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Microcomputer aystems based on the DEC LSI-11 processor h!gig
family have been in usa at SLAC for five years. Ti-~y are !1'& it
j; 3
)

The suppore of these systems is dfvided into three
general arsast enginsering, malntenance, and softwars.
Engineering specifies the system to match usor requirements.
SLAC has baen gbie to design one peneral purpose nystem

i
which can bs tuilored to fit many specific requirements. !
Maintensnce provides system amd component diagnostir servirces }
and repalr., Software support Iaclwles software consulting k3

services, assistance in gystems design, and the development 5

aod support of specidl purpose operating systews and prograns. 3
These support functions are handled as subtasks by three i N

teams in tha SLAC El ics Insiy don Croup. Each of %

these teamg utilize- several LSI-11 systeme in the performeace i i

of its primary tasks. They work closely together to jointly ] i

provide overall support for the larger SLAC commmity. 11

used for m wide variety of applicacions. i
i
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STANFORD LINEAR ACCELERATOR

INTRODUCTION CENTER [SLAC)
The Stanford Linear Acceletater Center (SLAC) is
a National Laboratory dedicited to basfc research in Oltge
high emergy physica. Staffed and opersted by Stan- Dg.'.m

ford University for the Unired States Department of
Enexgy, SLAC employs about 1300 peopla.

Figure ] is of an abbreviated organirational l 1
table of SLAC. The groups mentioned in this paper R&uuch' Oor'-er
are showm, along with the abbreviations which are wiwon | Drvwsona
used berein. Of special Intereat is the direct
interaction 1ink betweem the nsers and support staff |
at the lowest level of organization. Srows

SLAC hag long had § need for 4 progremmeble test
and control n::ule which is l:u in cost, portable,

CAMAC compatible, reliable undet a wide range of 1 \
environmental conditions, and easily adapted to many |E“"°m" fstumentation (E.rN)]
different situations. That nead is satisfied by a
migrocomputer aystem,

Microcomputers based on the DEC L51-11%*Y ngero-
procesgor fapily! were firsr introduced at SLAC in
early 1976. Over the follcwing two years, as soft-

STechmeal
Drigion

Regearch Arsa

viigh Enetgr |
Insirumentaticn (RAI)

Electromcs
HEEP!

ware was developad at SLAC, their use spread. In Y 1 = : [t el
those sarly years each group was reaponsible for Group Growp Group
puschaging their owm coards and assssbling their owm

£YSLEnE. . linteraciion level) ———

In early 1978, the Electronics Instrumentation
GCroup (EIN) took mote of the 1LSI-11 capabilicies.

ET{ started ao evalustion of the smictoprocessor Fig. 1. Abbreviated table of organization,

syatems available. The LSI-11 was chosen even showing that portion of the SLAC organtiza-

though the unit cost may have bean higher than some tion ¢overing the groups mentioned in this

othay units. The primary factors in this decision paper.

#* Work supported by the Department of Energy, contract DE-ACO3-76SF00315. BSTRCOON o oy
+ DEC and VAX are repistered cradamarks of tl'n Digital Equipment Corporstion. 0 THS DOCUMENT IS tpinrp
¥ L8I-11 hersafter refers to LSI=11, L5I-11/2 and 1§1-11/23 procegsor syatems, Ft. )

{Contributed to the 1981 Spring DECUS U.S. Symposium, Miawi Beach, Florida, May l8-21, 1981.)



srere the evailabkility of the hardware components,
and the scftware suppert available, both in general
aad at SLAC in particular. Research Area Instru-
mentation (a subgroup of EIN) then undertcok the
task of developing a standard LST-1] package. In
mid~1375, LSI-11s packaged in the evelving SLAC
standard chassis were made available through the
High Energy Electronics Pool (HEEP), just like other
modular elececranics equipment.

Presently there are 480 LSI-il syccems in opera-
tion ar SLAC. Of these 9 are used for research and
development in hardware and software, 5 are used for
equipment maintenar.e and test, 8 are used for opera-
tional support of varjous areas of the accelerator
facility, and 18 are in use by the research groups
for data acguisition and contrel in experiments.

1S1-41 SUPPORT STRUCTURE

There are several computer maintenance RToups
at 3LsC. The central computer facilfty has an
operations and maintenance group for the lerge
computer coaplex. Data Anslysie has a maintenance
growp which concentrates on the VAXs+ and mini-
computers. ©Other groups, such as the Positron-
Electron Project at SLAC (PEP} and the Instrumenta-
tion and Comtrol group, each with large numbers of
control computers, have their own maintenance groups,
plus oursfide contract services.

