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January 14, 1975

SUBJECT:  PRELIMINARY SPECIFICATIONS: 22X7 Bufféred Xsynchronous.

I.

II.

Telecommunication Interface

INTRODUCTION

Over the past year it has become apparent that the present 2227
Telecommunication interface is not completely adequate in supporting
asyuchronous telecommunications. This document will attempt to identify
major problem areas existing with the current 2227, and to specify a new
interface’ that will hopefully overcome most of these. Along with the
binary synchronous interface, it should provide a fairiy complete
teiecommunications capability for the 2200 series.

CURRENT PROBLEMS WITH THE 2227

To better understand the 1mportant additional feztures in the 22X7, it is
useful to first review the limitations in the 2227, and discuss how they
can be corrected in the 22X7.
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Buffering

The major problem that currently exists in the 2227 is the lack of
line buffering. This problem is particularly critical when
receiving data. In an application where an incoming stream of data
lines must be printed or saved on disk or tape a general problem
arises in the 2200; since certain discrete time periods must be
taken by the 2200 to output the data. During this time, an incoming
data 1line cannot be received by the 2200, Since the 2227 buffers
only a single character, a. relatively small amount of time, (1
character time), is available to complete output operations. For
higher baud rates this is often insufficient. Therefore, the 22X7 _
spec proposes as a major -feature, the ability to buffer both
received and transmitted data lines, A minimum of 512 bytes of
memory will be provided . for this., There are several important
requirements in the 22X7 for having a certain degree of intelligence
({.ec, a microprocessor) in the 22X7. One is line buffering. If
the 2200 can receive and send complete Jines, the 2200 programming
requirements are substantially simplified, and more time is
available for storage and retrieval activities with peripheral
devices, In conjunction with receiving ‘lines of characters are
associated problems such as identification of multi-line termination
characters, error detection omn a line~by~line basis, support of
break conditions. All of these can be adequately supported, if the
22X7 controller has a certain degree of intelligence, (i.e., a
microprocessor), C '

Baud Rates

The current 2227 supports 110, 150, 300, 600 and 1200 béud. 134.5

" baud (for 2741 compatibility) must be added. In addition, it is

probably important to consider 1800, 2400, 4800 and 9600 baud,
Although higher baud rates are used less frequently in asynchronous
transmission, if they can be provided for relatively inexpensively, -
f%@?de a more complete capability., It is also possible
that the 22X7 might provide an excellent vehicle by which relatively
high speed RS-232-C compatible peripherals can be interfaced to the
2200, (such as graphic display terminals, special card readers,
punches, printers). In this case the higher baud rates (i.e., 4800,
9600) and buffering. could substantially improve operating
performance, If the high baud rates were included for interface

-applications it may also be desirable to incorporate built—-in

"null-modem" pin switching capability possibly with a switch on the
board. ) ' .
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Break Generation/Detection

Currently the 2227 cannot initiate breaks under program control. In
addition incoming breaks are not distinguishable from parity/framing
errors. In some applications break transmission and detection. are
relatively important and must be adequately supported. In the 22X7,
it 1is proposed that transmission of a break signal be made
programmable, (i.e., an interrupt/type command be sent from the 2200
to the controller microprocessor which can then send the signal).
This would eliminate the necessity of a separate remote switch and
provide greater flexibility. (A keyboard special function switch
can be used)s In addition, the presence of a microprocessor in the
controller should also provide a more precise detection of an
incoming break signal (i.e., time-out :a framing error). Thus parity
error, framing error, loss carrier and break can be discrete inputs
to the' 2209.

Half Duplex/Full Duplex/Reverse Channel Capability

Electronically, the capability of supporting half or full duplex

operations is a function of the modem. 103 type modem provides
separate and discrete frequencies for simultaneously sending and
receiving information. (A function of who is the originator).
Standard 202 type modems provide only one way (2-wire, half duplex)
transmission with 3 200 ms turn-around requirement. Options are
available on the 202 to support a low speed "Reverse Channel", (0 -
5 bits a second). The current 2227 can only functionally support
half duplex operations. (i.e., the 2200 can only be sending or
receiving at a given instant)., This is primarily because of the

rature of the 2200 operations controlling the 2227, -Break detection. --

during output operations is not supported,

Simultaneous full duplex operation with entirely different data is
not generally used in telecommunications., There are however,
several applications where certain types of full duplex operations
are significant and should be supported. They are:

1, The capability of sending or recelving a break signal (either
via the 103 type alternate channel or the 202 normal or
reverse channel) at any time including during time when data
is being received or sent.

2. The capability of supporting echo-plex (which is often
referred to as full duplex). This is vhen each transmitted
character is echoed back for verification. (This would only
be valid for 103 type operations).
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3., . Use of the reverse chamnel to detect level changes. Since the
202 reverse channel operates at such a low speed it is not
 generally used to transmit characters. It is however, used as
a control level. An example of this is where a 200 ms level
change on the reverse channel indicates breake A number of
RS-232-C compatible peripheral devices also utilize the
reverse channel as a level to indicate ready condition, such
as ‘“ready to print the next line" for a printer. Therefore,
it is desirable for the 22X7 to be able to set and detect the
reverse channel both for break -and non~time dependent
situations. '

Multi-EOM Characters, Break Characters

Many time-sharing services use different end of message (i.e., end
of line) characters, and some use several, In addition some devices
use special characters to indicate breake In the 2227, one
additional EOM character can be setup by switches and is decoded
into a carriage return. In situations where several EOM characters
were sent, this meant rather complex KEYIN loops had to be
programmed to detect and separate lines and input characters had to
be received one at a time by the 2200 program. To provide greater
flexibility, the 22X7 will be able to detect up to 5 EOM/Break
characters. They will be selectable via program control. (i.e.,
the 2200 program will initialize the controller by transmitting
control information to it which allows the EOM characters to be
detectede This also makes the received data relatively code
independent since the ASCII carriage return is no longer a default
EOM character. ' :

Automatic Code Conversion Facility

In certain types of telecommunications, ASCII characters are not
normally sent or received. An example of this is 2741 compatible
telecommunications. Although code conversion can genérally be
handled via BASIC software, there are several reasons vwhy it may be
desirable to handle it in the 22X7 controller. They are: L

1. To do code conversion at relatively high speed, a 2200B or.
2200C with Option 2 (i.e., the $TRAN statement) is required..

This makes a relatively expensive system. Since in generaly,
asynchronous telecommunications ~ options in competitive
equipment tends to be priced in a substantially lower price
range than bisync, we may risk pricing curself out of the
market for telecommunications applications that require code
conversion. "

[ T
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The implementation of code conversion algorithms in the
controller board using microprocessor 1is not extremely
difficult. The conversion tables can be loaded from the 2200,

‘Whether or not code conversion is done has little implication

on the hardware design, it would be an excellent sales
feature.

‘gode conversion implemented in the 22X7 controller makes more

time available in the 2200 CPU for peripheral device storage
and printing. Without the $TRAN statement code conversion
could take about 20 ms per character, Code conversion for
2741 codes which require upshift/downshift logic cannot be
handled by $TRAN as efficiently and could take substantially
more time per character,

TWX/E LEX Capability

Some forms of TWX and TELEX could be handled on the 22X7 board but
others present several problems: ’

6
)

(3)

The A, T. & T. 84D4 full duplex protocol is complex and should
not be supported.

SimpIier half duplex protocols such as the 83B3 could probably

be supported with BASIC software if proper baud rates are
available,

The availability of the proper baud rate tends to be the most
significant problem. There is not one standard baud rate,
Various TWX/TELEX networks require baud rates such as 45, 55,
65, 70, etc. Some manufacturers have taken an approach where
one baud rate selection is linked to a replaceable crystal
clock, thus a relatively narrow range of TWX/TELEX baud rates
can be supported on a modular basis. - We should probably
consider some approach similar to this. (i.e., crystal or
special piggyback board).

Limitations of 2200 BASIC Statements, (INPUT, KEYIN)

When receiving data with the current 2227 board with a BASIC INPUT
and/or KEYIN statement, there are several limitations:

1.

INPUT

Messages are limited to 64 characters unless special provision
is made to send messages in special formats., A number of
ASCII characters such as a comma, carriage return, backspace,
HEX(00), HEX(5C), HEX(7F) result in special interpretation,
Finally, data received with INPUT is always echoed to the CRT
(or device currently selected for Console Input). These
restrictions tend tv make the INPUT statement difficult to use
for any telecommunications application which receive data.
Therefore, we do not recommend or support the use of INPUT
with the 22X7 board,

-5-,"
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KEYIN

KEYIN is available on the 22008 or 2200B/C. It allows
characters to be received one at a time, tested and/or stored
in an alpha variable or array. A program loop using KEYIN
takes a minimum of 10 - 20 milliseconds/characters. Since the
implication of using the 22X7 board is that the buffer should
provide addittonal 2200 CPU time to save or print an incoming
data stream, this would restrict the use of KEYIN to 300 baud
or less.

PRINT

PRINT i1s generally adequate for telecommunications output
although it has some programming inconveniences. Output lines
must be broken up into specific 64 character blocks. <(i.e.,
alpha variables or array elements), and the program must
strictly adhere to rules which avoid the output of automatic
carriage returns. Also when an ASCII carriage return
character is transmitted, a LF or null character 1is sent
automatically after it. .

Most Desirable Statements for use with the 22X7

To efficiently receive or send data via the 22X7 the following

statements should be considered. - -

a. DATALOAD BT (Paper Tape or Teletype) —— (2200B/C, 2200S
OP 22)

This statement allows any number of 8-=bit codes to be
received and stored in an alphanumeric array either
specified by count or termination characters. Because

it supports relatively high speed input and has no-

character code or line length restrictions it is highly
suitable for telecommmications iInput and if supported
would not require a customer to buy Option 2. The
previous limitations with using this statement for the
2227, (i.e., no parity detection), are no longer valid,
since the 22X7 will have a microproeessor and-..the
parity, break, and line length information can be sent
to the 220Q discretely prior to receiving the line.

b.  DATASAVE BT (Teletype) — (2200B/C, 2200S OP 22)

This statement 1is extremely useful for transmitting
lines or any 1length and  character code with no
restrictions. This eiliminates some of the
inconveniences with using PRINT. Since it appears that
probably a mninimum system for the 22X7 should include
DATALOAD BT, DATASAVE BT will also be present and should
be the recommended output statement. ‘

1 A 8 ey Se AL
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Ce option 2 ($GIO, S$IF ON, $TRAN) —- (22008/C with Option
2, 22008 OP 23) -

If DATALOAD BT and DATASAVE BT are supported for the
22X7, Option 2 will not be absolutely required, which in
many cases makes the asynchronous telecommunications
capability less expensive. It will however, provide
some particular advantages for certain applications. If
code conversion is not supported in the 22X7, the $TRAN
statement will do it much more efficiently. For 2200 to
2200 applications an LRC can be sent and checked with
each data block increasing reliability. Messages can be
blocked and unblocked for efficiency.

Separate Selection of INPUT/OUTPUT, Pata Format, Parity

There have been a few occasions with current 2227 customers, where
transmitted and received parity requirements were different. This
is probably mnot a typical situation, however, 1f separate
transmitter/receiver chips are used, the data format/parity
information for sending/receiving could be kept in separate
microprocessor registers. A satisfactory alternative may be te
gimply - ignore incoming parity errors which has no hardware
trprication on the 22X7. '

Additional Features

With the availability of a microprocessor in the 22X7, there are:
additional features which could be supported. Monitoring and -
.detection of the carrier is useful information for the 2200 control

program, since it could be used to detect carrier drops and insure
proper connections. It should probably be available on the initial
versiecn of the 22X7. Better provisions may now be available to
support automatic dialing in conjunction with that modem equipment,
although it is probably not necessary for the initial version of the

22%7.

Self-Checking Facility for the 22X7

- @me current deficiency in the 2227, is the inability to Wgelfecheck™

the 2200/2227. A relatively simple approach would be a switch on
the board which would echo tramsmitted data back to the recedver
chip. If the setting of this switch were detectable by the
microprocessor, the microprogram could then automatically receive
the transmitted information, check it, and pass valid or error
information back to the 2200. It dis also sometimes useful to
monitor certain signals on the RS~232-C connector when attempting to
dtagnose a telecommunieations problem.  They are:
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BA Transmitted Data

BB Received Data

CA Request to Send

CB Clear to Send

ccC Data Set Ready

Ccbh Data Terminal Ready
CF Carrier Detect

SA Supervisory Transmit
5B Supervisory Receive

If these signals can be monitored by LED indicators, it would be
helpful if cost is not to great,

FUNCTIONAL SPECIFICATION FOR 22X7

The 22X7 option is a 1line buffered asynchronous telecommunications
interface available on the 2200A, B, C or S. Recommended use is for a
2200B, 2200C or 22008 with OP 22, It allows the 2200 system to
comumicate via serial asynchronous tramsmission en leased or private
lines at wup to 2400 baud. It supports half duplex or full duplex
operation, the Ilatter generally providing break detection and echo-plex
capability. It can also support the interface of RS-232-C compatible
devices at up to 9600 baud.

The 22X7 replaces: the 2227 option and interfaces with BELL 103A3, 202C,
and 202D asynchronous modems.

The salient features of the 22X7 are:

1. Full Input/Output Line Buffering

Up to 512 characters of Input or Output data buffering. Integral
iines can be received, buffered and transmitted to the 2200 when
available. This allows the 2200 to PRINT or STORE incoming data,
asynchronously.

2, Program Selectable Character Format

(5, 6,. 7, or & Data bits; 1 or 2 Stop bits; Even, 0dd or o RParity).

3e Program Selectable Baud Rates

(110, 134.5, 150, 300, 600, 1200, 1809, 2400 baud for
telecommunications). (4800, 9600 baud for peripheral interface).
Optionally, special clock selection for TWX/TELEX (45, 55, 65, 70
baud). '

be Program Selectable End of Message‘characters

Up.to 5 program selectable EOM characters can be specified, EOM

characters can be sent separately to the 2200 for each line received
for easy examination.
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Program Selectable Full or Half Duplex Operations

For full duplex operations, incoming break, echo-plex and reverse
channel level change is supported during transmission or receipt of
dat:a. :

Program Selectable Supervisory (Reverse) Channel Operations

For 202 type modems with supervisory channel operations to send or
receive break and/or change or detect the reverse chamnel level can
be programmed.

Full Programmable Break Detection and Generation

Breaks can be transmitted or detected under program control for -

using either the standard carrier frequencies on the 103 or 202, oxr
the supervisory ci:amnel on the 202, (The 2200 special function keys
provide a convenient means by which break can be initialed via
program control,

Complete Error and Statwus Detectiom Capability

With each line received, the 2200 will receive in separate error and
stdtus Information consisting of¢

a, EOM characters which terminated the line,

b. Number of characters in the line.
Ce Parity error.
d. Framing error. .
€, Break received.

£, Overrun.

Optionally, each character in a line which had a parity error can be

delineated by setting the high order bit = 1.

In addition, the 22X7 can be scammed at anytime during transmitting
or receiving operations to obtain the following status information.

(a) Full or Partial input 1line in 22X7 buffer, number of
characters, error characters, error coaditfons, ete.

(b) Output line being transmitted or done, numher of characters.

(c) Break Received.

(d) Carrier Level,

(e) Supervisory Level,

) Time—out Condition. ‘

(g) Other pertinent RS~232-C levels (Qpticnally 7).
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Complete Asynchronous Timing Provision

The following time delays are introduced by the - 22X7 to insure
compatibility with a wide range of terminals and processors.

