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Abstract

This paper describes a system of hardware and
sof t war e ich provides for the transfer of bl ocks
of data between a VADCG Termi nal Node Controller
(TNC) and a CP/M system with a_serial  interface.
Both the software to run in the TNC and in the cp/M
system is included. The s¥stem provides bl ock
transfers, data transparency, flow control and error
checking and retransmission in both directions over
the interface.

I .ntroduction

The software to inplement the Link |evel of
protocol for the VADCG Termi nal Node Controller was
developed in 1978. It is now in general use both in
the 1U.S. and Canada and has even been inplenmented on
other Terminal Node Controller boards. It has
Broven to be satisfactory for the purposes intended
ut many people recognize the need to inplement the
next higher level of protocol = the Packet or
Net work Tevel protocol.

There have been a | arge nunber of proposals as
to the form this protocol should take and | have
made my Own proposals IN a paper published in the
last Amateur Radio Conputer Networking Conference.
In spite of a large supply of proposals there is a
distinct shortage of inplenentations. Part of the
reason for this has been because of the need for
some kind of consensus in the Amateur Radio
fraternity. Notwithstanding this impnrtant concern,
there is another reason why we don't have our
Network |evel protocol inplemented - it is a lot of
work to get it going.

"Vhat are the groblens in inplenmenting  the
Network |evel protocol ?', you may ask. \ell, Unlike
the Link level protocol which only had to be
implemented to run in a TNC, parts of the Network
I evel protocol have to be inmplenmented to run in each
m crocomputer connected to the network.
Furthernore, the TIP programs in the TNCs will have
to be rewitten and some changes in the LIP proPrams
are needed as w2ll. 1In addition, the Network [evel
protocol is nuch nore conplex than the link |evel
protocol. T think one of the main stuwbling bl ocks
Is the need to inplenent the protocol on two
separate systens before any testing can be done.

Despite the above difficulties, | have begun
the process of inplenenting the protocol and have
broken the job down into steps that can be
i mpl emented and tested and then proceed to the next
step.. To alleviate the problem of having to make
two inplenentations for different systenms, T am only
meki n% one inplenentation for ny C?/M system which |
will hopefully be able to transport to another | ocal
Packeteer's <Cp/M system for testing. In order to
nmeke this program” as transportable as possible to
other CP/M systens I am only using the 8080
instruction set.

. The progranms here are not really aay part of a
hi gher |evel "protocol but the function they perfora
wil'l b2 needed by any higher |evel protocol that is
adopt ed. The microconputer program called 'PACKET
is basically a set of drivers for the serial
interface between the microcomputer and the TNC.
The program inplenmenting the higher [level of

rotocol  in the microconputer is called the

ransmi ssion Control Program or TCP. The TCP will
use these drivers to transfer blocks of data that it
has prepared to the TNC and it will also receive
bl ocks of data from the TNC using these drivers.

_ The TCP is called upon by the programs running
in the mcroconmputer to send data and receive data
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to and from various points in the network. In order
to do this job, the TCP adds a header onto the
outgoing blocks of data and because the bits and
bytes in this header have a neaning based on their
position in the block of data, there nust be a
mechani sm to show where a block starts and ends in
the serial data streams being passed accross the
interface between the computer and the TNC. This
mechanism was lacking in all the TIPs that I had
access to. Also, since flexibility in the setting
of these bits was needed and any 'kind of restriction
on the data being sent across the interface was
undesi rabl e, there had to be a nmechanism for data
transparency. This nechanism too, was missing in
all the Tips that | had access to. Also, since data
was being sent both ways at high speed by
m croprocessors, . there had to be a nechanism for
flow control in both directions across the
interface. Also, since ny serial interface used
long RS-232 cables in a noisy environnent, I
occasionally got bit errors in the data especially
at the higher speeds so | needed to have errof
detection in this interface. 1In some environments,
error detection may not be necessary but | decided
to play it safe and include it. Finally, error
detection is not of much use unless you can correct
the errors so | have incorporated a retransm ssion
mechani sm

interface

sunmari ze = the provides the

TO
fol | owi ng:

1. Block recognition.

2. Data transparency.

3. Flow control (in both directions)
4. FError detection.

5. Error correction.

A bl ock has the followi ng format:

! SYN ! DLE ! STX ! { DLE ! ETX ! ! PAD !
v 769 1 10H ! 026 1 DPATA 1 99y 1 038 t+ CRC | ppg

The conbi nation DLE-STX (ASCII Data Link Escape
and Start of Text) indicates the start of a
transparent block of data and the combination DLE-
ETX indicates the end of the transparent block. To
provide for data transparency a ‘'byte stuffing
technique is used - any tine transparent data occurs
that |ooks like a DLE,  then an extra nL® is stuffed
into the data stream Therefore, the tw byte
conmbi nati on DLE-DLE represents only a single data
byte of 10H.

lished wusing sone
WC and the “serial
The RTS (Request to

Flow control is acco
hardware features of the
inter face on the nicrozomputer.
Send) and CTS (Clear to Send) lines are cross
connected and controlled by the programs. 'Wen the
output line is high it neans 'You can send data to
me now . When the output line is low it means
'Don't send any data to ne now.'

Error detection is acconplished using the two-
byte CRC (Cyclic Redundancy Check) characters
following the FTX character in the block. I am
tl).ISi ng the followi ng polynonmial to generate the CRC

ytes:

%16 15 2 4

+ X + X

This is the wusual polynom al used for
synchronous protocols such as IBM BISYNC but is not
the one sujygested by the CCITT. On transmt, the
CRC calculjation I's done on all transmtted
characters after the 37X and up to and including the
ETX character. The stuffed bytes are included in



the calculation and after the STX is processed, two
bytes of zeroes are processed. On receive, t he
calculation is the same except that the two CRC
bytes are used instead of the zero bytes and the
result of the CRC calculation will then come out to
zero if everything was received correctly.

~ The error correction mechani sm enpl oyed al so
utilizes some of the hardware features of the TNC
and the mcroconputer. The DTR (Data Termi nal
Ready) and the DSR (DataSet Ready) |ines are cross
connected between the TNC and microconputer.
Whenever one side receives a block correctly, it
reverses the state of its output |ine. If the  other
si de does not detect the transition then, after a
timeout, it retransnits the block.

Har dwar e Requi renents

~ In order to use theNéJrogram_called "TIPTTC
whi ch runs in the VADCG TNC, you will need a VADCG
TNC with the serial interface installed and an RS232
cable with wres going to the following pins
installed (2,3,4,5,6,7 and 20).

~ In order to use the program called 'PACKET
which runs in a CP/M system you will need to have a

serial interface capable of handling 8-bit
characters, direct software control of two |ines of
RS-232 levels, and the ability to read two input RS-

232 lines with the software. Mbst CpP/M systens have
this capability. It is true that | could have
witten this software to only require the data |ines
(and | may yet do this) and the software would be
slightly nore transportable but nore conplicated and
a little less efficient. The flow control and
acknow edgnment systens work very well because the
software in the TNC is alerted by the interrupt
system al npst instantly when there is any change In
level of the interface I|ines.

Sof t war e

The 'TIPTTC program should interface with any
of the common LIP programs being used with the VADCG
board. I can only think of one thing to watch out
for = the program uses variables in the CCA (Conmon
Conmuni cations Area) from displacement 40H to 54H so
you should check your LIP's usage of these areas and
relocate them if your LIP uses part of the sane
ar ea. Al so, make sure your stack does not C%gt
extended down as |ow as displacenent 54H in the )
This is a 'vanilla" TIP and in addition to the
features described above, it only has provision for
connect and disconnect. If you use this TIP you
will have to do without those special functions you
?rew ously had. The other alternative is to add the
unctions to this program yourself. If you take
this latter option | would very much like to hear
from you as well as anyone else who uses these
prograns. I like to get 'feedback."

) The ' PACKET' program only needs a CP/M system
with the aforenmentioned hardware features and sone
configuration nodifications described in the next
section.

Requi r ement s

Confiauration Requirenents

A TIPTTC
A.1 At |abel 'BAUDRAT' the Baud rate may have
to be changed. | am using 4800 Baud. In general it

is best to have the rate as high as is reliable and
conveni ent and should be 1200 or greater. However ,
| ower Baud rates than 1200 would work as well.

A.2 At |abel 'ACKTO' there is a nunber which is
related to the amount of time the TNC waits before
retransmttin the block if no acknow edgnent is

recei ved. This value has not been optimnized from
the first trial value. It is very non-critical and
the value | chose for ny system seens to work very
wel | . It is probably’ quite a bit slower than
required. You may experiment with different val ues.

A.3 At label 'RIMBUF change the call sign to
your own and if it is less than 6 characters, pad it
on the right wth blanks. Al so, use upper case
characters.

A.4 At |abel 'TERMNO' change your node nunber
to whatever you want.

B. PACKET
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B.1 In the section headed 'HARDWARE PORT
EQUATES' you will have to change the port addresses
to match the ports on your system

B.2 In the sections headed ' CONTROL PORT BIT
MEANINGS' and ' STATUS BIT MEANINGS' you will have to
change the equates to match your system
.. . B.3 At label 'UARTINIT change the code to
initialize your serial interface UART to operate
with 8 data bits and no parity bit. Al so nmake the
output lines going to pins 4 and 20 on the TNC are
low. (The assunption here is that the junmper plug on
the TNC is wired strai ght across)
) B.4 At label 'SETRTS change the code so that
it makes pin 4 on the TNC end of the cable high.

B.5 At |abel 'CLEARRTS' change the code so that
it makes pin 4 on the TNC end of the cable |ow

B.6 At |abel 'FLIPDTR make sure the code
reverses the level on pin 20 of the TNC.

