USER AND SW TCH PACKET DI G TAL HARDWARE
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ABSTRACT
There has been a lot of activity in the area

of digital hardware for Amateur packet radio in
the last year. | see this trend continuing over
the next few years. This paper describes sone of
tsgﬁe pcr)fesentt#gckﬁt di glvbnalt har dv_vellrle,b and gives

ughts on what we Wi e using I
éhe, futurng, bot% for the "TINC" and the net%voru
evi ces.

Term nal - Node- Control lers and Packet. Assenbl er/
Di sasSenblers

Let clarify what | mean by a
Term nal - Node- Control | er /(h_ereafter called a TKC),
and a Packet Assenbler/ D sassenbler (called a
PAD). | have altered the neaning of the TNC from
its "traditional”™ neaning of any “device an Anmteur
uses to gain access to the packet network. |
prefer to use the term TNC from now on to describe
any device that is used to provide a level 2 only
connection for sone non-packet device, such as
Figure 1 illustrates. w | hear some of you
sayi ng "VWRONG, WRONG " | know this iIs not
the "traditinal" Amateur meaning for this device
ut with true networking devices on_the way, |
feel we need to alter the meaning of TNC to I'evel

2 only devices.

me first

| -==> User
I Devi ce

Eigure .. TNC Type Device

The reason ) )
description to level 2 only devices is that the
term "Packet Assenbl er/ D sassenbler” or PAD is
y used to describe a device that makes an
tears apart "packets", or Level 3 pieces o
information for sone non-gack,et device. | suggest
that we adoEt thi's PAD description for any device
that inter faces a User Device to the Amateur

i ndi cat es.

Level

Level 3 ---> !
Interface .\,

PADe 2ZType

This separation of definjtions of the terns
TNC and PAD w || fa% off in ﬁhe near future when
we have both Leve and Level 3 devices trying to
hook to the Amateur network.  Since nost TNCsare
Level 2 only devices at the moment ?ny\/\%y, th|bs
Shpuédt r?et afairly sfrmr?t hd change. t’s ouId be
not e at a piecé of hardware co ctually be
one or the ot%er of these. ei'he ullAdPF?1 'Fl\& P/s a

Devi ce
Devi ce

good exanple_of this. _Using the standard_EPROVs
supplied by TAPR the TNC2 functions as a TNC. If
t hose EP are replaced by ones with AX 25 Level
3 code in them the same T woul d then becone a
PAD for the user.

TNC's and PAD's fall into tw basic
categories; the dedicated box, and the computer
adapt or. Until about a year ago, only the

dedicated box type_was available for general use.
The dedicated box TNC is a separate m croconputer

ose responsibility is to provide a standard
terrtn)nal or cotrrputt%r (usutally glakat RSl\l-e%SZ sker||al
or access to the An(? eur cke work. In
grder to do this, the edlcate% box has its own
CPU, RAM programin EPROM and a couple of serial
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Ports (one for the packet channel, the other for
he User Device inferface). _ The advantage of this
type of device is that it will run wth alnmost any
termnal or conmputer, and will not tie up the

Processi ng power of a host computer it is attached
0.

uter .adaptor is a nuch sjim
east in hardware. It's kaJ
) that since there's | ess hardware
involved, nore of these interfaces haven't come
along. =~ The adaptor hardware is usually nothin
nore than some sort of serial chip capable o

. The
devi ce,

corn
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at of
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support n_(lg i )

drivers. The problem with the conputer adaptor is
hat the support software for Level 2 nust be
witten for, and must run on the host processor.
This will take away Frocessin power framthe host
rocessor, Also, 1 f the packet operation is not
he end function but rather a communications

nedi um for another program (such as a bulletin
board?, a ma{or conflict can arise between the
conputer adaptor software and the other program

Today's Dedi cated TNC Devi ces

t is interesting to note that a ¢

%0,_ when | designed the AVRAD PAD (
was® still- orn?1 I kept saying that the nunber
problemw th the TNCs then availabl e was the |
of nenory, both RAM and EPROM Bom%, i
arguments” about that. ~Well, guess what?
generation of TNC boards have nore nenory,
Soneti mes much nore.

One exa

|
of years a

) le of this is the new TNC+
avail able from Vancouver. . It has eight byte-wide
sockets for nenory, allowing up to 64k of memory
to be used, in alnpbst any mXxture of RAM and EPROM
chips. In contrast, the original Vancouver TNC
the one that started it all) "had only 4k each of
M and EPROM

) Sone of the dedicated TNCs avail able
available at the tine this is being witten are
l'isted bel ow. Note that this may not be a
conplete list, but it will give the réader a good
indication of the types available these days.

Vancouver Amateur Digital Copmunications
Group (VADCG) has a new version of the original

TNC. The TNC+ is based on the same 8085 CPU and
8273 HDLC chip design as the original. The mgjor
inprovenents are the use of ejght byte-w de menbry
sockets faor up to 64k of combi ned 'EPROM RAM and
the use of a single power supply input. tIs
avai | abl e from "Lockhart Technology at the

followi ng address:

Lockhart_Technol ogy
! 531 (dlin Road
Ri chnond, B.C. Canada vé6X 1El
. Bill Ashby and Son sells a version of
the orjginal Vancouver TNC which uses a different
kind of “menory devices but is_otherw se conpatible
with the original Vancouver TNC from
Bill Ashby and Son
Box 332
Pl uckemin, NJ 07978
Heathkit still sells their version of
the TAPR TNC-1, called the HD-4040, This |Is a
68,({9/vtm1933 based TNC. For nmore 1 nformation,
wite to:

Heath Electronics
Benton Harbor, M 49022



Anot her TNC based | oosely on the TAPR
nis the Kantronics Co nicator. It
%ased TNC, whi,ch uses a_ software UART
of the wpl933 that is in the TNC 1.
Kantronics has just introduced a new
the KPCG-2. Af this time, | haven't
£ these yet, tell how
is. For nore cont act

TNC-1 desi
is a 6803
1 nst ead
parently,
muni cat or
seen one 0
different it
Kantronics at:

so | can't
i nf ormati on,

Kant r oni cs
1202 E. 23rd Street
Lawr ence, KS 66046

) Anot her TNC t hat
UART is the GLB PK1-L. It
| ow power version draws only 25na at
Contact GLB at:

uses a software HDLC
i's z80 based, and the
12vDC.