1. Delivery of the EOM characters and/or a complete line to the
2200 is delayed one character time to allow the transmitting
terminal time to recover for reception.

2, Transmission of the first character following the rise . of
Clear to Send is delayed one character time to allow the
receiving station to stablize on carrier.

3. In half duplex mode the drop of request to send is delayed 2
- msec. following the delivery to the modem of the stop mark of

the last transmitted character to allow the modem sufficient

time to modulate a complete stop time. The delay does not
include the time required for the character to clear the VART.

Program Selectable Time-oﬁt

During input operatione if so selected d time-~out condition will be
set 1f an EOM character has not been received for a 30 second period
following the receipt of at least one message characteér. The .
condition can be detected by the 2200 via a normal status scan -
operation.

HARDWARE SPECIFICATIONS AND CONSIDERATIONS

The 22X7 will generally consist of the following items:

A microprocessor (LSI type) ~

PROM chips for the controller microprogram .

A minimum of 512 bytes of RAM for data buffering. This will be
accessed solely by tlie micrdprocessor

Transmitter and Receiver Chip ’

Sufficient microprocessor registers to hold all necessary format status
levels to .control the transmittex/receiver chip, RS-232-~C levels

-required -for scdnning by the microprodessous and data buffers

2200 Bus address selection and data transfer logic
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Microprocessor

A vériety of microprocessors could be considered, MCS 4, MCS 4040,
MCS 8008 or MCS 8080. There is generally no specific requirement
for interrupt. Although the MCS 4 may be marginally adequate, its

speed and instruction set limitations do tend to make it relatively '

inefficient and difficult to program. For example, it could take 20
- 30 milliseconds to send or receive a 100 character line to or from
the 2200, On the other hand cost is more of a consideration in the
22X7 controller than for instance is bisync. A realistic target
price range for the 22X7 is probably $1000 - $1500. An 8080 can be
considered if we can still meet these goals. It may he worth

considering the 8080, if getting to a higher volume level on the

chip brings dewn the unit price.

- PROM

The use of PROM for all microcode has both PROS and CONS. The
advantages being:

. It simplifies operating procedures

o« It simplifies programming procedures

. It makes 22X7 operation less prone to operational/programming
bugs. - ‘

o Since programming requirements for the 22X7 are not as extensive
or subject to change as bisync, therefore, its more feasible

The disadvantages are:

. Somewhat higher cost. This however, depends largely upon what
type -of RAM is used.

RAM

It appears that 512 bytes of RAM 1is generally adequate for data
buffering. If code conversion 1is supported in the 22X7

miéroprocessor, conversiocn tables would take up some of the:
available RAM. In the case of 2741 conversion, this would generally .

mean only 64 characters each for two tables. For other 8-bit codes
it could take substantially more. It may therefore, be important to
allow provisfons in the board layout- for possibly 768 or 1024 hytes
if efficient code conversion is a consideration for the 22X7.

- 11 _ f
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Transmitter/Receiver Chips

‘There are no specific requirements other than to meet the

requirements of this specification as efficiently as possible and
can easily be interfaced to microprocessor registers which control
information to select data/parity format, baud rate, etc. Using
separate transmitter/receiver chips such as those on the bisync
board can reduce board 1logic for handling different baud rates. It
may be benifical to utilize chips currently used or planned -for
other products to increase volume and reduce unit price. The
transmitting and receiving 1logic must be designed to operate
independently and asynchronouly. That is, simultaneous transmitting
and receiving operations can go on at the same time under comntrol of
the microprocessor. This is necessary to support 103 type break and
echo-plex operations.

Microprocessor/Transmitter/Receiver /RS~232-C Connector Interface

\Sincé the microprocessor in the 22X7 board will have direct control

over all transmitting and receilving operations sufficient registers
and loglic paths must be provided te support all requirements. This
will generally consist of the following.

ao Format/Baud Rate Selection

Microprocessor register(s) will be semipermanently sét to
binary values which select the character format and baud rate
as follows.

Word Length ~- Two bits -- (5, 6, 7, 8 bits)

Parity — Two bits =~ (Even/0dd/Inhibit)

Baud Rate -~ Approximately 6 - 8 bits -— (110, 134.5,
150, 300, 600, 1200, 1800 and
2400 baud) Plus TWX/TELEX
baud rates either separate
crystal or logic for 45, 55, -
65 and 70 baud.

These can probably be shared by transmitter/receiver chips.
Although there is some requirements for separate send/receive
settings, it can probably be supported by simply ignoring
parity error on incoming data,

b. Holding Register Interface
« Register(s) to receive or send data between transmitter/
receiver holding registers

« Send/receive strobes
« Two bits to examine data received and data sent flags

- 12 - 7



Ce Receiver Errors

+ Three bits == (Overrun Error, Framing Error, Parity
Error)

d.  RS-232-C Signals

To support operation of breaks and reverse channel, the
following RS-232~C signals must be either available .in a
microprocessor register or sent from a microprocessor
register. '

- Signals monitored by microprocessor

PIN FUNCTIONS
3 Received Data (To monitor break)
5 Clear to Send (202 convention)
6 Data Set Ready (overall control)
8 Carrier Detection (overall control)
12. - Supervisor Channel Received Data (To monitor)

Signals set by microprocessor

PIN FUNCTIONS
T2 Transmitted Data (To override transmitter chips to send
break)
4 Request to Send (202 convention)
11 Supervisor Channel Transmitted Data (Send break, etc.)
20 Data Terminal Ready

6o Break Generation/Detection

. Break signals will be sent upon request from the 2200 by the
microprocessor as follows:

103/202 == Hold Pin 2 (Transmitted Data) to an override mark
condition for 200 ms via register setting,

202 Reverse -~ Hold Pin 11 to an override mark condition for 200

Channel ns,

o Break signals will be received as follows:

163 — During transmission or receiving operations. One-
character 1s received with a framing error and/or
followed by 125 ms time period where no characters are
received and Pin 3 (received data) is observed to be at .
a mark state.



70

202 - During recelving operaéions only 1 framing error
character and/or 125 ms. of Pin 3 are at mark state.

202 Reverse Channel «= During transmission operations, the
supervisor input channel Pin 12
goes to a mark state and remains for
125 ms. (One shot logic may be required
to insure a steady state signal).

Microprocessor/2200 I/0 Interface

It appears highly desirable at this time to support four unique
device addresses for the 22X7 board. To accomplish this the low
order two bits of the device addresses available on the 2200 I1/0 bus
will not be wused for card enabling but will be latched into a
microprocessor register on the 22X7 during the ABS strobe. These
two bits along with a bit that indicates the enable staté of the
22X7 will permit the microprocessor to perform the following four
I/0 functionms:

Low Order Address Bit - Fumetion
00 Send operational parameters or commands

from 2200 to 22%7.

Parameters =~ Data Format, Baud Rate, EOM
cliaracters, etc.

Commands —— Send Breaky Receive a line,
Send last line and turn—-around, Recelve a
line and turn-around,

01 Scan 22X7 status. 22X7 sends 2200 a block
of data indicating status of input or
output operations, (i.e., line received,

being received, count, 1line sent, being"

sent, count, break received, error
conditions, RS-232-C conditions (Reverse
Channel, Carrier, etc).

10 Send next output line from 2200,

11 Receive next input line into 2200, or all
available chdrdcters.

The input/output operations between the 2200 and 22X7 can thea -

operate via the following registers and flags.
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2200———922X7 . 22X7 sets a register bit to logic 0 to indicate

Ready (RB).

. 2200 strobes 8-bits into a microprocessor input

register via an OBS strobe which also sets the
ready/busy bit to 1.

227 —>2200 . The 22X7 tests the 2200 CEB bit via a register.
. When ready (logic 0) to send 8-bits of data from

a microprocessor output register via a strobe
gated to 1IBS. o
. Output strobes from 2200 are ignored and RB

generally is set to ready. (This can possibly be

done by the microprocessor).

As per all 2200 controllers, all 1/0 logic levels are gated via the
board enabled.

This is a slightly different approach that the bisync/2200 interface
which utilizes the 2200 CBS strobe. The major reason for the
difference is that it is probably most desirzble from a marketing
point of view to not require 2200 Option 2 for the 22X7 operation.
The added cost of Option 2 could make the 22X7 offering fairly

expensive since competitive asynchromnous telecommunications option

are often substantially less expensive 1:Imn‘bi¢-:.§,rnc‘°

e e

V. OPERATION SPECIFICATIONS

It appears desirable at this time to support the operation of the 22X7
primarily with the DATASAVE BT and DATALOAD BT statements currently used
for the telectypefpaper tape. There are four advantages ineluding this:

1.

2,

3.

bo

It eliminates the many problems assoelated with using the INPUT
verb, (i.e., 64 character 1line lengths, restrictions existing with
certain characters such as CR, comma, etc., and often undesirable
automatic echoing).

It provides the capability to receive and/or send any 8-bit
character codes of any line length. .

Tt _eliminates the necessity of having to purchase Option 2 (for
$GI0) which increases the total cost of telecommunications.

Device addresses (which select the four address modes) can be listed
in the statement. This simplifies programming.

L ate
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There are four modes of operation for the 22X7. These are enabled by the
use of four unique device addresses for the boards using the low-order two
bits of the address for mode selection. The modes operate as follows:

1. T. C. Parameter Load Mode (Address XXXXXX00)

In this wode parameters are transmitted from the 2200 which
primarily initialize the board for T. C. operation. The parameters
are received by the 22X7 microprocessor, decoded, and saved in RAM
or registers.,

It is proposed that these parameters be sent in an "atom" type ASCII
character format. Although this will require additional 22X7
microprocessor steps to decode it could be significantly easier for
the typiecal user to program and understand.

When the "Parameter Load Mede" address enables the 22X7 board, one
or more of these parameters can be sent. There are two types of
parameters “permanent” and "dynamic". '"Permanent”" parameters are
information such as data format, baud rate, EOM characters, which
are generally sent initially and left unchanged. "Dynamic" type
parameters' are dynamic commands, which cause somz action in. the
22X7, (i.e., send break, turn-around for input, etc.). Space
charactersare null parameter atoms (ignored).

Typical parameters are sent via the DATASAVE BT or PRINT statement.

100 A$ = "D7S2 P01 B1200"
110 DATASAVE BT /418, A$

200 SELECT PRINT /418
210 PRINT *'D7S2 POl B1200"

A, Permanent Parameters [ ] means optional
Format Function
(1) Data Bits - DX Number of Data Bits, where X = 5, 6, 7 or 8
(2) Stop Bits -~ SX Number of Stop Bits, where X = 1 or 2
(3) Parity - PXv[2z] X = Parity Selection X = N (No parity)
' X = E (Even)
X = 0 (0dd)

Y, ZZ = Parity Error Action: Y = O Indicate parity
error by line
only ,
Y = 1 Set the high
order bit of
. each char, with
parity error =1
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2 Replace each
char, with parity
error by ZZ

Y = 3 Complement of
parity error
Y = 4 Ignore parity
error
ZZ = Two hex digits
which replaces
characters with
parity error
‘ (If Y = 2)
(4) Baud Rate - BXXXX Baud Rate where XXXX = 0110
0134
0150
0300
0600
1200
1800
2400
4800 (Interface Only)
. 9600 (Interface Only)
and optionally if TWX/TELEX
0045
0055
0065
-.0070

(5) End of Message . :
Characters  EXNYY ([YY YY YY YY] End of Message ‘characters
X = S strip EOM character when sending
line to 2200
L leave EOM character when sending
line to 2200
(Note, EOM character is normally
sent on scan data)
N = Number of EOM characters
YY = EOM characters (2 hexdigit/character)
(6) Modem Selection . §v¢\”
MXXXX Modem Selection XXXX = 0103 (103A3) . ©
= 0202 (202Cc)
= R202 (202 with
reverse
channel)
F202 Full duplex
202 (4=wire)




)

(8)

Trailing Message Character Omission

ITYY IT = Omit trailing characters to be
transmitted in a line sent from
the 2200

TRYY TR = Omit trailing characters to be

received in a line by 2200
where YY are two hex digits indicating
the code the trailing character to be

omitted.
Code Conversion 6, 7 or 8 bit
(A) Look-Up LT N XXXXX... LT = Do table look~up code conversion on
transmitted data,
LR N XXXXX... LR = Do table look-up code conversion on

received data,
N = Number of characters in look-up
table. (N = 256(8-bit), 128(7-bit),
64 (6-bit).
XXXXX+os = look-up table (1 character/
byte) . )
(B) Shifted Look-Up
ST UD N XXXXX... ST

Do shifted look~up code conversion

of transmitted data, (Implies 7 or

8 bit in, shift character out)

SR U D N YYYY...N YVYY..

v D SR = Do shifted look-up code conversion

of received data, (Implies shift
character in, 7 or 8 bit out)

= Upshift character (binary)

Downshift character (binary)

Number of characters in 7 or 8 bit

table. (High order two bits

indicate upshift/downshift

character and both)

N = Number of characters in upshifted

Zuod
il

U table.
ND = Number of charescter in downshift
table.

YYYY = Characters shift table.



Algorithm for Sending and .Receiving Information

Unique 22X7 device addresses are provided for transmitting data lines from
the 2200 to 22X7 and receiving accumulated data from the 22X7. "A forth
" unique address is provided for scanning (receiving a fixed block of
information with complete status of the 22X7).

The 22X7 normally operates 1in either an input or an output mode of
operation at a given time. (except for receiving break and echo-plex
during output).

Use of the output address which 1s used to transmit a message line from
the 2200 to the 22X7 implicity clears any input operations and buffered
input data and initiates output. (including 202 turn—around). Input mode
is generally initialized by sending a request to the 22X7 via a "dynamic
parameter" via the parameter loading address. It is also possible via
"dynamic parameters" to cause the 22X7 to "turn~around" automatically to
input after the last current buffer output character is transmitted. The
following dynamic parameters are available for input/output mode
selection,

B. Dynamic Parameters (Address XXXXXX00)

(1) Transmit a Break - TB

Cause the 22X7 to transmit a 200 ms break
as per the current modem selection. (200
ms mark 103, 202, or 200 ms mark on reverse
channel, 202 wlth reverse channel)

I A [T]@3 s [.03 — et

L--- Select 22X7 for input operations
and/or when enabled with input
address transmit next complete input
1ine-

A =~ Select 22X7 for 1input operations
and/or when enabled by input address
transmit all current characters
received as per last 2200 scan.

1l -~ Select 22X7 for 1input and/or when
enabled by dinput address transmits
one input character or stay not
ready.

T == Following transmission of 1last input
line to the 2200, turn line’around
for output (202 convention)

G~ ol

(2) Input Selection =
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(3) Output Selection - 0 {N.L Cc,:] et
T
j

N == Select 22X7 for Output operations.

T =~ Select 22X7 for Output operations and
after next 1line received for output
and transmitted, turn-around for
input operations. (Previous input
selection).

(4) Reverse Channel Set RC [i] Set reverse channel output level

: to zero or one., (i = 0 or 1)

3. Status Scan (Address XXXXXX01)

At all -times during the operation of the 22X7, the 2200 can select
this address to receive a fixed block of status information. Scans
are typically done by the 2200 on a regular basis after input or
output operations has initiated, to determine completion and/or
errors., This information will typically serve the following
functions:

(1) For Output = To indicate the current count of the number of _
characters yet to be transmitted from the buffer.

) For Output or Input = To indicate if a break has been received. .

(3) For Input - To indicate the total of characters currently
- . recelved in the buffer, whether or not a full line
has been received (as per specified EOM character),
and if so the number of characters in that line.,
Also sent 1is error information associlated with that
line parity, framing, overrun and EOM characters
received.