B.7 At | abel 'TESTTBE' test if data can be sent
out to the UART and return non-zero status if it

can.

B.8 At |abel 'TESTRDA' test if data is
_afvaitl able fromthe UART and return non-zero status
if it is.

~ B.9 At label 'TESTCTS test the level of pin 5
comhr]ghfromthe TNC and return non-zero status If it
is high.
~ B.10 At label 'TESTDSR test the level of pin 6
coming from the TNC and conpare it to the [|ast
tested |level. If the value has changed, return non-
zero status.

B.11 In routine 'KEYTEST' change the code to
Look for a character to be entered on your keyboard
and if there is none, then go to 'CQUITEST . It wll
probably have to be changed because ny keyboard uses
Inverte | ogi c.

Qperation

Al though the inportance of the "PACKET' program
lies in the features provided by the drivers in it,
| have added 25 instructions which allow the program
to provide an imediately useful function. t owill
allow the user to use the keyboard and screen
display in the cp/M systemas if it were a termnal
connected directly to the TNC Because of the power
of the driver code, it is a relatively trivial
matter to add this function. Simlarrily, a program
to transfer a file from the system or to the system
is very easy to inplenment using the drivers.

) To use the program as a termnal sinulator,
sinply. tlype in aline of data on the keyboard, the
line Will be sent in a block to the TNC when the
line feed key is pressed. Wiile data is being
entered after the first character, no blocks will be
received from the TNC. Wiile a block is being
received fromthe TNC, the keyboard is not tested so
a line that you enter will not be nixed with data
comng fromthe TNC

To connect, tyJ)e_the Call sign in upper case
(which nust be padded with blanks on the right if it
is not 6 characters long) followed by control-A and
then hit line feed to send it to the TNC To
di sconnect, type any 6 characters (except for |line
feed) followed by control-B and then hit line feed.
Sorry for this kludge but it is only tenporary as |
am planning to conpletely change the connect-
di sconnect procedures when | wite the Transnission
Control Program which is the next step in
i mpl enmentation of the Packet |evel protocols.

Sumary

| hope these prograns help those who are
working on the inplenentation of the higher |evel
protocol s for an Amat eur Radio digital
conmuni cations network. It seenmed to me that a
Frogram with these features would have to be one of
he first steps in any kind of inplenentation but so
far | have not heard of one. Perhaps someone out
there has already witten one and | have duplicated
his effort. If so, then we are not _doing enough
advertising about what we have done. That Ts why |
have taken this effort to dissem nate the program

The pro?ram listings here represent prograns
that have actually been” running successfully sany
probl ens encountered in transporting them to another
system should be associated wt the diffferent
environment and not with defects in the code. I can
supply the prograns on standard SS-SD CP/M for mat
diskettes if necessary. Pl ease encl ose $3.00 with a
bl ank diskette or $8.00 wthout a diskette when
maki ng your request. You will find the listings for
the two prograns on the follow nP Eages.

* CP/M is a trade mark of Digita esear ch
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31C903
CD4301
CD3IS01
CA2301
DBNO
E602
C20601
DB02
CD3A01
CD3A05
FEOA

cC1005

P Ry X R R R R R R R R R R R R R SRR s 2222 lsd)

bl VADCG PACKET LEVEL TNC DRIVER FOR CP/M LA
bl BY DOUG LOCKHART, VE7APU JANUARY, 1983 ol
P S o N L L I T T T T

3+ LAST CHANGED JANUARY 31, 1983

P Yy 2 22 R R X X R X R R R 222222222222 22 R 2R 2]

THIS PROGRAM CONTAI NS THE DRI VERS TO EXCHANGE TRANS-
PARENT BLOCKS OF DATA BETWEEN A CP/M OPERATI NG
SYSTEM AND A VADCG TERM NAL NODE CONTROLLER USI NG A
MATCH NG PROGRAM IT USES THE REQUEST TO SEND ( RTS)
AND CLEAR TO SEND (CTS) LINES FOR FLOW CONTROL AND
THE DATA SET READY (DSR) AND DATA TERMINAL READY
(DTR) LI NES FOR ACKNOWLEDGEMENTS. ONLY DATA INFOR-
MATION | S PASSED ov THE DATA LI NES. THE PROGRAM
USES ' BYTE STUFFING TO ACHIEVE DATA TRANSPARENCY
AND USES A CRC-16 TO DETECT ERRORS. I F TRANS=-
MITTED DATA IS NOT ACKNOALEDGED BY A CHANGE I N LEVEL
THEN THE BLOCK |'S SENT AGA

N.
P I  r  R  R  E E E Y Y 2)

M SCELLANEQJS EQUATES

TR EIEREIE RN R R
$ %0 2 % % 9% 2° % o2

Los EQU

]

[} ASCI | EQUATES

CR EQU ODH t CARRIAGE RETURN

LF BQU OAH 7 LINE FEED

DLE EQU 10H 1 DATA LINK ESCAPE

STX EQU 02H 1 START OF TEXT

ETX EQU 034 1 END OF TEXT

SYN EQU 16H 7 SYNCHRONI ZI NG CHARACTER
i

EQU OFFH PAD CHARACTER
NN AR AR R R R RN AR O R R R AR R IR NI R RN R AR R AR RN RN RN RN AR

1 HARDV\ARE PORT EQUATES

DATA EQU 7 UART DATA PORT
CONTROL EQU CX}I ; UART CONTROL PORT
SThTUS EQU 00H 3 UART STATUS PORT
KEY BD EQU 02H 1 KEYBOARD DATA PORT

' CONTROL PORT BI T MEANI NGS

DTR EQU 01H 1 NOT DATA TERM NAL READY
RTS EQU 02H 71 NOT REQUEST TO SEND
BRSO EQU 04H ; BAUD RATE SELECT
BRS 1 EQU 08H 1 BAUD RATE SELECT
WLS1 EQU 104 1 WORD LENGTH SELECT
WLS2 EQU 20H 7 WORD LENGTH SELECT
SBS EQU 40H 3y STOP B1T SELECT
Pl EQU 80H 7 PARITY INHIBIT
H
7 STATUS BI T MEANI NG
RDA EQU 01H 1 RECEI VE DATA AVAI LABLE
KSTB EQU 02H | NOT KEYBOARD STROBE
PE EQU 04H 1+ PARITY ERROR
FE EQU 08H ; FRAMING ERROR
OE EQU 10H ; OVERRUN ERROR
DSR EQU 20H 3+ NOT DATA SET READY
CTS EQU 40H 7 NOT CLEAR TO SEND
TBE EQU 80H ; TRANSMIT BUFFER EMPTY
22X 2222 X XXX 22XX2X 2223 X2 X222 X222 22222222222 )

ORG 100K

LXX SP,STACK I NI TI ALI ZE STACK

CALL UAPTINIT

INITIALIZE UART
OUTTEST:CALL
JZ

1

7
WRITESTAT :+ ANY DATA IN TBUF?
LINETEST 7 NO, TRY TO RECEIVE SOVE
STATUS 3 ANY KEYBOARD DATA?

XEYTEST: IN
AN1 KSTB

JINZ OUTTEST 1 NO, TEST FOR LI NE DATA
I'N KEYBD 1 GET DATA

CALL DISPLAY 7 DISPLAY |IT

CALL WRITE 3 PUT IT INTO BUFFER

CpPIL LF } WAS IT A LINE FEED?

cz TCLOSE } YES,SEND DATA I N BUFFER

F CD3A01

W ro

0143 3EB7
0145 D300
0147 329801
014A DBO1
014C DBOO
014E E620
0150 329701
0153 C9

015F 3A9801
0162 F602
0164 8300
0166 329801
0169 C9

016A 3A9801
016D EEO01
016F D300
0171 329801
0174 c9

017E C9

17F DBOO
181 E/40
183 FE40

0
0
0
0185 C9

JIMP OUTTEST 3 GO POR MORE DATA
LI NETEST:
READSTAT 3 DATA IN RECEIVE BUFFER?
CczZ BLOCKRX 1 NO, TRY TO RECEIVE SOME
JzZ KEYTEST 3 NO, TEST KEYBOARD ENTRY

CALL READ 1 GET DATA BYTE FROM RBUF
CALL DI SPLAY 3 AND DI SPLAY IT

JMP LINETEST
WRI TESTAT:
LDA TBUFNUM )} GET COUNT
ORA A 3 AND TEST IT
RET
DISPLAY:PUSH PSW
MOV E,A
WI c,2
CALL BI OS 3 DISPLAY DATA IN (B)
POP PSW
RET 1 RETURN TO CALLER
[ 222X 2 XX 2222222 X2 X2 2222222 R 2R X222 2222222222222
: BASI C UART DRIVER ROUTI NES
;
INITIALZATION OF UART
UARTINIT.
MVI A, PI+WLS 14+WLS2+BRS0+DTR+RTS 3 8 DATA,
ouT CONTROL ; nNo PARITY, DTR AND RTS OFF
STA CTRL 1 save CONTROL | NFO
IN DATA 3 CLEAR ANY RESI DUAL DATA
IN STATUS 1 SAVE INITIAL DSR STATUS
ANI DSR
STA DSRSTAT
RET 3 RETURN TO CALLER
1 ENABLE RTS ?_IVEANS DATA CAN_BE RECEI VED)
SETRTS: LDA 7 GET CONTROL INPORMATION
AN1 OFFH RTS
ouT CONTROL
STA CTRL
RET