LSI-1! systems are usuzlly operated by groups
vhich have theily owm programming gtaff. BSome groups
include individuals with sufficient hardware know-
ledge te isolate a problem to the computer or the
connected equipment. From this point, however,
assistance for further problem diagnosis and repair
1s usually required,

Ther. are three general types of ¢omputer~
related problems. These are! hardware, softiware,
and the more difficult combination af hardware and
software. Basic hardware maintenance Te“:iires
technicians, often with special training. Many
softuare problems require systems programmers/
analysts, with experie¢uce in program coding and
debugging at machine~code levels, Ha. sware/software
interactive problems often require knowledge in both
areas. It is usually difficult to find a single
individual with che skills necessary to snlve major
problems in all areas. Where an applicailon requires
custon hardware and software design, a team of soft-
ware and hardware experts is often neaded.

The existence of these skill divisions directed
the development of the LSI-11 suppert structure.

The present strucrure has evolved throuwzh the efforts
of many people within EIN working together to pro-
vide the needed support.

Currently the support of the LSI~11 systems is
handled by three subgroups of EIN: HEEP (Main-
tenance), Engineering, and Software support. In the
dircussion that follows, it is important to note
ths* the support of LSI-l1s is nor che primary task
of any of these groups. However, eath Kroup re=
gularly unses LSI-11 systems in the perfornance of
ire jobs.

MAINTENANCE SUPPORT

The SLAC Righ Energy Electronics Pool (HEFP)
provides a wide range af support. A broad spectrum

+ DEC and VAX are regiptered trademarks of the
Digital Equipment Corporation.

of al and in-h designed high-speed
logic modules are avsilsble such as NIN hins and
CAMAC crates, crate controllers, data acquisition
wmedules, Braler scanners and displays, printers,
high-voltage distribution systems, high-voltage
phototube power supplies, and pulse-height
analyzers.

HEEP has 2 number of LSI-11 systems which are
used for the test and maintenance of ite electranic
equipment. It also owns several systems which are
loaned to users on a short-term basis for test and
experimental uge. Experimenters needing an LSI-ll
system for longer than six months are asked to pur-
chase one.

All new systems are ordered through HEEF. The
maintenance group protures, assembles gnd delivers
the systems, maintains the spares stock, and per~
forms almogt all first-line fajflure diagnosis and
repair. In additiecn, Haintenance specifies the
hardware and seftware teols needed to gB 02.35
and repair functions, The speeiiied co"p]-l j;ﬂ: o
provided by the engineering and softu.gn tbup.
Maintenance acte as the prlmary test facxliky‘f&r‘““
them.

All Initial coptacts for hawdware services are
made through the maintenance group. This includes
Tequesis for new systews, waintemance, reconfigura-
tion or installatiom, ete. The single~contact
approach simplifies service for both the user and
the support zroups. At times Maintenance will use
the engineering or software personnel as comsultants
on a specifjc problem, but this is transparent to
the user.

HEEP provides maintenance for all of the equip-
ment i¢ supplies. In general the eguipment must be
brought to the HEEP 1ab for servicing. Fileld ser-
vice calls are made when necessary. Service is pro—
vided for LSI-I1 compgnents and periphetals which
are HEEP inventoried and identified. These include
the L5X-11 chassis, G-BUS cards, priaters, temminals,
floppy~disk drives, crate controllers and crate
access modules, Other SLAC-owned LSI-II systems,
inventoried through HEEP, are matntained in the same
mi--or as the HEEP-owned loanet systems.

ENGINEERING SUFPORT

Engineering is the electronlcs design group
for EIN. The group produces designs varying in
complexity from simple«functien circuits o com-
plete systems. Engineerirg is responsible for
prototype construction snd test, often including
the development of software to perform the needed
testas The grovp's harxdware functions include the
design and constructfan of special cards. chassis,
packaging, snd system hsrdware, and the evaluation
and selection of commereial eguipment. The group
algo oversees the pre-producticn runs on quantity
copstruction, Including the procurement of any
necessary special components. Engineering esti-
mates and evaluates costs at sll levels, from
discrete compohents to full systems. Enpineering
alse has the responsibility for seeinz that all
parts of the gystems are malntalnable, and that
the necessary hardware and software required Co
perferm that waintenance asre provided,

Engineering has many differing LSI-1] respomasi-
bilielea. These include the design of the systews
chassis, the mpecificarion of a system to mateh user
requirements, special deeigns ee needed, and the
overall responaibility for keeping these systems



oparational, To meet this respansibility, Engineering
acts 4s a consultant for Maintenancs, sssisting in
the gvaluation of hardware problems, and modifying
hardware designs to e.iminate the problema. Thia say
include the 4design modification of compercially
supplixd equipment, normally coordinated with the
manufacturer.