(4) General Information Associated with the RS-232-C connector and 22X7
status, .

RS§-232-C - Bits indicating current level of:
~ - (a) CLEAR TO SEND o
(b) DATA SET READY
(c) CARRIER DRETECTOR
(d) REVERSE CHANNEL RECEIVING LEVEL
(e) REVERSE CHANNEL TRANSMISSION LEVEL SETTING

' : 22X7 Status - Mode = Input/Output

The format of the data block sent by the 22X7 with the SCAN
statement should be arranged for efficient separation and
processing of the data. One suggestion would be to format and
separate the information sent such that it can be read by a
multi-argument teletype DATALOAD statement for example a
standard SCAN statement could be:

= 20 -/ |
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DATALOAD /41A AS$, B, C$, D$, E, F, ‘
RN N A AN /t_
| RS-232—C Status

—Input Line Count

———————TInput Count

Input Line EOM Character

Input Status

Output Count

Output Status

!
i

where the information sent by the 22X7 would be

e Output Status -— One binary character with bits indicating the
following:
o Characters still in 22X7 to be transmitted
« A Break has been received |

« Carrier Drop or Data Set not ready or no Clear

to Send

In all cases 1 = YES, 0 = NO
Output Count == Three ASCII numeric characters Indicating
remaining number of characters to be sent.
o Input Status —- Two binary characters with bits indicating
the following: .

1st character

+» Characters Received

o« Break Received ‘

o Carrier Drop or Data Set Not Ready

Full Line Received

Parity Error in Received line or characters
Framing Error in Received line or characters
o Overrun Error in Received line or characters

In all cases 1 = YES, 0 = NO Q& (e j“"
i
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« Input Line EOM Character

EOM character received with full line

. Input Count =~ Three ASCII characters indicating total number of

characters received,
« Input Line Count — Three ASCII characters indicating number of
character in next full line.
« RS=232-C Status -— One binary character with bits indicating the
level of:

Clear to Send
DATA Sent Ready
Carrier Detector
Reverse Channel Receiving Level

Current Setting of Reverse Channel to transmit
level. w

Message Output (Address XXXXXX10) ‘

This will generally consist of a DATASAVE BT or PRINT statement to
send a message to the 22X7 for transmission with termination implied
by the disabling of the board. Note, that with the DATASAVE BT,
trailing spaces can be stripped by the 22k7 microprocessor via
parameter TT,

Example:

10 pIM A$(2)64

¢oe

100 DATASAVE BT /41B, AS$()

Message Input (Address XXXXXX11)

This device address is used for message Input from the 22X7 buffer
to the 2200. When enabled, the 22X7 will send to the 2200, a
complete message line, all characters currently ! in the input buffer
on the last scan, or one character, depending upon the input mode
currently .selected in the 22X7. The EOM character is or i1s not
sent, (it is available in the scam isput). Error/status/break
Iaformatiosi psitdins €6 €he line or characters received also sent on
the prior scan.

A typical 2200 input sequence consists of the SCAN statement to
determine if a line has been received and ' the message input
statement in. The teletype or paper tape DATALOAD BT statement will
be typically used for receiving the 1line although KEYIN and $GIO
will also work.

- 22 ..



VI.

VII,

Example:

100 DATALOAD /41A AS, B, C$, DS, E, F, G$ (Scan)
110 IF C$ = HEX(09) THEN 200 (Branch 1f ! full input line
received)

200 DATALOAD BT (N = F) /41D, H$() Receive Line
(Number of characters
received in variable F

|
in scan)

|

SELF-CHECKING j =

A mechanism . for self-checking of the 22X7 should be provided, 1i.e.,

looping the output signal into the receiving portion. One of two
possibilities could .be used.

1) Provide each serviceman with a simple connector plug which routes
the output of the input leads. (This is done in manufacture testing
of the 2227), This means does not add to the complexity of the
board. Operation. with echo-plex plus RS-232-C. signal checks could
then be made, i

2) Provide a switch on the board to do the above.i'J

L

b
!

TIMING AND PERFORMING CONSIDERATIONS WITH BUFFERING =

Special buffering of incomlug data characters in a controller board would
allow saving of data 'on the fly' to a variety of 2200 peripherals
including cassette, disk, or printer. : |
1. Speed of Wang 2200 peripherals includirrg 150 msec overhead pad.
A) 2217 Cassette —- 950 milliseconds to Write a 256 byte cassette
record.-
B) 223X Disk -~ 158 milliseconds to Write a 256 byte sector.
C) .224X bisk ~— 171 milliseconds to Write a 256 byte secktor.
D) 2261 Printer at 125 1lines per minute requires .4 seconds per
1ineo ' ‘
E) 2231 Printer requires 112 to 680 miillbeconds per line.

BAUD 128 BYTES 256 BYTES

300 3840 7680-
1200 1152 2304
1800 768 1536
2400 576 1152

2, Speed of Data Block Reception (Milliseconds) : l
l

; J
The above data iImplies the following capability with VWang
peripherals.

- 23 =
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PERIPHERAL/OPERATION 300 1200 1800, 2400

1, Record incoming data YES YES YES . YES
on cassette, Diablo
or Floppy disk j
2, LIST incoming data on YIS YES YES* MAYBE*

2261 .
l
3. LIST incoming data on YES YES* ° MAYBE* NO
2231

: *RESTRICTIONS CONCERNING A NUMBER OF SHORT LINES
4, Listing on 2201/2202 is ACCEPTABLE AT 110 BAUD, MARGINAL AT 134.5

|
r
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(WANG ) LABORATORIES, lNe.

"MEMORANDUM

. TO: Dr., Wang, Bob Kolk, Norman Lourie, Ed Lesnick, Harold Koplow,

Harry Rothmann, Tyler Olson, Les Haley, S. K. Ho, Henry NG
FROM: Fritz Eberle
DATE: January 28, 1975
SUBJECT: 2200 Asynchronous Telecommunications Controller
INTRODUCTION

This memo describes the hardware controller being developed for
synchronous telecommunications as it would look if asynchronous

capability were added to it, The additions to ‘the controller hardware to

enable asynchronous operation do not appear to be difficult. The
described controller would give the 2200 very powerful communications
capability, The 2200 interface in the described controller uses one
device address and requires a 2200-B with option 2,

There is one major distinction between the Bisync commmications system
being developed and the proposed requirements for a buffered asynchronous
telecommunications controller,

The Bisync system being developed is not a 2200 peripheral in the
ordinary sense, It is a system consisting of three parts designed as a
unit for use only with each other:

(1) The programmable controller
(2) The controller microprogram
{3) The 2200 operating program

The 2200 is more or less a fourth component of the system. The Bisync
package is not designed to be modified by customers, It will contain
several versions which can be generated by a 2200 wutility program
supplied as part of the system. The system initially will emulate the
operation of an IBM 2780 terminal and will eventually emulate the 3780
and possibly other Bisync terminals,

836 NORTH STREET, TEWKSBURY, MASSACHUSETTS 01876 * TEL. (617) 851-a111 * TWX 710-343-6769 * TELEX 94-7421



Because of the diversity of terminal types and line protocols using
asynchronous communications, the proposed approach to asynchronous
telecommunication software support is different. It calls for a fixed
parameter-driven  controller microprogram to be supplied with the
controller. The controller microprogram would enable the controller to
transmit and receive single lines of data leaving the line protocol logic
to the 2200, The 2200 resident communications programs would use the
communications controller 1like any other peripheral device and could be
developed by the Wang applications programming group or by customers.

II1. 2228 SYNCHRONOUS/ASYNCHRONOUS COMMUNICATIONS CONTROLLER

Controller Microprocessor

The heart of the 2228. synchronous/asynchronous communications controller
is an INTEL 8080 microprocessor which is interfaced to the other elements
of the controller as shown in figure 2. Input and output instructions in
the 8080 contain an 8 bit immediate operand of which the high order 5 bits
perform individual control functions-and the low order 3 bits specify the
input/output function as follows:

bit 7 Clear Reset-Key-Operated

A value of one on immediate operand bit-7 of any input or
output instruction causes the Reset-Key-Operated 2200 status
bit to be set to zero,

-

bit 6 Start Receiver Sync Search

A value of one on immediate operand bit-6 of any input or
output instruction causes the Treceiver to abandon

synchronization and begin searching the veceived bit stream for

a match with the sync character, Synchronization is
re-established when a match is found,

bit S Clear Clock-Tick

A value of one on immediate operand bit-5 of any input or
output instruction causes the Clock-Tick bit to be set to zero.

bit 4 ENDI 2200 output bit

‘The value of immediate operand (bit-4) of the output
instruction Output 2200 Data sets the ENDI bit of the 2200
input bus, n any other input or output instruction bit-4 is

ignored.

bit 3 Clear Underflow/Overflow/Parity-Error/Framing-Errox
A value of one on immediate operand bit-3 of any input or
output instruction causes the Underflow, Overflow,
Parity-Error, Framing-Error, data-link status bits to be set to
zemg
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bits 2/0 Input/Output Operation Code .

The low order three bits of the immediate operand of an input
or output instruction define the input or output operation to
be done,

Input/Output Control

The Input/Output Operation Code defines the ' function of output
instructions as follows:

000 Output Data-Link Control

The following data-Link control bits are set to the values
specified by 8080 accumulator bits: -

bit-0 Request-to-Send modem signal
- bit-1 Data Terminal Ready modem signal

bit-2 Transmitter Interrupt Enable

bit-3 Receiver Interrupt Enable

bit-4 Supervisory Transmit Data modem signal
bits-5/7 Clock Rate Selection (values in baud)

/1 /16 /32 /64
000 1758.8 109.9 55 275
001 2153.3 134.5 67.25 33.62
010 2400 150 75 37.5
011 3200 200 100 50
100 19,2K 1200 600 300

101 -115.2K 7200 3600 1800
110 153,6K 9600 4800 2400
111 x x/16 x/32 x/64

(x is the clock signal supplied
by the modem signals Transmitter
Signal Element Timing and Receiver
Signal Element Timing)

001 Output 2200 Data

The contents of the 8080 accumulator is output to the 2200 input
bus with an IBS strobe. The value of immediate operand bit-4 of
the output instruction sets the ENDI bit of the 2200 input bus.

010 OQutput Transmitter Fill Character

The contents of the 8080 accumulator is output to the transmitter
fill character register.

‘
TR
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011

100

101

110

Output Transmitter Data

Ld

The contents of the 8080 accumulator is output the the transmitter
input buffer., The Transmitter Ready status bit is set to zero.

Qutput Display Character

The contents of the 8080 accumulator are output to the display
connector with a Data Output strobe. The accumulator data has the
following meaning:

bits - 0/6 ASCII graphic character code
bit - 7  Display Home stxobe

Output Receiver Sync-Match Character

The contents of the 8080 accumulator is output to the rece1ver
sync-match character register.

Qutput Transmitter Control

The following transmitter control register bits are loaded from
the 8080 accumulator:

bits 0/1 ‘Mode Selection

00 asynchronous with 1 stop bit

01 asynchronous with 2 stop bits (1.5 @ 5 bit characters)

10 synchronous
11 isochronous with 1 stop bit

bits 2/3 Character Size

00 S5 data bits
01 6 data bits
10 7 data bits
11 8 data bits

bits 4/5 Parity Control

00 odd rarity
0I éven parity
10 no parity
11 no parity

bits 6/7 . Clock rate divider

00 nominal rate

01 nominal rate divided by 16
10 nominal rate divided by 32
11 nominal rate divided by 64

.........
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The

" Output Receiver Control

L ]

The following receiver control register

8080 accumulator:

instructions as follows:

000

001

010

011

Input Data-Link Status

The following data-link status bits are input into the

accumulator:

bit-0

bit-1.

bit-2
bit-3
bit-4
bit-5
bit-6
bit-7

Underflow indication from transmitter
Transmitter Ready status

Receiver Ready status

Overflow indication from receiver
Clear-to-Send modem signal

Received Line Signal Detector modem signal
Data Set Ready modem 51gna1

Clock-Tick status

Input 2200 Status

The following 2200 status bits are input into the

accumulator:

bit-0
bit-1
bit-2
bit-3

OBS-Strobe~Received status
CBS-Strobe-Received status
Reset-Key-Operated status
2200 Ready signal

Input 2200 Data

bits are loaded from the

~bit O Mode Selection
.0 asynchronous mode
1 synchronous mode
bit 1 not used
bits 2/7 Same as transmitter control register bits
input/output operation code defines the functién of input

8080

8080

The contents of the 2200 data register is input into the 8080
accumulator, The OBS-Strobe-Received and CBS-Strobe-Received
are set to zero and the Device Ready signal to the

_status bits

2200 is set

to one,

Input Receiver Data

The contents of the receiver output buffer is input into the 8080
accumulator, The Receiver Ready status bit is set to zero.

S
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100 Input Asyncronous Mode Status

The following data-link status bits relating only to asynchronous
operation are input into the 8080 accumulator:

bit-0 Parity error
. bit=-1 Framing error
bit-2 Received Data modem signal
bit-3 Supervisory Received Data modem signal

Interrupt Control logic

The controller contains logic which allows the 8080 microprocessor to

be interrupted. When the 8080 Interrupt signal has a value of one and
the controller program has enabled interrupts a subroutine trap to
address 0010 will occur, If Receiver Interrupt Enable and Receiver
Ready both have a value of one or if Transmitter Interrupt Enable
equals one and Transmitter Ready equals one then Transmitter Interrupt
Enable and Transmitter Ready both have a value of one, the Interrupt
signal will have a value of one. Otherwise the Interrupt signal will
have a value of zero.

8080 Reset-Control-Logic

The controller contains the logic to reset the 8080 microprocessor.
When the 8080 Reset 1line is strobed the controller program traps to
address 0000, An 8080 reset occurs when a CBS strobe is received from
the 2200 with the high order bit of the 2200 output data equal to one.
Any controller hardware requiring a master reset is also reset at this
time,

Controller Memory

The controller memory consists of 256 bytes of PROM which starts at
address zero and 4K bytes of RAM which starts at address 8K. Memory
operates with a cycle time of 1,5 microseconds.

Clock

The controller contains a real-time clock which sets the Clock-Tick
data-1link status bit every 8 milliseconds. The Clock-Tick bit remains

set unitil cleared by the Cléar Clock=Tick control bit of an

input/output instruction,

Display-Connector

The controller contains a connector (IC socket) for interfacing to a
character <erial external (CRT) display output device, Data is output
directly from the R080 to the display connector, The logic for driving
the display is contained in the Bi-sync tester, '
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2200 Interface

The 2200 communicates with the controller by enabling the controller
and executing 'commands' which are the logical unit of conversation. A
command consists of a series of back and forth byte transfers between
the 2200 and the controller. A byte transfer is described by the
notation:

device(strobe-type, data-type)
The four byte transfers operate as follows:

2200(CBS, data-type)

The 2200 outputs 8 data bits into the controller's 2200 data
register with an CBS strobe., The CBS-Strobe-Received status bit
is set to one and the Device Ready signal to the 2200 is set to
zero, If the high order data bit is a one, the 8080 Reset signal
is strobed causing a trap to address 0000 in the controller
program, The 2200 should wait for Device Ready to be equal to
one before outputting,

2200(0BS, data-type)

The 2200 outputs 8 data bits into the controller's 2200 data
register with an OBS strobe. The OBS-Strobe-Received status bit
is set to one and the Device Ready signal to- the 2200 is set to
zero, The 2200 should wait for Device Ready to be equal to one
before outputting. ’ ‘ '

"CONT(1BS, data-type)

The 8080 outputs 8 data bits to the 2200 input bus with an IBS
strobe and the ENDI bit set to zero, The 8080 should wait for
2200 Ready to be equal to one before outputting,

"~ CONT(ENDI+IBS, data-type)

The 8080 outputs 8 data bits to the 2200 input bus with an IBS
strobe and the ENDI bit set to one. The 8080 should wait for
2200 Ready to be equal to one before outputting,

When the 8080 inputs the contents of the 2200 data register the status

bits CBS-Strobe-Received and OBS-Strobe~Received are set to zero and
the Device Ready signal to the 2200 is set to one.

