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ADSTRACT

A hunan interface based on the Snoop<l> diagnostic
module has been desipned to facilitate checkaut of
FASTBUS<2> devices, diagnosis of system £faults, and
nonitoring of system performance. This system, which
is a gencralization of the usual computer front pancl
or control console, includes logic analyzer functions,
display and manual-control access to other modules, a
nicroprocessor which allews the user to create and
execute diagnostic progranms and store them on a mini~
floppy disk, and a disgnostic netuwork which allous
renote consale operation and coordipation of informa-
tion from multiple segments’ Snoops.

THE FASTBUS ENVIROIMENT
FASTBUS 1s a powerful and flexible data acquisi-
tion and general purpose modular bus system which
supports multiple processors and wultiple busses
{segnents). Such systems can be quite complex, so
FASTBUS has been designed from the beginning with the
problems of fault avoidance, detection and diagnosis in
oind. A FASTBUS diagnostic module, called the Snoop
tlodule, has been designed to facilitate the process of
detection and diagnosis.

Because large or complex systems are difficult to
initialize correctly by wnanual cperations such as
setting switches, FASTBUS avoids switches. Initializa-
tion must therefore be performed by a Host computer in
the systen, which loads registers in the wodules in
order to specify addresses, priorities, and options.
However, for the service technician or user who deals
with only a few modules at a time such an automated
system 15 an annoying and wasteful overhead. For these
sinple situations, a convenient interface equivalent to
manually operated switches 1s needed. Digplays and
controls similar to those provided by the “front panel"
or console of a small cooputer are needed for the
nodule repair techrician. The Snoop Module contains a
oieropr and the y hardware teo become a
llaster on the FASTBUS, along with an interface to a
display, keyboard and diskette storage device 1in order
to provide these functions.

1o normal large-system operation it is desirable
to rum occasional non-destructive tests at lou prior-
ity, such as writing dara to an unused register and
reading it back, or reading known test patterns. The
Snoop contains enough hardware to allow its micro-
pracessor to < ‘aulate a siople slave with nodule type
identifier, tesr patterns, switch registers, display
registers, and scratchpad registers for this purfose.
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When & FASTBUS system has failed or is being
exercised by the Snoop, it cannot be used simultaneous-
ly for communicaticn with the diagnostic equipmenc,
Furthermore, diagnosis nay reguire comparison of bus
signals on several cegments fa order to localize inter-
connection failures. FASTBL providesa a Serial Diag-
nostic Network (FSDN} to sol  this problem. The Snoop
provides a convenient access int for bumpan interface
ta the FSDI! when its supportiig terminsl is connected.
The Snnop can also be controlled through the FSDN from
a remote terninal. Snoops can communicate with their
neighbors end ¥7.h the system L .t processcr Lo set up
test conditions and coordinate (st results for inter-
connect fault isolacion.

Complex multiprocessor muwltisegnent systems 1like
FASTBUS need performance monitoring tools in order to
discover the location of bottlemecks or overloaded
segrnents. The Snoop can take stat. tical sacmples and
snapshots of FASTBUS activity per odically, providing
the needed information. Bottlenec. - can frequently be
rewoved without noving modules or ¢! 1ging addrzsses by
merely adding a direct interconnt . icn betwcen two
overly communicative segments, sinc. FASTBUS allows an
arbitrary 4intervonnect topology. Fiedicting traffic
loads im advance 1s not always easy, SC measurements
and subsequent optinmizations will be needed occasion-
ally in wost large systems.

