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AUSTRACT

Based on the Motorola 6800, this multiploxer is dosigned to provide a microprocessor
devalopment tool in the spacific environmmuut of a high energy physics laboratory, The basic
philosophy of this devico is to allow communication of a target {prototype) processor with
a host computer under control of o human operator. The host can bo an experimental on-line
computer or any remote machine with a time-sharing network.

It {s thus possille to speed up design and debugging of a physics application progranm
by taking advantage of the sophisticated vesources usually available in a computer centra
(poverful editor, large disk space, source management via "Patcky” etc,..). In addition to
the classical cross-—macroassembler, a loander is available on the host For down-line loading
binaty code, via the multiplexer, into the prototype memory.

Such a acheme is easily extended to the communication of any host interactive proces-
sing pr zram with a dota acquisition microprocessor, and provides the latter with a conve-
nient and easily portable extension of its computing power, A typical application of this
wode is described in a separate paper,

1. M.U.M.H, ORIGINS.

1.) Working with microprocessors (,L F.) requires the development of hardware and software
as well as the integration of these two components in the final application set up. This
procedure is usually carried out with the help of a devalopment system, which leads to the

question of the choice of this system :

The simplest monitor dealing with hexadecimal coding, keyboard and display is soon in—
sufficient for any sizable zpplication which requires source code edition, storage and lis-
ting, assembly and loading, EPROM recording, and debugging Facilities. Hence the real choice
is usually between a cross-software running on a time sharing system{or on a dedicated mini)
snd a highly specialised device allowing purely local processing of the relevant information.
This last solution seems to provail in the industrial world for the following reasons :

- It allows good hardware development and emulation. Integration is thus made easier
by progressive replscement of hardware pieces of the emulator by those of the tested -
prototype.

- It can be bought “off the shelf", and immediatly put into operation. Beeing 2 small
“"human-size" system, it is well accepted by the users, who are usually electronics

engineers not very familiar with large programs,

= It is pushed forward by }l P. manufacturers since this choice represents a good occa~
sion for them, to sell additional hardware (large memories, numerous peripherals...).

1.2 In & high energy physics (H.E.P.) laboratory, the solution of buying commercial deve-
lopment tools may raise some financial difficulties since the cost of a single user system
is about 200 KFF !



The alternative of building one's own local system already reduces the bill, but vne still
needsa rather large configuration in veder to run resident software,for which a lut of man-
powor is required, even if the emulation possibilities of thu tool are fruquently left out.
Hcwever, the situation in H.E.P. La quite specific, sinco it is one of the most computerised
environments ! One is never far frem any computor or at least from one of its eerminals,
(bo it a remote central computer or an experimunt-control machine), and the use of its ros-
sources can save about 807 oF tha hardwaro cost of a development system. This solution alsa
allows the shift of a large fraction of the software cffort from the }.\ P, used Ln local
tools to a large computer where high level lanpuages, ready to usc products and a Lot of
experience are available (see discussion below),

1.3 To aveid the diffieulties of a purely off~line approach, the carper processor is con-
neeted to the host-computer where the cross softwore is running, and an interactive program
on the host can control the p. P. by a dialegue with its monitor or with a specific appli-
cation program. It is thus possible to execute standard procedures Such as down-line loading
of programs or to provide some help at the debugging stage (e.g., controled step-by-step
execution with disk recording of successive statuscs). Beyond the development stage, this
link can be used at run time for data exchange and can use the host as a powarfull proces~
sing extension of the application processor. However, most time sharing systems limit the
number of connections of an interactive program to a single console. This is the reasom why

Ny to dispatch messa-

we have developed aa "intelligent" multiplexer using a M680O peP.
ges between a host-computer, & target processor, a user video display unit (V D U) and a
local back-up wemory (e.g. audio cassette). It soon became the key faector of our system, ’
and this Micro-controlled Universal Message Multiplexer (MUMM) has sinece been used for quite

a number of different applications for which it was not initialy designed.
2. PROS AND CONS OF MMM AS A DEVELOPMENT TOQOL,

Beyond the very low hardware investment needed, MMM gives acces to very powerfull de-

vices and sophisticated utilities :

~ Edition by & high-level editor with all its associated Facilities (string manipula-

tions, logical conditions ece...)

