

The following tin1inK" }1avf' heen rueasured for tl1e 
t.wo list proces!'iinR drivers. A \' AX/78(1 r.on1putcr was 
used for thP \'M~ timini::: tt>St~ and th(· RSX t.t>sts 
wer(' run 011 <J. I'DI'-1 J /4[>. TJH· null li.<>t times 
represent thC" timf' required for t.h(' u~er·!' proc-es~ to 
invoke thC> ciev1cc driver. th~· driv<'r soft.v..•ar(' t(l do the 
Retup necessary for hfit cxPcution. and for thC' driver 
to return control to the user"i- proces~; that is. th(' 
one tim(' overhead per lis1 execution. Thf' overhead 
per list. element varie~ s1r:nif1cantly with thP act.ual 
operation bcin~ performed. Th<' total overhead for a 
particular list is the i:;;urr1 of the per list eiement 
overheads for each list clement v.·ithin thc list and the 
null h!it overhead. 

Null list: 

Overhead per list 
element: 

Overhead fot single 
operation using non
lis1. processing 
device driver: 

VMS RSX 

G.7 M!iec 4.1 Msec 

160-360 usec 400-850 usec 

4 !visec 2 lvfsec 

Oser Subroutint' Librarv 

The Fortran subroutine Jibrar)' pro,,.ided alJowF a 
user program to dynamically build and execute lists. 
Suhront.1nei:; atf' a.vailahl" t.o t'".On1'!t.r11C'.1 li~t P.]~m~nt.s, 

execute, save or res-iore a list, chan~e options and 
parameters associated. v.·ith list execution, and 
interrogate the Rtatus and data returned from 
execution of the list. 10 

Lis1 Generation anC Execution Tooii-

Programs have been developed for both RSX-111\1 
and \rMs systems "to provicif' intcrac-t.ivc feat.ures for 
performing list operations throuF;h the 1821. These 
programH altov.· th<' user to interactively define. edit 
and execute the 1821 list5. Th(' prop:rams can either 
create listf. dynamic:ally or read in "source c::odC'" list 
files (ASCII text filei:; containing list eiement 
<lefinitions). Once a list ha!= been created o:r rcarl in 
from a disk file it ifi compiied into an executable 
form. The compiled. listf> can then he executed and/or 
saved on disk for later execution. If the ui;;er chooses 
to execut<' the list tflcn the pro~rams car. bc used to 
inr.errogate the r~su}ts - both data and statut> 
informatton. 11 ·1:! 
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Figure !!: Ovcrvict1· of the 18!11 Software 

Datn A<"9uisitio11 Applications 

Execution of 1821 list$ on receipt of an Pvent 
interrupt has been incorporated into the 
Fermilab standard RSX-llM data acquisition 
program13 and iR in use at two experiment~. Data 
acquisition through the \'MS 1821 list 
processin§!: driver ha:> been incorporated into the 
VAX ONLINE Event Builder, H and will be used in a 
fixed tar~et experiment during the upcoming run. It is 
interestin.i;; to note that this last experiment. uses .a list 
of some 100 operations to provide sophisticated control 
of which modules should be read out, and what 1821 
microcodc routines are to be executed. 

ln both data acquisition systems, the 1821 lii;:;ts 
are constructed 'offiinc· using the list generation tools. 
They ma;· be executed for test purposes using these 
tools, and then saved on disk for later execution bv 
the data acquisition programs theIDSelves. · 

Man:r fixed tar)'.!;et. experiments at Fermiiab nov.· 
include somC' F ASTBUS electronics in their data 
readout. The software reported i11 thi~ paper, p:rovici.es 
g:eneral support for the LeCroy 1821 interface. The list 
processing device drivers aliOY.' F ASTBUS datn to be 
read out efficiently into the Fermilah Computing 
Department supported ciat.a acquisition systems. 
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