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" Murphy strikes back! This is the latest revision of the datalink

protocol. Versienm 1.0 is no longer the most current revision.
Summary of changes:

Powar-up sequence specified. IR carrier timeout reduced to
1.28 seconds. CONFIGURE DATALINK command added. “NOT
CONFIGURED" flag added to- QUERY -responses. _ The datalink is now
completely decoupled from channel, process, and command #&#'s.
Tiue/false now- represented by 1 or .0. -GET LAST RESPONSE returns
5 echars, mnot 4. SET LINK no- Ionger affects the message buffer
or the -channel humber. Massagas require both proc# and cmd#,
otherwise invalid message. is set.” GET LINK VERSION# added.

This document will dearsstrittly-wiih host datalink ( H.D. ‘>

protocols. Commands passing between the Apple and Topo are
covered in a separate document.

Packet Format

All messages are sent over the IR _link in packets. The packet
format itself has not. been changed, i.e. one bit every 512 ‘usec,
starting with 5 on's:rand- 1 off, then characters coded as 8 data

bits (L5B first) followed by | parity;bit - odd” parity. All
packets in the system are always' 8 characters, expect for short
ACX's which are only a single character. The 8 characters in the

packet are ordered as follows: -

ch#, proc#, cmd¥$, d,d,d,d, cksum
b,d,d,d are 4 chatacters of dataha ch# is 'the channel numbert to
indicate which Topo(s), should respond, proc# the on-board
process number; cmd#d is the command for the ngen pLoOCEsSSs; and
cksum is the twos complemefnt-of the sumof al'l "the previous
characters. :

All packetizing, retriaéx and IR arrer handling is handled by

the H.D. t

B_bit Data and Nibbling

All data in the system, -whether on the Apple or onboard Topo,

consists of full 8-bit words: There is a problem, however, in
that mosti serizl cards deal with 7~bit ASCII, and also trap
certain copntrol ‘codes. To avoid thiﬂ; all .data sént beatwepn the
Apple and II.D. will be brokgwn up into d-bit nibbles, sent through
the serial card, ang then raasfamblad (The full B- bits arg sent
over tha 1R.Y The 4-bit nibbles a(g encoded as AscII 0-% and A-
r. Tor exampla, data 10100011 yould be sent as A3 (hez 4!, hex

33y . A letter G (heg- 97) would be sent 25 47 (hex 34, hex 37).
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Apple/H.D. COEmang Syntax . - . ::3 Co
uandshaking commands between tha apple and H.D. are not broken up
inte nibbles. All conmands and responses are standard ASCII
characters, excluding 0-F and emcludingrall control codes. The
actual range of values is hex $0-7F. '

Apple/H.D, Serial Busg ggmmgnggégign —
Although the baud fat&s are setable on both the serial card and

the H.D., the standard configuration is: 9400 baud, no parity, &
data bits, aud 1 stop bit. e Ch. :

A partial handshaking system 15 used between the Apple and the H.

D. Before sending any message of command to, the H-.D. ‘the Apple

must first send a L “
QUERY (ASCI1 Q).

The -H1.D. mnust respond with one- ¢f several answers to indicate

readiness to receive the message, The requ::ad Iesponse time is

(This._ protocol will run at 9400 baud, - whlch gives a ‘character
time of 1 ms.) The ‘possible :esponses are:

B

Bit 4

ERROR - not configured <(reset upon receipt of
CONFIGURE DATALINK and CONFIGURE PACKET)

3 - BUSY ~ Apple may not send more data yet '

2 - MESSAGE WAITING (from Topo to Apple)

1 - ERROR - Topo not responding

0 - ERROR - invalid message from Apple -to H.D.

f - READY - 0K to send . S

{The H.D. will accept data even .if MESSAGE WAITING is set.
However, the Apple will generally read the message first.)

The response is a single character, where the indicated bit is
active. The three high-order bits are always 111, 0 responses
are EO<FF (ABCII lowercase characters). Thus MESSAGE WAITING is
11100100, or hex E4, and BUSY .is 11101000 or hez EB

The H.D. may interrupt a long message coming in by sending a BUSY °

‘within 5 ms + 1 character -time (dapnndnnt ‘on. the baqd rate),

back to the'Applé, which must then stop sénding and QUERY until a Eh

READY is received. .-{The- Apple always chetks beiore sendan any
character to see if a- BUQY has baen tecaxvad ) ) . L
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Apple/H.D. Cowmmand Formats ' ° }_-_ . "; “Qi
The standard message format from Apple to H D Cis:
MESSAGE START - (ASCIY 8) . . . -
Topo process numbar (nibbled) - - .
Topo command number (nibbled) % &- w:.-.00 1 T
d,d,d ... d (nibbled) s R L
MESSAGE END (ASCII Z). ' - _
This is used for every messagae which is to be sent from tha Apple.
te Topo. If the .D, detacts an aeaxtra MESEAGE START, an extra
MESSAGE END, a MESSAGE END before proc# and cmd# have been
received, a framing error or other serial ‘error, or a. MESSAGE END
after only half of a character (one nibble) has been sent, then
the invalid message errer code-is set . for thé. next query.
Remaining characters at the end of a message, which fall short of
filling a packet, are sent out in a final packet padded with
trailing spaces (hex 20). If the data for a3 message spans more
than one packat, then the Topo process number and command numbar
will be duplicated for each packet.