This group also assists with the pupport of
equipnent In use at SLAC chat cennot be routinely
serviced by the grovp. Thus uawally
oceura only for some items of perfphural equipsent
(1.8., aon=-SLAC tape drives brought to the site by
a visiting research group), and often 3aquires loca-
cing an outside scrvice facility to perform the
neaded maintenance. Alrhwogh the preference is to
have the owning group perform the necossary coordina-
tion with the outside facility, for some problsma
the ¢oordination is done by the enginearing group.

Engineerir , may acc as liaison batween a user
and the mainteénance or software groups, Enginesring
aleo acts as a consulting service for the software
group in the diagnosis and test of special apeli~
eation production pragrams. All thres giroups work
together on various projects and problams.

SOFTHARE SUPPORT

The Software Support Group provides softwere
conaulting services, assistance in the noftware as-
pects of system and interface design, and programing
assistance and services for the physfcigts, eagineers,
technicimns, and other support staff of the Experi-
mental Facilities Departwment. The programuing
support provided often includes the development of
special purpogse operating systems and applications
prograns for use with hardware designed by EIN for
the ganeral SLAS community.

The LS1-]1 software support, provided for EIR,
is also availsble to the general SLAC community,
This includes consulting services, information on
151=1] software development facilitier, and the

ipport of some £ al purpbse systams software.

When an order is being considered for an LSI-11
procasger, chassis and components, tha ordering vser
consulte with an engineer and a programmer. The
wger dascribes the application and 18 presented with
doeamancation on the hardware and sof; available.
The system confijuration i1s normally establighed at
this time. 1t is recommended that edich system be
equipped with 4K words of EPRM kernel, usually
referred to as the KERNEL.Z

The softwsre documentation includes information
sbovt the software development facilities available.
The most widely used facility resides on the M
central computer syatem (known as the TRIPLEX).?

By utilizing the KERNEL and the cross=compilers and
cross~linkers svailabie on the TRIPLEX, the usar can
create softwave which can be down-loaded froa the
TRIPLEX into the LSI-11 RAM.2 For RP-11,% Sul
developsd documentaution end utility programs for
conmunicating with the TRIPLEX are available. The
vser s Tesponsible for obtaining a copy of RT-1).
Docusentation for a SLAC version of FORTH, system
diska, and samples of FORTR source code are provided,

The eystems softwave available Lfacludes the
FERNEL prograwm, which ig provided and saintained
for the general SLAC community. At varions tiowes,
the communications pratacol to the SLAC central
computer syatem may change. When modificarions are
T2Cessary, the EPROM FERNEL code is updated, and a
paster set of BYROMa 15 given to Maintansnce which
18 thdn responsible for ungrading the systema iun

. nn e v e t—————T

the field. Software suppert alsc maintaine several
libraries of utility routines on the central SLaC
computer. Included are histogram and display rou=
tines, conscls interattion routines, and scme basic
operating systems which utilize these routines.
These coperating systems can be tailored by the user
to suit a particular spplicatiom.

Software support also has available a disgnostic
package for hardware. The major cmpoment of the
package is a set of diagnostice for memory and peri-
pherals which ave written in FORTH. Testa are In=
cluded for paripherale such as the CAMAC erate con-
trollers and interfeces, disk and tape drives,
DLVIl-Js, and the various memory systems available.
Also included 1is {nformation on the DEC LSI-11
diagnostics.

With the assistance of the Engineecing and
Maintenance staff, the Softuare Support Group wain-
tains ah LS1-1l software and firmuare developmwent
facility. Tha facility ipcludes PROM burnars, tapa=
to-floppy and floppy-to-tape dats transfer facili-
ties, floppy~to~TRIFLEX and TRIPLEX-to-floppy data
transfer facilities, and paper tape reader/pumch
factlities.

SUPPORT SIRMARY

'lbe poo.'u.ns of the support personnel into ane
group the total manpower needed to

support the wany diverse systems. Also, each user
group does not need to maintain irs own spares
atock. 1In addition, a centralized source of LSI-11
information improves service for the users, and
minimizes the duplication of effort in the hardware
and software areas.

A malor advantage at SLAC is the structure of
the central support orgenization. This provides
the full-time support for the LSI-11 syatems,
Several $ndividusls from Maintenance, Enginsaring,
and Softwars provide this support, each person on
an ng-required basis. This structure gives the
support group a much wider manpower base than that
of a dedicated suppert group. Meore individuale
work with che diffevent systems and componenta.
Each gains knowledge snd expertise of many d1ffer-
ent installstions. Thos more people are usafully
available when assistance is required. Any equip-
ment echnectad with the actual runaing of experi-~
menvg, where delays would cause n loss of experi-
mental hours, 18 given prinrity service when
problens oceur.