When the 2200 operates the RESET key .the 2200 status bit
Reset-Key-Operated is set to one., It remains set until cleared by an
input or output instruction having the control bit Clear
Reset-Key-Operated set to one,
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The current value of the status bit 2200 Ready is input by the 8080
when it inputs 2200 status bits. If the 2200 does not currently have
the controller enabled 2200 Ready will be equal to zero,

Synchronous/Asynchronous Receiver

The synchronous/asynchronous receiver contains a character output
buffer register, a sync-match character Tregister and a serial input -

receiver register. The sync-match register is- loaded by the 8080 and
the output buffer is read by the 8080, In order to receive data in
synchronous  operation, the Treceiver must establish  character

synchronization with the incoming bit stream in the following way: (8

bit word length with parity inhibited is assumed)

(1) The receiver abandons synchronization and starts searching the
incoming bit stream for a sync character when the 8080 executes
an input or output instruction with the Start Receiver Sync
Search control bit set to one.

(2) Each time the modem signal Receiver Signal Element Timing changes
value from one to zero the value of the modem signal Received
Data is shifted into the receiver register as a received bit.

(3) When a bit is received, the receiver register js compared with
the sync-match character register. When they are equal, the
receiver synchronizes to the bit stream and will read the next 8
bits received as the first received character.

Once synchronization is established, contiguous characters are received
in the following way:

(1) Bits are read into the Teceiver Tegister as in (2) above. When 8
bits have been read, the contents of the _receiver register are
transferred to the output buffer and the Receiver Ready status
bit is set to one,

(2) Normally the 8080 will have read the contents of the receiver
output buffer before the receiver register becomes full setting

Receiver Ready status to zero, If the R080 fails to read the’

feceivey output buffer by thte time the receiver register becomes
full, the contents of the receiver register if transferred to the
receiver output buffer and the Overflow status is set to one,
The Overflow status bit :must be cleared by execution of an input
or output jnstruction having the control bit Clear
Underflow/Overflow set to one.

“mg -
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Synchronous/Asynchronous Transmitter

The synchronous/asynchronous transmitter contair’s a character imput
buffer register, a fill character register and a serial output
transmitter register, The input buffer and fill register are loaded by
the 8080, During normal synchronous mode operation, contiguous
characters are transmitted in the following way: (8 bit word length
with parity inhibited is assumed) ’

'(1) The contents of the input buffer are transferred to the
transmitter register and the Transmitter Ready status bit is set
to one. :

(2) As long as the modem signal Clear-to-Send has a value of one, the
contents of the transmitter register modulates the modem signal
Transmitted Data as a NRZ waveform clocked by the zero to one
transition of the modem signal Transmitter Signal Element Timing.
If Clear-to-Send has a value of zero, Transmitted Data is held at
a value of one, '

(3) Normally the 8080 will have loaded the input buffer before the
transmitter register becomes empty. When the input buffer is
loaded the Transmitter Ready status bit is set to zero., If the
8080 fails to load input buffer by the time the transmitter
register becomes empty, the contents of the fill register are
transferred to the transmitter register and the Underflow status
is set to one, ‘The Underflow status bit must be cleared by
execution of an input or output instruction having the control
bit Clear Underflow/Overflow set to one,

e
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(WANG ) LABORATORIDE& INC.

TO:
FROM:

SUBJECT:

DATE:

DR. WANG

HAROLD KOPLOW

COMMENTS ON BOB KOLK'S 22X7 BUFFERED ASYNCHRONOUS
TC MEMO OF 1/14/75

JANUARY 30, 1975

This memo is divided into two parts. Part I is a critique of Bob Kolk's
memo; Part II is the results of a meeting held on Friday, January 24 at 2:00 p.m.
in Dr. Wang's office.

PART T

Bob Kolk's document was very well written and seems to more than cover all
of Ed Lesnick's requirements as stated in a previous memo. However, there are a
number of comments that I would like to make which can be subdivided into two
major categories - User Specifications - Hardware Specifications.

I.

USER SPECIFICATIONS

Most users of our equipment (both salesmen and customers) are rather
ignorant in the various aspects of telecommunications. Therefore, it
would be  desirable to couple our hardware with program products to
facilitate both sales and service. These packages could be narrowly
defined.

a.

Teletype Emulator - This package would query the user and
tailor the program accordingly. (Note: A teletype is a full
duplex product with no special end-of-message characters). A
one—to-one correspondence between a teletype and the various
2200 peripherals could be made, i.e. a pumch could be a disk, a
reader could be a tape, the keyboard could be the keyboard of
the 2200, and the printer could be the CRT or the 2201, etc.

The program should be built in such a fashion that the special
function keys would turn the punch analeg on and off, send an
interrupt, prepare data offline for later on-line transmission,
etc. Also, there should be a utility which would allow data
stored in other formats in the disk to be reformatted so that
it could interface properly with the teletype emulator - be
made to look like punched data for the teletype emulator.

2741 Emulator
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C. 2740 Emulator
d. TC 500 Emulator

e. 2200 to 1200 Emulator - This emulator would work in the same
fashion as a 1200 transmitting to another 1200 at high speed.
In this case, one of the 1200's would be replaced by a 2200.

£. 2200 to 2200TC Emulator. Since the 2200 is capable of sending
to another 2200, it would be advantageous to employ one line
discipline (the same method for blocking of records, end-of-
message characters, etc.).

In addition to the emulator packages, a set of TC utilities
should also be programmed. This would enable the more
sophisticated user to build a TC program without getting down
to the DATALOAD BT 1level. Also, a user would not necessarily
have to wade through a TC Manual, which out of necessity, would
be as complex as the GIO Manual.

The program products, together with a well written TC Manual
for asynchronous communication, should allow us to penetrate
this market more successfully.

HARDWARE SPECIFICATIONS

I propose that the 22X7 Controller be as similar as possible to the
Bi-synchronous Controller. Telecommunication is a rather strange
beast - and unless there exists some mechanism to modify the programs
of the 22X7, we will be continually remasking or reprogramming chips.
The additional cost of employing RAM as in the bi-synchronous
controller for the 22X7 program, should be carefully weighed before
it is scraped. Also, much work has already been expended on the
hardware and software design for the bi-synchronous controller - I
believe much of that design could be utilized on the asynchronous
controller. It would also be most desirable to standardize on one
LSI Processor. :

On the last page, 1is a chart of operation that can be performed at
various baud rates. At what baud rate is it possible to both print
and record incoming data on the various devices? The whole purpose
of Ed's memo was to specifically point out that this could not be
done with the present controller.
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The saleability of a TWX-Telex emulator, which could be coupled with
a program product, is questionable. Will the effort required to
support this be worth the cost? ’

Bob has made a very good and explicit specification (which could if
required be made less sophisticated) for an improved controller.
However, I must reiterate that it should be packaged with program
products or we will be continually asked to support or to provide
customized programs for customers in order to be able to communicate
with the various devices now on the market; or as in the case of GIO,
few questions will be asked because it would be impossible for the
average user to employ this new controller.

PART II

On Friday, a meeting was held in Dr. Wang's office to specifically discuss
this new 2200 buffered asynchronous telecommunication interface. The following
was resolved:

a. The 22X7 buffered hardware device will use the same microprogrammable
hardware as the by-synchronous controller.
b. Fritz Eberle with Tyler Olson and Les Haley will manage the
microprogramming of the hardware product.
c. Harry Rothmann - Bill Lynes will manage the program product.
d. The offering will be a combined hardware/program product.
Harold Koplow >
HK:dg:1975-82
cc: Ted Babine
Fritz Eberle
Bob Kolk
Ed Lesnick
Norman Lourie
Bill Lynes
Tyler Olson

Harry Rothmann
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MEMO TO: Bill Tynes d
FROM:. . Joe Hendy
SUBJECT: 2927 TOARD RHORTFICATION FOR 'K“RiT' IV
DATE: Octaber 13, 1875
1
!
1. On transwitting a byeak, it is Lv““eatqd that the 2227 boaxd be

modified to allow va.~htlg hex digits to Lrjgror thie break. The hex

digit shouid be able to Le set physically by the cperator sim ilar to the

ICV or XMT methed of s2tting. Once set, tva

\u

.,.

hexdigit should activate the brealk. Also, it is suggested that a hexsctting

| R

of 00 signify “no break desired” and conseruently the transmiiting of

i
. |

all digits would result without break activation.
‘ I
L]

2, On receiving « brezk, it is sugzested that' no modificatioas ke

made to the 2227 beard. That is because of the followiung assumptions:

|
i
l
a) The 2200 would operate inla half-dup

ylex systaom environrent.
b) The 2200 would receive a break signal only when the 2200

 was transmitting data, not while it 1s receiving data.
I
L ,
c) While the 2200 was transmitting data, the wmost common data

k

received would be an acknowledgement, non-ackrowledgement,

or break.

d) A par/fram error received during 2200 transwmiassion would

i

indicate a break almost“ﬂUUZ of the time since practically
nething clec Is beoing redeivcc, and par/fram errors ave not
|

that coumon.

3

Ju/de

¢
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ROBERT S. KOLK

MEMORANDUM

TO: Dr. Wang
cc: Norman Lourie, Fritz Eberle, S. K. Ho, Henry Ng, Carl Masi, .
Al McDonald, Ed Lesnick, Harry Rothmann, Bob Rainville,
Joe Handy, Tyler Olsen, Bruce Patterson
FROM: - Bob Kolk
DATE: October 24, 1975
SUBJECT: Specifications 2227B (Buffered Asynchronous Controller)

.

Enclosed is a specification for an improved version of the 2227 asynchronous T.
C. controller. The logic for it could be used for either a plug-in controller
board for the 2200 S/T or as built-in logic or internal plug-in logic on the

integrated version of the 2200 (2200P),

It is worthwhile tc briefly discuse how this relates to the new 2228 synchronous

controller,

1, The 2228 has an 8080 microprocessor and 4K of RAM, both of which are
necessary to support complex synchronous protocols. The selling price of
this board will be over $2000, an acceptable price for speed synchronous

T. C. capability.

2, Many competitors however, offer asynchronous capability at prices well
under $1000., It we were to offer a version of the 2228 for just
asynchronous, we would be forced to offer it at a much lower price and
have less margin. In addition, problems associated with asynchro.ous are
not always easily solved by a dedicated microprocessor, since they often
relate to special programming related to termination characters, padding
delays, sign-on conventions unique to particular asynchronous terminals
and/or time-sharing networks. These types of problems are often more
easily handled with an easy to program language such as BASIC as opposed

to 8080 microcode,

3. The major problems associated with the 2227 which made the programifig so
complex was essentially the lack of multi-character buffering., Without
multi-character buffering, the controlling BASIC program designed is
relatively complex because it must be required to receive an incoming data
block on a character-by-character basis and in between characters, attempt
to process, print, or save the data. In addition, incoming data stream
which is continuous cannot be saved on tape or disk since, that required a
discrete amount of time away from the receiver logic to write records on

tape or disk.

836 NORTH STREET, TEWKSBURY, MASSACHUSETTS 01876 « TEL. (617) 851-7311 « TWX 710-343-6769 ¢ TELEX 94-7421
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Although this memorandum deals with the possibility of a newly designed
controller board, the use of a 2228 should not be entirely removed from
consideration. It would be possible to rapidly develop an asynchronous
version of the board, (possibly only a change to the bootstrap PROM) and
having similar boards for manufacturing and service is an advantage. It
would also provide substantially greater buffering capacity which could be
an overall advantage. (Higher continuous stream baud rates could be
supported). If the 2228 were used, the approach might be to implement all
microcode on the PROM bootstrap chip without microcode loading.

If indeed, there is not sufficient cost saving in a design eliminating the
8080 microprocessor, the 2228 design might be utilized, although it is

possible that a buffered 2227 card could approach half the cost of the
2228,



I.

SPECIFICATIONS

INTRODUCT ION

Although the general requirements to support an asynchronous design could
be much 1less complex than bisynchronous, the following capabilities are
probably important.

1.

2.

3.

4,

The ability to set baud rate, parity (even, odd or none), number of
data bits, number of stop bits wunder program control. This
eliminate expensive switches and provides more flexibility.

The ability to send and receive breaks. )

The capability for the controller, BASIC program to sense incoming
errors (parity, framing) and certain modem signals. ' The latter
determines proper modem comnection, a dropped carrier, etc.

The ability to buffer with (FIF0'S) both transmitted and received
data, Although the same FIFO could support both, (half duplex), the
cost saving may not be worth the possible 1limitations and
complexity. Although true full duplex operation is somewhat less
common, additional program/hardware 1logic is required to determine
when switch over from transmission to receiving occurs, That is
especially true for 103A type modems where no line turn around is
required. For example, when a transmitting FIFO buffer empties, a
decision must be made by program/hardware as to whether more
information is to be sent, information is to now be received. If
both transmitting and receiving are independently buffered, that
decision 1s unnecessary, control is simpler, and more free time
could be spent servicing tape or disk, (202C modem operation still
requires some decision of this type, although it could be
semi-~automatic).

The size of the FIFO buffers derend 1largely upon the design goals.
1200 baud is a reasonable maximum rate to support for asynchronous,.
The design criteria in effect becomes at what baud rate could a
continuous stream of data be received and saved on floppy or
cassette, The following chart presents these capabilities:

INPUT MAXIMUM BAUD RATE MAXIMUM BAUD RATE

FIFO BUFFER SIZE FOR STORAGE ON CASSETTES _FOR STORAGE ON FLOPPIES
»

[

64 Tt 600 2400
128 1200 4800



II.

If it is important to provide the most flexible asynchronous
capability with this design, then a 128 character FIFO input buffer
is desirable. The output buffer size should probably be matched to
the input size, for throughput considerations.

L The ability to transmit and receive data between the 2200 I/0 bus
and the FIFO's,

o Data sent to output FIFO buffer via OBS strobes, when FIFO
output buffer ready (Can receive more characters) presented as
RBI signals when card enabled.

. Characters automatically strobed from the FIF0 input buffer if
characters are in the buffer and if CRB (CPU is ready) and if

the card is enabled. .
6. Internal design capability to automatically strobe data between the

transmitter and receiver character buffers and the input and output
FIFO buffers.

7. Device Address — Generally, a single device address is sufficient
since the CRB (CPU ready/busy) 1level is sufficient to differentiate
input from and output to FIFO buffers. However, one bit of the
address could be used to identify pending input operations to set or
reset REQUEST TO SEND for 202C modem operations.