G.B El ectronics
151 Commerce Pk

Buf fal o, NY 14224

) | should nention that TAPR is no |onger
selling the TNG-2 directly. =~ They have |icensed
the product to several conpanies to produce. This
TNC uses a z80 CPU, an SIO for both serial ports,
a 32 kilobyte EPROM 8k of RAM and the standard
TAPR desi gn Exar chip nmodem

(e of the corn

ani es sellin&; the TNC 2
fe NC- 2A

clone is GB. It is cal led the T

Anot her conpany that is producin% the
TAPR Clone is the M) Enterprises MJ-1270.
Contact:
MFJ Enterprises, | nc.
.. Box 494
M ssi ssippi State, M5 39762
Yet another TNG-2 clone is the PK-80,
from AEA EA was one of the conpanies that sold

a version of the original TAPR TNC-1, so they have

been into packet radio for a while. For nore
info, contact:
Advanced Electronics Applications
PO Box C 2160
Lynnwood, WA 98036
Another TNC-2 clone is the TNG-200 from
Pat - Comm It Is available I1n various forns, from
bare boards to assenbled units. Wite to:
Pat - Conm_Packet Radio tenms, Inc
4040 W Kenned S\éﬁvg
Tanpa, EL 33609
) One conpany, Packeterm sells_an
integrated packet termnal, called the IPT. This
1s a whole conmputer termnal wth a packet board
included. For nore info, wite to:
Packet erm
PO Box 835
Anmherst, NH 03031

) More and nore of these dedicated TNC
devi ces should becone available as packet radio
continues to grow. One of the ideas'| have is to
design a dedicated TNC using a single chip
mcrocontroller, Now that AX 257 Level 2 Versien 2
is becoming fairly stable, | think it is time to
have the protocol available on silicon. his way,
anyone who wants to run the protocol can obtain
oné of these single-chip controllers with the code
init, and be confident that 1t wll be conpatible
wth others (once the initial bugs are worked
out). _ This same device could be used stand-al one
as a TNC, or as a front-end packet processor_{or a
larger device such as a packet switch. will be
V\Dr%l ng nore on this_ in the near future, probabl
based on the Intel |ine of rolfers, suc
as the 80Cl52.

The 806152 is simlar to the %opul ar_|Int e\(
8051 type nmicrocontroller chip. It has a CPU 8
of either EP| or nmask- programmahbl e
bytes of RAM two timers, async serial
and an HDLC serial channel sug\ﬁorted by
channel's. = This chip should all t he whol
be done with about 'six chips, including no

Packet Adaptors Available

] The packet adaptor
relatively new to the packet scene.
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first of these was the state machine add-on to the
Xerox 820 desi gned be/ Jon Bl oo et _all. Then
cane the FAl TAPR Frame Assenbl er/ Di sassenbl er
(FAD), also for the Xerox 820, Phil Karn, KA9Q
has Witten AX. 25 Level 2 code in C for the Xerox
820 The conbination of one of these two hardware
mod's and Phil's software makes a good alternative
to a dedicated TNC

The first comrercial packet adaptor that
| amaware of is the AEA Pakratt PK-64. Thi s
device plugs into the expansion socket of a
Commpdore 64, and supports not onl¥ packet
operation, but also RTTY, ASCI|, and A . Once

again, it provides a HDLC capable serial port
(Zilog 8530 ScC) and nodem _fpor hardware, = and
canne§ software i n EPROVs Since the Pakratt 1Is

used only on the G 64, it can have machine-
specific code in it, such as a nice menu-driven
user interface.
Anot her acket adaptor recentl
announced, 1s one that is desi.gned for the |IBM Pi
and cl ones, I't was devel oge in Canada, .and is
based on the Intel 8273 HDLC controller chip, and
the Exar chip set nodem At this time, | don't
have the address of where to order this device.

with a design for a
C. |t uses an 8530
It also has room for

910 worl d-nmodem chi ps, and RS-232 drivers
both channel s. It is calpi ed the PG PAD-1, and
be available from TAPR shortly.

These adaptor devices can nake the entry

| have also conme u
gacket adaptor for the |IBM
tCC for the HDLC channel (s).
)

for
will

to packet radio much cheaper if one is avai]ablé
for a conputer you al ready own. As nenti oned
earlier, the problemwith these devices Is that
the host conputer will probably be so busy running
the packet software necessary, that it won't be
able to run other prograns. Ile this is fine
for an Amateur wishing to communicate over packet
radio, it is not so good if the host conputer nust

al so run some other program such as a bulletin
board, or possibly some energency database
program

Packet Switch Hardware Designs

. It is likely that before long true packet
switches wll be replacin our present
di gi peaters. These packet switches will "be nore
sophi sticated devices, requiring nmore nenory,
| ar ger pro&ramstora e, and larger data storage,
and nore channel § and control circuitry. or
nore information on what see is needed in
software, see a conpani on paper titled "Packet
Switch Software Design Considerations" el sewhere
in these proceedings.

Packet Switch Hardware Requirenents

) In order to properly design an
conpl i cated device, one shoul (f’ first ook -at wha
Is ideally expected fromthat device. If all the
functions are not necessary imediately, a
raduat ed de5|§in may be in order. This is at
hjtnkhwe need To do wth the design of the packet
sw tch.

ome of the requirements for the

S
ultimate packet swtch are as follows:
Lots and lots of RAM menory for data.
Ml tiple Channel Operation ( robabl){ at | east

four ‘channels, each potentially full-duplex).
Mass storage device(s) for routing and
User directory storage, plus program | oading.
Fast mmin processor capable of accessing
| arge anount of nenory.

Program storage either in EPROM or mass-
storage.

Al input and output should be under DVA

control to reduce main processor |oad.

Servi ce processor and control tysht em for
c

diagnostics and control of the swi .
Time-of -day clock, and various tinmned
interrupts, “as necessary.

continued next page



Local console interface for local access to

switch.
Low power and/or battery back-up operation.
lots and lots of RAM

) The ampbunt of RAM depends. on how
stations are going to be using the swtch,
switch software is witten,” and to sone deg|
what protocols are to be used. A full lev
AX. 25 frame uses about 275 bytes wit
digipeaters, or up to 335 bytes Wwith the
complement of dllgl peater addresses.
for a window of 7 packets in each
transmt and receive), this can nean from 3.6k to
.7k bytes per user, ‘just for actual data buffers.
There’w || al so be sone small amount of st or_a?
Eer user at each |evel of protocols used. Wfth
etween 4 and 5 Kil obytes needed per user, one can

RAM the better in a packet

(0]

see that the nore the

switch.  oviously, this i's a worst-case scenario,
and not all this  memory nust be reserved per user
at all times. A guess on part is that about 20

percent of the absolute anount of mermory woul d
actually be needed. |f this holds true, “128k of
RAM coul'd actual ly support up to 150 users .
rather than the” 32 'users suggested by setting
asi de 100 percent of menmory for all users.

