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Introduction

This paper describes the |owlevel assenbly

| anguage routines (LLR) of software released with
the Tucson Amateur Packet Radio (TAPR) Beta Test
termnal node controllers (TNCs). The primry

functions perforned by these routines are ini-
tialization of peripheral devices and data in RaM,
mai ntaining input and output (1/0O buffers, ser-
vicing interrupts from peripheral devices, hand-
ling nonvol atile RAM data storage aud retrieval,
and calibration and checkout routines. Entry
points are provided which are appropriate to the
subroutine calling sequence of the Pascal conpiler
used for the high-level routines (HR). I'n ad-
dition, a lowlevel debug program provides capabi-
lity for direct access to peripherals, inspection
of RAM and ROM | ocations, and execution of tenpo-
rary code in RAM  The present LLR code occupies
about six kilobytes of ROM

Initialization

On receipt of a RESTART interrupt by the
processor, control passes to the lowlevel ini-
tialization routine. This section first sets up

and then reads the on-board
DIP switches which direct the initialization of
user-settable parameters. These paraneters, which
can be set to their default values stored in ROM
or read fromthe 64 x 4 nonvolatile RAM are
decoded and expanded. The program initializes
buffer pointers, counters, tiners, and status
flags, as well as non-pernmanent user-settable
par anet ers. The peripheral chips are initialized
and checked to verify that they can be commanded.
If the UART can not be commanded, the programis
aborted and another reset is attenpted. Failure

the hardware stack,

of other peripherals results in diagnostic nes-
sages. The VIA tiner functions are coufigured SO
that Timer 1 acts as a pulse generator for the

HDLC controller and Tiner 2 generates interrupts

for software timng functions. The initialization
section termnates by enabling interrupts and
typing a sign-on nessage, and passes control to
the HLR

Buf f er Managenent

One of the primary tasks of the LLR is nmain-
taining the 1/0O buffers. At any tinme there are
four active 1/0O buffers, input and output buffers
for termnal and radio data. An echo buffer,
which is configured identically with the term nal
output buffer may also be present. Data received
from peripherals (terninal and radio interface)
are placed into input buffers which are read upon
calls from HLR. Data placed into output buffers
by calls fromHLR are passed to the peripherals
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under interrupt control. Each buffer has an
insertion pointer, which is updated as data are
added to the buffer so that it points to the next
available cell, and a renoval pointer which points
to the next cell to be read. Al buffers are
"circular”, Meaning that each time a pointer is
advanced it is conpared with the top of the buffer
space, and noved if necessary to the bottom of the
buffer space. A buffer is "enpty" when the inser-
tion and removal pointers are the same, and "full"
when the insertion pointer points to the next cell
bel ow the rempval pointer. The inconming and out-
going packet buffers contain, as the first bytes
of each packet, the byte count of the packet.

In addition to the two basic pointers, input
buffers have other markers to facilitate input

editing, and output buffers have space-avail able
counters for use by routines witing to these
buffers.

A pointer to the beginning of an incomng
packet serves two purposes. First, it allows an
incomng packet to be purged in case of a recep-
tion error (invalid frame-check sequence or
insufficient buffer space). Second, it facili-
tates storing the byte count of the packet upon
successful reception.

The buf f er

managenent  is
in three different
character and line

and a pointer to

termnal input

rather conpl ex, and operates
nmodes. |In “"command node, "
editing functions are in effect,,
the beginning of the current line insures that
del etion past this point will not take place in
case of rapid termnal input or slow input proces-
sing. In *'conversation nmode,” an additional
pointer marks the beginning of the current packet
(actually the data portion of the packet), and an
additional editing feature allows the user to
cancel the current packet. Packets remain in the
input buffer until they have been acknow edged, at
which tine the buffer is updated by a call from
HLR A conpl eted packet is signalled by the re-
ceipt of a packet-terminating character, and this
character is placed in the buffer as a marker for
the end of the packet. In order to prevent com-
mands from interfering with partially typed pack-
ets, separate input buffers are mintained, and
the pointers for the active buffers are swapped
when the node is changed. This has the effect of

moving tine-consuming decisions fromthe inter-
rupt dependent programto subroutines called from
HLR.

The third input node is '*transparent mde , "

characters received fromthe termnal
Packets are terminated on t'he
of characters or occurrence of a

in which all
are transmtted.
basis of nunber



timeout. Characters between the renoval pointer
and the packet marker are divided into maximum-
I ength packets, with the remainder going into a
short packet. In order to avoid anbiguity as to
the conposition of a packet, the packet marker is
not wupdated until all outstanding packets have
been acknow edged and cleared from the input
buffer.