DI SABLE RTS ( MEANS DO NOT SEND ME ANY DATA )
CLEARRTS.
LDA

CTRL 3 GET CONTROL | NFORMATI ON

ORI RTS

ouT CONT

STA CTRL

RET

KEVERSE VALUE OF DTR (TO ACKNOWLEDGE BLOCK
FLIPDTR LDA CTRL GET CONTROL | NFORMATI ON

XRI DTR , FLI P DTR

ouT CONTROL

STA CTRL 1 SAVE UART CONTROL | NFORVATI ON

RET 7 RETURN TO CALLER

TEST VALUE OF TBE (TRANSM T BUFFER EMPTY)
TESTI‘BE IN STATUS

ANI TBE

RET

TEST | F RECIEVE DATA|S AVAILABLE
TESTRDA IN STATUS

ANT RDA

RET
; TEST VALUE OF CLEAR TO SEND

NON- ZERO FLAG I F CTS, ZERO FLAG | F NO CTS
'I‘ESTCTS IN STATUS

ANL CTS

%E_f_ CTS 31 NOTE SENSE INVERTED



3€¢

03DE
03E1

CD7F01
CADE(3

03E4 79

03ES5
03E7
03E8
03E9

03EA
03EB

03EC
03EF

03F0
03F1
03F2
03F5
03F7
03FA
03FB
03FR

03FF
0400

0401

D301
c1
E1
c9

3E16

: TEST |F VALUE OF DATA SET READY HAS CHANGED
: NON-ZERO FLAG | F DSR HAS CHANGED, ZERO |F NOT
TESTDSR: PUSH H ; DO NOT CHANGE HL
PUSH B ; OR BC
LX1 H, DSRSTAT ; PONT AT OLD DSR STATUS
MOV B,M
IN STATUS
AN1 DSR
MOV M,A ; SAVE NEW DSR STATUS
CWP B + COVPARE OLD AND NEW
Eg E! ; RESTORE REG STERS
ET + RETURN W TH FLAGS SET
Y R R R R R R R A X RS XSRS RS SRR SRR 2SR 2222 a2t s ]
CRC: DW 0 ; CRC CALCULATION AREA
DSRSTAT: DB 0 ; DSR STATUS SAVE AREA
CTRL: DB 0 ; CONTROL PORT | NFORMATI ON
MAXNUM EQU 250 3 MAXI MUM AMOUNT OF DATA ALLOWED
RPO NT: DW RBUF 7 NEXT PO NT TO GET DATA | N RBUF
RBUFNUM:DB 0 :+ NUMBER OF BYTES I N RBUF
RBUF: DS 253 ; RECEI VE BUFFER
TPO NT: DW TBUF + NEXT PO NT TO put DATA TN TRUF
TBUFNUM: DB 0 ; NUMBER OF BYTES TN TBUF
TBUF: DS 253 :+ TRANSM T BUFFER
DS 30H ; STACK AREA
STACK QU $
I R R R R R R R R R RS E S S22 SR X2 SS2 22222222 R 2 s sty
; SEND BYTE OF DATA QUT TO SERI AL PORT
: DATA PASSED | N ACCUMULATOR
SENDDATA
CALL CALCCRC : NCLUDE IN CRC
SEND: PUSH H
PUSH B : SAVE B&C
SEND1: MOV C,A ; SAVE DATA TEMPORARI LY
LX1 H,1 ; DELAY FOR BUG I N UART
SEND2: DCX H
MOV AH
ORA 1 ISIT o0
JNZ SEND2
SEND3: CALL TESTTBE IS TBUF EMPTY?
JZ END3 1 NG, KEEP LOOPING UNTTIL TT TS.
SEND4: CALL TESTCTS ; 1S CLEAR TO SEND UP?
JZ SEND4 + NO CAN' T SEND YET
MOV A,C ; GET BACK DATA BYTE
ouT DATA
POP B ; RESTORE B
POP H
RET :+ RETURN TO CALLER
: SEND DATA IN TBUF TO THE UART TRANSPARENTLY
SENDTBUF
P H
PUSH B
LX1 H, TBUFNUM ; PONT TO TBUF BYTE CNT
MoV c,M ; SAVE IN C
SENDTBUF1:
INX H ; POINT TO NEXT BYTE
MOV A M s GET I T
CALL SENDDATA s SEND I T
CPI DLE : WAS | T DLE?
(074 SENDDATA : IF SO SEND IT ARIN
NCR c ; DECREMENT COUNT
JNZ SENDTBUF? ; CONTI NUE SENDI NG
pOP B
POP H
RET ; RETURN TO CALLER
SEND FORMATTED BLOCK TO UART
BLOCKTX:
Wi A, SYN

0480
0483
0486
0489

0488
048E

3E10

3E02
CDO03
210000
229501
CDEAO3

3E10

CDC903
3E03

CDCI903
CDDEO4
CDF204
ChDO04
CA0104

AF
329B02
219c02

229902
Cc9

06401
CDAE04
o3
FE10
€23D04
CDAE04
03]

FEO2
C23D04

219c01
229901
CD8004

a3

9 FEO3

C23D04
CDAEO4

Cc8
CDAEO4
8

CDSFO01
2A9501
7C

B5
€27C04
219801

71
CD6A01

3EFF
B7
c9

300
B7
co

210000
229501
219C01
0E00

CDAE04
(03]

SEND

A,DLE

SEND

A, STX

SEND

gég ; | NI TI ALI ZE CRC AREA
SENDTBUF : SEND DATA | N TBUF
A,DLE ; THEN DLE- ETC SEQUENCE
SENDDATA ; I NCLUDE N CRC

A, ETX

SENDDATA + | NCLUDE | N CRC

SENDCRC ; FINALLY SEND CRC BYTES
CHECKRX ; TRY TO RECEI VE

WATTDSR ; WALT FOR DSR TO CHANGE
BLOCKTX ; DIDN'T CHANGE,OSEND BLOCK AGAI N
A 7 A <--

TBUFNUM ; | NDI CATE TBUF | S EMPTY
?PEFH# ; PONT TO START OF TBUF

.

; RETURN TO CALLER

READ A FORMATTED TRANSPARENT BLOCK OF DATA

BLOCKRX CALL

BLOCKRX1:
CALL
RZ
CPI
JIN7
CALL

RZ

CPI

JINZ
BLOCKRXZi

BLOCKRX3
MVT
ORA
RET

| RECEI VE
: CONTROL
RCVRBUF:LXT
SHLD
LXT
Wi
RCVRRITS .

Rz

SETRTS ; ALLOW OTHER END TO SEND
RECEI VE BYTE_FROM LI NE

; RETURN W TH ZERO STATUS | F TI MED OUT
DLE i ISIT DLE.

BLOCKRX1 ; NO, KEEP TRYI NG

RECEI VE ; DLE, TRY FOR STX

GOor
. RETURN W TH ZERO STATUS'IF TINMED OQUT
STX IS I T STX?

BLOCKRX1 H NO TRY FOR DLE AGAI N
; ENTRY FROM BLOCKTX

H, RBUF ; PONT TO START OF RBUF

RPOI NT

RCVRBUF ; RECEI VE DATA | NTO RBUF

7 UNTIL A NCE | S RECEI VED

CONTROL _ SE
; RETURN ZERO STATUS

BETY

El
F LINE TIMES oUT

WRAGS TT FTY?

BLOCKRX 1 ; UNEXPECTED SEQUENCE

RECETVE ; RECEI VE FI RST CRC CHAR
: RETURN HERE | F TIME OUT

RECEI VE ; RECEI VE SECOND CRC CHAR
;s RETURN HERE | F TI ME OQUT

CLEARRTS ; STOP OTHER END

CRC ; CHECK | F CRC WAS X

3

BLOCKRX3 ; NO GOOD

H, RBUFNUM ; SAVE DATA COUNT

M,C

FLI PDTR ; GOOD, REVERSE DTR LINE
; TO ACKNOWLEDGE BLOCK

A,-1 ; RETURN NON- ZERO STATUS

A s BL.OCK RECElI VED OK
; RETURN TO CALLER

A,0 ; RETURN WITH ZERO STATUS

I\ ; NO BLOCK RECEIVED

DATA PORTI ON OF BLOCK, RETTJRNS WHEN A
%FOUENCE FOUND I N THE TRANSPARENT TEXT
; INITIALIZE CRC TO O

CRC

H, RBUF ; POINT TO START OF RBUF
C,0 ; BYTE COUNT = 0

RECEI VE T A BYTE FROM LI NE

CGE
; RETURN HERE VVTH ZERO STATUS | F TIMEOUT



04A4
04A5
04A8

04AB

04F2

FE10
CA9A04

7
23
oC
c38B04
CDAEO4
cs

FE10
CA9404
c9

BS
CD5401
21A00F

C3B504

ES
CD5401
210007

CD7A01
CAC204

DBO?
CD5205

Cc28B504
CDSFO 1

3E00
B7
E1
c9

011027
CD860 1
(00]

AF
CD5205
CD5205
3A9601
CDCCO03
3A9501

CDOC03
c9

3A9B0 1

CPI DLE y WVAS | T oL

Jz RCVRBUF3 s YES, LCI}( AT NEXT BYTE
RCVRBUF2:

MOV M,A 1 PUT | NTO BUFFER

INX H 1 | NCREMENT RBUF PO NTER

I NR C 1+ INCREMENT COUNT

JMP RCVRBUF1 3 LOOP FOR NEXT BYTE
RCVRBUF3:

CALL RECEI VE

RZ 3 ZERO STATUS RETURN LI NE TI MES OUT

CPI DLE 1 IS I T A TRANSPARENT DLE?