. this evaluation does not hold
true if a lot of data latency is encountered
inside the switch. As an exanple, say a swtch
receives a |ot of packets froma 56 kbps channel,
and finds that the majority of the data is to sent

O course,

out an HF channel operating at 300 bps. This
means nuch of the data nust be buffered for a
longer tine while the level 2 irotocol tries to
shove the data over the H- link. |f the swtch
starts to run out of mempry, it may have to begin
to flowcontrol data comng into 't until the HF

link frees up some buffers. This nmay cause back-
pressure of data along the Network” as npre and
nore switches have to hold data until the next
sw tch can accept it

Another use for memory in switches wll
be to hold the operational routing_tables, which
can grow to rat her large sizes. ~The reason for

mai nfaining the operational routing tables in

mermory rather than a nmass-storage devicte is due tg

the need for continual, fast ‘access to them
back-up version of the tables should be majntained
on a nass-storage device (for power-failure
or data corruption grotection) pbut th
active tables should be in RAM  Th
another, rather significant nemory requirenent
the switch design.

) These days nmemory is fairly inexpensive,
especially dynamic nmenory. |t therefore makes
good sensé to ne that a switch have as nmuch RAM as
gosai ble, preferably as nmuch as the CPU can easily
andl e.

Mil tipl e Channel

) Before |ong, packet switches may have to
nonitor several different RF channels, much as the
dual - port di %)I peater does now. Sone of these
channel's may be operating full-duplex, especially
the higher speed ones. As a guess, | think four
to five channel caﬁabl lity shoul d be enough for
the nost. part, wth the possibility of expandi ng
up to six channels. The hi %her speed channel §
leouId either use DMA direct Iy, or use a smaller
TNC-type device to pre-process the level 2
connecfions, thereby relieving the main processor
of some processing.

Mass- St orage Devi ce(s)

Once the Amateur packet
to expand, there will be a need for sone sor
mass-storage of data at each switch. One of
be stored at S
can access to decide

Capability

networ k begi ns
of
the

things needed to
routing table that the swtch

how to route packets. Another thing the swtch
may want to store is a file containi ngh; the list of
users it regularly services. Al'so, the switch may

keep a coupIe versions of its operating programin
case it need to re-boot for some reason.

FastCentral Processor

In order to build a switch that can
process data quickly, a fast central processor

each switch is a

5.86

CPU) should be used. Sjnce newer, faster CPUs

gre constantly bein%_ devel oped (which are usually
very expensive at first), we may not be able to
afford e "best-of-the-line". An 1 nportant

a CPU is that the devel opmrent
avail abl e for designing both
the chosen "CPU. Sone
hardware interfacin
5 corrp onents, Assenbl er and
conpilers for software, at a mnimm The best
CPU in the world isn't much good if one must wite

factor when choosin
tool s must be readi%y
hardware and software around

all code for it in hand-assenbler.

Program Storage in EPROM or Mass- Storage
o There should be roomin the switch for a
mnimal anpbunt of bootstrap code in EPROM to

load the main ogperating pro%r am either froma
mass- storage device, or possi Y from a neighbor
switch. Another alternative would be to have the
main operating program run directly from EPI
but this woul'd nake renote updati'ng of swtc
software nore difficult. since swtches nay be at
remote locations, some nethod of renote |oading of
swi tch code may come in handy.

Al 170 Should yse DMA I Possible

As nmentioned earlier, all input and
out put devi ces_should operate using Direct-Memory-
Access (DMA) if possible. This woul'd include

acket channel s and any mass-storage devices, used.

he use of DMA relieves the main CPU of having to
handl e const ant a;ty nchronous data interrupts, or
worse, polling Of I/0O devices, bhoth of which can

waste a |ot of CPU tine. DMA chips are available
today at an inexpensive enough price to make a
hardware design using them cost-effective.
Service Processor and Control stem

When switches get mpre conplicated, i
may. becone necessary to provide some method o
nofi toring swtch operation and controllln? t
swtch if a failure is detected. One way fo
this would be to provide a second, smaller” mcr
con}Juter systemto nonitor the packet channel ( R
and/or the  main swtch processor bus for norma
operation. This separate system would have its
own distinct identity in the network, and shoul d
be designed so that the main switch could not
bl ock operation of the Service Processor. If a
failure is detected, the Service Processor could
have several options programmed into it, from
si npl }Z re-booting the main swtch to taki ntg the
switch conpletely off the air and notifying
sonmeone of its actions and why.

This type of device is comonly used on
conput er sr\]/,stem; to nmonjtor the main
and | think we should include sone
this device in our nore elaborate
swit ches. Since the main switch and the Service
Processor are inter-related, they would have to be
designed with each other. At” the nonent this
device is a luxury, but it should be kept in mnd
for future swtch’designs.

| ar ger
conput er,
versi on of

Ti me- O -Day Ol ock andTimed Interrupts

In order for a switch to accuratel
the various protocol operations, some sor

mer is necessary. Mbst conputers use one or
imed-interrupts to control these functions.
mul tiple-task conputer, times cannot be
d by software timng_|oops, so these timed
ts are inportant. For ‘exanple, the TAPR

s a 600 interrupt, while the Xerox 820
computer board uses a once-a-second interrupt.
These are generally considered the two ends of the
sEectrumfor timed interrupts, Wt he TNC2 bei ng
alnost too fast, and the Xerox 820 being too slow

. The time-of-day clock is less of a
necessity, . but could cone_in very handg,
especially if satellite or HF access’is to be
provided at the switch. It also may be handy for
di agnostic Furpose_s to tine-stfanp . certain
operations Of the switch, such as routing table
updates and |ast access by individual users, Once
agalin, the cost of adding this feature is_very
sial |, so why not includeit? st time-of -day
clock chips available these days al so provide
timed-interrupts, so both of these can be had for
the price of one chip.

ol
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Local Console Interface

It is inevitable that switches are going
to break down eventually. In order to work on
them or just eriodically check on their
operation, a local console interface should be
provi ded. This local interface should be at a
very base | evel of the switch (directly into the
CPU i f possible) to reduce the anount of potential

probl em poi nts between the console and the |ocal
consol e whil e debuggi ng.

Battery Back-Up Operation (optional).