- Large and cheap disk space to store files with a very high reliability (e.g. totral
disk space of 2400 Megaoctets(Mo) ; out of which 200 Mo can be used by a single job, and
about 10 Mo can be kept permanently for a single group, compared with a floppy of 250 to 800
Ko or even with a mini-floppy three times smaller).

- Possibility of using standard magnetic tapes as disk back-up or extemsion, or as an
exchange medium. The exchange of code or of data can also take place through the ra-
pidly expanding interconnection natwork between computers (such as CERNET), or
between HEP computer centres (such as the CCPN-CERN link).

- Fast line printers using normal paper.



way ¢

~ Source management via a source code maintenance program such as the CERN Pn:chyh.
Although utusual in the }A P. Eleld, this method has proven to be very cfficient to
deal with multi-version software, or to provide for sequences or patches of code of

general interest, veady to be used and assemblod in an apptication program.

4)5)

'

Powerfull cross asscmblers with all possible facilities such as macro-operations,
insertion of vxternal files, conditicanal assembly, ctc... These possibilities are
enhanced to their maximum by the source proparation via Patchy.

Up to now we do not have a cross compilor for a high level langago but expect to

{natall one in the near future.

Tt is also straightforvard to provide debugging help by a direct dimlogue between a
hoest program and the application monitor. This facility has not been ioplemented up
to now due to lack of time and of real need to do so.

There are also a number of distinet sdvantages related to this method of working :

- A majority of local development systems are mono-user, either by design or because
multi-user systems are even more expensive. In fact a large fraction of their time
is used for source code edition or assembly, and in our case this can just be dcne
on auy console of the time sharing system by many users at the same time., The Full
task can also be made multi-user just by duplicating the MBI units since their
hardware cost is low.

:

Portability is also an important parameter for a H.E.P. lab. outside CERN. ¥e have

to use our system both at CERN in the experiment and at our home institution, and
hence a conventional approach would require two development systems, one for each
gite. Since host computers are available everywhere, our 2 kg module is easily trans-
ported and only requires acceas Lo a modem or even just & atandard telephonz line
by the use of an acoustic coupler.

Finally the system is easily adaptable to diffarent types of microprocessors or even
to nini eomputers. The only requirement beeing that they have a monitor, aven a
siaple one which supports only.a few very basic operations, Tha initial design was
oriented towards a M6800 target processor with the Minibug 3 E monitor, and a CDC
Cyber 172 host with Intercom and NOS-BE as available in the Paris H.E.P. computer
centre (C.C.P.N.). It has since been used also with a DEC PDP |5 as a target machine,
or with a NORD 10D or the CERN CDC front-ends as a host partner.

However one has also to say honestly what are the inconveniences of working in this

~ It-offers no real time emuiation possibility. This has not been a problem up to now,
even for MMt debugging. Let us hope it will continue to not do so.




= It is dependont on the availability of the host connection and is senaitive to ics
load~dependant response time. This should not hu a problem ia normal circimstances,
but since the Paris CCPN machines are hiphly vverloaded, this makes life not so vasy
on somc Jays.

10N

MR F L_DESCRIITION.

As said above, MUY is a four port "intellipent" controllur which establishes communi=
cation between the four following devices with standare aerial interfaces (RS 232 C) ¢

- Operator video console (VDU}

~ Minicassette (K7) for audio recording of digital data
- Host Computer (C)

~ Target processor (or User Module M)

MMM itsclf beeing considered as a fifth virctual port (see fig. 1).

For aake of simplicity, not all cormunications are pernanently allowed. The open chan-
nels depend on which of three modes of operation has been selected by the user through his
vou.

3.1 Local mode.

MRD{ then acts as a stand-alone processor dealing only with two peripherals : VDU and
K?, the other two ports beeing disabled.

VDU CummusM UMM H——p K7

This mode is mainly intended for

- system parameters definition : transmission speeds, control characters, echo, spy
option setting etc...

~ EPROM tecording.

Whenever needed, MUMM can also be used like a monitor similar to MINIBUG 3 with some addi-

tional commands, and the cassette is available to dump or reload part of the memory.




