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A nev control system for the Saclay Linear
Accelerator i{s nov being designed. The computar cootrol
architecture {3 based on 3 dedicaced VME crates with
MC63000 micro-processors : one crate with a disk-based
operacing system will run the high level application
programs and the data base managemenc facilicies, ao—
other one will wanage the =an-machine communicacions
and the third ocue will {ncerface che system to the
l1inac equipments. Communications between the ME amicro=
computers will be done through 16 bdit parallel linoks.
The software is modular and organized in specific lay—
er3, the dara base is fully diseributed. About 90 2 of
the code {s writtem ia Fortran.

Incroduction

The ALS, iao operation siace 1969 [1], vis
prizsrily manually controlled, & coamputer was {atro~
duced ioto the accelerator comtrol system in 1974 for
cantralization of informarions, automatic surveillance
of the maiu parameters and coatrol ¢f che beam suitch
yard [2.3]. During the next 8 years this system was
expanded with a secoud computer and with poncctual local
- processing powar (8 bit micro-proceseors), buc {t
became obvious in 1982 chat a new concrol system had to
" replace very soon the old ome : che old technology
couputers were coupletaly obsolete, their amsintenance
vas difficult and expensive and the softwvare develop-
sencts very tedious. In this paper we deecribe the so-
lutions thac ve have adopted for the nev system.

Harduare syscem

Por the nev contcrol systea it was decided to
take advantage of the progresses in the uzicro-
processors tecigology to ensure rellability, flexibi~-
licy, versatility and a good cost effectivevess. A
solution based on a standard and moderm bus with power—
ful CPU and 1/0 bdoards available from many differeac
sanufacturers looked very atcractive., Among the differ—
ent possible choices, the VMEbus and the MCH68000 amicro=
processors faaily seemed to bde che best solution for
the process compucters.

Process computers

The functione of the system sre discribuced
betveen ] dedicaced VME crates :

¢« the "HOST” crate with MByte of memory, a 20¥Byte
disk drive, a floppy disk for dackup. This sctation !s
rucoing under a disc—based operating syecem.

* the "LINA® crate with 312kByce of memory aad all the
igcerfaces to the equipements of the lizac.

+ the "OPER" crace with 1MByte of memory and all the
iocerfaces to the sao=zschine communicatino devices.

The LINA aod OPER scatious have 0o disk and
their softvare {8 downloaded from the HOST staciocn., The
thres stationos are close enough to be {psterconnected
with parallel lioks, the protocol used ensbles 50 kSaud
data transfer races on these links. Tha sctacions are
aquioed wich "first generation” VME CPU boards : 3ZMHz
¥C58000, small fowboard aemocy size, ©o YMU, no
{loating~point coprocessor and a liniced privace Hus
reserved for 1/0.

Iaterface to the equipments

All the equipments were previocusly interfaced
through CAMAC modules, this solution suifers izpor-
tant dissdvantages (expensive, relatively fragile,
auclear but oo {nduscrial standard) compared to ics
advantages (internacional recoguized syscex, great va—
riety of modules), so it was decided to progressively
replace CAMAC by more modern standards.

One solutioa could be to interface the equip~
aents directly to the WEbus but this solution {s rath—
er expeusive dus to the coumplexity of the bus. So di-
rect 1/0 incerfaces on the WEhus are reserved for the
cousole equipments vhere fast response 1is primordial
and for digital ipputs vhere the VME module can dirsctc—-
ly ianterrupt ou che CPU board. This last module was
desigped in our laboratory. For the console operation
most xodules ware commercially available (high reso~
lution colour graphic boards, touch panel and keyboard
interfaces) excepc a shaft encoder interface that we
have slso desizued.

For machine equipment interfacing we prefer—
red to use a lowv cost 8-bitr stacdard bus with indus-
trial cards mechanically and electrically robust. The
Freach ZUROMAK bus was chosen : {(t uses single
EUROcards, MC6809 micro=-procsassors and 15 slocs crates.
A lot of {induscrial modules are available from the
macufacturer. A first experience with EUROMAK is now
acquired with the digitizacion of abour 300 analog
input chanonels splitted In 3 crates each containing
nultiplexers and ADC boards. The LINA staction and the

EUROMARK crates ars temporarily linked with serial
RS232C chaonels.

Futures izprovemencs

The major improvements planoed ia the anext
few monchs will concerm the hardware linoks between the
VME :rates and between the VME and EUROMAK crates. ano
ETHERNET vetwork {s now available ig the VME stacdard
apd will ceplace our parallel links, the data trausfer
rates will be much higher and {t will be easy to {o-
terconnect the VME crates to the zicro-computer deve—
lopment system (MOTOROLA EXORmacs) for softwvare down=-
loading.