, 7
N

CONFIGURE FPACKET (ASCII P) tells the H.D. the channel # for
further packets, and a public/private flag to indicate whether to
egpect a .return ACK. One of. two nommands neadad to reset the
“not configured" flag. The format is: . ’ . .o
: CONFIGURE PACKET (ASCII P) .- . ‘.w',. . o

channel #. (nibbled) R R

public fiag - lupublic, Ouptivatn (nxbbled) '
When the public !lag is sat. no ACK's are eapaetad
CONFIGURE DATALINK (A°GII Y) tells the - d;tal:nk its own IR
channel #, and the format for the carriar.dunmy message. The IR
carrier function is then enabled. One of two -commands needed to
reset the "not configured" flag. The format is: -~

CONFIGURE DATALINK (ASCII Y) - o

H.D. channel # (nibbled) an

carrier, channel #% (nibbled)

carrier proc# (nibbled) e

carrier ,cmd#® (nibbled) o o
GET LAST RESPONSE (ASCII R) will cause the H.D. to return
(0,d,d,d4,d) (in.-nibbles) . that.was. last. received back ‘from - Topeo.
The "0" is a don’'t care character returned with the packet It
may be used in the future as a ' rtesponse idant;iier ¥

RESET LINK (ASCII X) cancels the current packet being attempted
and resets the four lower QUERY status flags (all eucept "riot
configured"). . : ‘s ,ann"_» n?_u~ i
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GET LINK VERSION# (ABCII V) causes the H D to réturn two bytes

(in nibbles) of the H.D. 's verﬁxon nymber. Each byte has values
0-99. ,, The first.. byte wintaqral vetsxon. -the second |is

fractional version, i.ae. 1. 00, ‘2. 05, 99 ?9 .th initial release
will be 1.00, prototypas statt at 0. 01 ST o

In the middle ot 4 message the only legal H D. commands ara QUERY
and RESET LINK, otherw1se just data and END- OF-MBSSAGE ( after
READY has bean received.): In fact, -whenever any BUSY. has been
received, the only legal commands are: QUERY and RESET LINK

:."- § . - L
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The Apple should be powered-on, or rese{l after tha‘H.D..ﬁas been
powered-on. ~ This - is because.the Apple reset cauagd Toposoft. to.
perform a CONFIGURE DATALINK and CONFIGURE PACKET ;Thq\H.DJ will”’
not sand any- IR until this has’ ocnurred S IO ’
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Every maessaga recezved. by »any -given Topof (escept for public
chaaanels), is acknowledged by an Acxo or an ACK1. K An ACKOQ
"packet" is a single letter Q; an ACKl packet is a single letter
R. ‘These must alternate to insure valid transmissions. The MSB
of the channel# being transmitted indicates whether Topo should
send an ACKO or ACK1l -~ 0 means ACKAQ, 1 means ACK1. The H.D. is
required to keep track .of the cur:ent -AGKO/ACK1 status for each
private channel. '

A valid ACK should be receiqu by the H.D. within 50 ms of the
eénd of the message being sent' "1f no ACK is tacexved within that
time, or a garbled transmission or the wrong ACK "'is - detected.
then. a3 ‘"saywhat?" command ( -see- Massagaw Formats. document) is
given, telling the Topo to rapaat xts Jast ACK:. ~Receiving the
correct ACK means to conttnue no:mally,{ .e. the original message
has been correctly handled. - -Recmiving the-wrong ACK means the
original message was m:shandlad and should- be resent. ~ Receiving
nothing or a garbled reply ‘should’ prompt another' “Saywhat?“.
After 3 or more saywhat's without-"a valid-reply, the'approprxati
QUERY error flag (Topo not respondlng) is set whila ‘the saywhat's
continue. The error flag will only be :esnt aftar the massage is
eventually: recelved, or by dolng a RESBT LENK. Co

(f Topo 1is ever unable to datarmine thp answer 'ié 4 status
request within. .the JAGK;"tinaou{- time, it -simply .sends the

appropridte ACK with no message. The. Apple may then deal with
the error of "message not received". This- timeout handler could
change with. future product rev:ssons ~mf:»x AT T :
:‘ ! ‘l o
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Whén' Topo sends a-messagéﬁtﬂ'tha H. Dj' ( ggnerg}ly',a status
:equested by the Apple), tha format isﬂj‘ AR -

H D chaﬂnel ] ' i ;.-' ',-”_' s '.’ T ey "J.h}:
Q/R (appropriate ACK LT e N
-7 @ (don't-.care) -+ -~ - A v
d.d,d,d, R T o
cksum.";, SLATE o e , )
. . . . i B EE, v -

A carrier signal -tells all . Topos-if. they.go But of range of - the

H.D. The H.D. i required to send out some command at least once
every 300 msecs,. I1f no command has been sent after 300 msecs has
elapsed, .the H.D. sends out, a3 dummy.message whose. content is
determined by CONFIGURE DATALINK. Any Topo which hears no valid
commands for 1.28 seconds will PARK ( abert the current  motiaon

command. and flush-the:motion-command queua ). - - o 0ol
eal-timp Joygtick - .;';{;Qe'; 5f;f”g Lo S '

N

Since . the packats are ralitivnly short ( 8 charactars -at 2000

baud IR gives 40 ms per packet),: this lhould work for real-time

-joystick response. Since. short AGKms‘taklhonlv another 5 ms (plus

computation time), it may well work with ACK'B.ltoo. The typical
configuration will be to use ‘a public channel s0 as to ignere any.
message @LXOI5, Gince we are bettarwofips;mplv sanding &ha newest
command, .instead. u;”“s
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