JZ RCVRBUF2 1 YES, GO PUT | NTO BUFFER

RET :+ RETURN WITH CONTROL BYTE_I N ACCUMULATOR
3+ AND NON- ZERO STATUS

TRY TO READ PROM LINE W TH LONG TI MEQUT
RECEIVL EL&EE

SETRTS : ALLOW OTHER END TO SEND
LXI H,40 Lone TI MEOUT VALUE
t SH(lJLD BE ADUUSTED FOR BEST RESULTS
JMP RECEIV1
; TRY TO READ FROM LINE, 1 LINE TIMES QUT,

RETURN W TH ZERO STATUS
RECBIVE PUSH H
CALL SE’I’R’I‘S 1 ALLOW OTHER END TO_SEND
LX1 SHCRT TIMEOU’I‘ VALUE,
ADJ UST FOR AB(lﬂ' CHAR TI MES

RECEIV1:CALL TESTR 3+ ANY RECEI VED DATA?
JZ RECE1IV2 3 NO, DECREMENT TI ME
IN DATA 3+ GET DATA BYTE
%8'5" (IE'ADCCRC s INCLUDE IT IN CRC
RET ; GOOD RETURN W TH NON ZERO STATUS
RECEIV2:DCX 3 DECREMENT TI MER
MOV A H
ORA L 3 IS TIME OVER
INZ RECEIV1 1 NO KEEP TRYI NG
CALL CLEARRTS PS, TIMED QUT,
3+ DROP RTS SO OI'HER SIDE WLL STOP
MVI AR,0 3 RETURN W TH ZERO STATUS
ORA A
POP H
RET
U WA T FOR DSR TO CHANGE USING TI MEQUT
WAITDSR:
LXI B, 10000 3 DELAY = ALTER AS REQ'D
WAl TDSR?:
CALL TESTDSR 1 CHECK FOR DSR CHANGE
RNZ s RETURN IF I T HAS
DCX B
MOV A,B
ORA C 1 | S TI ME OVER?
JNZ WAITDSR1 3 NO CONTI NUE TESTI NG
RET 3 UNSUCCESSFUL RETURN
’ SERIDTHECRC BYTES
SENDCRC : XRA A 1+ FINISH CRC CALCULATION
CALL CALCCRC
CALL CALCCRC
LDA CRC+1 3 SEND FI RST CRC CHAR
CALL SEND
LDA CRC 3 SEND SECOND CRC CHAR
CALL SEND
REX
’ CHECK | F WE CAN RECEI VE A BLOCK NOW
H THIS ROUTINE | S CALLED AFTER A BLOCK HAS BEEN
] TRANSM TTED TOALLOW THE OTHER sibpE TO GET A
! CHANCE TO SEND TO US
CHECKRX: LDA RBUFNUM 3 | S THERE ANY DATA LEFT

04F5 B7
04F6 CO
04F7 CD5401

04FA CDA404
(03]
FE10
0500 c2FrAa04
0503 CDA404
(03]
FEO2
0509 C2FA04

C CD4F04
050 cs

0510 3A9B02

0513 B7

0514 c40104
c9

ES
0519 219801
7E
051D B7
051E C22A05
0521 CD1005
0524 cp3A04
0527 €31905
35
052B 2A9901
7E
23
229901
El
0534 c9

0535 3n9B01
B7
0539 c9

0552 es
0553 ¢b
0554 F5
0555 0608
0557 4F
0558 2A9501
0558 =

055B 79

ORA A t IN RECEIVE BUFFER?
RNZ 1 YES, CAN T RECEI VE
CALL SETRTS ¢ ENABLE RTS TO ALLOW
3 OTHER SIDE TO SEND
CHECKRX1:
CALL RECEI VL 3+ READ W TH LONG TI| MEQUT
RZ » TIMED our , RETURN
CcPI DLE $ IS 1T A DLE?
JINZ CHECKRX 1 t+ NO, KEEP LOOKING
CALL RECEI VL + NOW LOOK FOR A STX
RZ 3 TIMED our SO RETURN
cpel STX 1 1S I T START OF TEXT?
JINZ CHECKRX 1 1 NO KEEP LOOKING
CALL BLOCKRX2 3 NOW GO READ TRANSP,TEXT
RET 3y ZERO STATUS IF TIMEOUT
1 NON-ZERO | F BLOCK WAS RECEIVED
, SEND A BLOCK OF TRANSMIT DATA TO THE LINE | ?
THERE |'S_ANY DATA | N THE BUFFE
TCLoszz LDA TBUFNUM 1 GET counr | N BUPPER
A 3 TEST FPOR DATA
cnz BLOCKTX 3 SEND BLOCK IF ANY DATA
RET 3 RETURN TO CALLER
READ: PUSH R ? SAVE HL
READ1: k%b g,ﬁnurﬂun 1 PO NT AT COUNT IN RBUP
’
ORA A ?t |S THERE MY LEPT?
JINZ READ2 1 YES
CALL TCLCSE 3+ SEND ANY DATA IN TBUP
CALL BLOCKRX 3 RECEI VE ANOTHER BLOCK
JMVP READ1 1t TRY TO b0 READ AGAI N
READ2: M 1 DECREMENT COUNT
LHLD RPOINT 3 GET READ POINTER
MOV AM + GET DATA BYTE
[ NX H + | NCREVENT POINTER
SHLD RPOINT 3 AND SAVE AGAI N
POP H 3 RESTORE HL
RET 3 RETURN TO CALLER WTH DATA IN A
READSTAT
LDA RBUFNUM ; GET COUNT COF DATA IN BUFFER
ORA A y TEST IT
RET 1 NON- ZERO STATUS 1P DATA PRESENT
WRI TE:  PUSH PSW + SAVE DATA
PUSH H + SAVE HL
LHLD TPOINT ; GET POINTER INTO TBUFP
MOV M,A 1 PUT DATA | NTO BUFFER
| NX H + | NCREMENT PO NTER
SHLD TPOINT
LX1 H, TBUFNUM 3 PONT To CoOUNT | N TBUF
Tgﬁ AM 3 INCREMENT COUNT
A
MOV M,A
CPI MAXNUM 3+ |'S BUPFER PULL?
c7 BLOCKTX + YES, SEND BLOCK NOW
POP H + RESTORE HL
POP PSW 3 RESTORE DATA
RET

; CRC CALCULATION ROUTI NE

+ USES ByTE PASSED IN ACCUMULATOR TO | NCLUDE IN CRC

1 RESTORES ALL REG STERS AND STATUS

CALCCRC:PUSH H
PUSH B

PUSH PSW

MVI B,8

MoV C,A
CRC

LI-EILD $
CALCCRC1:
W R



Lv'e

07 RLC
4F MOV
7D MOV
17 RAL
6F MOV
7C MOV
17 RAL
67 MOV
D26F05 JNC
7C MOV
EE80 XRI
67 MOV
7D MOV
EE05 XRI
6F MOV
CALCCRC2:
05 DCR
C25B05 JINZ
229501 SHLD
F1 POP
Cl POP
El POP
Cc9 RET
END

EZFQ!
;uIr_-'D’I:EgB’ T
Q

~

W Hop o
(323

CALCCRC1
CRC

PSwW

B

H

1000
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*x VADCG TERM NAL NODE COVMUNI CATI ONS PROGRAM o
bl BY DOUG LOCKHART, VE7APU JANUARY, 1983 bdod

khkkkhkhkhdkkkkkkhhhdhhkkkkhhkhhkkkkkhkhkrhhhhhhrkkhrhhhhdrrhdhd

LAST CHANGED: JANUARY 31, 1983

TERM NAL | NTERFACE PROGRAM FOR | NTERFACING TO A CP/M
SYSTEM  THI 'S PROGRAM IS WRI TTEN TO RUN IN THE VADCG
TERM NAL NODE CONTROLLER. I T INTERFACES WTH A LINK
; | NTERFACE PROGRAM (LIP) RUNNING AT ADDRESS 0 |N MEMORY.
TH S VERSION IS WRITTEN TO USE THE 8250 PROGRAMVABLE
UART TO COVMUNI CATE WTH A COVPUTER

; THE BASI C FEATURES OF THIS TIP ARE:

TRANSFER OF DATA | N BLOCKS

RTS FLOW CONTROL FROM DI Gl TAL EQUI PMENT TO TIP

AND CTS FLOW CONTROL FROM TIP TO DI G TAL EQUI PMENT
ACKNOWLEDGEMENTS TO BLOCKS RECEI VED BY A NGE IN DTR

ACKNOW.EDGEMENTS TO BLOCKS SENT BY A CHANGE IN DSR
CRC-16 CHECKING OF ALL DATA BLOCKS

ERROR RECOVERY BY RETRANSM SSI ON | F NO_ ACKNOW.EDGVENT
USES BYTE STUFFING TECHNI QUE FOR DATA TRANSPARENCY
I NCTB MACRO 7D
| F NOT NUL ?D
Wi A,?D

RST 2

O

No Nu Ne e No e %o we we we e Se So ~e e

I NCLB MACRO  ?D
| F NOT NUL ?D
Wi A ?D

RST 3

COVPARE HACRO

SIM MACRO
D 30H ; SET | NTERRUPT NMASK

RIM MACRO

DB 20H i READ | NTERRUPT MASK
ENDM

; RAM CONSTANT - CHANGE FOR DI FFERENT RAM LOCATI ON
LORAM  EQU 1000H : START OF RAM STORAGE

; NON- ZERO_STATUS MEANS LINE BUFFER ADDRESS IS IN HL REG
; ZERO STATUS MEANS NO BUFFER | S READY
NEXTIN MACRO

RST 4

ENDM

; 8255 PARALLEL |/0O EQUATES

PORTA EQU 8 ; PORT A | NPUT AND OUTPUT
PORTB EQU 9 ;s PORT B INpuT AND OUTPUT
PORTC  EQU 0AH 7 PORT C I NPUT AND OUTPUT
CONTROL EQU 0BH 3 CONTROL PORT OUTPUT ONLY