There is a rapidly growing interest in
the use of Packet radi o by energency groups. In
order to help provide emergency communications,
the packet network should be capable of operatin
for some period of tine either on batteries, o
t hrough tlge_us_e of generator power. Wi le thi
isn't a definite requirement, if the switch i
designed with battery operation in nmnd (such a
the capability of running off of 12 volts DC), i
will be nuch easier to add later.

g
r
s
s
S
t

The above items do not constitute a
conplete list of design goals for a switch. The
radios, for exanple, are partially covered in a
separate paper, found elsewhere in these
proceedi ngs.

Wth the above goals in mind, | wll now
to how | see the packet switch design

turn ]
over the next few generations of

evol vi ng
har dwar e.
Packet _Switch Based On TAPR TNC2

The

N2WX, several

swi tch
Thanks
of us in AVRAD (as well as
have " been playing with AX.25/AX.75
net wor g on a local basis for several nonths
now. The packet switch code actually resides
inside a TAPR TNC2. I nust point out that this is
by no means a fully operational internetwork
swi tch capabl e of auto-routing and |ots of other
fancy sturf, but it 1S an actual Network switch,
not a digipeater. Full AX 25 level 2 connections
are made with each user, and the swtch does nove
data from user to user based on AX.25/AX.75 |level
3 connections. As a Local Network Controller for
a limted number of users it does indeed work.

. The anount of RAM on_a present TNC2 is
16 kilobytes, wth 32k of EP for program
menory. The TNC2 uses a Z80 CPU, and an SIO for
both” term nal _communications and packet
conmuni cations. This amount of nmenmory (especially
the RAM is sufficient to experinment wth, but
could hardly support the total nunber of users on
even a seni-busy packet channel. Since there is
no mass-storage device interface on the TNC2, somne
of this RAM woul d have to be used up to hold the
routing table for inter-switch connections,
reducing even further an already scarce conmmodity.

Al so,
nodi fication and | oss of the term nal

first step of the packet
to How e,

ot hers&i N

since there is only one (or with
interface,

tw(o:% packet interface(s), a switch based on the
TN could only operate directly on one packet
channel, witHhout info clever data

getti n%
swi tching arrangements whic .
The maxi mum speed of the TNC2 seri al
probably around 20 kbps, allowing it
on our medi um speed channels.

woul d be a kludge.
channels i s
to be used

The packet channel interface operates in
an interrupt node, rather than using DVA  This is
not really a problem though, since there is only
one packet channel, one termnal channel, and no
mass-storage devices to worry about. As mentioned
earlier, the TNC2 has tined interrupts at a 600 Hz
rate, relieving the software of a lot of timing
over head.

The TNC2 uses a 12 Volt DC nominal power
dr awi nﬁ from 150 to 300 ma, which makes it
e

supply,
P power department.

very good in t
Packet Siwtch Using the Xerox 820

Anot her alternative for a packet switch
fromthe 8-bit world involves the use of the Xerox
820 boards. These boards were surplused by Xerox
after the 820 was discontinued, and a |arge number

5.87

I into the hands of packet
experimenters throughouf the country. Sone of the
advancenents in packet radio operation in the |ast
ear or so (such as the WORLlI packet bulletin-
oard software and the dual-port digipeater) are
directly related to the availability of these
boar ds. It has on it a Z80 processor, tw 2716
EPROVS, 64k of dynamic RAM two serial channels, a
parallel channel, four tiners, a floppy-disk
interface, a parallel keyboard interface, and a
video interface that enulates an ADM 3 terminal.

of them found their wa

Many of these 820 boards are already out there as
ei ther PBBS 's%rstems, or dual-port digipeaters
linking two di fferent packet operations together.

. It is natural that the Xerox 820 be
considered as a possibility for the basis of a
packet switch. In fact, at the Septenber 1984

neeting of the ARRL Digital Committee, one of the
requirements made for the evaluation of Virtual-
Gircuit network design versus Datagram network
design was that they both be made to run on a
Xerox 820 board.

The Xerox board's 64k nenory space s
better than the TNGC2's 16k. One drawback to this
is that a Z80 processor can only access a total of
64k of nermory at_a time, including both program
and data space. This neans that the nore nenor-y a
program takes, the less that is availabl? gor
data. This inplies that the program used should
(kj)et as small as possible to save nore menory for
ata.

timers, two
one-second
The other two

. The Xerox 820 includes four
of which are wused to generate
interrupts for the 820's nonitor.
timers are available to the user. One of these
wi Il probably be needed as a prescaler for the
other in order reduce the nunber of interrupts per
second achi eved. The once-a-second _interrupt
could be used to build a software time-of-day
clock, although it would be susceptible to
(lj,nacbclurdames due to periods when interrupts are
i sabl ed.

The serial
interrupt driven, using an SIO chip.
add-on daughter board avail abl e that

ports on the Xerox 820 are
TAPR has an

renoves the

parallel interface and replaces it with two nore
serial channels, using an 8530 SCC in interrupt
mode.  This nmeans that one Xerox 820 can support

channel s, which i ght

up to four different packet
packet switch location.

cone in handy at a central

. . Wi le the 820 board does have a flaoppy-
disk interface, it is only capable of handlin
singl e density operations. This neans a total o
241 kbytes of storage on an eight-inch drive, or
about 160 kbytes on a double-sided five-inch
floppy. . There are several daughter board systens
commercially available that replace the single-
density controller chip on the 820 with a double-
capacity to 390 kbytes of storage. Some of these
inconpatibility has been noticed, particularly in

) These incompatibilities
can be overcone without too nuch dif fculty, and
the added storage is a wel cone addition.

. Wien using CP/M on the Xerox 820, there
is a wealth of software tools available for switch
software developnent. = All kinds of assenblers and
hi gher |anguage conpilers (such as C, Pascal,
Fortran, and yes, even BASIC) are available. In
addition, there are a |arge number of debuggin%
systens available to the programer, so the 82

can be considered a good choice to devel op code
on.

I still think the Xerox 820 is a good
choice for smaller switches, where there will not
be a lot of users. The boards usually came built,
with nmost of the ICs soldered in place, so the
nunber of problems occuring wWith a switch based on
an 820 will probably be 1less than some other
desi gns. (It 1s intefesting to note that half the

probl ens we have experienced with the WB4JFI-5
di gi peater are due to corrosion of |C socket-to IC
pin connections, and that as soon as the ICsare
re-seated, the problens disappeared).