IMPLEUENTATION STRATECY

In a FASTLUS systen, there is too cuch information
to be displayed -+ any module front panel. A compact
terninal 1s ncedew which can be rcasily noved to a
locaticn convenient for the current problen. The
package also should include a small floppy disk for
storage of diagnostic routines to pe executed in the
Snoop. Ve selected the Heath {now Zenith) 139, an
inexpensive but compact, rugged and convenient package
which includes a Z80 microprocessor with 48 kilobytes
of random access memory and two serial ports. One
serial port comrunicates with the Snoop, and the other
is avaiiable for connecricn of an optional hardcopy
devices

The general structure of the softwarc is show 1in
Figure 1.
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Figure 1. Snoop Sofsvare Organization

FORTE<3> was selectcd as the systen implenentation
language because uve needed rmultitasking, Interrupt
handling, full processor speed for certain critlcal
code scquences, interactive diagnostic progran develop~
pent and execution by the ultimate user, and an extens—
ible language to support a vide variety of applications
conveniently. llo other single language covers this
broad spectrun iron machine code to structured high-
level constructs in such a natural way.

The FORTH version used as a starting point was tae
public domain veraion distributed by the TORTI Interrst
Group<4>. Though we have enhanced and optinized i+ for
our needs and have vewritten 1t for the neesocd, it

remains faithful to the F'3 model and the proposed
FORTH standard. 1ts public domain nature will facili-
tate distribution of our work to other 5Snoop users.

lts primary disadvantages lle ,dn-. ,novelty and its
potential unreadability. Ther ’bdpy exper-
ienced FORTH programmers as yet;: and' BORTH' 18 not euch
1ike any other language. Its unfamildatity, ' Reverse
Polish Notaticn and extensibility conspire to make
FORTIl programs hard for the novice to read. It is easy

to write obscurely in any language, but easier in FORTH
than in most others. Nevertheless, disciplined pro-
grammers can and do write intelligible programs in
FORTI, and many techniclans have mastered FORTH at the
test bench. Vhen extensions appropriate to the appli~
cation and environment are providad, the system can Le
quickly learaed and efficlently adapted and used.

Becuuse 1t was not practical to include a floppy
disk in ea: " Snoop, it was decided to situlate ore by
serial contunication with the supporting terninal,
wvhether connected directly ot through the FSDI. Disk
traffic thus shares the communication path with display
and keyboard traffic. In most applicatrions envisioned
for this oysten, disk traffic is infrequent and lipht.
EORTl is very compact, So prograns are short. The
wvorst .ase will probably be data gathering for FASTBUS
traffic neasurcnents.

The Snoop contains all the essential softwvare for
responding to F5DN messages and responding as a FASTBUS
slave in read-only nmemory (ROM). Thus Snoops power up
in a useful state even if no disk is evailable. 1If ROH
storage should prove insuificient, an automatic boot-
strap via the FSDIi {s easily implerented with help from
a bootstrap server on the network, perhaps the Host
computer.

Since program creation and editing are directly
related to the disk contents, the progran editor can
rur in the 189 with no conmunication with the Snoop.
Another task of the 189 is the multiplexing of communi-
cations over the single serial line ro the 5noop so
that che one line can be shared by terminal cormand

string traffic and by binary disk block images. Parc
of the work of formatting displavs is also done by the
189, Command lines for the Snoop are also collected

and edited in the H89.

A simnilar rultiplexer is needed in the Snoop, but
i: must take care of traffic from the FSDU as well as
from the HB9. It nust also provide a transparent node
which routes traffic from WHB9 tro FSDN enroute to 2
renote Snoop or other station, while alse supporting
Sroop to Snoop comnunication through the FSDH.

Since FORTH runs interpretively at its higher
(nachine independent) levels, it is easy to do exotic
things like have one program create another and send it
to a renote Snoop for execution. One sipple ezanple of
such behavior s the loading of a diagnostic progran
into the Snoop by the FORIN loader which i5 running on
the support terminal.

THE HUMAN INTERTAGE

The effectiveness of a tcal such as the Snoop is
largely deternined by the appropriateness of the mech-
anisns provided for displaying infogpation and control=-
ling the hardware, and their ease of use.

Display formats are parcicularly ipportant, as
there is s¢ rwch information available that 1t can be
difficult to find the relevant itens. Tormats appro-
priate to the more conmon applications will be previd-
ed, bur the fornat-specifyling primitives will alse be
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avallable. This allows the user to easily modify a2
standard display temporarily in order to tailer it to
his current interests, or to create new display types
and save their descriptors for future use.