It is planned also to {nterconnect our systea
to the ouclear physicist computers through the ETHERNET
getwork, in order to make che linsc paramecers directly
available to the physiciscs. Due to che bus strucZure
of chis necwork, it will be straightforwara to add nevw
WME craces if chey are needed to incresse tie pover of
the syscaz., The objection that this network (s nor very
sulitable for a control system since a maxizua respoase
time {s cot guaranteed | 4] 1is not founded {m our case :
¥e have a small nuaber of statioss and we have enough
local processing pover to exchange only relevant shoret
fessages.

The same type of network could be used to
{atacconnect the VME and the EUROMAK crates, hovever as
ve planned {no the furure ¢to {ocresse the qumber of
EUROMAK crates, ac ETHERNET network «will become prohi~
bitively expensive. Following the chotce of CEAN for
the LE? project [ 4] the atrerafe MIL/STD-15538 aulti-
drop highway s7ystem «ill be used for this purjose. The
15538 {oterfacing to the EUROMAK bus was done ia our
laboratory, two boards are used to manage the commu—
aicactions the bus couttoller (3C) and tche remote




teraipal (RT), one BC can conzrol a network of up to 30
RTs. Following arrangements with the manufacczurer the
EUROMAK 1553B network is aow commerclallv available. To
interconnect a WVME omaster crata vith EUROMAK slave
crates a 3C i VME scandard has also to be designed.
This module is now under srudy, it will be of the ino—-
telligeat peripheral coatroller type with a MC5809 to
unload the maia processor from the 15538 hardvare pro—
tocol, a duel-ported 16 kByte zemory and 2 seraphores
to tanage the exchanges between the local MC6809 and
the main VME processor. With these features it will be
possible to use the dual-ported aemory in two i{ndepen~
dent areas : vhile che MC6809 will process a list of
commands in one area, anocher list could be prepared in
tha secoond oge.

A fucure improvement of the system could be
cthe use of “sacond generation™ VME CPU boards with the
powverful local VMXbus, this will give the VME stacious
real aultiprocessing capabilities.

SOFTHARE SYSTEM

A proportion of 80 I of the old system soft-
ware uas written in three differect assembly languages
and therefore =zust be complecely rewritten. An high
level lacguage was needed to tewrite rapidly all the
softvare developed during height years and FORTRAN was
chosen because it {s videly used and umderstood in our
laboratory. Furthermors many of 4{cs disadvantages
against amore aecructured languages have vanished with
" the 77 versions.

The ezse to write and maintain the programs
vich a high level language is paid by their least ef-
ficiency : the response times are iaocreased by a factor
from 4 to 6 regarding our previous system. Improvements
are expected with the nevw generation of VME boards.

The software developments are done with aa
EXORmacs amicro-compucer from MOTOROLA. It supports
easily 4 to 6 simultaneous users with 1 Mbyte of me~
mory. It has, in gemeral, good system facilities but
the FORTRAN compiler is slowv and rather poor and lacks

a symbolic debugger.

OPER HOST

Three layers can be discinguished in che
coutrol system softvars :

Overating svstem

The EXORmacs and EOST station tun the same
VERSAdos disk-based 0.S. The LINA and OPER stations use
the MMS68k realcize kernel. VERSAdos is bduilt around
this kernel. This feature {3 very coavenieant : the
programs are almost completely debugged on the deveiop—
ment system beform their fizal incegracion om the tar—
get systexs.

Service software

This level coccerzs all the general purpose
services vhich are furnished to the high level appli-
cacion software.

Interrask Communication : A message syscexs
has been deveioped wnich handles in the same way local
messages in ooe station as well as sessages exchanged
between two different stations. The receiver of a2 zes-
sage {s addressed with a symbolic namas :

name = STAT, SSTA, TASK

vhere STAT {s cthe name of the VME scation

SSTA will be used to address a substation conm—
nected to the 15538 necwork

TASK is the name of the teceiving task in a ™
station or an EUROMAX subscacion.

The mnanagement of the transfers can be =o-
dified by actributes specified by the receiving task :

* the, receiving task can be blocked ustil 3 message (s
sent to it (default opcion).

¢ the receiving task can test if there {s a pendizg
message for {(t. .

* the receiving task can receive only messages of
selected sending tasks, and, ian this case, discard or
delay che other znessages.

