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Abatract

A flexible, multiuser ing test envi hax been
established for the engineers in SLAC Electronic Instrumenta-
tion Engineering group. The system hardware includes a stan-
dard MicroVAX Il [1] and MicroVAX I with multiple CAMAC,
FASTBUS, and G instrumentation buses. The system
software components iaclude MicroVMS licenses with DEC-
NET/SLACNET, FORTRAN, PASCAL, FORTH, and a ver-
satile graphical dllplly package. In addition, there are several
soltware utilities available to facilitate FASTBUS and CAMAC
prototype hardware dabugging.

Introduction

For the past 1D years the engineering and technician stafi
of SLAC’s El.etromu Instrumentation Group (EIN) have been
using stand-afone LSI-11 Q-bus systems {2] for their wuork
which includes the prototype checkout, production test, and
masintenance of high energy physics and accelerator control in-
strumentation. These LSi-11 systems usually run a stand-alone
wersion of FORTH f:} developed at SLAC s thenr pnmlry noft-
ware systern. Occasionally RT-11s also used. The stand-alone
characteristics of the LSI-11 FORTH haveallowed direct access
to the L8I-11 hardware and the interfaces to CAMAC [4] and
FASTBUS (5] without fighting the protection of an operating
system. Now however, given dramatically increased complex-
ity of the instrumentation being developed, there is a need to
run in & more sophisticated environment where there is access
to the facilities of mathemetical librasies and languages better
suited to instrumentation performance analysis.

Some of the problems involved in changing systems in this
environment include user retraining, and expensive equipment
purchases to support CAMAC and FASTBUS on a new system.
VAXs have been heavily used at SLAC for years, and s0 when
the MicroVAX line, with it Q-bus compatibility became avail-
able, u seemed an obvicus choice. Due to budget constraints,
it has been necessary to initially equip the MicroVAX systems
wiﬂl FASTBUS and CAMAC interface bardware salvaged from
the LSI-11 Q-hus eystems.

The foliwsing sections describe the system(s] which have
evolved to date, as well as proposed plans for the future.

Overview

Currently EIN has about 600 squase feet of laboratory
epace dedicated to B test stands. Four test stands (with & to-
tal of 3 CAMAC crates and 3 FASTBUS crates) are supported

. by a MicroVAX 1§ (known as ELDU2). Two test stands (one

with 8 CAMAC crate and one with a FASTBUS crate) are

_supported by a MitroVAX I (known as ELDU3), and one test -

stand (with one: CAMAC crate) is supported by s stand-alone

- LSI-11/73 system. One test stand hea no computer facilities
sasociated with it, but has manual CAMAC and FASTBUS test -

boxes. The aliocation of the CAMAC and FASTBUS crates on
ELDU2 and ELDUS [a flexible 5o that they can be assigned to
the enginesrs, technicians, and programmers (which will jointly
be referred to s the users from heresii) as needed.
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Fig. 1. ELDU2 MicroVAX II Configuration

13 MB memary
RQDX3 disk controller supporting:

. two 70 MB RD53 Winchester disks

" dual RX50 Soppy disk drives
TK30 eartridge tape drive for system backup

and software installation

and distribution
DEQNA Ethernet interface
DHVII-M 8-port serial line multiplexer
1IEQ11 whlch pm:du 2 md:pendeut [EEE-88

instrumen

2 SEC (now DS?;) CCLSI-I]. CAMAC crate
{ro)

3 DRV11-J/IORFI-11 FASTBUS Interfaces

QPI (Q-bus Processor Interface) for FASTBUS
a console terminal

and one CAMAC crate connected by mte controliers currently
uader evaluation,

The 8 DHV11-M ports are connected via an 8-port Micom
Instamux to the SLAC Micom switch [6]. In the EIN laboratary
area with the tzst stands are several terminals which are also
mn«uduzhesucmmmkh as are the terminals
in the users’ offices. The test stands mppamd ELDU2 can
thus be arcessed and ytilived by the users in the EIN laboratory
itself, from their offices, or from any other terminals at SLAC
which are connected to the Micom switch.