Interrupt Service

Al though the 6809 nicroprocessor supports two
level s of hardware interrupt, a fast interrupt
(FIRQ and a normal interrupt (IRQ), only the IRQ
is inplemented on the TAPR TNC. Al peripheral
IRQ lines are wire-ORed together into the IRQ
input to the processor. Interrupt outputs from
each peripheral can be disabled independently
wi thout affecting the processor's response to IRQ
Upon receipt of IRQ the processor transfers exe-
cution to a routine which exam nes each device in
turn and passes control to a routine specified in
a dispatch table* For maximum flexibility, the
interrupt dispatch table is stored in RAM The
addresses in the table are initialized during the
startup procedure, and are changed as the TNC
operates in different nodes.

The peripheral devices are assigned priori-
ties according to the order in which the dispatch
routine checks their status. The priority of ser-

vice is
1. UART (termnal) input
2. UART out put
3. Timer interrupt
4, Al HDLC (radio interface) interrupts

Interrupts from the parallel 1/0 port are not en-
abled in the initial software release; when they
they will be assigned |owest priority. The HDLC
is currently assigned |lowest priority because the
interrupt service is quite conplex and the chip
will generate spurious interrupts at a high rate
under noisy conditions. The UART was placed ahead
of the tiner, since the 6522 tinmer node used pro-
vides a nechanism for conpensating for delayed
interrupt servicing. The UART out put ought pro-
perly to be assigned a lower priority, but it was
pl aced after the input service for convenience,
since input and output status are given in the
sane register. Parallel port I/0 must be assigned
the lowest priority to insure that it does not
interfere with other interrupt service.

As a diagnostic tool, the interrupt dispatch
routine wites signals reflecting interrupt condi-
tions to the parallel port, which is configured as
16 output bits for the initial software release.

Terminal |/0

The terminal input interrupt service normally
consists of two parts: an initial routine during
which interrupts remain disabled, and a subsequent
unprotected routine. The protected routine reads
a character fromthe UART data register and places
it in a tenporary holding buffer, after which
interrupts are enabled. This is because the input
editing and echoing function is enabled upon re-
ceipt of each character, and this can be a conplex
procedure in sone cases. Depending on the input
mode, the character may be tested against an
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assortment of special characters, and this may
result in flow control action or change of input
node. Characters which terninate packets or com
mand |ines require that pointers be updated and
flags set for other routines. Input editing char-
acters cause immediate update of the input buffer.
Finally, an echo routine is called, which places
characters in an echo output buffer. Input char-
acters are not echoed directly, since adequate
termnal support sometines requires that nmore than
one character be echoed for each character input.
In particular, automatic line feed after carriage
return is a comon requirement, and some hard-copy
devices require many null characters following a
carriage return. If the input buffer becomes
nearly full, a request may be nmade to the output
routine to transmt an XOFF character. Alterna-
tively, a routine to produce the appropriate hard-
ware flow control signals to the RS-232 interface
may be call ed.

Special  input service routines are used when
the program operates in "transparent node." Since
there are no special characters, the input charac-
ter is sinply placed in the buffer. A timer may
be started, and a flag will be set if a maximum
packet count has been reached.

The UART output interrupt is disabled when-
ever there is no data to be sent, and any routine
whi ch requests output enables the interrupt. Any
special treatment of characters, such as conver-
sion to upper case or adding line feeds or nulls,
is done by the routine which fills the out put
buffer, which also naintains a screen-width
counter and inserts extra carriage returns as
necessary.  The output service routine checks for
tasks to be performed in the following priority
and perfornms the first task found.

1. Request to transmt XOFF character
2. Request to transnmit XON character
3. Transnit characters in echo buffer
4. Transmt characters in output buffer

If all tasks are exhausted, the routine disables
the output interrupt. This is not necessary, but
as long as this interrupt is enabled, the UART
generates an interrupt at regular intervals.

Timer Interrupts

The basic function of the timer interrupt is
to update the software clocks. The interrupt s
set to occur at 10 ms intervals, which provides
good resolution for timng associated with the
radio interface. For longer tines, a "slow' clock
is updated at one-second intervals. An additional.
10 ms clock is wused as a pseudo-random number
generator for determning packet retry times.

In addition to the 'basic clock function, sev-
eral tasks are performed under timer interrupt
control. If a CWiD is in progress, the Mrse
Code routine is invoked every 60 nms to toggle the
tone on or off as necessary. Qherwise, a variety
of tasks to be performed after time |apses are
checked . Packet transnissions are begun following
an appropriate interval follow ng detection of a
carrier drop, and the IDis sent at regular inter-
vals. If a CWIDis conmanded manually, it is
begun in this routine. A special set of routines
is entered when the program runs in "transparent



mode, " and the appropriate routine is selected by
reference to a status table. These routines mark
packets for sending upon timeout of clocks which
are started on character input, and set up guard
times for the escape sequence for exiting this
node.

HDLC Interrupts

The WD-1933 HDLC controller generates inter-
rupts for seven different conditions. Si nce any
conbi nation of interrupt conditions can be pres-
ent, and nost conditions are cleared by reading
the status of the chip, all possibilities nust be
consi dered at every interrupt. The interrupt
conditions are requests for service of input or
output registers (DRQ or DRQDO, transnission or

receipt of end of message, with or without errors
(XEOM or REOM), and change of state of carrier
detect (DSQ).