8. A selectable mode could be made available such that recéiving a
" break character could clear the output buffer, to terminate output
operations. ’ :

HARDWARE DESIGN CONSIDERATIONS

Aside from buffer size, the most important question to be answered is what
transmitter/receiver chip is to be used. It would be desirable to use the
INTEL chip from the point of view of procurement. However, with the INTEL
chip 8-bit data 1input, 8=~bit data output and 8-bit control all share the
same 8 pins., Therefore, if the design were strictly hardware without a
microprocessor, 3 level multiplexing and possibly some from of scan logic
is required. This may be more expensive, An engineering review should
evaluate alternatives. The remainder of this specification will deal with
the functional aspects of the board, how they are accomplished; these will
be largely determined by choise of the transmitter/receiver chip. The
specification presented outlines possibly the most efficient hardware
approach considering the use of the INTEL 8251, It could vary
considerably if other chips were used. ’



I1I., FUNCTIONAL SPECIFICATIONS

The 2227BN§111 support the following functions:

(1) The ability to select the following asynchronous transmission
characteristics under BASIC program control:

o Baud rate -~ 110, 134.5, 150, 300, 600, 1200, 1800, 2400
(Possibly 4800, 7200, 9600 for interface

considerations)
. Parity (Yes or No, Even or 0dd)
. Number of data bits —- 5, 6, 7, 8

e = Number of stop bits -- 1, 1 1/2, 2

If any reset is required for the transmitter/receiver chip would be
done in conjunction with sending this control data from the 2200,

(2) The ability to sense the following error/break/modem status/FIF0
conditions under BASIC Program control,

Parity Error

. Overrun Error

o Framing Error

. Break Received (125 ms) (Data in line)

. DSR (Data Set Ready)

. CIS (Clear to Send)

o IXE transmitter empty (both hold and shift character buffer
empty)

. Receiver Ready (Receiver character buffer has character)

o FIFO output buffer ready (can receive more characters)

. FIFO input buffer ready (has character to send to CPU)

. Possibly reverse channel input level

Sensing error and break status (sent into the 2200) should reset
these conditions,

FIFO buffer count could be useful but is not absolutely necessary.

(3) The ability to control the modem output levels and/or reset status
conditions,
»
Control Data out, supervisory channel out (to send breaks)
Reset Error and break condition
Control terminal ready (automatic hangup)
Control RTS (Request to Send)




1v,

The 103A modem ignores RTS. With the 202C operation however,
RTS must be high for transmission, and low for receiving of
data, with a 200 ms turn around time supplied by the modem,
Although we could make RTS level directly controllable by a
controlling BASIC, this tends to minimize the time available
for overlapped CPU operation and complicated BASIC control
programs somewhat. A more desirable solution is to provide
two device addresses, (as was done in the 2227), One address
is considered an output address and the other the input
address. When the board is enabled with the output address a
level 1is set causing RTS to go high if and when the receiver
chip (RxRDY reset) and FIFO dinput buffer have no characters.
If the controller is enabled with the input address, a level
is set which will cause RIS to go low if and when the
transmitter (TxE = high) and FIFO output buffer have no more
characters to send. In addition, when a break is detected,

the RTS level forcing a low condition is set (in addition to
clearing the output buffer),

With this approach maximum CPU overlap can:. be obtained and
program control could be somewhat simplified.

BASIC CONTROL SPECIFICATIONS

It should generally be assumed that the $GIO statement will be available
to support the operation of this controller. This statement has some very
good features for supporting asynchronous operations such as the ability
to specify multi-terminator, multi-separator characters., The controller
hardware design should support the following:

(1) Device Addresses for Enabling ~- 8 address switches for input
8 address switches for output

(2)  Initialization of Controller/Transmitter/Receiver Chip =—- The
control sequence required to select baud rate, character format,
reset errors depends a great deal on the transmitter/receiver chip
used. The following scheme is based on the use of the INTEL 8251.
Other arrangements could be more desirable for other chips, or these
may be a more desirable sequence for the 8251,

CBS -= Control Strobe

There will be one control strobe using CBS which effect sets up,a
temporary multiplexer condition for 8251 chip to send control
commands and/or receiver status. This control byte will generally
be followed by another CBS strobe (or a controller produced IBS
strobe) which transfers the control/status data and returns,

For clarity the control operation will be defined in both an
engineering and programming sense,




V. ENGINEERING SPECIFICATION -

A. contrOJ. 7

The 8 data bits sent wifh the CBS gstrobe have the following meaning:

ek 2 7

IR

7 S"Pf;"'ﬂ»-)ﬂ BK |

c'[c-lc]sr[slslnl

Break Override __J

(Inhibit Break Detection)

Information for
Clock Rate Selection

ccc - /16 /64

—————— ——e—
A f A L 1= Reset 8251 chips

000 Do not reset CCC

" or BK to any new val
001 109.9 27.5
010 134.5 33.62

011 600 J
100 1200 GODL_ .
101 2400 800

110 4800 1200 (5

11 7200 1800 \RP

Setting for Superviso
Transmit Channel
0=0

1=1

ue

Ty

(extermal reset). Also
cause FIFO Dbuffers,
break to be cleared.

01 = Setup multiplex
logic to 8251 chip
such - that the data
presented on the next
CBS strobe will be
gated to the chips as
a mode* instruction or
command instruction.
Following the comple-
tion of that strobe,
multiplex and control
logic will be reset
back to data transfer
to the FIFO'S *Mode
instruction if R =1
in control byte

10 = Setup multiplex

logic and chip control
logic such that a chip
status read will be

performed and the data

strobed to the 2200 by
an IBS strobe when the
2200 CRB level (CPU
ready/busy) becomes
ready. Following
completion of the IBS,
chip 1logic will ” be
reset back to data
transfer between
FIFO's

11 = Strobe back FIFO
buf fer, break

information when CRB =’

ready.
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strobe supplies the _251 co wo as iollows*
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(See 8251 manual)
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(2) Status Read /

IfSs, S, M= 1, 0, 0 in the CBS data byte the following 8541 status
word w:lll be read and strobfiu( the 2200 when CRB = 0 (single byte

input) m P S\c.ﬂxmnrw— Clennal

'l DSR | supv/| FE | “oE ~| PE [\'er | RxRDY | TxRD¥}

Supervisory chamnel input supplied by the
controller hardware in lieu of SYNDET,

(3) FIFO/Break Status

IfS, S, M, =1, 1, 0 in the CBS data byte, the following FIFO
buffer status information will be strobed in the 2200 (IBS) when CRB

is ready.
7 0
Break Detect |B | | 0]0 | | |1 | 1| %
1 = Break A b — 4’6
0 = None FIFO Output Buffer FIFO Input Buffer \

00 = empty - 00 = empty h
01 = partially full 01 = partially full

10 = full 10 = full ;;\;;\[

/

»

v .
TS “va
-

Ve



@Wﬁ ' (4) Mode Instruction

1£fs, S, R= 0, 1, 1 in the CBS data byte word the next CBS strobe
. supplies the mode instruction to the 8251 as follows:

7

i BEIBIEIEIEIR

A A ? , Baud Rate Factor
4 o1 (1)

10 (16X)

11 (64X)

. Character Length
00 5 bits
01 6 bits
10 7 bits
11 8 bits

| Parity Enable = 1 = Parifvait
' 0 = No Parity Bit

—— Even Parity Generation Check
1 = Even Parity
0 = 0dd Parity

— Number of stop bits
00 =

01 1 bit

10 1 1/2 bits

11 2 bits

(5) SBRK

Breaks could be generated by a PG or under program control depending
upon how the BK bit is utilized, It is initially proposed that SBRK
on 8251 be used since it holds the data out signal on the RS-232
connector to a mark state, This also allows variable length breaks,

(6) Data Transfer
When the controller card is enabled:

(a) characters will be transferred into the output FIFO buffer via
a 2200 OBS strobe when ready (RBI = 1) where ready = FIFO
output buffer not full and can accept next data transfer.

(b) characters will be strobed from the FIFO input buffer into the
2200 by and IBS generated by the controller when the FIFO
input buffer has characters to send and CRB (CPU ready/busy =
0 ready).




()

(8)

Whether or not card gnabléd

(a) Automatic multipléxer connection and transfer of characters
from the receiver character buffer to the FIFO buffer when a
character is available and when the FIFO is not full,

(b) Automatic multiplexer connection and transfer of characters

from the FIFO output buffer to transmitter character buffer

. when characters are available in the FIFO and the transmitter
character buffer is empty. '

Incoming Break Detection

Incoming break detection will be done by logic independent of the .
8251 chip, sensing the RS=-232 data in line. If the line is in the
mark condition for 125 ms, a break is detected. This will: -

Set a level which can be read via the FIFO/Break Status Input
Automatically clear the output buffer. '

Force the Request to Send control level to "set low" condition
The Break is reset when either error reset appears on a
‘command instruction to the 8251 or FIFO/Break Status is read
by the 2200,

Break Detection is inhibited if the high order bit of the CBS
control byte (BK) is sent with a 1,

Request to Send Control

. When board enabled with output address, set level which sets
RTS to 1 when FIFO input buffer empty and receiver not ready
(RxRDY = 0),

. When board enabled with input control address or break

detected, set level which sets RTS to 0 when FIFO output
buffer empty and transmitter empty (TxE = high),




Vi. _PROGRAMMING CONTROL_ SPECIFICATION

(1) Initialization

Prior to transmission the following $GIO statement 1s executed to
initialize the 2227B controller and select desired baud rate and
character format,

$GIO INIT (44=3 44== 4402 44— AS)

A
@ ME @

where:
(a) (¢) = BAUD RATE/NUMBER OF DATA BITS/BREAK DETECTION

(c)
(a)
NO
BREAK BREAK
DETEC- | DETECH ° _ : '
" TION TION |_2 6 A E 3 7 B F
9 1 10/5 [110/6 {110/7 |110/8 |27.5/5 27.5/6 | 27.5/7 {27.5/8
A 2 34/5 |134/6 [134/7 [134/8 {33/5 33/6 33/7 33/8
B 3 oc/5 [600/6 {600/7 |600/8 {150/5 |150/6 |150/7 {150/8
C 4 200/5]1200/6 {1200/7|1200/8|300/5 |300/6 |300/7 |300/8
D 5 R400/5|2400/6 |2400/7|2400/8|600/5 |600/6 |600/7 |600/8
E 6 800/5|4800/6 {4800/7|4800/8{1200/5 {1200/6 |1200/7 |1200/8
F 7 200/5 |7200/6 {7200/7|7200/8{1800/5 {1800/6 |1800/7 |1800/8
(b) = PARITY/NUMBER OF STOP BITS
) Parity Bit Number of Stop Bits
4 No 1 bit
5 Yes, 0dd 1 bit
7 Yes, Even 1 bit »
8 No ... 11/2 bits
9 Yes, 0dd 1 1/2 bits
B Yes, Even 11/2 bits
c No 2 bits
D Yes, 0dd 2 bits
F Yes, Even 2 bits 7




(2)

3)

(d)(e) = 37 Enables for transmitting, receiving, resets errors.

Testing Status of Transmitter/Receiver buffers .

The statusV128 characters transmitter and receiver buffers can be
tested at any time after initialization by the following $GIO

gstatenment.,
$GIO TESTB (4406 8601, A$)

The first character of the alphanumeric variable specified, ($A)
will be set with the hexadecimal value X Y

where: ‘ -
X = Status of transmitter buffer
0= wpty*
1 = partially full
2 = full
8 = break has been received (transmitter buffer
" automatically empties and will ignore
additional characters sent for output until
the break condition is reset)e. :
.Y = Status of receiver buffer
0 = empty*
1 = partially full
2 = full

*Design could be such that the buffer empty condition includes
both the status of the buffer and transmitter/receiver.

Testing Status of Errors, Transmitter/Receiver Logic, Modem Lines

The following $GIO0 command will provide an 8-bit status byte with
current information ‘on receiver errors, transmitter/receiver
character buffer status. For most asynchronous support programs,
the most primary status information which will be useful is data set
ready, to insure proper local modem comnection and the receiving
error bits,

$GIO STATUS (4404 8601, AS)

2
The first character of the specified alphanumeric, (A$), will be set
with the following status information.



(4)

(5)

7 6 5 & 3 2 1 .0

|DSR[sPv | FE | OE | PE | TxE [RxRDY | TxR |
A
4 A A 4 ’ Transmitter Ready
0 = No character

being held in
character
buffer to be
sent

Recelver Ready

0 = No receiver char-
acter being held to
be transferred to
input FIFO .

Transmitter Emtpy
0 = No character being held
to be sent or being sent.

Receiver Parity Error, 1 = Error

Receiver Overrun Error, 1 = Error

Receiver Framing Error, 1 = Error

Supervisory Input Level (0 or 1)

Data Set Ready

Resetting Frrors, Break Conditions

The following $GIO will reset errors and break conditions sensed by
the “TEST" or "STATUS" $GIO statements,

$GIO RESET (4402 4437, AS)

Transmitting Data

Once the controller has been initialized, (by a $GIO INIT
statement), data can be transmitted by a number of 2200 BASIC
statements: PRINT, PRINTUSING, DATASAVE BT, $GIO. If the 128
characters transmitcer output buffer becomes full during the process
of transmitting a line, the output statement will be held up contrdl
all characters can be sent to the buffer. If it is desired ‘that 128
characters be transferred to the output buffer without instruction
delay, the program can be designed to test for a TRANSMITTER BUFFER
EMPTY condition before executing an output statement. :




(6)

¢))

If at aﬁy time during, transmission, a break is received (125 ms on
data in 1ine), and the controller was initialized for . Break

Detection the transmission buffer will be automatically reset to an
empty status and held there until the break condition is reset.
Subsequent characters sent by BASIC output statement will be ignored
until break ic reset. (Reset by a $GIO TESTB or $GIO RESET
statement). If convensions and breaks are normally anticipated, a
$GI0O TEST statement should be executed prior to any output
statemente.

Receiving Data

Although several BASIC statements can be used for inputting received
data from the 128 character receiver buffer (INPUT, KEYIN, $GIO),
$GIO using the FXXX telecommunications data input microcommand is
most desirable because: B

(1) It provides the capability to separate data into "different

elements of the receiving array by specifying a number of
different separator characters,

(2) It provides for termination of the input sequence by
specification of a number of different terminator characters.

(3) It allows echoing either to CONSOLE OUTPUT or back to the
transmitter buffer. (ECHOPLEX transmission).

(4) It supports a timeout exit from the input sequence,
All of these can be important for various asynchronous protocols,

Transmitting a Break

A break can be transmitted by executing two $GIO (one to start the
break signal and one to end it) with an appropriate delay in
between, (corresponding to the desired break length). The following
sequence illustrates send a 200 ms break (which is the typical break
period).

100 $GIO STARTBK (4402 443F, AS$) (Start Break)

110 FOR I = 1 TO 40: NEXT I (Delay 200 ms)
120 $GIO STOPBK (4402 4437, A$) (Stop Break)

It should be npted that similar control 1is available for the

supervisory channel output with $GIO (4404, A$) -- set supervisory
output to 1 and $GIO (4400, A$) —— set supervisory output to O,

- 12 =

il




(8)

After a break is transmitted it is usually appropriate to unload the
input buffer of any residual character by some input statement, and
reset receiver errors ($GIO RESET). » '

Device Addresses

o For operations with -a 103A type of modem a single device
address, /219, is sufficient for all operations.

. For operations with a 202C type of modem the following
addresses are generally required, :
. Input - /219
. Output =- /21D

. INIT, TESTB, STATUS, RESET :

For most efficient operation*, generally the device address of
whatever operation will occur next (i.e., /219 for input, /21D
for output).

*When going from a transmitting to a receiving operation, if a
statement such as TESTB or STATUS 1is executed with the input
address immediately after the last output data is sent to the
output buffer, the line is automatically 'turned-around"
following the transmission of the 1last output character, and

up to 128 characters can be subsequently received withf further
2200 intervention.
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= A MEMORANDUM -

TO: Telecommunications File

e FROM: Fritz Eberle : ‘ . : o
~  DATE: February 20. 1976 B .