A typical display, for exanmple, shows the main
ccatrel registers of the module at address A. The
contents of the registers are changed by editing the
display vith the screen editor running on the 189 and
then typing an update command which causes the new
values to be written into the module.

Periodic disploys can be requested which take a
coherent snapshot of the nodule every few scconds.
Display formats can be changed interactively by the
user. The lower part of the screcn is normally treated
as an independent display use! for displaying command
lines, but can be used for other purposes as well.

The lopic analyzer part of the Snoop has several
nodes of operation, and several corresponding display
formats. Centrol of the analyzer is usually by means
of screen-editing parameter fields in the display, but
may also be by typed keyword commands. Comnonly used
setups can be stored and recalled as needed. One
display uses a timing diagran format, with hexadecimal
information accompanying each cycle as appropriate, and
a screlling nechanism to allow searching through the
whole history silo of t'e Snoop. Comparing histories
on two different segments requires a dual spiit display
with independent scrolling, and some software assist-
ance for finding natching eatries in the two Snoop
silos.

An initializer for small systens is driven by a
hierarchy of displays, one showing which modules are to
be inirialized, and others showing the initialization
actions neceded for each wmodule. The initialization
specification 1is stored on the diskette and can be
changed or executed as needed. This capability is
especlally useful on the test bench, where modules are
frequently removed and replaced.

Convenient tools for describing FASTBUS operations
will also be included. For example, to read a single
word from a given address and leave the result on the
stack:

<address> DRD
To write to a particular control register:
<data> <register number> <nodule address> XCWR

Individual FASTBUS cycles can be described and combined
into arbitrarily conplex aperations by using a mDore
prinitive level of descriptors. For example, XCIM
above could be described {n terms of an address cycle,
extended address cycle and data write cycle.

The perfornmance measurement systen is usually sct
up and coordinated by the Host, the computer which has
all the systen configuration infornation. The H39 will
receive the display information from the Illost throuph
the F5DI. 1f 1t i1s necessary, this information can
also be gathered by the U89 through the FSDH, using
configurativn information previously obtained fron the
Hest or manually entered. This avoids the problen of
the neasurcnent chkanging the behavior beins; neasured.

The H8Y can also connunicate with processors
througk tie FSDii in order to act as a repote terminai,
1f the processors support such remote terrinalc.
Equipncnt other than Snoops 1is 1ikely to use the TSDN
in a shared mnanner in the future, vith interesting

possibilities including gateway connections to other
networks and perhaps telephone ports which could pernit
renote diagnosis from the expert’s home terminal.

1n extensive systems, mnultiple 1189°s and other
processors nay be acctive, and connunication among
nultiple persons coaperating in the use of the diagnes-
tic system may be important. The FSDY shculd make this
straightforward.

CURRENT STATUS

As of October, 1980, the HB9 system is running the
FORTH nultitasking operating system developed for this
application. Evolytionary improvements ave still
occurring, but the basic system is reliable and stable.

The real Snoop hardware 15 not yet available, but
experience is being gained by connecting the H39 to a
snmall 280 processor which 4s alsn’ running FORTH. A
low-speed network interface on the 480 has been built
and 1s beginning tests involving three ZBO "Snoops'.

Support functions for the display systen are being
developed, but design of the fornat controls is not
conplete.

The FORTIl kernel has been written for the !1C68000,
and testing on a FDM development board<5> will begin
sho-tly.

SITQARY

The Snoop/l18Y systen promises to be  flexible and
convenient tool for a wide range of ,roblems, from
diagnosis in large systens to single-module systems on
the test bench. It could even serve as the nmain  corm
puter for swall systems. Thouph 1its full capability
w!ll be reached only through time and an evolution
based on practical experience, the underlying system
has been designed to provide a sound basis for that
«volution, and the essential capabilities should be
available as soon as the ‘:ardvare is recady.
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