; BAUD RATE EQUATES

BAUD384' EQU 4 ; DIVISUK FOR 38,400 BAUD
BAUD192 E 8 ; DIVISOR FOR 19,200 BAUD
BAUD96 EQU 16 ; DIVISOR FOR 9600 BAUD



eve

0020
0040
0080
0100
0200
0400
0476
0573
0800
0Co0

BAUD48
BAUD24
BAUD12
BAUDG00
BAUD300
BAUD150
BAUD134
BAUD110
BAUD75
BAUD50

32

128
256
512
1024
1142
1395
2048
3072

~o me we we e ~o ~o w0 Ne ~e

; 8250 SERIAL |/ 0O EQUATES

; REG STER EQUATES
RBR

EQU 0
THR EQU 0
| ER EQU 1
IR EQU 2
LCR EQU 3
MCR EQU 4
LSR EQU 5
MSR EQU 6
DLL EQU 0
DLM EQU 1
; | NTERRUPT ENABLE EQUAT
ERBFI  EQU
ETBEI EQU 2
ELSI EQU 4
EDSSI EQU 8
;| NTERRUPT
| PEND  EQU
11ID0 EQU 2
IID1 EQU 4
:+ LINE CONTROL EQJATES
WLS0 EQU
WLS1 EQU 2
STB EQU 4
PEN EQU 8
EPS EQU 10H
SPTY EQU 20H
SBRK EQU 40H
DLAB EQU 80H
; MODEM CONTROL EQUATES
DTR EQU 1
RTS EQU 2
ouT} EQU 4
ouT2 EQU 8
LOOP EQU 10H
; LINE STATUS ECUATES
DR EQU
OE EQU 2
PE EQU 4
FE EQU 8
Bl EQU 10H
THRE EQU 20H
TSRE EQU 40H
; MODEM STATUS EQUATES
DCTS EQU
DDSR EQU 2
TERI EQU 4
DRLSD  EQU 8
CTS EQU 10H
DSR EQU 20H
RI EQU 40H

ES
o
i
i
i
i

DI VI SOR FOR 4800 BAUD
DI VI SOR FOR 2400 BAUD
DI VI SOR FOR 1200 BAUD
DI VI SOR FOR 600 BAUD
DI VI SOR FOR 300 BAUD
DI VISOR FOR 150 BAUD
DI VI SOR FOR 134.5 BAUD
DI VI SOR FOR 110 BAUD
DI VI SOR FOR 75 BAUD

DI VISOR FOR 50 BAUD

RECEI VE BUFFER REGISTER (R)
TRANSM T HOLDI NG REGISTER (W)
| NTERRUPT ENABLE REG STER (W)
| NTERRUPT IDENT. REG STER (R)
LI NE CONTROL REAQ STER (R/
MODEM CONTROL REGQ STER

LI NE STATUS REGQ STER (

MODEM STATUS REG STER (R/

DRI VER LATCH (LSB

DRI VER LATCH ( MsB

ENABLE RECEI VED DATA | NTERRUPT
ENABLE TRANSM TTER

RECEI VER LI NE STATUS | NTERRUPT
ENABLE MODEM STATUS | NTERRUPT

| DENTI FI CATI ON EQUATES

'0" | F I NTERRUPT PENDI NG

I NTERRUPT | DENTI FI CATION BIT 0
| NTERRUPT | DENTI FI CATION BIT 1
WORD LENGTH SELECT BIT 0

WORD LENGTH SELECT BIT 1

STOP BIT SELECT

PARI TY ENABLE

EVEN PARI TY SELECT

STI CK PARITY

SET BREAK

DRI VER LATCH ACCESS BIT

DATA TERM NAL READY
REQUEST TO SEND

OUT1 LINE ON 8250

QUT2 LI NE on 8250
MODEM LOOP CONTROL BIT

DATA READY

OVERRUN ERROR

PARI TY ERROR

FRAM NG ERROR

BREAK | NTERRUPT

TRANSMITTMEK THULDING REG EMPTY
TRANSM TTER SHI FT REG EMPTY

DELTA CLEAR TO SEND

DELTA DATA SET READY

TRAI LI NG EDGE RI NG | NDI CATOR
DELTA RX LINE SI GNAL DETECT
CLEAR TO seNnD

DATA SET READY

RI NG | NDI CATE

0080

0017
0008

1000
1004
1006
1008
100A
100C
100E

1012
1014
1016
1018
101A

1000

0003

RLSD EQU
Rl MD EQU
MSE EQU

80H

17H
08H

; COMMON COMMUNI CATI ONS
:+ CIRCULAR TERM NAL BUFFER VARI ABLES

CCA EQU
CIBIE  EQU
OTBE EQU
TBI P EQU
TBOP EQU
LTBOE  EQU
CTBOE  EQU
; CIRCULAR LINE
LBPE EQU
CLBE EQU
OLBE EQU
LBl P EQU
LBOP EQU

i M SCELLANEQUS

STAT1 EQU

; THE FOLLOW NG

LORAM
CCA+4
CCA+6
CCA+8
CCA+0AH
CCA+CCH
CCA+0EH

3 RECEIVE LINE SIGNAL DETECT

3 REQUEST | NITIALIZATI ON MODE
;3 MASK SET ENABLE BI T

AREA

; COMMON COMMUNI CATI ONS AREA ADR.
3 CURRENT TERM NAL BUF | NP. ENTRY
7 OLDEST TERM NAL BUFFER ENTRY

; TERM NAL BUFFER | NPUT PO NTER

7 TERM NAL BUFFER OUTPUT PO NTER
; LAST TERM NAL BUF OUTPUT ENTRY
; CURRENT TERM NAL BUF OUT ENTRY

BUFFER VARI ABLES

CCA+12H
CCA+14H
CCA+16H
CCA+18H
CCA+1AH

CCA

LI NE BUFFER PROCESSI NG ENTRY
CURRENT LI NE BUFFER ENTRY ADDR.
OLDEST LINE BUFFER ENTRY

LI NE BUFFER | NPUT PO NTER

LI NE BUFFER OUTPUT PO NTER

~o ~o ~o o ~e

: MAINLINE STATUS BYTE

VARI ABLES ARE FOR EXCLUSIVE USE BY TIP

BUFCOUNT EQU CCA+1CH ; CURRENT | NPUT BUFFER COUNT
OUTCOUNT EQU CCA+1DH ; CURRENT OUTPUT BYTES REMAI NI NG
VAI T EQU CCA+40H ; CHARACTER DELAY VALUE
MBRSAVE E CCA+42H ; LATEST MODEM STATUS REG STER
| NTFLAG E! CCA+43H ; | NTERRUPT ROUTI NE FLAGS
RXBUSY E 01H . RECEI VE | NTRPT ROUTI NE ACTI VE
TXBUSY E 02H i TRANSM T | NTRPT ROUTI NE ACTI VE
CRC EQU CCA+44H ; CRC CALCULATI ON AREA
RCRC2 EQU CCA+46H ; SECOND RECEI VED CRC BYTE
RCRC1 EQU cca+47H ; FIRST RECEIVED CRC BYTE
TCRC2 EQU CCA+48H ; SECOND TRANSM T CRC BYTE
TCRCA1 EQU CCA+49H ; FIRST TRANSM T CRC BYTE
RNEXT EQU CCA+4AH ; CURRENT RECElI VE ROUTI NE ADDRESS
TNEXT EQU CCA+4CH ; TRANSM T ROUTI NE ADDRESS
RDISP EQU CCA+4EH ; RECElI VE | NTERRUPT ROUTI NE ADDR.
TDI SP EQU CCA+50H ; TRANSM T | NTERRUPT ROUTI NE ADDR
DFLAG EQU cca+52H ; DI SPATCH FLAG
CRCTX EQU 01H i CRC ROUTINE IN USE BY TX DISP.
; ASCIl E TES

E ODH i ASClI| CARRI AGE RETURN
LF EQU 0AH ;s ASCI| LINE FEED
ESC EQU 1BH . ASClI| ESCAPE CHARACTER
STX EQU 02H i ASCI| START OF TEXT
ETX EQU 03H i ASCI| END OF TEXT
DLE EQU 10H . ASCI | DATA LI NK ESCAPE
SYN EQU 16H i ASCI | SYNCHRONI ZATI ON CHARACTER
PAD EQU OFFH ; TRAILING PAD CHARACTER
TRUE EQU OFFH ; FOR I F CONDI TI ON TESTS
FALSE EQU 0 i FOR IF CONDI TI ON TESTS
i dhkdkkhhhkkhhkhkkhhhkdhkhhhhkhkhkhddkdkkhkkkhhhhhhkhhhkdhhkdhhkhhkhkhkhhkhh
g RE CONFI GURATI ON E TES * ok
; Kk VALUES CHANGE FOR EVERY CONFI GURATI ON * %

FORMAT EQU

% o J d ke ok e Kk ke kK ke ke ke ok ok ok e ke ok ke ok ok gk ok ok ke ke ok ok ke ke ok ok ke ke ke ok ok ok ok ok ke ok ok

WLS 14WLS0 ; UART FORMAT (8 DATA,



gve

0020
00FF =

0800 c31508
0803 34808
0806 C30608
0809 c3100A

NO PARI T
BAUDRAT EQU BAUD48 ; CURRENT BAUD RAT
CUSHI ON EQU 255 ; THE M NI MUM NUMBER OF BYTES
i AVA LABLE IN THE TERM NAL BUFFER THAT
: ARE REQUI RED BEFORE A RECEI VE
; OPERATI (] STARTED.
ACKTO  EQU 10000 7 ACKNOW.EDGE TI MEOUT COUNT