ELDU3 i a standard MlcroVAX 1[in 8 BA23 (8-slot back-
pl-ne) rack lnou.nl chassis] vi

RQDX.I dhk contyoller ypomn -
S one 30 MB RDS52 Winch-mdnk

_ ome 10 MB RDS) Winchester disk

¢ - dual RX80 floppy disk drives
DEQNA Ethernet iat:?
D2V11 4-port serial interface
DSD-880 30 MB Winchenter (which locks

like 3 RLO2s to VMS)

18EC (n;'ng?f?) CCLSI-11 CAMAC crate \k%‘\?g\'

1 DRV1i [lDRFI—ll FASTBUS Interfare
= console terminal

Two of the ELDUS DZVll are connected to the
SLAC Micom switch and thus ELDUS bas all the user access
capabilities discnaxed !'or ELDU2 abave.
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Fig- 2. ELDU3 MicroVAX I Configuration 1: — :ﬁ:::lm ¢
Hardcopy (text and graphics) output for ELDU2 and 11 ------ VIG3LR-¥-LINES
ELDU3 are provided via DECNET/SLACNET [7] file trans- 12 ¥-LINES-CNAF3-LOCP
fer facilities which allow & file to be transfesred for pmlhn; to 18 ——-- n:";“.:"m
any printer connected to the SLAC network. Locally, in our :: - gc_:.“_‘
building, an IMAGEN printer located down the hall from the = THC-THAU-F
EIN laboratory is usually used
Software Configuration XENU TTEN @ DR <cr> ¥OR MENU =
Hoth systems are running VMS, and have DECNET/ . o
SLACNET, FORTH {8), and the versatile sxié\? Ilultolum Fig-3. CAMAC Line Wiggler Utility
and graphical display packages of HANDYPAK }9] and Uni- Fi 4 sh the for the line fi
fied Grephica {10] available. ELDU2 also has FORTRAN, |m)",?hu :ne::. ;llo“ng:u::r !:l lf;' i“kn (:rm.!‘ :::
PASCAL, and the TEQ11 VMS driver licenses. Currently the ondary address cycles, and the tne ol‘ read l.nd write cycles
only drivers available on ELDU2 and ELDU3 for CAMAC and  that are to be performed in high speed loops. It also enables
FASTBUS are FORTH drivers. Forma! VMS driversare in the  the user to specify various combinations (even illezn! combina-
process of being imported and/or developed. tions) of protocol lines which can then be wiggled in a Joop.
FORTH
A version of FORTH which runs under VMS
has been developed at SLAC. Its mode] is cloa- e MENU-FARTBUR Line Wigglexs { restart with: aFLY )}
est 10 the 79-Standard.  Given the powerful
Record Management Services of VMS, the tradi- FASTBUS Cruts Pert @ = 1 Nodule Slot # = 15 Nodule ID = #00100000
tional BLOCK /SCREEN structuting of FORTH has oPTIOHS:
been reph:ed by a more natural sequential file ar- Preceds tast vith CF Primasy Adéxess Cycle ( PH-IM'I Address = 16 )
ganization with viiable length records. Full access Preceds test with a writs NTA Cycle: ( WTA » $C0000000 )
to most of the featurés of VMS is permitted. Use AD = 800000000 for contsul lime tast
For example, when debugging « FORTH program, Cantrol linss toggliag W‘I taet are: D 880 Kieg
a user can SPAWN a task and access his/her fa- Lines up are: AS 88-0
i vt vermaniig. o BORTH, wa theFORTH
returning to- use the
D e i, T e
un-time linl n ts in -
VMS sharable images is permitted, and thus the user ; p—— :-':,:‘:
can link to procedures written in MACRO-32, FOR- 3 ~——— RETT-THTS-KEED
TRAN, and PASCAL. The VMS can even 2 «BZY-PASTEUS_Crate_Port_$
be vsed to debug FORTH ende. & —-v-- ¢ETY-Nedule_flot_¢ =
Software umm- : o :‘"ﬂn"—ﬁd-.ﬁ?‘l-
Several nl’twm otilities have ten in -~ oEET-NTA »
FORTH for use in CAMAC and I"ASTBUB ine SEET-Tast_AD_Valuss
strumentation eheckout. These include scope loop SEET-Lise Tast States oo \
utilities for CAMAC and FASTBUS. and |=nuul ' )
FASTBU! Smudukudmmm FASTBUS 11 ~--—- FRINI? -
instramentation. 13 --—-— FRNAP :
CAMAC Usilisies,

13 ----== CONTAUL_LINE_VIGQLER

1§ =eecee AD LINE WIGGLER

16 =====- Loop ovar: addrese q:h. opufosal BTA cycle, write & read
¥rite apd reed cycle leep

1T ~———-- FRLECTIVE_BETA{LEAR_LDOP

19 ===v== Logp sver a1l liuss, wiggling ssch, s2s ot & tine

MENU TTEN @ CR <cr> FOR MEHD =
Fig. 4. FASTBUS Line Wiggler Utility
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sesNENU-Ganaral FAETBUS Namory Test ( festart with: oOKT )

FASTPUS Crate Port # = 1 Noduls flot # = 36 Nedule ID = #00100000
Selectad test pattero is: Altwmsting address b8 complummmt of the sddress.
Lesst Bignificant bit s O Nost significant bit fs: 31