3.2 User

In this mode, dedicated to debugging and running of an application program, M0t aims
at being transparent so that VDU and K7 could be considered as target periplierals,

VOU Gk q4—D K7

UM

However, since our philosophy is to be compatible with target stondard moniters (e.g.
MINIBUG 3 E) which do know of only one peripheral, therc exist a prefered (default) connec-
tion which is VDU = UM and for which MMM is Fully transparent. The link is switched to
K7 +— UM by MDY itsclf by recognition, trapping and modification of specific commands
sent from VDU to UM. If needed this trapping may be inhibited.

ated) .

This mode, which is the origin of MIMDf design, allows connection of HC to any of the
other devices, including MMM itself. Link switching is controlled from HC via the use of

control characters, the default connection being HC -—— VDU.

F

ymeend

<4~~~

VDu Q-—D- Q——DK?

um

A special procedure is needed for the link HC —UM to aliow for the (usnally incompati-



Ble) specificitivs of the target monitor and of the time-sharing system {e.g. fur cad of

mesiages coneept).

The goal of this mode is to pive access to the host, mainly for binary preparation and
down-line loading cither into MUMM for EPRUM recotding, or inte the target processor for

exceution, or into K7 for magnecic back-up.

Moraover, this mode can be usvd at executlon time for data exchange between host com=
puter and target pracellare) H

= Target sending data for processing on the host

~ Host controlliug the target by sending to it a series of commands retrieved from an

“exccution disk file",

ND IMPLEMENTATION.

4.1 Hardware.

MMM is based un a Matorola 6800 microprocessor and is housed in a CAMAC mechanics to
use the crate power supplies, which is very convenient in a H.E.P. environment, but has no
relation with the CAMAC dataway. Due to the presence of the RS 232 C connectors on the back,
and of the display front panel, its width is 6/25 of the rack.

Two versions have been successively built :

2)7)

- one entirely with "home made” cards transversely implanted and providing 4 Kbytes

of RAM, 4 X of EPROM and the 4 ACIA.

-~ One using a commercial CPU cards) and a specific interface card longitudinaly situa-
ted, with a standard Motorola Exorciser connector and providing 4 K of RAM, up to

16 K of EPRDM, 4 ACIA and 2 PIA.

The serial interfaces are RS 232 C normalised with rates from 110 up to 19 200 bauds.
The VDU port can be changed to a 20 mA current loop and the audic connection follows a
Kansas city 300 bauds FSK modulation scheme. The EPROM programmer can process 2708, 2716
and 2732 memories.

4.2 Firmvare structure.
The structure of MMM firmware is shown in fig. 2. It consists mainly of two parts :

~ a monitor praviding general facilities for interupt processing, 1/0 handling aund
bufferisation, The monitor is also responsible for keeping track of the current mode
of operation and for switching this mode according to special characters sent by
the VDU. In addition, the monitor includes a scheduler for real-time~task activation

and servicing.




= 4 “independant” programs called supeevisors, ench of them dealing with one of the &
pores, and processing the incoming chatacters, uswvally one at a time except for a
fow oxceptivns Like trapping ctc... To avoid the single processor units heing kept
busy by onc of these supervisors, they are normally idlce, one of them being activa~
ted by the scheduter when it can satisfy a pendiag request.

MUMM firmware has been written In asuembly langage and roquiresa less than 3 K bytes of
EPROM for the code and 1 K bytu of RAM for buffars and working memorius, In additlon EPROM
programming noeds some RAM space in which to load data to be recorded. Tha scenario of ope-
ration is about the following ¢

A character coming from any port triggoers the interrupt handler which calls one of the
port input handlers. The character is read from the port AClA and stored inte the circular
port input buffer. Then the interrupted activity tcsumes.

( The monitor scheduler keeps looping over the supervisor requests (such as, give me next
n characters), looking to see if they can be sptisfied (buffer nom-empty) and if their
turn has come. If so, the scheduler ferches tha characters from the related input bufer,
stores them in the supervisor mini buffer and finally gives contrel to the supervisor ic~
self.