; (PRELI M NARY VALUE)

dhdkkkkkhkk kA kAR AR AR A bk kh ke kkk kb kkkkhhhkkhkhdkkhdkhk

ORG 800H ; TH'S PROGRAMS EPROM START ADR.
; ENTRY JUWP TABLE

JMP TIPINIT ; INITIALI ZATI ON ENTRY PO NT

JMP RST55 | NTERRUPT FROM 8250

JMP $ : UNUSED | NTERRUPT ENTRY PO NT
JMP DI SPRX  ; TO DI SPATCHER RQJTI
l

080C 0C17564537RIMBUF DB 12, RIMD, 'VE7APU CONNECT BUFFER
0814 C8 TERMNO DB 200 ,VFE NopEs TERMLNAL  NUWBER
IR 2R S22 222222 22222222222 222222 2 2222222222222 2222 20 2
TIPINIT;

, SET BAUD RATE | N SERI AL PORT
0815 3E80 MVI A, DLAB
0817 D303 ouT LCR
0819 3E20 Wi A,LOW BAUDRAT
0818 D300 ouT DL ; BAUD RATE DI VISOR LSB
081D 3E00 Wi A, H GH BAUDRAT
081F D301 ouT DLM ; BAUD RATE DI VI SOR MSB

; DEFINE CHARACTER FORMAT OF SERIAL DATA
0821 3E03 Wi A, FORMAT
0823 D303 ouT LCR ; UPDATE LINE CONTROL REGI STER

; unmask | NTERRUPTS FROM SERI AL | NTERFACE

RI M : GET CURRENT | NTERRUPT MASK IN A
0825+20 DB 20H : READ TNTERRUPT MASK
0826 E606 ANL 000001108 1 RESET RST5.5 MASK BI T
0828 F608 OR1 VBE : SET MASK SET ENABLE BI T

SIM : ENABLE RST5.5 | NTERRUPTS
082A+30 DB 30H : SET FRTERRUPT MASK

; CLEAR QUT RECEIVE BUFFER REG STER
082B DBOO N RBR

082D 214309
0830 224A10
0833 211608
0836 225010
0839 AI"140A
083C 224310

083F 3E09
0841 D301

0843 3E04
0845 D304

0847 CS

0848 F5
0849 ES
084A D5
084B C5
084c DB02
084E FEO4
0850 casA08

; SET UP IEI;(ITITAL DI SPATCH ROUTI NES

Lx1 H, ; SET RECEIVE | NTERRUPT TO | DLE
SHLD  RNEXT
LX1 H, WAI TLI P ; WAITING FOR LIP BLOCK
SHLD  ThISP
LXI H' WAITTB ;7 WALTING FURK FREE CUSHION
SHLD _ RDI'SP

; ENABLE RECEI VED DATA AVAI LABLE AND MODEM STATUS | NTRPT
WI A,ERBFI+EDSSI __ ; RECEI VE AND MODEM
ouT I ER ; UPDATE | NTERRUPT REG STER
: BRING UP RLSD (OUT1 = RLSD)
Wi A,OUT1
out MCR ; UPDATE MODEM CONTROL REG STER

; RETURN TO LIP FOR COVPLETI ON OF | NI TIALI ZATI ON
RET

dkkkhkkkhkkkhkkkkkkhkhkkkkhkkhkhhkhhhkhkhhkkhhhkhhdkkkhkhhkkhkkkkk

RST55: PUSH PSW

PUSH H
PUSH D
PUSH B
I'N IR ; GET I NTERRUPT TIDENT | NFORMATI ON
CPI I1D1 ; RECEI VED DATA AVAI LABLE | NTRPT?
JzZ RXI NT ; GO TO RECEI VE | NTERRUPT ROUTI NE

0853 FEO02
CA4909

0859 CASFO08
085C C34309

DB06
0861 324210
0864 4F
0865 E601
0867 C46D08
086A C34309

086D 79
086E E610
0870 CA7608
0873 C37D08

0876 DBO1
0878 EGFD
087A D301
087C C9

087D 324310
E602

C8
0883 DBO1
0885 F602
0887 D301
0889 c9

088A DBOO
088C 2A4A10
088F E9

0890 FE10

0893 24309
0895 219E08
0898 224A10
089B C34309

089E FE02

08A0 C2ACO08
08A3 21B508
08A6 224A10
08A9 C34309
08AC 219008
08AF 224a10
08B2 C34309

08B5 FE10

08B7 CAC308
08BA CDEEQ8
08BD CA0609
08C0 C34309
08C3 21cco8
08C6 224A10
08C9 C34309

08CC FE10

08CE C2E008
08D1 CDEE08
08D4 CA0609
08D7 21BS508
08DA 224A10
08DD 34309

08E0 FEO3

CPI 1100 i 1S IT TRANSM T BUFFER EMPTY
JZ TXI NT ; GO TO TRANSM T | NTRPT ROUTI NE
ORA A | MODEM STATUS | NTERRUPT?
JZ MSI NT ; TO MODEM STATUS | NTRPT ROUTI NE
JMP EXIT | UNKNOWN | NTERRUPT, RETURN
MSI NT: I N MSR i GET_MODEM STATUS
STA MSRSAVE ; SAVE MODEM STATUS FOR DI SPATCH
MOV C,A | SAVE IT
AN1 DCTS ;3 HAS CTS CHANGED?
CNZ CTSINT ; YES GO HANDLE CTS CHANGE
J EXIT
CTSI NT: MOV A,C i GET MODEM STATUS BACK
AN1 CTS ;s TEST CTS BIT
JZ DISABLETX ; OFF, DI SABLE TRANSM T
JMP ENABLETX ;s TRY TO ENABLE TRANSM T
DI SABLETX:
I'N | ER s+ CGET | NTERRUPT ENABLE REG STER
AN1 OFFH-ETBEI
%g I ER + TURN OFF TRANSM T | NTERRUPTS
ENABLETX:
LDA I NTFLAG ; |'S TRANSM TTER BUSY?
ANI TXBUSY
RZ 3 NO, RETURN
IN | ER : CET | NTERRUPT ENABLE REGQ STER
OR1 ETBEI
%T I ER ;s ENABLE TRANSM T | NTERRUPTS
hkkhkkkhkhkhkkkhkhhhhkhkrhhhhkkhhkhrhkdrhhkhrbkrhkrhrkkrdkrhkkkkkrkhkhhhkkrd
RXINT: IN RBR ; READ DATA FROM SERI AL PORT
LHLD RNEXT ;7 GO TO ROUTI NE ADDRESS | N RNEXT
PCHL
RSTART: CPI DLE + IS I T A DATA LI NK ESCAPE?
JINZ EXIT : NO
LX1 H RSTX ; YES, NOW WAIT FOR START OF TEXT
SHLD RNEXT
JMP EXIT
RSTX: CPI STX : IS I T START OF TEXT
INZ RSTX1 : NO
LX1 H,RDATA ; YES, HANDLE TRANSPARENT DATA

JMP T
RSTX1: LXI H, RSTART ; FALSE START GO BACK
SHLD RNEXT ; TO BEG NNI NG
JMP EXIT
RDATA:  CPI DLE ;IS 1T A DLE?
JZ RDATA1 ; YES
CALL PUT ; NO_ PUT DATA | NTO BUFFER
JZ RESTART ; ERROR, RESET BUFFER AND RESTART
JMP XI T 3 FROM BEGINNING
RDATA1: LXI H, RCONTROL ; RECEI VE CONTROL
SHLD RNEXT ; CHARACTER NEXT
JMP EXIT
RCONTROL:
CP1 DLE ;ISIT A SECOND DLE?
JNZ RCONTROL1 NO, CHECK FOR ETX
CALL PUT ; YES, PUT DLE | N BUFFER
JZ RESTART ; ERROR_ RESET BUFFER AND RESTART
LX1 H,RDATA ; GO BACK FOR MORE DATA
SHLD RNEXT
J EXIT
RCONTROL1:

CPI ETX ; IS 1T END OF TEXT?



1444

08E2 C20609
08ES5 211D09
08E8 224A10
08EB C34309

08EE 4F
08EF 2A0610
08F2 EB
08F3 2A0810

08F6+3E01
08F8+D7

08F9 C8
08FA 220810
08FD 71
08FE 211C10
0901 34
0902 7E

0903 FEFB
0905 c9

0906 3E00
0908 321C10
090B 2A0410

090E+3E01
0910+4D7
0911 220810
0914 219008
0917 224A10
091A C34309

091D 324710
212909
0923 224A10
0926 C34309

0929 324610
092C DB04

0937 324310
093A 214309
093D 224A10

0949 2a4C10
E9

0940 3E16
094F D300
0951 215A09
0954  224C10
0957 C34309

095A 3E10
095C D300
095E 216709
0961 224C10
0964 C34309

0967 3E02

RPUT: NOV

CPI
RET

RESTART: W
STA
LHLD

| NCTB
W

RST
SHLD
LX1
SHLD
JMP

RICRC: STA
LX1
SHLD
JMP

R2CRC: STA

EXIT: POP

RESTART ; NO, _ERROR - RESTART
H,R1CRC ; NEXT RECEIVE FIRST CRC CHAR

C,A ; SAVE DATA IN REG STER C
OTBE ; PUT DATA | NTO BUFFER

TBI P
1
A1
2
TURN W TH ZERO STATUS | F OVERFLOW
BI P ; UPDATE PO NT IF K
, ; MOVE DATA INTO BUFFER
NT ; | NCREMENT COUNT OF DATA