Packet Switch Design Based On the TAPR NNC

tinme TAPR canme up with a
1 the Network Node

t hey

A short

agQ
for what c

desi gn ca



or NNC. This is the sane thing as a
Eae'u’et switch. The NNC design is based on a 280
ike chip made by Htachi (the HD64180). This CPU
executes the z80 instruction set, plus a few new
instrucions that have been added. n addition, it
includes two channels of DMA, 2 sixteen bit
tiners, two async Serial channels, a built-in
cl ock generator,” and can physi cal II access up to
512 kbytes of nenory (through a 64 kbyte [ogical
vwndov%?. It also has a %wlt-ln interrupt
controller, and dynamic menmory refresh controller.

TAPR's design

Control | er,

| resently consists of
three boards. The first board |nc¥udes the 64180

four HDLC ports (using two SI10s), a parallel
printer port, a battery backed-up real -time-clock,
a SCSI bus tnterface, and up to 512 kbyte of
mermory via byte-w de sockets, half of which’may be
battery backéd- up.

) The second board is a piggy-back flo?gy
di sk controller board. This board Wll allow the
connection of high-density disk drives for those
f'opnent_ directly on the

wi shing to do softWare deve

NNC, via CP/M or simlar operati ntg systens. It
w |l also cone in handy to hold tho3e routing
tabl es.

The third board contains four nodens of
the Exar 2206/2211 variet: TAPR sees these
being used as an HF no em(%o bps, 200 Hz_shift
and a VHF nodem (typical 1200 bps, 202 type), wt
two additional nmodens for future use, 0 e
these nodens are still the weak |ink of TAPR
designs. The PLL nodems are inferior in operation
to Standard filter-type nodens, and require

Ijust had-to re-align ny

geriodic re-alignment
irst TNC2). | am not sure how these nodens Wwoul d
survive in an uncontrolled environent, such as
where a di i eater or packet switch m ght be
located (WB&IPR-5 operates in a metal shack part-
way up a broadcast tower and the tenpature inside
t he shack goes from about 115 degrees in the
summer to below zero in the winter).

) The NNC has much of what it takes to
build. a decenti{gxacket swtch. The main limtation
is still the RAM menory access. Since the CPU is
based on a 280, it can'only access a total of 64k
of mam)r%/ at a tine, both program and data. Even
t hough the 512 kbytes of nenory can be paged

through in 64k w ndows, the anount of program
sgace nmust be included i n that 64k, agai n reducin

the anount of data space directly accessible.

the fro ram takes 32k to run, ‘this |'eaves 32k
total data space available wthout p_agng._ When
the program grows to 48k, the data window is then

reduced to onEiy 16k chunks.

This nenory constrjction may not he much
of a problemfor quite a while, since paging of
data chunks can be_acconpl i shed w thout too mnuch
software magic. = The S bus allows for |arger
nmass- st orage _devi ces than fl_oH:y-dl sks., such as
har d- di sks. The two tiners w al | ow for timed
|dné_etr_rupts, and the tine-of-day clock is a nice
addi tion.

) Since the NNC is software conpatible
with the 280, once again the whole CP/M software
famly is available for program devel opers.

. The NNC is desf gned to use_ |ow power
devices, such as static M and SI0s instead of
SCCs, the latter of which is becomng easier to
use. Because of this, the NNCis a good candi date
fo_rt vhery-l ow power operation, such aS nountain-top
SwWi t ches.

) | see the TAPR NNC as being
StEEpI ng stone on the path to the nore
packet “switch, Since it _is basical
conpatible wth the Xerox 820 board (e
| owest %ort address | evel), code devel
820 wl.1 be able to be run on the NNC..
al | ow switches to be u.‘;;graded falrI¥

|

o X —

1113acket_
when the primary reason for obSol escence i

the lack of menory. wll also cone in
when the supply of “surplus 820 boards dries up.

Packet Switch Design Based on |BM,d ones

) Qver the last six months there has been
fairly quick conversion of the AVRAD crowd from
/M systens (either 820 boards or S100 systens)

the"IBMworld. Yes, even |, the staunth S100
pporter has yielded to the tidal wave of big

Q—+—"T"S>ST"0D0Q
<o<Toooma—

a
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bl ue. three 8100 systens and
. s, | have two |IBMPC
conpatible conputers (one a real IBM, and the
other a clone). In addition, | amtryi'ng to put
together a tranrg ortable PC clone, simlar to ny
transportable 820 sgstemd(the s1ze of a Kaypro,
complete with TAPR 8530 nod and 7910 nodem built-

In addition to mg"

in)., at has caused this wave on blueness? |t's
a sinple matter of cost. The price of IBMPC s
and the PC c¢lones has dropped to the point where
one can build a coml ete conputer for under

including monitor and drives. Wth all

.00
that software out there, how can you go wrong!

The idea of using a 16 bhit CPU for the
packet switch is not a new one, it's just that
until recently the cost was too high. Now wait, |
hear you saying that the PCis not a true 16 bit
system You are right. You are also correct in
saying that even though the PC can address over a
negabyte of nmenmory, “it still nmust do it in 64
kb%/te pages. There are Inportant differences
between the PC and the normal "eight-bitters.

f even though the 8088 CPU
| ooks to the qutside world |ike an eight-bit CPU,
it thinks inside wth a full sixteen bits. This
S instructions can be executed quicker. In
ddition, it's instruction set has been inproved,
I'Towing sone functions to take fewer instructions
t hereby speeding up processor

First of all,

0
execut e,
oughput .

. Secondly, even though the 8088 can only
work in a maxi mum of 64k banks, It can useée
different 64k banks for programand data. In fact

there are four independant” 64k banks that can be
anywhere in the one negabyte address space. (One
of "these segnents is used for program operation,
another is used for data storage, a third is used
for the stack, and a fourth is provided as an
extra segnent. Since each of these segments is
conPI etelly independant of the others, addin
to the conputer Ja,rogram does not reduce_the anoun
of data menory directlyaccessable. This can be
an | nportant’ point dealing with I arger

numbers of packet users.

In order to use _the PC or PC-clone on
either a separate TNC type device nust be
or a HDLC capabl e board mist be added to the
PC system W have designed a PC conpatible board
that” plugs. into the bus that

haSs an . 8530 Seri al
Conmuni cations Controller (scc), which h
progranmmabl e serial channels.

channel s can be strap?ed f or
operation or can be used wth
Modem chip.  This board. (called
in a short-slot position, so it
al most any PG conpati bl e computer.
shoul d be avail able shortly from TAPR.