Btorting NTA is: §0000000C im DATA Bpace.
Nowber of PASTPUS worde to be tested ia: #G0000000

TIEK ¢ DEACAIPTION

1 meeeee SYSTEN-EELP

2 -e-eee GO-TO-FORTH

3 - EXIT-THIS-NESU

4 ------ ofLT-FASTBUS Cratw Port @

§ --=--= ofET-Nsdule_flat_¢

§ ---—-= oEET-BLDS_Block_Transfers

7 -———== afET-VEIRY-FAST Dlock_Tranafers

8 ------ o§ET-Paraseters for the Nemary Test

9 ------ FRINIT

| R BuAP

11 —-——- TRACE-CK

12 --——== TRACE-OFF

13 smmmes PARITY-OK

14 =oomee PARTTY-OFF

16 —-==em Salect pa T 1 pa

16 —-—wa- Seluct pattern: Bliding O im 2ield of 1's
17 --=re ~ Select pattern: Hliding 1 in field of O's
18 -~---~ Select patteru: Alternating 1's and 0's
19 --cmee Bslect pattarn: Altermating addr and complesent of addr

20 ------ Tast_Menory_V/Block_Tranafers

n -~ Tast _Sencry V0/Block_Tranafare
Tust_Menary_¥/AL1 Fatisms

23 ---~== Loop en the Nemory Test ¥W/Block Trenefers
24 --—++ Loop s the Nemory Test WU/Block Transfers

Fig. 5. General Memory Test Utility for FASTBUS Instrumentation

sveNEill-Basic PASTOUS Module Temta { restart with: *BNT )

PASTEUS Crate Port & = 1 Nadule Slot ¢ = 16 Nodule 1D = 900160000
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19 -=-=2~ Tast_Date_Space_Adirassing
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Fig. 6, Basic FASTBUS Module Test Utility

Figure 5 displays the menu which interfaces
the user to the general purpose memory test
utility.

These memary tests are currently imple-
mented via a DRVI1-J/IORFI-I [11] interface
to FASTBUS. The ‘SLOW’ block transfers re-
ferred to in the menu perform full 55 code
and protocol checking, while the *VERY-FAST'
block transfers are just DS toggles. The user
specifies the width of the memory to be tested,
the starting NTA, the number of FASTBUS
waords to be tested and the type of pattern to
be used. The memary tests can also be done v
random write and read cycles. Ultimately these
tests wil) also be implemented using some type of
high speed FASTBUS Maater to test FASTBUS
module memories at full FASTBUS speads.

Figure 8 displays the menu which interfaces
the user to the Basic Module tests.

The information for the Basic Module Tests
is specified in a configuration file which indicates
in what space and addreas range(s) the module’s
memory lies, the memory’s width, which CSR
registers have selective set and clear bits, and
what ather CSR registers (and their widths) u
module bas. Note that there may be special con-
ditions which affect the operation of things such
a5 the selective set and clear bits, which cannot
be taken into acecount dy this general program.

Thase utilities are axpacted to continue to
evolve as they receive use and their shoricom-
ings are recognized, Currently they only aper.
ste through a DRV11-J/IORFI-T interface to
FASTBUS. In the near future the FASTBUS

'l | module and y tesis will be imple-
mented for some high speed FASTBUS Muster.
Timing Information

For the FASTBUS scope loops (run via the
menu shown in Figure 4), the table shown in
Fig. 7 lists some of the timing differences be.
tween ELDU2 (the MicraVAX II) and ELDU3
{the MicroVAX 1) using & DRVI1-J/IORFI-IL
FASTBUS Interface. Both systems were running
exactly the same ¢ode.

These timing statistics are significant as they
indicate that MicroVAX Is, which many people
may consider obaolets, can be effectively used to
support an instrumentation teat stand.

Obyervations Concerning DMA and
Non-DMA FASTBUS
and CAMAC Interfaces

In establishing an electronics instrumen-
tation test environment such as is described
here, careful consideration should be given to
the functional variations provided by DMA
and noo-DMA- CAMAC and FASTBUS inter-
faces/controllers. Thers are advantages and dis-
advantages to both, and they fulfill different
needs. ] have had experience with the follaw-
ing FASTBUS interfaces: the DRV13-J/IORF]-
1 which is a non-DMA FASTBUS intetiace, and
the QPI [12] which is » DMA FASTBUS in-
terface; and the following CAMAC interfaces:
SEC (now DSP) CCLSI1] crate controller [13]
which is & non-DMA CAMAC interface, and the
Kinetic Systems 2022/3922 (14] which is a DMA
CAMAC interface/crate controller. FASTBUS
and CAMAC DMA interfaces are currently
under evaluation.