~

NPT~
== mo—
C
T

i HAVE VWE GOT 251 BYTES NOWP
| ZERO STATUS IF TOO MANY BYTES

A,0 ; SET COUNT IN BUFFER TO ZERO
BUFCOUNT

CTBIE ; SET INPUT PO NTER JUST BEFORE
1 | DATA AREA

A1

2

TBI P
H, RSTART
RNEXT
EXIT

; AND RESTART RECEI VER

RCRC1 7 SAVE FIRST CRC CHARACTER
ENE%%RC ;7 NOW GET SECOND CRC CHARACTER

EXIT

RCRC2 ; SAVE SECOND CRC CHARACTER
MCR ; RESET REQUEST TO SEND
OFFH-RTS

MCR

| NTFLAG ; | NDI CATE RECEI VE ROUTI NE
OFFH~-RXBUSY 7 1'S NOT ACTI VE

H EXIT ; IGNORE ALL RECEI VE | NTERRUPTS

T
khkkhkkdkdkkdkkhkhhkhkhkkhhhhhhkhkhkbhhhhkhkkhkhhkhkhkhhkhkhkhkkkhhhhkhkhkhhkkdk

; TRANSM T | NTERRUPT ROUTI NES

TXI NT: LHLD

PCHL

TSTART: MVI
out
LX1
SHLD
JMP

TDLE 1: W
ouT
LXI
SHLD
JWP

TSTX: MVI

TNEXT ; DI SPATCH ADDRESS | N TNEXT

AS ; OUTPUT A SYN CHARACTER
H,TDLE1 ; NEXT SEND A DLE

TREXT

EXIT

A,DLE ; OUTPUT A DLE

THR

H TSTX ; NEXT QUTPUT START OF TEXT

A, STX ; QUTPUT START OF TEXT

D300

217409
224C10
C34309

211D10
7E

B7

CA9709
35

2A1A10

0980+3E01
0982+DF

09D4
09D7

09DA
09DC
09DE
09EA1
09E3
09E6
09E9

09EC F

09ED

221710
7E

D300
FE10
C24309
212409
224C10
C34309
3E10
D300
21B109
224C10
C34309

3E10
D300
217409
224C10
C34309

3E03
D300
21BE09
224C10
C34309

3A4910
D300

21CC09
224C10
C34309

3A4810
D300
21DA09
224C10
C34309

3EFF
D300
3A4310
E6FD
324310
CD7608
C34309

09EF 4F

09F0
09F3
09F3
09F4
09F5
09F6
09F7

TDATA:  1IXI
MO

TDATA1: Wi
ou
LXI
SHLD
JWP

TDLE: Wi
our

LXI

SHLD

JMP
TETX: Wi

out
T1CRC: LDA

T2CRC: LDA

TPAD: Wi

THR
H,TDATA ; NEXT FUNCTI ON HANDLES TEXT DATA
g

H, OUTCOUNT ; MORE DATA I N BUFFER?
A,

A

TOATAT NO, BUFFER ENPTY

LBOP

1

57

LBOP i LBOP = LBOP+1

A,M

THR i OUTPUT DATA AT LBOP

DLE . IS IT SAME AS DLE?

EXIT | NO

H,TDLE ; TRANSM T ANOTHER DLE
TREXT ; TO NAKE TRANSPARENT
B/DIE OUTPUT A DATA LINK ESCAPE
H,TETX ; NEXT SEND END OF TEXT
TREXT

EXIT

A,DLE  ; SEND DATA LINK ESCAPE
THR

H,TDATA ; AND GO BACK TO TRANSPARENT MODE

A,ETX ; SEND END OF TEXT
H,T1CRC ; NEXT SEND FIRST CRC CHARACTER

TCRC1 ; SEND FIRST CRC CHARACTER
H,T2CRC ; NEXT SEND SECOND CRC CHARACTER

¥ﬁ§C2 ; SEND SECOND CRC CHARACTER
TPAD ; SEND TRAILING PAD CHARACTER
He

%HEAD ; SEND TRAILING PAD AFTER CRC
| NTFLAG ; MARK TRANSM T NOT BUSY
OFFH-TXBUSY

| NTFLAG

DI SABLETX

Xl T
*********************************************************
; CRC CALCULATION ROUTI N
; | NCLUDES BYTE IN ACCUNULATCR I'N CRC CALCULATI ON

CALCCRC: PUSH
W

MOV

LHLD
CALCCRC1:EQU

MOV

PSW



1°) &4

09F8 6F
09F9 7C
09FA 17
09FB 67
09FC D2070A
09FF 7/C

0A02 67
0A03 7D
0A04 EEO0S5
0A06 6F
0A07 =

0A07 05
OAO8 C2F309
0AQB
0AQOE F1
OACF c9

0A10 2R4E10
0A13 E9

0A14 2A0610
QAl7 EB
OA18 2A0410

OA1B+EF
0A1C CA280A

OA1F+3EFF
0A21+D7
0A22 DA120B
OA25 2n0410

0A28+3E01
0A2A+D7
0A2B 220810
0A2E 3E00
0A30 321210
0A33 F3
0A34 3A4310
0A37 F601
0A39 324310
0A3C FB
OA3D
0A40 224A10
0A43 DB04
QM5 F602
0OA47 D304
0A49 21500A
0A4C 224E10
0A4F C9

0A50 374310
0A53 E601
0A55 C2120B
OA58 3A5210
OA5B E601
0A5D C2120B
0R60 211C10
Q63 7E

OAG4 2a0410
0A67 77

0A68+3E01
0A6A+D7
0A6B 220810
0AGE 210000
0A71 224410
0A74 217B0OA
0A77 224310

CALCCRCZ:E%p
DCl

JNZ
SHLD
POP

- »H
v

Q

w:x*w:ungw
L

wHHoP o
~ O~ ~ O~

CALCCRCH1
CRC
PSW

RET
de e g de e e e K Kk ok e gk ok ok ok ok ke ok e e ok ke ok ke o e ok ek ke e ke ke ke ok ok ok e e e ke ok bk ok ok ke

; RECEIVE SIDE DI SPATCH ROUTI NES

DI SPRX:

WAI TTB:

WAITTB1:INCTB
WI

RST
SHLD
Wi
STA
DI
LDA
OR1
STA
El
LX1
SHLD

WAI TRX:  LDA

SHLD
SHLD

RDI SP  ; GO TO RECEI VE DI SPATCH ROUTI NE
OTBE i TERM NAL BUFFER CUSHI ON FREE?
CTBIE

5 ; COWPARE DE TO HL

WAITTB1 ; SAME, BUFFER AVAI LABLE

CUSHI ON ; IS CUSHI ON FREE?

A, CUSHI ON

2

DI SPTX ; TO TRANSM T ROUTI NE DI SPATCHER
CTBIE ; PONT TBIP JUST AHEAD OF DATA
1

A, 1

2

TBI P .

A,0 | ZERO COUNT FOR RECEI VE ROUTI NE
BUFCOUNT

| NTFLAG ; RECEI VE ROUTINE IS ACTIVE
RXBUSY

| NTFLAG

H, RSTART ; START RECEI VI NG

RNEXT

I\R/%R i SET RTS SO OTHER END WLL SEND
MCR

H, WAl TRX ; WAl T FOR BLOCK

RDI SP

I NTFLAG ; |'S RECEIVER STILL BUSY?

RXBUSY

DI SPTX ; YES, GO TO TRANSM T DI SPATCHER

DFLAG : GET DI SPATCHER FLAG
i

CRCTX I'S CRC ROUTI.NE BUSY?

DI SPTX YES, GO TO TRANSM T DI SPATCHER
II;l, EUFCQJNT ; COUNT OF BYTES RECEI VED
[

CTBIE ;7 PO NT TO CURRENT | NPUT ENTRY
M,A ; PUT COUNT | N BUFFER HEADER

1 ] ;7 PO NT JUST BEFORE DATA AREA

A,

2

TBI P

H,0 ;7 INITIALI ZE CRC VALUE

CRC

H,R)égRC 7 NEXT CALCULATE CRC

0A7A C9

O0A7B 211C10
OA7E 7E
0A7F B7
0A80 CA970A
OA83 35
OA84 2a0810

0A87+3E01
0A89+D7
0A8A 220810
0A8D 7E
0A8E CDECO09
0A91 FE10
0A93 CCEC09
OA96 C9
0A97 3E10
0A99 CDECO09
0A9C 3EO03
OASE CDECO09
0AA1 21A80A
0AR4 224E10
0AA7 C9

0AA8 3R4710
0AAB CDEC09
OAAE 3A4610
OAF31 CDEC09
0AB4 21BBOA
0AB7 224310
OABA C9

OABB 2A4410
0ABE 7D
O0ABF B4
0ACO C2D00A
0AC3 DBO04
0AC5 EEO01
0AC7 D304
0AC9 21D70A
OACC 224310

Cc9
QADO 21140A
OAD3 224E10
OAD6 C9

0AD7 2A0410
OADA 7E
QADB  FEO7

0ADD DAO20B

0AE0+3E08
0AE2+D7
0RE3 7E
0AE4 FEO1
OAE6 C2F30A
0AE9 3E00
OAEB F7
0AEC 21140A
QAEF 224E10
OAF2 Cc9
0AF3 FEO2
OAF5 C2020B
OAF8 3EO01
OAFA F7
OAr" 211404
OAFE 22431
0BO1 C9

RXCRC: LXI

RXCRC1: WI

RET
CHECKCRC: LDA
CALL

LDA
CALL

LXT

SHLD

RET
CHKFI N:

CHKFIN1:LXI
SHLD
RET

T e e~

LHLD
MOV
CPI
JC

PROC:

INCTB
Wi

RST
MOV

RPROCY: SIPI

H, BUFCOUNT

A,M

A
RXCRC1
M

TBI P

7 MORE DATA TO | NCLUDE?

: NO__GO TO I NCLUDE CONTROL CHARS
| DECREMENT COUNT
| UPDATE PO NTER TO NEXT PCSI TI ON

GET DATA BYTE IN A

INCLUDE IT IN CRC CALCULATI ON
WAS | T DATA LIKE A DLE?