SUBJECT: Revised 2227B Buffered n;;nchronagr Telecommunications

Controller :

e -

This memo is & preliminary speciF1Cationi how & buffered
asynchronous controller based on hardware 51m115r to the 2228 !
would look to the 2200 prodgramner. It hus the same general :

capability as the one proposed by Bob Kolk in his memo of October
24, 1975. The use of & microprecesson makes this controller morne
powerful and easier to proqram. The specific ditferenteés &re &g’
followss

1. The controller rather than being | implemented entirely
from discrete logic uses a slightly modified version of
the 2228 controller. It contains an_ Intel 2080
microprocessor with fizxed microcude residing in 25¢€ or i
1K bytes of PROM. Buffers and: Rtutu= variables reside
in 1K bytes of RAM. The interface to the 2200 1/0 bus '
and the interface to the modem conmector are the same
.as those on the 22288. L }

‘2. The way in  which status. conmtrol. and data

information is communicated between the 2200 and
the controller iz different | than in the original
proposal. The controller has  one device address,

nominally HEX(1CY., rather than two.

3. One mardinally useful feature hag bteen dropped - the
interface and connector 1o the Bell B0lA automatic
calling unit. ‘

4. Several features have been added. being made possible
by the use of & MiCcroprocessonrs : }

. automatic echoplex operstion

b. automstic inserititn and rcmuvdl of shift
characters

c. substitution of charactens received in error
in error

4. detectionm of receive timéouts

e. code translaticn |

f. synchronizing the beginming of received data on
one of several specifiedicharacters.
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NARY

communications controller for serinl _asynchronous_
"aznd reception of data at spe ds up to 900 baud.

is & double-car standard EEO contraoller which

.. The
- tranc
Physi

G

the chassis of & abuﬁa.vT or WCS processor.

commector _with 4__MNA RS-232/CCITT _ Ve4

occunias gne sict in
& 25-pin_ ¢

standard modem interface.

o imdicators _on_the coniroller_exc

the aluminum bar into which
af -the Dgtd“na -Ready modum

There are nNo operdtan Luntrolc or
ept for a ho;e in the wmiddie UF_
an  LED cdnwbc mounted or & wir

-
t

connehtgu 1o indicate the value

legal requirement in  some Eurapean countries). &
7Gf-8w§W1gCUESVOF the controller c1rcu11 board is used
device address which by COuVQuTiuﬂ\l HEX (1€). -

[ % l-.fn

Intel 8080
either a 25&-byte

corntroller can{Q1nF an

hard microcode residing 1n

the
with

Architecturally,
microprocessor

of RAM are used| for status, code
translstion tables, and buffer storuQuL &n _asynchronous
transmitter/receiver chip interfaces the 8030 to the modem

transmit Datas and Receive Data signals. A selectable-speed clock

or 1K byte PRCM. 1K bytes

allows tremsmission speeds ranging from 110 o 300 baud (speéeds
above 18CO basud are useful only for direct wired dats links).

The 2080 can sense the value of the modem Sianals. Receive Data,
Superviscry Receive Dats, Data Set Ready and! Receive Line Signal

signals

l muu:nu

ory Transmit Data.

Detector. It cann set the level of the Data

“Terminal Ready. Request to Send, and Supervﬁ

-
|




he 2200 programmer several features which
simplify the transmission and reception of
__ data. __Use of am he;qﬂfegtprﬁg,jgmoptjqngl.

e = AT e

Code Translation ]
- + f

1 ]

CTode transiation allows the 2200 to irt?rchanqe data with
the controller in_ _the ASCII _ code [spt regardless o Fothe

trancmission code set. The cuntrallqrﬂ contains two a25&

byte code tramslation tables. When ﬁh%se tables have been

joaded into +the controller from ﬁh& 2200 and code
- . 4pranslation - has been enabled Ly sSE tting the "CY" bit tc one
in the communication control vector. the controller will
translate . characters before traﬂgmiggion and _after .
reception. : A

‘1

During transmission, a character outp¢£ by the 2200 is used
as an 8-bit index into  the 25& lentry transmit code .
translstion table. An 8-bit character obtained from the
table then plasced into the transmit buffer. L

pug
o

During reception. & character reckived by the controller is
used as an 2-bit index into the 25| ‘entry receive code
trancslstion  table. A 8-bit character is then obtained
from the table. If the code translated character is a UL
(X’00’) character it is discarded. Dﬁherwise it is placed
intoc the receive buffer. Superflucus| characters used for
timing, or fill can be removed by trénslating_them to MU

codes.




insertion and Re val of uhlfu Charuc;e.

. womrye

The controller contains & feature
plrodaram from COnCErn with
Ctranswmitiing _and_,rcc;;van da
utilizes cshift charauters fo ‘
1BM 2741 or communicating with a Wang 1200).

de__set

st
T

!‘a-s]

ety
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L
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'
o
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Q

-
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Wi
l-

T35
i
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examplie when emulating an

err i wegpamr

Whern the "M bits in the_ communicatiunfcantral wectar_are

set 1o ‘014 shift CnaraLLLPC will be inserted into the

. Arans

mitted dats stream and _removed Fram the received

st reania This feature Can be used w1th transmission data

sed in

Cdate .

v o s T ATt - p——— s

wards of 5y E. _or 7 bits and 1;! normally
canjurcil 7 with code translation. v

e e !

N

Curing sfahgmLJJLUn the cuntruller uses the niqu “orde

of the {(code translated) | character n the transmit bufferwm_w___ﬁﬂwﬂj

as a "shift status” bit. One repr%;ents an up-
character and zero represents a down- ehifted charac

ar tii

-ghifted
'tE’r- .A‘

— e e s de

chift character is automaticaelly trarsmitted betwe
two  characters having. different_ Yghift s status” bits
up-shift character is transmitted prior to & ch
having up-shifted status and a -down- -ghift characte
to a charactenr having down-shifited status.

vehift-status” bit is not stransmitted sinc

en ary
5. (AN

aracter
r_pirior

) Thie
e the

Irancmission data word consists only dﬁ the low-orde
or 7 bits of the character. *

r 55 €'.q

During reception the conitroller sets tHe high-order

bit of

the received character (before code translation) ac
to +the most recently received shiﬁt character

cording
{one

represents up-shifti zero represen%s dowri~shift)
up-shift and down- -ghift character are defined

. The
in__ the

transmission code set by bytes 4 and 5 lof the commun
control vector. I+ +the received chérdcter is &
charascter it is discarded. Otherwise(xt is code tra
and placed in the receive buffer. .

ication
__shift.

nslated




E&.flop.\\.l Guepr_tlull . -

rror checking used by

Echoplex operatioin 18 & & BT . -3+
computer systems in their support of Télet}pe termina
The modems and transmission facilities must. be full- ouplex._v"___;ﬁ_w‘mv
The ferminal iz  expected to iﬁmvdﬂ ately retransmit each

received character so that the computer system may COMpare

it with the character it tramsmitted. ' '

=
ﬁ

o U
L“

e e e . .
Echoplex operation is selected when the "p" bits in  the
communication contro;._.vectorvﬁarei set to ‘107. _ The
controllier operate~ as if in Fu;;-dUpleM mode except that
received charactergw are retransmitted ("echoed"). If &

character is received with a parity orn | framing error the
_received error__substitute characten _from . byte 2 of the .

cdﬁmdmicafibﬁé‘cont.o* vector is transmitted instead of the — oo

received charactar. ‘

Received Data Synchroniza{ion L

When operating with half-duplex modens and transmission
facilities line transients occcurring durinq line turnarcund
sometimes cause féféﬁiidﬁ“—af_éft?;ﬁgaﬁé . characters. The
2200 can be freed from the task of deiuctan and discarding
these characters when the first valid i data character is
known to be one of up to four spec1f1c characters. When
thie ®X" bit in ihe communication \.uu'l.f"Q}. verstor i ceot to
/1’ receive data synchromization is enabled. Following &
line turnaround from transmit to | receive, received
characters are discarded (and are nat echoed if echoplex
mode is selected) until & character| is received which
matches one of the characters din_ibytes 7-10 of the
communications control vector. The first matched character
and &all subsequently received chdract?rs are placed in_ the

receive buffer.

1f fewer than four match characters are to be used
duplicate characters should be set in bytes 7-10 of the

communications control vector. ,




T 2250 proarams soerate the comtroller by the fc1lowina aroup of
o510 statemantia: e
Set Communica{fon CgﬁiraimﬁégiaﬁﬂuahmmuTwWm”“m“m“v ST i
+ . —_
$0I0 SE ToCN/01C (GO, CHICH() %
The communication_control vect or (CCV) tontained 'in the 10 . |
element ﬂrrﬂy cf 1 byte strings C#0) is set into the i
controller. The controller buffers andl_ the _communication .
status byte are cleared. :
Read Communication Status 3yte ) T
. R s e s e S -r T IR ST T LTSI LTSI - '
$01I0 READCSV/01C{G1%.CHiA% -
The cinale byte character siring A% ig set to the value of ;
“the communication status byte. The error and received
break indicators im the controller are cleared. -
Load Transmit Code Translation Table .
T |
i
F510 LOADTTBL/01C(G2%.6%)C1%(0) §
The *trasrmit code translationvutabié fs' loaded into the o
controller from the array Cl1%(). | Execution of code o
translation by the controller is optional and is controlled
by @ bit in the CCV. ‘ -
Load Receive Code Translation Table o
+
010 LOADRTBL/01C(G3%,.6%)Ca%()
The receive code translation table is loaded into ‘the
controller from_ the _array _ C2s). Execution of _ code o
translation by the controller “is optiomal and is controlled
by & bit in the CCV.
Discornmnect ;
— s
3010 DISC/01C(G4%.0H)0H T
- The controller discommects from the line by settindm—fﬁé T
Data Terminal Ready signal to zerg for & periocd of 3
5eConds.
Send Break o .
+

$CI0 BREAK/CIC(GS5%,GHICH

controller_sends a 200 millisecond.
an»rul bits of the communid

__The_
the break

break according to

ztion control vector.
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Start Receiving Dat .

1f et for half-duplex operation_the tramsmit and  receive
buffers are ‘caraJ and the controller enters receive mode
and starts receiving data. The receive timeout is started.
If the ¥ bit in the communications conitrol vector is set no
Ch.e_wgé.!;:c,etz-wa.ce-_.%:coize_si_.__,,zn“, the receive buffer until &
charscter is received which is equal tg one of the receive

synchronization __characters defined din  bytes 7-10 of the

o ' Input Received Dats

$GI0 RCV/D1C(CTH.CH)IB{)

The contents of the receive buffer aréfinput into the array
I%() and byte 10 of G3% is set to the binary representation
of the number of byles received.

Send Data

$CI0 SEND/OIC(GRH.GHIOH (I 1 N>

if set for half-duplex operation ‘the|l ieceive buffer is
cleared. The First N bytes of the array 0%{() are output to
the controller transmit buffer. The contoller transmits
the data and remsins in  transmit |mode {if set for
half-duplex ocperation).

Send Then Receive Data

$GI0 SENDRCV/01C(G3%,GHI0H () <1, N~

This dinstruction M;s applicable onl for half-duslex
operation. The first N bytes of the array 0%{() are output
to  the controller trénsmit bufferi The controller

transmits the data and then executgs & ‘Start Receiving
Data’ command.
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“Comnunication Control

Vector Format (i@ubvtﬁaif

7 0 7 0 o
] ] ] recei{ad errorl
T]C XMMS 355 1NNPPWWBB 1 substitute ]
1 ] L 1 charsdter N L
- + - —
byte 1 byte 2 " byte| 3 B
T T T 0T 1 dewn 1 receive 1 receive 1T
] shift 1 shiift 1 timeout value lgsynchronizationld n
] character 1 character 11X 100 millisecondsl characters ]
. S — o
byte 4 byte S bvte & bytes 7-10

Bit Meanings in Bytes 1 and 2:

‘BB = = No break transmission/detection

Break enabled on transmit/receive data signals

fule= O
wlin u

Break enabled on supervisory transmit/receive
data signals

= Inverted polarity bredgk|enabled on supervisory
transmit/receive data - signals

w

W = 5 bit data word
& bit data word

7 bit data word

tin niy

8 bit gata word

No parity
Even parity

No parity
0dd parity

NN

H]
il

illegal value
l stop bit
1.5 stop bits
2 stop bits

whwo lwiur- o] wiu+~o

Py St matrvin ot Tapre o —crs S



)

TTgess = 0 = 110 baud -
1 = 124.5% baud ;
2 = 18D Lo -
3 = 200 wead , o
4 = 300 Leas
_ "ﬁ,“__m"__ﬂASMfMGOQ“baqufh‘” o ;
€ = 1209 baud !
7 = 1800 baud K
8 = 2400 baud !
9 = 4800 baud '
A = 9600 taud
B-F = illegal values e
M = O = Half duplex operation
1 = Half duplex cperation with automatic insertion
e e LA removal of shift charecters . . o oo o a
2 = Echoplex ocperation o T -
3 = Full duplex operation I
X = 0 = No receive data synchronization
1 = Synchronize re ceived data to begin with e
' any of the 4 synchronization characters
set inn the CCV.
C = 0 = No code translation performed by %
controller ' ‘ :
1 = Transmit and receive cede translation :
performed by controller.
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Comnuitication Statuz 3vte Format
) 7 0
] 1 {
1 0FPCSDBE] *
] ]
P | .
-y == ; t A
{
1 !
— " - — - -1
8it Meanings: : } ;
+ 1 !
|
. | !
o S = Ng receive errors detected . ..t

E = 0. :
1 One or more receive errors detected

j ) Specific typef{s) denoted by O,F.P bits. o
B = 0 = No break detected during transmit
1 = Break detected during ﬁransmit
D = Data Set Ready signal valu% {1 = ready)
g = Supervisory Receive Data signal value )
€= Receive Line Signal Detected signal value
(1 = carrier detected) 1
p = i = Parity error detected during receive
F_= 1 = Character framing erroé detected during receive J
0 = 1l = Buffer overrun error détected during receive
]
: mg
! - B ___«h%
i s
|
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Disclaimer of Warranties and Limitation of
Liabilities " |
The staff of Wang Laboratories, Inc., has taken due care in
preparing this manual; however, nothing contained herein
modifies or alters in any way the standard terms and conditions of
the Wang purchase agreement, lease agreement, or rental agree-
ment by which this equipment was acquired, nor increases in any
way Wang's liability to the customer. In no event shall Wang
Laboratories, Inc., or its subsidiaries be liable for incidental or
consequential damages in connection with or arising from the use -
of this manual or any programs contained hereir;\.,
-
\

.
|

( %JANG )836 NORTH STREET, TEWKSBURY, MASSACHUSETTS 01876, TEL. (617) 851-

B

LABORATORIES. INC.
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CHAPTER 1
@, 2227B FEATURES ’ |

1.1 GENERAL INFORMATION

Physically the HModel 2227B Buffered Asynchronous Communications Controller
is a double-card controller which plugs into any I/0 slot in a System 2200
Central Processing Unit (CPU). For program control of data transmission and
reception via the controller, the CPU must include the $GIO statement in its
BASIC language instruction set.

A 25-pin ETA (Electronic Industrles Association) RS- 232-C, CCITT V.24
compatible connector mounted on the controller and a Wang-supplled cable
{length 12 feet, i.e., 3.6 meters) facilitate hookup of a modem for
sommunications applications. No operating controls are mounted on the
controller. ‘

Though primarily designed for communications applications, the HNodel
2227B controller is well-suited for direct connectioniof RS-232-C compatible
asynchronous transmission equipment such as the following: local CRT terminals,
graphic display terminals, analytical equiprent and laboratory instrumentation
in general. For hookup of such equipment, a null modem (available from Wang
taboratories) may be required.