The sofcware is orzapised following the lay-
ers of the 0SI model up to the session level.
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Daca Base Vapagezenc Svstea

A discribyced data bdase contaims all the-
iaforzations coaceraiog che accelerator parameters.
The dacta base nauagement system is strongly influenced
by the system used at SLAC for the SLC couctrol system
[5,6] . The accesses to the data base are done through
standsrd functions with symbolic paramecers. the data
bsse {3 structured in subsecs belonging to each sta-
tion. The BOST sctacion maintains a copy of che whole
data Lase. Each subset {s struccured ia blocks, the
fir.c block coutains all the pointers necessary to
access tha data contaiged in the ocher blocks. In the
four other blocks, the data are struccured regarding
their types : stable parameters, HOST write ouly para-
meters, HOST read oaly parameters, EO0ST ounly parase~
ters. A Fortran~liike foraat with or without a tepeat
specificacion {8 associated with each piece of infor-
mation : incteger 16 or 32 bits, real, character
scriag.

Mao~Machine communication facilizies : A
graghics support has been provided te display infotma~
tions on the cousole screens. The sucput commands (draw
a set of vectors, display a& string of characcers, fill
an area) are passed to the graphics software and are
stored 1o device independenc graphic segments. inocher
set of commands {s used to manipulate the segmerts
(inicializacion, deletion, drawing, erasing, windowing)
and to seod them £o specific device drivers.

) The operacor coumands are commupnicaced to the
system chrougn the yse of touch panals. The tree~
structured menus of the touch panels and their opera-
tion are defined by symbolic files compiled by a spe-
cific progras. This compiler allows che specifications
of the locacicn of a buttom, its label, and the actions
to be takan vhen it is touched : e.g. the command :
COMAND:05,07, ,RON  SURVEILLANCE ,SURV,RUN=STRY
generates a button at locacion 5,7 wich che label RON
SURVEILLANCE aod when it 48 touched, the aecssage
o RUN=SURV™ will be sect to the task SURV. The com~
mand
MENT :05,08, M, INDEX ) , IDLE,MENUINDX
generates a buttoa at location 5,8 wich che label
“INDEX”" {n zedium size and, when it is pushed, the senu
called "MENUINDX" will replace the currest oce.

Aoolication software

The LINA scacioa runs all the scquisition and
concrol sadtwars uoder the coacrol of isteractive pro~
grams 1o the HOST stacicn. [t does also autoncmous
cyclic accuisition and surveillance. The {aceraccive
taskd rumaiag {a che AOST 3tazica ara disx residenc

except (wWo Casks which display, on two dJdedicated
screeas, peruanea” {aformacions on the acceleracor
scatuse.

All che basic caaks available on the old
systea are 10+ {mplemented.

CCNCLUSTION

The new system described here {s expected td
be 1o full aperaclon atr zhe begianing of summer 85.
Fovever, ve cin already drav some couclusions about our
main choices

e The oumber of hardware failures i3 drastically de—
creased cowrgared te our old technology system.

* The use of FORTRAN and of the sofrwvare services zar—
tioned above have been very successful to write effi-
ciently the application software.

* The hardvare and softvare discributed architecture
gives the sysctem a great flexibility. This poinr will
be particularly valuable for tha exteuszion of the con—~
trol syscem to the ALSII projecc [7'.

(1] 8. Leboucet ar al., “Flrsc osperation of
the high duty cycle Ssclay electrom linac
(ALS)", Proc. of che 1969 Particle
Accelerator Coanference, Washingcon,
Traas. Nucl. Sci., ¥5-16, n® 3 (1969 299.

[2] G. Biaachi et al., "A flexible dilalougue
wvith the computer in the coctrol room of
the Ssclay's linae”, Proc. of tche 1976
Proton Linear JAccelerator Conierence,
Chalk~-River (1976) 368.

(3] J.F. Gournay, "Logiciel du syscize da
coutrole de 1'Accélérateur Linéaire de
Saclay”, dé&c. 1979, Internmal rsporc
DPhii=AL 79-~423.

{4] u.c. cCrowiey-uilitng, “Discriduted
Digical coatrol of accelaracors® Proc. of
the 1982 Compucring in Accelerator Desigo

aad Operacion Coaference, Berlig,
Springer~Veclag (1934) 278.
[5] R.E. Melen, “Designo aud performaance of

the Stanford 1linear c¢ollider concrol
systum”, Proc of the 1984 Nuclear Sclence
Sywposium, Orlando, Trans. Nucl. Sci.,
NS-32, a® 1 (1985) 230.

(6] M. 3reidenbach, ¥.
munications.

Phinaey. Privace com=

[7] B. Aune er al., “ALS 1II The Saclay
proposal for a 2 Ge7, CW electzon
faciliey”™ Proc. of 1983 Particla

Accelerator Coanference, Ssnca~fe, 7Trans

Nuc. Sei, NS-30, a’ & (1983} 3296.

VERSASdos,
In<.

RMS68k, EXORmacs are trademarks of Motorola

EUROMAK {3 a crademsrk of Microprocess—veiss.



http://beglo.ni.ng