THE STANDARL SLAC LSI-11 CHASSIS

The current suppurt styucture and system chassis
developed in paralle). In addiciom to user require-
ments, the needs of the maintenance and software
£roupa vere major f in the ch spacifi-
cation. The chaseis precently in use anables EIN
to meet the needs of the SLAC wmicroprocessor user
comumicy. The design affects both the hardvave and
software servicability of the aystews. Thia sectice
describes the evolution of, and presents soma de~
tailed information on, the design snd function of
this chassis.

The first LS8I-1] microcomputers at SLAC ware
fairly gimple, They utilized the quad-wide LBI=11
processcy, 4K words of 2708 EPROM, 24K words of RAM,
and 2 BLY1? tnterfacas.’ One of the DLV1la was used
to interface to the console terminal and the other
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wen used to interfacs to the TRIPLEX. The 4K words
of EPROM contained the TRIPLEX serial line and con-
gsole terwinal handlers. Later a Schlumberger JLSI-10
(Ref. 7) CAMAC crate conttoller and incerface were
added.

Early SLAC packaging uvaed cowmercial quad-wide

reasons were found, These were the grouth of sys-
taps bayond the B-card limit of the smaller dual-
wide cardcage, coupled wivh the users® rejection of
the addad rack epace tequiremant imposed by the
12=high chassis.

About the time that WAL atarted to design and
d for the L5I-~1] eystema at SLAC,

Infd Y
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cardeages and various SLAC-built custom ch
including 8 wide variety of power supplies. In
effect, each chasels was vnique, with very few
interchangesble components other than the processor
and memory boards. Soma user groups purchased
commercial system enclosures which included the
cardcage and power mupplies. In 1978 RAI begen an
evaluation of then availsble commereial enclosures.
It soon became apparent that no available eénclosure
was suited to the special requirements of the SLAC
community.

These specinl requirementa included ecase of
fleld exchange at both che board and chassis lewel,
ease of access to interface cables, moderste-to-high
power supply capability, and high syatem reliability.
The reliability requirement alone msant that a high-
quality power supply and cooling fan{s) be included
in the enclosure design. The system power require-—
ment, coupled with heating effecta within the eun-
closure, soom pointed to the need for a switching-
style power supply, generally more efficteat over
the full operating range than a corvesponding lineaxr
power supply. Mo kncum commercial chessis, at that
time, met these requirements.

In early 1979 it vas decided to design a custom
enclosure for SLAC. At that time the dual-wide
micropr and peripheral boards wero becoming
readily available, A variety of cardcage Bstyles was
dalsc available, Prototype chassis were designed and
constructed utilizing three diffcrent cavdeages.
These were tvo dual-wide cardcages, an 8~high and a
12-high, and an 8-high, quad-wide cardeage. The
firat approach was to use the dual-wide cardcages as
¢che mose efficient packaging for most systems, with
the quad-wide cardecage being used only in those
systems requiring one or wmore quad-wide boards.
Several units of each type were censtructed, and
placed in service for evaluation.

It vas goon found that the chameis with the
quad~wide cardcage was the preferred choice. Two

dsas

the duval-wide LSI-11/2 processor, DLVI1-J 4-port
serial interface, and the Stendard Engineering
CC~LSI~11 (Ref. 8) CAMAC crate controller and inter~
face became available. In the SLAC standurd chassis,
they were substituted for the quad-wide LSI=-11 pro-
ceBsor, DLVlls, and the Schlumberger CAMAC cratn
controller modulea.

Currently, the user has the choice of an LSI-
I1/2 or 181-11/23 as the pz . Each
includes a DLVIl=J 4-port serial interface configured
to the BLAC standard. The memory system suppliad
depends upon the system application. Peripherals
optionally available include dowble—density dual-
drive floppy-disk units, tape drives, line printers,
CAMAC crate controllers and interfaces, cartvidge
tapc units, and any other commercially ava’liable
devices ths user may wish to order.

The t SLAC nf encloemre? g
a vack-mount chassis with alides. This encicsure
is commonly referred to as the "MK II Chassis”
(Fig. 2). The cardcage is a_commercial 8-high,
qued-wide, 16-slot assevbly.T A high-efficlency
switching power supply will easily operste @ broad
vapge of bicroprocessor and peripheral cards. Either
of twe commercial power supplies may be installed.
A pair of 100 CFM fans provide the necessary air
flow for the cards and power supply. Four printed
eireuit boards are used for system control gnd basic
ASCIl-port inrerfacing. The chassis top cover is
designed to mount in the vack rather than on the
chasgis. Thus the unit is enclosed when in the rack,
but when 0lid forward for access 1t is immediately
exposed without having tc remove the cover.