The controller has an integrated mxcroprocesson and multicharacter
in ut/output buffers to simplify telecommunications control procedures and
(e CPU processing requirements. Fixed microcode, residing in the
~cou.roller's read-only-memory, implements standard and optional operations
such as the following: |

\

- data buffering
- code translation
. substitution for characters received in error

. L '
- commnunications control, e.9g., monitoring CPU ready/busy conditionms,
monitoring modem signals, implementing line turnaround procedures
< !

. break signal detection and transmission
- detection of received timeouts

~ detection of end 5f record characters

- automatic insertion and removal of shift characters

- automatic transmission delays following several specified

characters

|
1
|
|




- automatic echoplex operation

- sensing the Secondary Received Line Signal Detector and setting
the Secondary Request to Send signal ({also called reverse or
supervisory channel data signals). ! g
The standard and special features of the controller are de81gned to enable a
System 2200 to be programmed to transmit and receive data using the. line
liscipline of a variety of asynchronous CRT and mechanlcal printer terminals.
0
The controller’s lK-byte random-access-memnory 1s used for storage of
initialization information {including code translatlon tables and a
sommunications control vector), storage of current status inforpation, and
input/output data buffering. The desired transm1551on nate, communication
aode, character format options, and special operations for a particular
1pp11catlon are conveniently selected under program con#rol by specified
values in a communications control vector. The vector is loaded into the
controller by a $GIO statement in the user's communlcatlons program operating
in the CPU. o

i
[ |

A selectable~speed clock on the controller supports serial asynchronous
trransmission and reception at line speeds from 50 to 9600 bits per second
(bps). Any one of the following rates can be set via the initializing control
yector: 50, 75, 100, 110, 134.5, 150, 200, 300, 600, 1200, 1800, 2400, 3600,
4800, 7200 or 9600 bps. Usually, rates ftom 50 to IBPoibps are used for

point-to-point, dial-up telecommunications apnllcatlonsiuhlle rates above 1800
ops are used for dlrectly connecied RS-232-C compatible ‘equipment.

The Model 2227B controller supports any one of the following transmission
‘modes: | |

|
- half-duplex operation (independent transm1551on one~uay—at—a—t1me
alternately) P
|
- half-duplex operation with automatic deletxon;of null
characters’ i i
!
- full-duplex operation (independent transm1531on two-ways

simultaneously) 4

¢ |

- echoplex operation (a type of errotr check1ug,|requ1r¢ng immediate
retransmission of received characters whlle operatlng in a full-duplex
mode) .

| I

The desired mode is set via a particular byte-p051t10n 1n the communications
control vector. ‘

Via other byte-positions in the comnmunications poﬁtrol vector, the
character format can be selected from the following options:

- parity -- odd, even, cr no parity !‘
- nunber of data bits per character -- 5, 6, 7 or 8
- nunber of stop bits per character -- 1, 1.5 or 2.




The features of the Model 2227B Buffered Asynchronous Comnunications
#coller are numerous; descriptions of particular features are presented in
th\ chapter. Programming techniques are presented in Chapter 2, where
the format of the communications control vector is shown byte-by-byte
in Figure 2-1 and valid values representing the asynchronous transuwission
options are presented in Table 2-1; also, the format of the communications
status vector is givenm, and $GIO microcommand sequenceées ‘needed to operate the
controller are supplied. ;

1.2 INSTALLATION

Installation of a Model 2227B controller is the responsibility of a
7ang Service Representative who should be called when| the controller arrives.
i

After the controller is inspected, diagnostically checked, and installed
in an I/0 slot in a System 2200 CPU, one end of the cable supplied with the
controller is plugged into the connector located on the ccontroller faceplate.
The other end of the cable has an RS-232-C compatiblefmale plug.

If the Hodel 2227B controller is to be used for point-to-point,
dial-up asynchronous telecommunications applications, the other end of the
cable should be plugged into a suitable modem. Installation of a modem is
not the responsibility of a Wang Service Representatiye. :

If the Hodel 2227B controller is to be used to finterface RS-232-C

compatible asynchronous transmission equipment such as a non-WVang CRT
gminal or a laboratory instrument, the other end of ' the cable may need to

. .ugged into a null modem (available from Wang Laboratories) or may bhe
‘suitable for direct connection to the non-#ang equipament. Installation or
interfacing of non-Wang equipment is not the responsibility of a Wang Service
Representative; therefore, information regarding the connector pin
assignments and voltage levels is given in Section 1.3.

dodem Considerations

The modem used with the Hodel 2227B controller may be rented from the
telephone company serving the locality where a Wang system is installed or
may be purchased from any one of several modem vendors. In either case,
arrangements should be made with the telephone company for installation of a
nodem since modems purchased from a vendor must be copnected to the telephone
network via telephone company installed data access arrangements (DAA)
consisting of a telephone handset and moden interface§rented from the telephone
company. :

Before a telephone company representative arrives to install a modem, the
location of the System 2200 must be planned to ensure: its proximity to the
telephone equipment. WNormally modems or DAA's are wired permanently to a
wall; in such cases, subsequent relocation of the System 2200 any great
distance would necessitate having the telephone compaby relocate the modem or
DAA. The RS-232-C standard recommends use of short cables (less than 50 feet
or 15 meters) between data terminal equipment and communications equipment.
wer cable distances are possible for operations at ia lower range of

smission rates in an environment relatively free of electromagnetic
interference. ' .

Other modem considerations are discussed in Secition 1.U4.
3
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1.3 CONNECTOR PIN ASSYGNHENTS

The Model 22278 controller conforms to the nationally recognized EIA
RS-232-C and the internationally recognized CCITT V.2l standards for voltage
levels and pin connections. The signal polarity and the voltage of driven and
detected signals are as followvs:

Logic Level Applied Voltage Detécted Voltage
0 or ON (Spacing) +8 vdc +5 to +15 vdc
1 or OFF (Marking) -8 vdc -5/to -15 vdc

The pin assignments are listed in Table 1-1 with both| the EIA and the CCITT
Jesignations given for the circuit associated with ea h pin. Also, the signal
jescriptions and sources are included in the table. B

Table 1-1. HNodel 2227B Connector Pin Assignments

' Pin EIA CCITT Signal Description Source
Pl aa 101 Protective Ground .
L2 BA 103 Transmitted Data Controller
-3 BB 104 Received Data s Hodem
4 CA 105 Request to Send Controller
©5 CB 106 Clear to Send L Modem
6 ccC 107 Data Set Ready Modem
L7 AB - 102 Signal Ground
8 CF 109 Received Line Signal Detecgtior Modem
r9 ; .
10 ‘
11 SCA 120 Secondary Request to Send Controller
12 SCF 122 Secondary Rec'd Line Sig. Det. Hoden
13* SCB 121 Secondary Clear to Send Modem
LU SBA 118 Secondary Transmitted Data Controller
15% DB 114 Trans. Signal Element Timimg Hodem
16% SBB 119 Secondary Received Data ) Modem
17% DD 115 " Receiver Signal Element Timing Modem
18% 124 Select Prequency Groups ' Controller
19% SCA 120 Secondary Request to Send Controller
20 CD 108.2 Data Terminal Ready ? Controller
21% CG 110 Signal Quality Detector Modem
22% CE 125 Ring Indicator Hodem ,
23% CH/CI 111/112 | pata Signalling Rate Selecitor Controller/todenm
4% DA 113 Trans. Signal Element Timing Controller
25 Unassigned
* Signals not utilized by controller.
ok
4 |
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1.4 CONTROLLER AND MODEM INTERACTION

The microprocessor on the Hodel 22278 controlle
the following modem signals:

Received Data on Pin 3

Clear to Send on Pin 5

Data Set Ready om Pin 6

Received Line Signal Detector on Pin 8
Secondary Received Line Signal Detector on

The microprocessor can set the level of the following

Data Terminal Ready on Pin 20

Request to Send on Pin 4

Transmitted Data on Pin 2 |
Secondary Request to Send on Pins 11 and 19

Any Bell 103 or 202 type modem, or equivalent,
controller. Very likely, other RS-232-C compatible n
asynchronous terminals having transmission rates in t
Model 2227B controller will prove suitable.

Normally, a 103A type modem is used for operatl
transmission speeds up to 300 bits per second. The n
with optlonal features wvwhich provide an orlglnate and

Also, a receive long space disconnect feature is desi

@1 2227B controller,
a1 capability.

but no special features are n

Normally, a 202C or 202S type modem is used for
line transmission speeds at 1200 bits per second (and
speeds): Options should include originate, ansver, a
disconnect features. Furthermore, if use of a break
(as is the case more often than not), the reverse cha
1nc1uded.

can sense the value of

I
o
!
I
i
|
2

1n 12.

Fodem signals:
i

|

‘I
t

an be used with the
;dems commonly used with
he range covered by the

I

b

ms requiring line
der should be ordered
an answer capability.
able for use with the

cessary for a break
i

*‘9‘

:—*‘“Q

Lperatlons requiring
‘occasionally at lower
nd receive long space
31gnal is desired

?Pel option should be

I
I

Note:
Hodems used at both ends of
compunications link amust be
example, if a Bell 103 type modem is us
another Bell 103 type modem or an equiv
nust be used at the other end (not a Be
moden) .

a point- to-n
of similat

If acoustic couplers are used at both e
communications 1link, one must have the
feature and the other must have the "an
-- ideally each should have bhoth featur

oint

F pe.
éd at one end,
dlent modem
il 202 type

dial-up
For

ds of a
Moriginate"
swer" feature

FS:




ASYNCHRONOUS TRANSMISSION AND RECEPTION

In aaynchronous transmission, often called starﬁ-stop transmission, each
character is framed by start and stop elements as sho n in Figure 1-1. The
start element is represented by a transition from a 1 glc 11" yoltage level

to a loglc wQ" yoltage level. The nominal interval i Uuring which the logic "oO"
level is maintained for a start element is the same leéngth as the interval
used for each data bit. i

Dppendlng upon the design of the transmitting equlpment, the data-bit
interval is a single value or one of several possiblevalues if the transmission
rate for the equipment is selectable. Immediately fO*lOWlng transmission of
1 start element, the voltage level is changed or not %hanged depending upon
yhether the first data bit is 1 or 0. Sece Flgure 1-1 Similarly, after the
first data-bit interval, the voltage level is changed ‘or not, as reguired, to
represent the second data-bit -— and so on success;ve%y for each data bit.

Phe number 'of data bits transmitted is a single value or one of several
possible values, depending upon the equipnment be;ng u‘ed°

After the last data bit is transmitted, a parltY’blt may be transmitted
if provisions for parity information are included in the equipment design.
?he parity bit interval is the same length as the data bit and start intervals.
The voltage level may be a logic "0" or "1¥ dependlngTupon the type of parity
(0dd or even) as well as the number of 1's in the pre?edlng data bits.

Finally, the stop element is transmitted us;ng a logic 91i¥ voltage level
#higch is maintained until the next character is transmltted. Generally
;"‘1ng, there is no upper limit to the length of a top element; however,
.thére is a lower limit depending upon the design of ] g transmitting equipment.
The lower limit is a single value or one of several p@551b1e values.

I

Stop element H
(two data-bit  gach character is framed by a

Start element intervals) start elemgnt and a stop element.
(one data-bit interval) The lengthf Aof the start element
I is equal t¢ the data bit interval
R/ (the 1ead1gg edge of the start
A— l “““““““““ r“'“’ element 1sﬂrepresented by a
e S tranSLtlon‘from a logic wln
~~ ’ voltage 1e?el to a logic "“Q%
data bits level) T‘ e stop element has a
plus one parity bit (optional) ninimum le gth determined by the

design of the equipmeat (typical
lover limlts are 1.0, 1.5 or 2.0
data bit lttervals) there is no
upper limi

: Stop element

Stop element S:bp element ‘ f (one data-bit

—— : i
r ~ — o interval
L[] [ I — | ]
el W
One 8-bit character _ One BHbit character Z%

Start ‘ Start { Start
element b
Y
M
o i

FPigure 1-1. Asynchronous Data Tranﬁ 351on
Z [0



N St ¢ N

cter Transmission ' i

AT MAPTTRAS S AR T TR T T TEE T e T

I

i
B
i
[
|

1

I’

The Hodel 2227B controller transmits each chatag&er by modulating the

Pransmitted Data signal on Pin 2 in the connector as gbllows:

1.

2.

u.

The Transmitted Data signal is set to "0"ifér.one bit-time,
representing the start bit. ' ﬁ

Successively, low-order bit first, the signal is set for one bit-time
to the value of each data bit until the numbper of transmitted data
bits equals the number specified in the cdmgpnications control
vector; therefore, only the low-order 5s 6,%7 or 8 bits of a character
are transmitted. i
ik
If odd or even parity is specified in the'cﬁmmunications control
vector, the signal is set for one bit-time ﬁo the appropriate value
for the type of parity specified. 1In parti#ular, if odd parity is
specified, the parity bit is egqual to 1 wheﬁ the preceding data bits
contain an even number of l-bits (i.e., for/lodd parity, the total
number of 1's in the data bits plus the parity bit is an odad
nuaber). If even parity is specified, the parity bit is equal to 1
when the preceding data bits contain an oddynumber of 1-bits (i1.e.,
for even parity, the total number of 1's inj/the data bits plus the
parity bit is an even number). If no pariﬂgzis specified, Step 3
is omitted. W

"
The Transmitted Data signal is set to "1" for a minimum interval

|

equal to 1, 1.5 or 2 bit-times depending ugan the number of stop
bits specified in the communications contro;

. vector.

#hen no character is being transmitted, the Transmitﬁéd Data signal on Pin 2
is held at the value "1". -l

Character Reception ) ' ‘

i
g

i!
e

!
i
4
'

! e
T
"
1

The Hodel 2227B controller receives a charactéﬁ;by detecting changes in

the Received Data signal on Pin 3 in the connector asiifollows:

1.

)
|

A transition from the voltage level represghting logic "1" to the
level representing logic "0V for at 1east‘o@e~half a bit-time is
interpreted as the leading edge of the starit bit for an incoming
character. 1]

The Received Data signal is sampled succeséively at times corresponding
to the nominal center of each data bit. Iﬂﬂparticular, the nominal
center of the first data bit is 1.5 bit-times after the leading edge
of the start bit. The center of each subsééuent bit occurs one
bit-time after the center of its predecesst, Successively,
low-order bit first, the bits in the charaﬁter being receiving are
set to correspond to the sampled values. The number of data bit
samples taken by the controller equals thekﬁumher of data bits
specified in the communications control vegtor. If the nunber of
sanples is less than 8, the remaining high+brder bits in the
received character are automatically set‘tq;d (unless the shift

character option is in effect).

7 !
|
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3. A parity bit, if specified, is read by sampﬁihg the Received Data
signal again —- one bit-time after the last idata-bit is sampled.
The sampled parity value is compared with aﬁcalculated value
based on the received data bits and the type of parity specified.
If the received and calculated parity values are unequal, a

designated bit in the communications statusjwector is set to 1 to
indicate a parity error has occurred. i

ﬂ
iis sampled for a parity

value (or for the last data bit if a no paryty option is in effect),

the signal is sampled again. Now, if the sﬂgnal is wlv, a valiad

stop bit is recognized. On the other hand,||if the signal is wow,

a framing error has occurred and a designated bit in the status

vector is set to l. il

b
i

4. One bit-time after the Received Data signalf

il
.