?Groject to the PC PAD I
Y. Due to limtations of

en

acket,
Bsed,

a 910 World-
the PC-PAD-1) fits
is usable in
The PC PAD-|

) A followon
board is also in the wor

the PC (lack of slots, interrupt lines, and
channel’s), and since the PG PAD-| only occupies a
short sl ot, felt it would be a good idea to

expand on the basi¢ board. In order for a swtch
to perform added functions such as acting as a
§atewa bet ween networks on different frequencies,
t will probably need nore than two HDLC channel s.
Therefore, thé next generation board will have
more SCC chips (at™ least three), it own
interrupt processor chip (Islave to the PCs
|nterrug>t processor), and at 1east an additional
7910 nodem the board will havi ng
we can stuf

) How nuch end ;EP
on it I's based on how nuch onto a
standard PC card. I have _alread¥ heard froma
coupl e sources that a mninmum of Six separate

HDLC channel s woul d cone in handl] The planned
PAD- 2,

S
e
t

nane for this board is the PC

Ideally, it would be nice to have the
HDLC ports interface to the PC through DVA
channel s, therebe reduci ng CPU over head.
Unfortunately, the PC only provides for a total-of

four half-duplex DMA channels. and this cannot be
expanded without cutting/kludging

not her boar d. I'n addition, one ofthese four DVA
channel s be used for dynamc nenory
refreshing. Two of the renaining channel s are
reserved for mass-stora e devices, if present.

Since the switch should %ave sone sort of nmass-

storage, at least one of these (and post likely
pboth of them wll be used u%‘ hi's | eaves only
one hal f-duplex DVA channel available on the

standard PC,~ which is essentially worthless for



packet work. |n order to turn the ane half-duplex connections. It would sass data to/from the main
channel. around, and arbritrate which device is switch only after it had processed all the level 2
using it, more processing overhead woul d be work necéssary. This relieves the swtch
required than_to sinply uSe interrupts in the processor from having to do ANY Level 1 or Level 2
first place. The bottomline is that DVA is not processi ng.

real useful for packet /O processing on the PC

Central Processor Used

Another limtation in the PCis in the

area of interrupts. The not herboard has an In order to take advantage of the
interrupt processor cafable of arbritrating up to devel opment tool s we presently have, | decided
eight interrupts, A1l of these are potentially that ny design for the next %eneratlon packet
reServed in the PC for certain devices as foll ows: sw tch” should be based on the Intel |ine of
] m croprocessors. My feeling is that it should be
| RQO System hoard Tinmer 0. a true sixteen-bit” processor, not an eight-bit
IRQ1 Keyboard Scan Har dwar e. external one. Wi fe it would be nice to use
IRQ2 Optional O ock Nbdul e. elther the 80286 or 80386, both the cost of theses
IRQ3 Se_condarg Serial. Channel (coM2). chips, and the added conplexity of the hardware
IRQ4 Primary Serial Channel (coMl). I nvol ved detracts from their use. Because of
IRQ5 Optional Hard-Di sk Controller. this, at this point, | think the Intel 80186 CPU
IRQ6 FY_oppy-Dsk Control | er. is the best conpronmise to be used in the packet
| RQ7 Printér Port. switch. Most of the C conpilers and assenbl er
! Packages for the PC now include 80186 support, so
) Since they are all reserved, but we he devel opnent environent s there.
still need at least One, something has got to go. . .
Wat | have done with our SCC board was fo use the Ceneral Switch Conputer Architecture

secondary serial port interrupt flrsth followed b

the prinmary serial port. The onIH/ other interru There are as many different approaches
that could be "obtained" wthout leading to to the design of a corputer as there are
conflicts would be the printer port line. | designers. I'n my opinion, one of the forenost
woul dn't want to take up either disk interrupts, requirenents is that the swtch be designed to use

and | also think a clock nmodule is going to be an a notherboard with a bus_to plug special function
essential part of the packet switch. boards into as needed. This allows the switch to
change as needs change, without obsoleting the

Once an interrupt line is made avail abl e hardware. . It also allows for easier
fromthe master interrupt controller on the PC troubl eshootln([;, since function boards can be
nmot herboard, it is possible to add one or nore swapped-out uniil the defective one is found. As
slave Interrupt controller chips to that line. In to which bus should be used, at this point | am
order to provide multiple HOLC channel devices |eaning toward a nodified versiaon of the |BM PC AT
(such as nore than one scc), the use of a slave bus. It is both eight and sixteen bits w.de,
Interrupt controller will help to figure out whijch allowing present PC boards to be used for the more
devi ce caused an_interrupt. Rather than polling mundané operations, such as video and disk
each device, the interrupt controller is g_o led to controllers. The AT bus also has tw ce the
see which device caused the Interrupt. i nce the interrupts and DVA channel s avail able as the PC.
slave interrupt controller will bé on a plug-in The reason | say a nodified PC AT bus is_ that the
card, as many of the interrupt sources as possible AT still does riot al|low for expansion of the DVA
should al so 'be on that card, which will reduce or channels to the function cards. The switch should
elimnate the need for inter-card wires. The use rovide the necessar)(1 signals on the bys to allow
of slave interrupt controllers is not the best wa BNA controllers on the p%u -in boards in addition
to inplement intyerrupts, but in the PC environen to what is used on the not:kerboard. Since the AT
it is the best available, in ny opinion. bus does not have these signals, sone nethod of

. su gortln them woul d have to be added. It
) The power consunption of the PC- apB ars to ne that this is a small price to pay
conpatibl e conputers varies wth what is plugged for all the support that using the AT bus would
into the bus, and what type of nass-storage device bring.
is being used. Mst of the IBM conputers were )
sold with 65 watt sw tching supplies, which The switch notherboard should also have
Eerow de enou%h ower until the cornputer is full of the hooks needed to add a "Service Processor"
M has bot Fl ppies, several additional cards, board. The Service Processor is kind of an
and _an internal hard-disk. This tells ne that_a advanced watchdog device that should continually
typi cal packet sw tch computer based on the PC monitor the main switch operation for
woul d probabl K draw about 50 watts on the high- abnormalities.. Since it will need direct access
end. Wile this is higher than some would IIke to certain points on the notherboard that are not
for a mountain-top switch, it is still fairly |ow on the bus, some additional connections wll need
power - consunpt i on ‘when one considers the con‘putlng to be provided.
power involved. The replacement of standard TT|

devi ces w th high-power CMOS, and the renoval of
| ocal console devices (such as keyboard and video HDLC Channel Processor Plug-1n Boards

board) would help to reduce this Toad. i
There are actually two different, tyPﬁs
e