DO ANOTHER FOR TRANSPARENCY
RETURN TO LIP

I NCLUDE DLE AND ETX IN CRC

kd g Q
~ >
gn—mgz
m%o
8 38

, NEXT CHECK THE CRC
i GO INCLUDE CRC CHARS RECEIl VED

RCRC(}RC 7 INCLUDE RECEI VED CRC CHARACTERS

RCRC2

CALCCRC

H, CHKFI N 7 NEXT CHECK I F CRC | S GOOD
RDI SP

CRC GET CALCULATED CRC

AL ;1S I T ZERO?
CHKFIN ; NO, G RESTART RECEIVE CPERATI ON
H

YES, GOOD CRC, FLIP DIR
DTR
MCR
H,RPROC ; PROCESS CHECKED BLOCK
RDI SP
H WAL TTB ;i BAD CRC, TRY AGAIN
RDI SP

TH' S ROUTI NE SHOULD PROCESS THE BUFFER PREFI X
TEMPORARILY IT ONLY PASSES THE BUFFER TO THE LIP
AND HANDLES CONNECT/ DI SCONNECT

CTBIE ; 1S COUNT 7 OR MORE?

j

RPROC2 ; NO, PASS TO LIP

8 | PONT TO SEE I'F CONNECT OR
A,8

2

A,M | DI SCONNECT

'A'-40H ; 1S I T CONNECT?

RPROCT1 ; NO_ GO TO TEST FOR DI SCONNECT
A,0 i 0 FOR CONNECT

6 H CO\/I\/UNI CATE REQUEST TO LIP
H,WAITTB ; DON'T PASS THI S ENTRY
RDI SP

'B'-40H ; IS IT Dl SCONNECT?

RPROC2 ; NO, PASS TO LIP

A1 ;7 YES, 1 FOR DI SCONNECT

6 ; COMWUNI CATE REQUEST TO LIP
gl’)lwggTTB ; DON'T PASS THI S ENTRY



av'¢

0B02 2A0810

0BO5+3E01
0B07+D7
0B08 220410
0BOB 21140A
OBCE 224E10
0B11 C9

0B12 275010
0B15 E9

0B16+E7
oB17 C8
0B18 3A5210
0B1B F601
0B1D _ 325210
0B20 7E
0B21 321D10

0B24+3E03
0B26+DF
0B27 221A10
0B2A 210000
0B2D 224410
0B30 21370B
0B33 225010
OB36

0B37 211D10
0B3A 7E
0R3B B7
0B3C CA530B
0B3F 35
OB40 2a1A10

0B43+3E01
0B45+DF
0B46 221A10
0B49 7E
0B4A CDEC09
0B4D FE10
0B4F CCEC09
0B52 C9
0B53 3E10
0B55 CDECO09
0B58 3E03
0B5A CDEC09
0B5D 21640B
0B60 225010
0B63 C9

0B64 3E00
OB66 CDECO09
0B69 CDECO09
0B6C 2A4410
0B6F 224810
0B72 21790B
0B75 225010
0B78 C9

0B79 3A4210
0B7C E620
0B7E 67
0B7F 3A5210
0B82 E6DE
0B84 B4

RPROC2: LHLD TBI P ; UPDATE CURRENT | NPUT ENTRY
NCTB 1
Wi A,
RST 2
SHLD CTBI E
LX1 H WAI TTB ; NOW GO GET ANOTHER ONE
gE%D RDI SP

(222 222222222222 22232222222 X2 22222222 2Rt tslsst]

; TRANSMIT SI DE DI SPATCH ROUTI NES
DI SPTX: EEhE TDI SP ; GO TO TRANSM T DI SPATCH ROUTI NE

; THIS ROUTINE SHOULD PROCESS THE BUFFER PREFI X BUT

; TEMPORARILY I T ONLY PASSES THE BUFFER TO THE HOST
WAITLIP:EE¥TIN ; |'S THERE A BUFFER ENTRY FROM THE LI P?
4
; No, RETURN
LDA DFLAG ; |NDICATE TX SIDE USING CRC
OR1 CRCTX ; ROUTI NES
STA DFLAG
MOV ; GET DATA LENGTH FROM HEADER
STA OUTCOUNT FOR CRC CALCULATI ON ROUTI NE
| NCLB 3 ; PO NT JUsT BEFORE DATA AREA
Wi A,3
RST 3
SHLD LBOP FOR CRC CALCULATI ON ROUTI NE
LX1 H,0 INITIALIZE CRC VALUE
SHLD CRC
LX1 H TXCRC ; NEXT START CRC CALCULATI ON
SHLD TDI SP
RET
TXCRC: LXTI H, OQUTCOUNT ; ANY MORE DATA TO | NCLUDE?
MOV A,M
ORA A
JZ TXC RC1 NO, GO TO INCLUDE CONTRCL CHARS

DCR M ; DECREMENT COUNT
i

LHLD LBOP UPDATE PO NTER TO NEXT POSI TI ON
| NCLB 1

Wi A,

RST 3

SHLD LBOP

MoV A,M ; GET_DATA BYTE IN A

CALL CALCCRC ; INCLUDE IT IN CRC CALCULATION

%EI DLE ; WAS | T DATA LIKE A DLE?

CALCCRC ; DO ANOTHER FOR TRANSPARENCY
RET ; RETURN TO LIP
TXCRC1: WI A,DLE I NCLUDE DLE AND ETX IN CRC
CALL ¢ AC
Wi A,ETX
CALL CALCCRC
LXI H,CRCFIN ; NEXT TO FINISH CRC FOR SENDI NG
SHLD TDI SP
RET
CRCFIN: MVI A,0 ; FINISH OFF CRC CALCULATION FOR
CALL CALCCRC ; TRANSMISSION
CALL CALCCRC
LHLD CRC ;7 SAVTE CAGUOTRITIOAN AU TRANSMIT
SHLD TCRC2
LX1 H, STARTTX ; NEXT, START TRANSM TTI NG
SHLD TDI SP ; THE BLOCK
RET
STARTTX: LDA MSRSAVE ; SAVE CURRENT DSR LEVEL
AN1 DSR
MoV H,A
LDA DFLAG
AN1 0FFH-CRCTX-DSR ; INDICATE CRC ROUTI NE

ORA H ; NOT IN USE AND SAVE

0B85 325210
0OB88 214D09
0B8B 224C10
0B8E 2A1610
0B91 7E

0B92 321D10

0B95+3E03
0B97+4DF
0B98 221A10
0B9B F3
0B9C 3A4310
0BI9F F602
0BA1
0BA4 3A42 10
0BA7 E610
0BA9 CAB20B
OBAC

0BBO D301
0BB2 FB
0BB3 21BAOB
OBB6 225010
0BB9 C9

OBBA 3A4310
0BBD E602
OBBF C0
0BCO 211027
0BC3 224010
0BC6 21CDOB
0BC9 225010
OBCC 9

OBCD 215210
OBDO 374210
08D3 AE
0BD4 E620
0BD6 C2EAOB
0BD9 2A4010
OBDC 2B
0BDD 224010
0BEO 7C
0BE1 B5
0BE2 CO
0BE3 217908
0BE6 225010
0BE9 C9

OBEA 21160B
OBED 225010
0BFO0 CO9

0BF1

ouUT
STARTTX1:EI
LX1

SHLD
RET

WAL TTX: LDA

WAl TACK

ANT
JNZ
LHLD
DCX
SHLD
MoV
ORA
RNZ
LX1
SHLD
RET
WAITACK1:

IXT
SHLD
RET

END

DFLAG

H, TSTART
TNEXT
OLBE

A,M
OUTCOUNT
3

A,3

3

LBOP

| NTFLAG ;
TXBUSY

I NTELAG
MBRSAVE

CTS
STARTTX1
| ER
ETBE
I ER

H, Wal TTX
TDI SP

I NTFLAG ;
TXBUSY

; DSR I N DFLAG

; SET UP INNTIAL XM T

, I NTERRUPT _ROUTI NE
PO NT TOo DATA TO TRANSM T
GET COUNT

DI SABLE | NTERRUPTS
I NDI CATE TRANSM T BUSY

IS CIS Wp?
DON' T ENABLE TRANSM T | NTRPT
YES ENABLE TRANSM T | NTERRUPTS

ENABLE | NTERRUPTS
; WAIT FOR TRANSM T TO FI NI SH

TRANSM TTER | NTERRUPTS ENABLED?

7 YES, RETURN

H, ACKTO ; NO.
WA T

H,WATTACK
TDI SP

H, DFLAG ;
MBRSAVE

M

DSR
WAITACK1
WAL T 7
H
WAL T
AH
L

H STARTTX
TDI SP

H,WA
TDI'S

'U i~
-3
[
i~
e)

SET UP FOR TI MEQUT
I'NITI ALI ZE ACKNOALEDGE TIMEOUT
i NEXT WAIT FOR ACKNOWL.EDGE

I'S DSR SAME AS BEFORE?

NO, BLOCK ACKNOW EDGED
YES, DECRENENT TI MEQUT COUNT

IS TIME OVER?

i NO, RETURN

YES, TIMED QUT, SO SEND AGAI N

; GOOD ACK, GET ANOTHER BUFFER