Transmit interrupts, DRQO, XEOM ok, and XEOM-
err, are handled according to a state table which
indi cates the progress of the packet in transms-
si on. The appropriate action, as determined by
the state table, is taken if any of these inter-
rupts is detected, wthout reference to which con-
dition was indicated. The only transmt error
possible is under-run, or failure to service a
DRQO.  This condition should never occur in nornal
operation. Following conplete transmssion of a
packet and while final flags are being sent, the
routine checks for further packets to be transmt-
ted before the transmtter is unkeyed. The CWID
may al so be started fromthis routine.

Receive interrupts, DRQ, REOM ok, and REOM-

err, are handled according to the condition indi-
cated by the chip status. In the event that nore
than one condition is present, a DRQ is assuned

to precede an REOM and the input register is read
before closing the packet. [If both REOMok and
REOMerr are present, the error condition is dis-
regar ded. Causes of the error condition are
aborted frame, invalid frame-check sequence, and
over-run (failure to service DRQ). The cause of
the error is not investigated and any partially

received frame is cancelled. Anot her possi bl e
source of error is insufficient roomin the input
buffer for the incomng packet. If the input

buffer becomes full, a flag is set and the routine

continues to read inconming characters as they
appear, but an REOMok is treated as if it were an
REOM err.

The DSC interrupt does not affect either

transnit or receive operation. The carrier detect
input of the HDLC controller is the denodul ator
| ock-detect and is used to recognize a busy chan-
nel. The service routine maintains software flags
which reflect the carrier detect state, and if the
carrier is found to have dropped, a timer is
started which indicates when the next transmission
may be started.

Nonvol atile RAM Interface

A nunber of user-settable paraneters are
stored in a sem-permanent state in the Xicor
NOVRAM To make maxi mum use of the 32 bytes of
storage, the data is encoded in a conpact form
In order to be useful to the program it nust be
translated. The information stored includes ter—
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mnal attributes such as baud rate and parity;
radio-link attributes such as baud rate, packet
length, and transnitter keyup time; display fea-
tures such as case conversion, echo mde, auto
line feed, screen wdth, and nulls required.
Speci al command characters for flow control, exit
to command nmode, and editing features are also
stored, along with the station call sign. These
paraneters are changed by commands to HLR which
mai ntai ns the conpressed copy of the parameters by
calling LLR whenever a paraneter is changed. This
copy is overlaid on the nonvolatile storage as
volatile RAM data, and becones permanent when the
"STORE" line is toggled. The nonvolatile RAM is
controlled through the parallel |/Oport of the
6522 VIA

Calipration Routines

The hardware design of the TAPR TPJC provides
for on-board calibration routines. Junpers are
connected which allow the ViA Timer 2 to count the
nodul at or or denodul ator frequency to be calibra-
ted. The VIA tiners are reconfigured so that
Timer 1 acts as a free-running count-down tiner,
counting at the 921.6 kHz system clock rate, and
Timer 2 generates an interrupt after two cycles of
the tone frequency being calibrated. By starting
the timers sinultaneously, Timer 1 can be used to
count clock pulses for the duration of two periods
of the frequency being calibrated. Two of the LED

indicators are controlled in parallel with the
m crophone audio and HDLC reset lines, and are
used in this routine as visual indicators of fre-

quency deviation from the desired val ues. The
timer routines in the interrupt dispatch table are

replaced with special calibration service rou-
tines.
H gh-level Interface

Mbst of the entry points provided for HLR are
concerned wth buffer management. The I/0O func-
tions performed through these routines are: read
a string fromterninal or packet input buffer to a
specified location, wite a string froma speci-
fied location to terninal or packet output buffer;
return character count for an outgoing packet in

the ternminal input buffer; update terminal input
buffer; and return space-available count for out-
put buffers. Qther functions provided are: up-

date nonvol atile RAM, temporary or permanent node;
enter calibration routine; force CWID; and per-
forma soft reset. A special routine is called by
HLR to notify LLR of a change of mobde from "com-
mand node" to “converse node" or “transparent
mde." Al routines are called with the addresses
of the arguments in processor registers D, X, Y,
and U as needed.

Low | evel Debug Program

A debuggi ng facility i S provided in the LLR,
primarily as a software devel opment tool. This
program is invoked by a special user-settable
character. In order to preserve as nuch inforna-
tion as possible about the systemprior to enter-
ing the debugger, the active terminal input and
output buffers are "frozen" upon entry by swapping
the buffer pointers with a set of pointers used
exclusively in the debugging program Al termi-
nal input thenceforth is interpreted as conmands
to the debugger. These commands permit examina-



tion or nodification of any addressable |ocation,
nmodi fication of the processor registers as they
were upon entry to the program or transfer of
execution to any location. This allows test
routines to be stored in RAM and executed. The
user also has direct access to I/0O addresses, and
can observe the contents of I1/0 buffers without
interfering with them
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