Packet Switch of the Future of HDLC channel_boards | see being used in’
e . acket switch. The first version would be simlar
Down the road, it would be nice to have o the PC PAD 2 described above. The main
a packet switch designed by the Amateur community. di fference woul d be that the board woul d use a
Vhat follows is sone of ny thoughts/ideas/|eani ngs dedi cated DVA controller for data_ transfer to the
on what a conputer specifically designed as a switch rather than interrupts. This would greatly
Packet switch mght [ ook |like. °“Some of this is relieve the central processor from byte-by-byte
aking shape now, while other parts are just in interrupts fromeach HDLC controller. | would
the initial 1dea stage. recomend that the HDLC chip used be the 8530 SCC

chi | feel IS a superior device, and

i
One of the nost inportant concepts I pert%rms wel | with the Intel line of chips.

want to push from the outset of this section js

that eventually a single CPU will nost |ikely The second and nore advanced type of
becone overloaded with work in a swtch, HDLC control | er board woul d be a slave prdcessor
especially a swtch that cavers a netropolitan that woul d use an on-board CPU such as a 280 to
area, or & switch that interfaces between several process the data of the HDLC channel (s) it
different subnetworks. ~The nmethod | propose to supports, and use DVA to pass the data to the
overcone this situation is to break up the central processor of the switch. As mentioned
workload of the switch into several, smaller above, this slave processor would actually handle
pieces. Some of theses pieces would then be taken all of the AX 25 Level Two connection overhead,
care by smaller, s|ave processors to the nain further relieving the switch. This is needed as
swtch processor. This way the switch can handl e the HDLC channels go to faster and faster speeds.
its functions nore effectively wthout being There conmes a point where one processor wl|
Iinterrupted to do the nore mindane work. An becone bogged down, no matter how fast it 1is.
exanpl e of this whould be a slave board_that woul d This delegation of responsibilities to slave
handl e one or nmore HDLC channels. This board processors w || becone a necessity eventually, and
woul d be very nuch |ike a TNC, and would be in If the switch is designed to accomodate if from
charge of “maintaining the AX 25 level 2 the beginning, so nuch'the better.
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Both .types of HDLC boards should have
a watch-dog tirer on every HDLC channel they
rovide. It would also be handy if the watch-dog
iners had outguts that fed the swtch processor,
the HDLC Channel Processor, or a . Service
Processor, that indicated when they had timed-out.

Mass- St orage Devices Support

) If the PC AT bus is used, standard |BM
conpatibl e nass-storage devices could be used,
re |n? the designer “of both hardware, and nore
antly software work.  Both floppy-disk and
di sk ‘support shoul d be available. " One point
hat at feast the floppy-disk system shoul d
bl'y NOT use a hi.gh-density recording nethod.
rder to nake the fg]oppy more reliable, |ower
ty storage nethods shoul d be used, and if
orage i S needed, either more drives shoul d
be added, “or a hard-djsk should be considered.
The system shoul d al so be designed so that as nuch
data is maintained In RAM nenofy as possible, with
the mass-storage used prinmarily as a data back-up.

s

Menory Requi renment s

. The nenory requirenents for a packet
switch falls into"three catagories; progriam
nenory, data menory, and control and variable
storage nermr%/. Each of these ,t{fes of menory
have differenf needs, so they wi be discussed
separatel y.

The program nenory woul d be responsible
for holding the program?s) that the switch
executes. It may hold the actual executing code
itself, or it may contain a copy of the code that
is read out of the program nenory into another
;[)art of the switch nenory for actual execution.

anticigate what will evéntual |y happen is that a
small "bootstrap'" version of “the o é)eratln
program wi || be kept permanently in tg progral
mendry in case the switch needs to be conplefel
re-boot ed. The actual operating software wl
then be |oaded into the switch,” either. froma
nass-storage device, or over the radio from
another swich or switch control operator. Since
this boot code nust always be available, it should
be stored either in EP (prefered) or battery-
backed RAM  Once the real Oé)e,ratlng software |'s
| oaded into the conputer and is exécuting, this
EPROM code coul d then be phantomed out, reduci ng
the anount of nenory space occupi ed.

The data nmenory will occupy the nost
address space of the swtch. The sinple rule
regarding data nenory is: The nore, the nerrier.
Since there will bée a |lot of data m_anor%/, it
should be fairly inexpensive. | am |eaning foward
using dynamc nenory for this part of the switch.
Thesé days, a megabyte of nenory only costs about
$120. 00. | f nam c rrermr%/ |as inpl emented, |

woul d al so r,e%omrend t ha
contraoller chip be used, rather’ than the I
refresh approach that IBM used. The switch will
be busy enough already, wthout wasting additional
overhéad doing mendbry refresh. The cost of a
dynam ¢ menory “control {er is not nuch these days,
so it would bé rmoney well spent.

The dynam c menory support should al so
have some nethod of detecting menory failures.
One nethod 1s to add a _Slﬁ‘%ﬂe parity cﬂeck schene
sinmlar to what the PC inplenents. ‘Another nethod
more advanced dynam ¢ nenory

dynam ¢ Herror

is to use one of the . ]
controllers that include failure deteCtion. These
nore advanced controllers can not . onl%r det ect
failures, but "hide" the bad section f nenor
from the host processor, sonething which mgh
come In real handy for renote, ~“nountain-top

swit ches.

Anot her idea associated with the main
data mermory is to have some spare amount of it
available. " If a nmenory failure is detected, this
spare nenory could be ‘placed into the menory map
of the host processor instead of the bad nenory.
The size of this spare nenmory could vary from a
spare bank of chips on the notherboard to a
conpl etely separate, full amount of data nenory
with it's own nemory controller on a add-on board;
in stand-by.  Chvi ousle/ the latter is an extrene,
but 1t woll d be advantageous where the switch is
at a real renote location with very limted
access.

5.90

At this point in time, the chips to use
woul d seemto be the 256k by 1 devices. They are
cheap, and have a_ very hi %h density..

recomended dynam ¢ RAM controller is thé Inteil
8208, since it "'works well with the 80186.

The third tyPe of mepory is used to

contain the important variables  and control
information used by the switch, such as callsigns,
link connection information, switch status flags,

etc. This menory should be battery backed-up, and
it should havé a checksum whi'ch is updated
whenever the data in the nmenmory is changed, and is
periodically checked. This fepory is inportant
enough that” an added neasure of safety m ght be
required, that of maintaining a second cop¥ whi ch
is also updated and checked. This way, if there
is afailure in the primary menory nodul e, the
back-up could be swtched into operation. Since
this nemory is battery backed-up, it should use a
very | ow anount of power, such as a CMOS device.
Fortunately, the anbunt of this nmenmory needed is
relatively” small.