FASTBUS Loop Gonbentn

MieroVAX 1

Rmdum Cycid (Rnd ot Write)
Rmdom Wnu Cyr.le foilowed
by [y Rlndom Read Cycle
Prumary Add:m NTA write,
rite Cvc[e,

12.9 Microseconds
18.4 Microseconds

98.8 Microsecond,

8.7 Micmcnnds;"
4.0 Miﬂwe:nnda': 7

s 11" the test environment described hmm. ﬂ\n pon-DMA-
_devu:a are dedicated Lo a singie user and mapped directly into
the user's program mpace. This avoids the protection of the
. operating system and provides the same direci access to and
oggolule control of the FASTRUS and CAMAC instrumenta-

tion buses as is available on the LSI-11 test wtand systerns. In’

the case of the DRV11-J/IORFI-II, one is able to manipulate ;

-7z the FASTBUS protocol and data lines in almost any manner,

desired. Almost any combination (legal and |llml) of FAST-.
BUS protocol lines can be manipulated, and it ia poasible to’ .’

generutzhdpuilym the datltot-tp:ntydeutlm by l.he
equipment under test. Other advantages of non-DMA devices
include: no fancy drivers are needed, and they are gnen.ll\
cheaper than DMA devices. Dindmtqu of non=-DMA de= .

CPU cycles to operate.

o 'Advantages of DMA interfaces Include;- tlll! are: mu:b
B 'I‘uler than non-DMA devices, an ly. require fewer CPU
tycles (compared to non-DMA devices) to transfer lasge blocks

of data. Disadvantages include: they are manally more
. single’ uger mode, DMA: devices with mhnumed drivets can

... users from each other. In our environment, with our non-DMA
intetfaces-and simple FORTH drlvm we nly Beavily on the

benevolent’ natute of our. uun

-~ DMA- TAS‘I‘BUS and CAMAC in!af m:m un-

der evalumon,qu develn) it. Ulumatelr it is hoped to
provide a varieéty of DMA (for’ M;h speed) nnd non-DMA (for
ﬂu\blhty lnd Mlule control) access to'th the FASTRUS md
CAMAC :uts in the ¢ :y:tem

Diudvanugu and Adnnuges
.of this Test ,

isomg ‘mVAx 1 x2d MicroVAX 1T Timing Compurmml

« When & MicroVAX system is down, there are no com-}

- “a It ia much easier to

. vices include: they are generally much lluwer and require more :

expen- . -
- give, and require expensive software drivers, aven'if used in a
be use in almost any environment as they generally protect the

L. ltumynm'bhbmoummlemnmdmmrm

' large memory
build CAMAC testers} ofi the MicroVAX systeris. This is how-
ever, being looked into. In the near future it is hoped to have

2) J Kieﬂ‘u. 'C. A Lo, D. Farwel

puter facilities f “associnted test stands.

. Thet-tlhndlntenct Forubla They mutmmlni
.clese; proxirgity to the CPU.-The LSI-II test stands are
‘ne emmncd and can be sasily moved mywhere lh

(pgrgpcniuly over the LSI-1

keep everyone uairig the latest version
-+ of the FORTH system and support code,, With-the LSI-
11, there were 30 or more eopies to keep up to date.

* It is easier for the users to share cade and utilities uncng
‘themselves,

.. Slncethemﬁlépcﬂm;mhmubdnluud a greater T

_variety of sofiware tnoll can be muh available to the
users,

" w The FORTB—FORTRAN connection mesds that basic

‘hardware exercising and data collection can be done in .
FORTH, and the data can be pmed tn FOD.TRAN pro-
. grams for an alysis. -

enviranment, some of the same code which is ron by the . .
experimenters, -Also, our code can m.lnmmycus,
belrmponedlothmVMSmumn I!dulr:d e

Current Shorunmlnp and
n!‘l?utnra l.mpmvamenh tT

this point have to do with the :

h:l ﬂfDMA CAMAClnd ASTBUS interfaces and an estab-
lished way to test FASTBUS mdnluufulll"mus;puda
ln uldtlmn, due'to the lack of &' DMA CAMAC interface, it is

boards (for which we usually

FASTBUS Mas-

l -1, RT-11 I\TMX, nd Vh?é mgic.d lh'nslca_f
-11, afe emay]
llilll Eqmpmm:nccrp

1, “The Eupport and .

d the. LSI-11, Prm Family at SI.A.C.
|gil.nl t Computer Users So:..
2727, Apr 1981 - -
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that jts use would not infringe privately owned rights. Refereace hercin to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Goveroment or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those af the United States Government or any agency thereof.