The four chassis PC boards are:
1. the froot panel board (Fig. 3) which wounts all

displays and control switches excepe the main

AC pover circult breaker;

$ Manufactured by Netecom.
§ Manufactured by Siervacin Power or Gould.

Fig. 2. MK II Chazsis, oblique view,

e,
-

daa.
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2, the system control board (Fig. )} Includes switch
debounce circuits, risplay drivers, port activity
monitors, power feil monitor, and four variable
baud=-rate generators;

3. am ASCII-port interface bosrd (the back panel
board) which converts from flat ribbon cable ta
standard 25-pin cale D-comnectors (Figs. Iamd 4);

4, and the line-time~clotk gsnerator board. This
bosrd derives the 1line clock from 120 VAC power.
For safety reamona this board is lccated in the
screen covered ereg on the tottom of the chassis,
aleng with 811 other AC circuitty. Thue no
hazardous voltages are exposed, even during
normal maintenance procedures (Fig. 5.

Interface comnection to most LSI-ll series
cards iz made using flat ribbon cable. For ease of

intercennection, the back panel has provieions for
mounting bulkhead transition comnestore for flat

]
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cables (Fig. 4). To allow for the odd cable, the
chassis back panel has beean designed so that there
is a cne-inch opening at the top when the chassis
is installed with the cover. Additional csbles may
then be brought out of the enclosure over the top
edge of che barck pamal.

The chassis has been designed to allow rapid
maintenance. For exmmpln, the chassis boards ere
mounted using quirk-relesse, snap-in stamdoffs.
Board counectors 8re sither flat cable comnuctors,
or screw luga on the line-clock generator board amd
pouex supply.

SLAC L31-11 UTILIZATION SURVEY

Forty gystems are currently im use at SLAG,
The diversity of appificaticon and configuration is
such that few syatens are identical. UHowever, most
of the P are interch ble, even the

‘1

Fig. 4. MK II Chaesis, rear view.
Nota rear panel board mounting and
- interface cuteffs.
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chassle, which simplifies the support of thase
Bystema.

0f the 18 systems in use by the reseerch groups,
one particular installstion® 1o of special interest.
Five systemg are natworked on one experiment. Omne
¥T-11 based aystemt acts @® the multiplexor. It has
two terminals and a hard disk attached, and utilizes
an LSY-11/23 as the processor. This systes incldes
two DLV11-Js, one being used only as the link to the
four other systeme. The four sgtellite syetems,
each running an ATROPOS program!® monitor and con-
trol derector componsnts, end acquire data from four
separate detector systems, all part of the same
lazge experiment installstion.

The other 14 resoarch systems are in wse by
various groups. Tite systems are used eicher
dicectly with an adtive experiment, or in the
davelopment and tesat of detectors and ather harduare
being constructed for fnetallation,

In addition, tha resesrch groups oparste four
other systema. Omne is uped for hardware development
and test. The other thres are used for software
development of programs which will be run on the
axperiment support systems noted abova,

EIN operatea ten systums. Six of thesc are
usad by RAT for the development and teat of both
hard and acf » The other fsur are used by
HEEF for the cest and waintenance of CAMAC, WIM,
LSI-11 and other hardvara supported by the pool.

The eight systemg in use for operatjonal sup-
port serve a wide varisty of fumetions. These range
from the op {on of a line-ptinter facility
to the eteering and control of the particle beam

© Ths DELCO experinent at FEP.

Fig. 5. MK 1l Chassis, bortom viaw.

thiough different experimental areas. Scme are used
for che monitoring and contrpl of beam polarizarion.
Ancthey controls some of the functions for the ine
jection of the beam inte the accelerator. One is
being used for the development of new techniques for
the control of the acceleratar propex. These systems
have becowe unecessary tools in improviag the beam
stabilicy and purity in several diffe:ent areas.

CONCLUSIONS

Tha SLAC centralized support structure and the
group functions implementing that structure have
been described. Also ditailed are the evolution of
both chw euppart atcucture and the aystem chasais
which ceem to best suit the needs of the SLaC coumu-
nity. The two are clossly interselated ellowing
exch uger the system and sarvice needed. At the
same time the capability to support a wide diversity
of uger system and servics requirements is main-
tained, ‘fhe eystems survsy presented demonstrates
the diversity of systemm usage seen ar SLAC.
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