Servi ce Processor Board
The Service Processor is an optional

board that shguld have a separate connection to
the notherboard. The function this board provides
is to perform sanity checks on the packet sw tch.

Exact 1y how interconnected the nain swtch
not her bdard and the Service Processor board are
depends on how many san|t¥ checks one feels are
needed. At a minimum, The Service Processor
shoul d receive periodic "pings" fromthe swtch
processor via a comon |/O port and al so nonitor
data and/or address lines for a "stuck"™ processor.
I'n addition, he Service Processor mght also
moni tor each HDLC channel  for ™' stuck"
transmtters, possibly indicating that HDLC
channel is not being properly serviced.

Whenever the Service Processor detects
an error condition, it should be capable of taking
one of three actions; if the error is ea3|l¥
recoverabl e the Service Processor should atte
to correct the problem if the Service Processor
cannot easily correct the situation it shoul d
erforma hard reset to re-boot the switch, if the

rvice Processor determ nes that the problemis
a mgjor one, it should disable the swtch from
transmitting on any of its channels. In addition
the Service Processor should store the synptoms of
the failure for later retrieval during Servicing.
Al'so, the Service Processor should have "a
distinct packet address, capable of sending and
receiving connection requests. f the Service
Processor detects a switch failure, It should
notify neighbor switches or a service point.

In order for the Service Processor to
mpt to "heal" the packet swtch during m nor
ns, it should be able to control Certain
of the packet swtch. shoul d be able to

or disable certain parts of nerer if it
there is a nenory problem It should also
be able to cause the packet switch to cold-boot if
necessary.

. An obvious potential problemcan be if
he Service Processor itself goes bad. 1In order
0 prevent a bad Service ProceSsor from messing up
e

oo
o
S5
O

t
t
the switch, some sort of hardware interlock shoul d
be provided on all interfaces to the switch. This
m ght include a timed w ndow during which the
Service Processor can send commands to .the switch.
Any commands that fall outside this w ndow woul d
be”ignored by the hardware.

This timed-w ndow could be designed such that
order, for the Service Processor fo gain access
a critical area of the switch hardware for
rations, it must first send a byte havi ng a

attern to one of it's own porfs.
t cornpares the

o —~+—
LD 0>

e
tain bit
dware at t he oub\ﬁut of that por
eived byte to what it expects, and if the
h, _unlocks access to the requested switc

This access is only allowed for a short
od of time (using a hardware tiner), and if
e Service Processor fails to send it''s comand
ore the time ends, the door is closed, and the
vice Processor's request is ignored.

Additional Slave Processor Boards

There might be the need for additional
sl ave processor bhoards in the switch to perform

q
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functions such as User directories, and nore
Inportantly routing database upkeep. Once agai n,
this mght best bée handl ed bg having a separate
sl ave processor, such as a Z80, wth a lot of M
and a canned database program This way, when the
swtch needs to obtain the necessary routing
information, it can ask the slave Route’ Processor
for the route, then continue wth other tasks
while the Route Processor |ooks up the route.
Anot her advantage is that the routing information
is stored in for faster access, but still
won't take up valuable switch nenory space.

Power Consunption of the Advanced Switch

o Even a quick |ook at the above will
indicate that our packet switch has become a power
hog. In order to reduce the amount of power used,
the switch should be designed ysing CMOS devi ces
wherever possible. There Should alSo be some waz
of shutting down selected portions of the switc
when they are not needed (such as the |ocal
consol e). Even so, the switch will draw nore
power ‘than some would prefer in certain
situations. _ For this reason the programs witten
for this switch should allow for smaller versions
of the switch, with the software testing to see if
certain parts of the switch are present.

le of this would be if a switch to be

An exanp
Wil have a coupl e

Ell aced on a mountain top
0
t

—_

DLC channels coming to it. S ncg the switch is
powered by batteriés (trickle-charged by sol ar
cells), it is decided that the main processor can
performall its duties and als .su%%ort the HDLC
channel processing re<1U|red. Thi s ‘means the HDLC
Channel Processor wi 11 be removed, and a simple
HDLC Controller card wil|l be put inits place.
Now, if the switch goes down and gets re- loaded
from a neighbor switch, the newy |0aded code must
check to see. what hardware_conflgzuratlon is b_?l.ng
used before it starts bopping out packets, Thi
I's one exanple of how hard e_"prunin%]" rgv\%ht
affect software operatjon. An¥t|ma,the har re
is reduced, one should look Tor situations to
develop_ in other areas. Sonetimes it mght be
better just to increase the amount of batieries
and solar cells and live with the added drain.
Advanced Switch Hardware Concl usions

Wiile it is beyond the scope of this
paper to set down the absol ute design of the next
generation of Packet Switch hardware (especially
Since we don't have rruch_o{( ahfe%l foor ‘what "f
actual ly needed yet), | think the above 1deas wil
aid in the design of the future packet switch.
One point | must “enphasize is that the switch can
be designed using the mpst sophisticated processor
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the world, but if the devel opment to
hardware and software) aren't there
the device, no one will useit. This
reason | decided to push the 80186
tinme. If other conputers based on oth
ch as the 68000 becone a di ne-a-dozen |i
PC and it's clones have, then I woul
avor of using those CPU's. For now, with t

g a clear Winner in the popularity contest,
eping to it's famly of chips.

) Anot her inportant point is_that the
switch be based on a bus structure. This wll
all ow easier swtch expansion and troubl eshooting.

The third jnportant point | want to
| eave the reader with is that even though right
now it mght be difficult to imagine how a smgle
rocessor mght get bogged down in a switch, that
ine wll cone all too soon. If the switch is
designed from the beginning to off-load as much
speci al i zed processing as possible (ala HDLC
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Channel Processors and ute Processors), it will
take a_lot nmore to overload the swtch with work.
This will become a very inportant point in the

next few years.

I hope to be worKi n% on the nore advanced
packet switch design over tThe next year. far
ny design_is based on the 80186 CPU, a negabyte of
dynam ¢’ RAM supported by an Intel 8208 dynanic
nenory controller, sone EP ten expansion
slots,” a timer chip, exPandabIe DVA capability,
and expandable interrupts. The systemis NOT up
and running at this tinme, but | hope it wll
shortly. he flrs(tj add

dd-on board w1
supported HDLC boar

with nultiple scc chips.

Concl usi on

Devel opnents in the area of digital hardware
for Amateur Packet Radio are progressing smoothly.
New desi gns are conming along, for the end-users,

digipeaters, and the packet “switches. Hopeful Iy,

in the next year the software and RF hardware

arts of the hobby will catch up with the digital

ardware strides made in packet radio.
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