The supervisor then processes the character(s) {f needed, and according to a destina-
tion flag calla the appropriate output handler vhen it has to output a character to 4 port.

When its cask is over, the supervisor sets a new request to the monitor and returns control,

The apparent symmetry of this description in Eact hides a fundamental asyrmetry of the
setup : the four devices connectid to MMM have drastically differenc behaviours :

- The cassette is a pure slave device which cannot take any decision.
= The target should be able to rum under very simple standard monitors (such as Mini-

( bug 3) which know of only one kind of peripheral.

- The host and the terminal are in fact the only devices able to decide which links
are to be established or desiroyed.

Hence the supervisors are split into 2 ¢lasses :

- the master class, for which supervisors can change their own destination flag as
wvell as destination flags of octher supervisors.

- The slave class vhich are not allowed to do so.

In the coanected mode, the hast supervisor is the master, in the U-M mede the VDU
supervisor is the master.




Alse contected to this asymmetry is the handshake  problem. € tee and U= monitor

canpoe support such a situacion and hence no systematic handshaking bhas been implemented

between MUMM and uther devices, this making MUMN more transparent. It is however pussible

te have haadshaking between the hodt aud the application pragrams, but MUMM is not explici-

tely concerned by it.

.‘l\'m: of supervisors ace split into {ndependant parts corresponding to differcnt modes

of operation. These differences are explalned below

Connected mode.

The host supervisor switches the different possible links on reccption of apecial cha-
racters. The link between the Host 3~d the User module is & special case : seen from the
Host the MU is considered as an ordinary interactive terminal. The messsges received by
the Host must be terminated by a carriage return (C.R.)} character. But the monitor of the
1 has no idea of this necessity. To avoid troubles caused by this incompatibility, the Host
supervisor, when it opens the link with M, tells the UM supervisor to add one C.R. after a
given number of characters transmitted from Wl to Host. This aumber is encoded as a 7 bit
pattern in the character following the one opening the link. If this number is O, no trans-
fer is allowed from UM to HC, if this number is 7F, the C.R. will not be added. It is thus
possible to link a Host computer with any Target Processor, whether it sends C.R. or not.

One has only to modify the interactive programm runsning on the Host computer.

Once the link from UM to Host has been initialised, the link from Host to UM can be
closed, and the link from Host to VDU opened. In this way one can receive some general mes-—
sages coming from Host such as HOST DOWN or something else core pleasant, but not necessari-

1y useful for the U.M.
The others links with the Host arc completely transparent.
U.M. mode.

In this mode the VDU is the Master. The link between UM and K7 is established by the
VDU supervisor on recognition of eocemands destined to the the UM (Loading or Dumping com-
mands). After this trapping the reccived command is changed to one recognisable by WM and
sent to it. This is very U.M.-dependant, buz future versions of "il. 3! will make this more

general.

It is also possible to make the VDU supervisor completely transparent. But in this case

one cannot use the K7.


http://sysUMii.it
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5. STATUS AND COXCLUSTON.

MM has proved o be an effivient aml cost~cffuctive tool to work with microprocessors.
Two units have been built with first hardware, its {irmvare has been adapted to two un‘ils of
an other group, three units with new electronles arve preseatly under construction, nnd four
more are foreseen for educational purposes. It has boen used sinee septomber 79 with a con-
nection ta Paris C.C.P

and later on to CERN frant onds and UAl experiment Nord 100, in
cvolutiva application ser ups.

Its role has extonded from }I.P. duvelopment support, to n means [or providing CAMAC
acquisition on larpe time-sharing systems. Misccllanous applicacions were also its use asan
RS 232 C ASCIT spy, an interface between two computors (cach of them having only one serial
port), or "gearbox" to adnpt different transmission speeds,

As a future evolution for it, we foresee two distinct possibilities :

- Development of “Super MMM with enmhanced firmware allowing for simultaneous enabling
of all connections.

~ Systematic presence on each application M. P. of two serial ports supported by the
target monitor (i.e. as for 5(6@000 MACSAUG) . This would allow a conneccion of both
VDU and Host to the target processor and with some part of MUMC! firmware added in it,
would allow for most of MMM functions without it.

Whatever it will be, the path to processor interconnection is wide open,
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