Note:

i
. H
For each application, the transmission ratey number of data
bits, type of parity, and number of stop bits chosen for

the Model 2227B controller must match the specifications
for equipment in use at the other end of a=§0mmunications

link. ‘ Ly
]

1

N

'1.6 DATA BUFFERING

vuffer and a 255-byte receive buffer. With these buffers, data transmission/
ceception operations performed by the controller withirespect to the nodem can
gverlap data input/output operations performed by the:.CPU with respect to the
1/0 peripherals designated for a comnunications application. -

The corntroller has two multicharacter data bufﬁgrs, a 200-byte transnit

B!
!
€

1
For example, after the CPU sends a data string ﬁo the controller, the
CPU is free to perform an independent task such as fetching the next string

of data to be transnitted from the input device -- while the controller is
performing such tasks as code translation, character icrmatting, and transmission
to the modem. ‘73

Notes 4 ﬂ

\

\ I
If the transmit buffer becomes full while the CPU is
sending data to the buffer, the data transfir rate from the
CPU to the controller automatically slovws ﬁé the rate at
which characters are being transmitted from,the buffer.
No data is lost. il
1

ih
]

1o
,
)

|




‘1.8 TRANSMISSION DELAYS POLLOWING SPECIFIED CHARACTERS

1.9 CODE TRANSLATION

on the other hand, the centroller is free to receive a data string, .
pef" Hhrm such operations as code translation, and store the data 1in the receive
bul.er —-- while the CPU is perfornring an independent tagk such as outputting

data to a designated peripheral.
. ‘\ ’;]

e
Note: U

o

If characters are received when the receive bpffer is full,
a buffer overflow condition occurs and the appropriate error
bit is set in the communications status buffer. Wo other
action is taken by the controller. oL

1
{ i
i

1

1.7 SUBSTITUTION FOR CHARACTERS RECEIVED IN ERROR

Lol

When a character is received with either a parigﬁyor a framing error,
a substitute character (defined by byte &4 in the commgmications control vector)
is placed in the controllexr’s receive buffer, and the appropriate error bit is
set in the comnmunications status vector. For exanple, 'la special character
sach as @, or any other character not likely to occur;in the incoming data,
can be specified as the character to automatically régléce any characters
received in error. SN ‘

1<'j
e

o
When sending data to a mechanical printer termiﬁél such as an IBM 2741
or a Wang 1200, time delays are needed after tranSmngﬂon of TAB and CR
{carriage return) characters to allow the printing elempent sufficient time to

reach the proper position without loss of subsequent characters.

A special feature of the Model 22278 controllerL#emoves the necessity
for the user's program operating in the CPU to introdsge time delays following
transnission of special characters. Bytes 1l through; k8 of the communica tions
control vector can be used, in four two-byte groups, to define up to four
special characters and the transnission delay to followW each special
character. During transmission, the controller automatically delays for the

specified time following the transmission of one of the specified characters.
T

i
!
|

The code translation feature of the Model 2227B ¢ontroller allows data
interchange between the CPU and the controller in thé?hSCII code (American

Standard Code for Information Interchange) native to}tfe System 2200 --

regardless of the transmission/reception code for a pafticular application.

: : L
Space is reserved in the controller for two 256-byte code translation

tables, a transmit-code translation table and a receiveé-code translation table.

e o Rt 4 i

stucements in the program.

™15 program operating in the CPU, are loaded i&tb‘the controller by $GIO

Specification of such tables is optional. Translatiopn tables, supplied in the

FI
NI
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The automatic code translation operation is emabl
™\.pit and receive code translation tables after lopg
~ontrol vector. If no tables are loaded, the code tran
disabled. : '

: !

During transmission, a character sent from the ap
hyecomes an 8-bit index for a table lookup in the transm
table. An 8-bit character obtained from the table is p
buffer.

However, if byte 3 of the comuunications con&roﬂ
less than 8 data bits per character, only the relevanﬁ
each character are transmitted. ‘ 4

t

During reception, a character received by the con

an 8-bit index for a table lookup in the receive-code t

and an 8-bit character is obtained from the table. 1f
sharacter is a null character, i.e., (00)s

syte-position-2 in the communications conkro
the character is discarded;

in the receive buffer.

, and the hi
1 vector has the value 1,
otherwise, the translated character is placed

i
B

éd by loading the
3ing the communications
slation feature is

1
i

j to the controller
it-code translation
laced in the transmit
i

yector specifies
low-order bits of

troller is used as
ranslation table,

the translated
igh-order hexdigit in

Note: )

removed automatically by translating them to
This feature is applicable to half-duplex op
Table 2-1. ‘ |

superfluous characters used for timing or fill can be

(R

null characters.
Fations. See

]
A

1.10 INSERTION AND REMOVAL OF SHIFT CHARBCTERS

For applications involving data transmission ahﬂ

set which utilizes shift characters, e.g., when emulati
or a ¥Wang 1200 terminal, a special feature of the ‘Modeél

removes the necessity for the user's program opera

ting
shift characters. "

[

reception in a code

ng an YBM 2741 terminal
22278 controller

‘in the CPU to handle

The upshift and the downshift characters are Heﬁiﬁed in bytes 7 dnd

8 of the communications control vector. ¢
and removal of shift characters, code translation tabl
into the controller, and the number of data bits per
transmitted and received data must be 5 or 6. ‘
During transmission, the controller interprets h
of each translated character in the transmit buffer as
as follovs. .
|

Twvo High-order Bits Meaning

SR v

00 Downshifted characﬁeﬁi
01 Upshifted character. |
10 Character doesn'tfiare
11 Character doesn't}-aq%

ANt st ey

L e
‘A shift character is automatically transmitted betyeep

d

To activate antomatic insertion
it

le's nust be loaded

rm§racter in the

e two high-order bits
"shift status® bits

y
|
4
i
about shift status.

;ébout shift status.

\
;ény two characters

having different "shift status" bits. 1In particul“rcé
H in [ .

éh upshift character is



|

St

!

transmitted prior to a character having upshifted s?aﬂusw and a downshift
character prior to a character having downshifted status. The shift-status

‘w‘d be only the low-order 5 or 6 bits.

puring reception, the controller sets the valhg
eighth bit of each received character {before code ftr

»are not transmitted since the number of data bits transmitted per character

of the high-order
apﬁlation) according

to the most recently received shift character as fohlcws:
1
High-order Bit ﬁeaning§" g
— |
1 Upshifted charac-?ﬁ.
0 Downshifted character.
Notes i

If a received character is a shift characgte
is discarded; otherwise, the character is/ c
and placed in the receive buffer. ‘

4, the character
ode translated

1.11 DETECTING END OF RECORD CHARACTERS

The end-of-record detection feature is convenie
a received data stream contains meaningful record del
{carriage return) codes, and there is no necessity to
bef™q received.

Any number of characters can be defined as end-
thereby permitting the controller to divide a receive

#hile eliminating the need for the user’s progran ope

perform the task.
To activate the end-of-record detection feature

translation table must be loaded into the controller.

y
i |
qyjfor applications vwhere
imiters, e.gdg., CR
|display the data while

N
|, |
i

of-record characters,
data stream into records
ating in the CPU to

|
} ﬁyte 6 in the

5 v o L )

. \The high-order hit for

communications control vector nmust be set to HEX(OL):Enﬁ a receive code

sodes in the receive-code translation table must bg,s
character defined as an end-of-record character (and
other characters). ‘

t: to 1 for each

?

%%ﬁ to zero for all

During reception, if end-of-record detection isigﬁabled, the controller
aaintains a count of the numbers of end-or-record chafacters currently stored

in the receive buffer. The count is in byte 5 of the
vector (see Table 2-2).

:
[

§ith a $GIO statement described in Section 2.8

z
program can read the status vector into the CPU for t
t

availability of a complete record before requesting
via another $GIO statement.

When data is transferred from the receive buf
wroller, only those characters up to {and includin

end-of-record character is changed from 1 to 0 when

11

" icter are transferred. Furthermore, the high-9rd
“the

communications status
L '
i)
‘the user's comaunications
gsting to ensure the

gﬁ?sfer of buffered data
Eiﬁo the CPU by the

the first end-of-record
bit of the

character is transferred.

.
o’




1.13

1.14

signals under control via the user's program operat

.signal transmission and detection, intervals, respe'

b
[

Tf the end-of-record detection feature is not needed for an appllcatlon

for
th
on
N

can not be utilized because the high-order bit
t slation table are set to 1 for a purpose other
apd-of-record character), byte 6 in the communicati
be set to HEX(CO0) to disable end-of- -record detectia

112 ECHOPLEX OPERATION

Echoplex operation is a type of_ error checking
systems in their support of Teletype‘® terminalss | B
transnission facilities must be full-duplex. The ter
inmediately retransmit each received character, so |th

the retransmitted character with the one originally t

)

i |
he,

T

To activate the echoplex mode of operation, t
hyte-position-2 in the communications control vectg

2. In the echoplex mode, the Hodel 2227B controller
full-duplex mode with one exception -- received chara
{echoed) automatically.

43?e;e;-——mﬁm3$

%1
E%:»

n,deflnlng an
‘control vector should

13

-

sed by some computer
th the modems and the
inal is expected to
computer can compare
ansnitted.

hlgh order hexdigit for
st be set to the value
erates as if in the

ters are retransmitted

Note:
If a character is received with a parity |or|
the substitute character defined in byte |4 o

communications control vector is echoed.

T |

a framing error,
f the

) .

MONITORING RECEIVED TIMEOUTS

The Model 2227B controller has the capability té
timeouts. Byte 5 in the communications control vectof

binary value of the timeout in units of 0.1 second
timeout condition 0.1 seconds is specified by stor ng'
The maximum timeout condition 25.5 seconds is specifi
byte-position-5. On the other hand, storing HEX(O?)

disables the monitoring feature for received timeouts;

<

-

monitor received
is used to set the
the nminiaum

' For example,

HEX(Ol) in the'pOSltlon-5.
‘ﬁ by storing HEX (FF) in
in byte-position-5

6

Note:
If no valid characters are received duripg
period of time after a "start receiving ¢
operation, the controller sets a particu]
status vector. No other action is taken
when a timeout condition is exceeded.

g
1at
Lar

bY

}ispecified
2}

|
\
!
'
!
I
|
t

w 3$GIO
h1t in the
the controller

SENDING AND DETECTING BREAK SIGNALS ‘j:ﬁ

ol

The Model 2227B controller has the capabilit:

9 and 10 in the communications control vector are:

12

«send and detect break
‘in the CPU. Bytes
to define the break
ely, in units of 10

lcodes in the receive-code



{

|

311115econds.
wrval equal to 200 milliseconds for transmitted br

>1{'lar1y, HEX (10) stored in byte-position-10 defines
160 milliseconds for detection of break signals.

In addition to specifying the break 51gnal 1qte*

it is nec Ss

%at

10 of the communicaticns control vector,
nexdigit position in byte 2 to specify the partici
zhe polaclty of the break signals as follows.

For example, HEX(1l4) stored in byfe-p051t10n-9 defines an
éak signals.

,an interval equal to

| 1

({v‘als in bytes 9 and
ary to use the low-order
qu modem signals and

Byte 2 Break Signal !
{Low-order Hexdigit) Polarity Modem Slgna'
T
0 none none |
1 T [ 1 Lransmltled;
0 b I"I
2 ] 1. Secondary Rréuest to Send, or
— 0 Secondary Rf qelved Line Signal
Detector :
3 J 1 Secondary éiuest to Send, or
~ 0 Secondar £é¢e1Ved Line ‘'Signal
Detectorﬂ L
i
Note: {i
; L
1. The Transmitted Data and Received Data m%dem signals
are used with Bell 103 type modens, f
2. ©Normally the Seccondary Request to Send and Secondary

Received Line Signal Detector modem sig
with Bell 202 type modems which mustlne
the reverse channel option in order to

signal operation.

%als are used
erdered gith
support break

|
Il
F

Transmission of a break ‘signal by the controlle
level of the specified modem signal (i.e., Transmitte
Request to Send) for a period defined by byte 9 of‘th
vector. 1

Detection of a break signal occurs when the lon
2f a spec1f1ed moden signal (Received Data or Seconda
Jetector) is being continuously inverted for a perlod
interval defined by byte 10 of the communications con

.

fﬁlnvolves inverting the
IiData or Secondary

¢ communications control

roller senses the level
Ey Received Line Signal

fat least as long as the
trol vector.

Note:
re
>th

Detection of a break signal causes the "
bit in the status vector to be set. No ¢
taken by the controller.

I
i

g detected"

13
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CHAPTER 2
T CAMMING TECHNIQUES

2.1 GEVERAL CONSIDERATIONS

vhen writing user programs for the Model 2227
Communications Controller, the programmer should or
program in distinct modules for initialization and
As preferred, the ccmmunications module could overl

g
G
a

nodule, or the two modules could coexist simultaneo

usly:

B

lﬁfered Asynchronous
aQ;?e éach applications
pﬂnications functions.

it

the initialization

Generally speaking, an initialization module ﬁefﬁyes the 20-byte
sommunications control vector and assigns values nebrA#?nting information such

1s the desired transmission rate in bits per second|
per character, the type of parity (if any), and the n ym]

Other values in the control vector indi'éﬁg
is to activate such features as break detection, mo; iﬁ;
tuthilt

character.

timeouts, half or full duplex operation, and substg

sharacter for characters received with parity or fra

aodule also supplies the $GI0 statement needed to 1
into the controller.

If required, an initialization module defines
translation tables, and supplies the $GIO statement
tables into the controller. TFurthermore,

1

14

(4

0a

S
the module_gfb
alize variables required by the communications dejle even though the
®\bles are stored in the CPU rather than the contr

> number of data bits
pber of stop bits per
whether the controller
ring of received '
on of a special

g errors. The

the control vector

the

min
aﬁ
] .
trapsmit and receive code

eded to load such
ht define and

51!

ller

nemory.

!
1
:i
N
|
|,
!




2.2 SPECIFYING THE COHMUNICATIONS CONTROL VECTO

lS shown in Flgure 2-1

the vector are given in
|

|

In the user's communicaticns program residin 1n5%he CPU, the control

#ector should be defined by a one-dimensional a;rdy having-18 or 20 elements

with one byte per element, e.g., ! i

The format of the communications control ve_?'
and valid specifications for the first three bytes
Pable 2-1.

DIH C$(20)1 |

=
;

and, as a general programming practice, all elements should be initialized
o binary zero by a statement of the fornm | :

Y
.
il

INIT (00) C$Q)

sefore assigning values to particular elements.
i f

Individual byte-positions in the control vecﬁqr can be assigned values
sther than binary zero to select a desired combin&@io‘ of options and define
special characters for a variety of operations as|illp strated by the following
statements. 7’

Statenent Commant

HEX {(17) One stop bit; 300 bits per seé‘onﬁ.,;l
HEX (23) Seven data bits; odd parity. o

alwcharacters to choose a
| the communications
E‘ldownshlft characters
st have the value 0 or 1
ts having 5 or 6 data

Care must be exercised when defining some spe
compatible value in the first three byte positions
=ontrol vector. For example, if defining  wupshiftia
in bytes 7 and 8, the high-order hexdigit in byte|3~
{since the shift feature can be used only with cod
9its per character). See Section 1.10 and Table

e —
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Table 2-1. Valid Coammunications Control Vectom,57§pifications

Byte* High-order Hexdigit Low~order Hexigg%ﬁ
1 0 = Illegal value 0 = 50 bits p%t second
1 = 1 Stop bit 1 =175 bps ||| 721
2 = 1.5 Stop bits 2 = 100 bps |} ||
3 = 2 Stop bits 3 =110 bps || |
4 = 134.5 bpsi| |
5 = 150 bps || |i
6 = 200 bps o
7 = 300 bps \‘ |
8 = 600 bps || B
9 = 1200 bps |} |
A = 1800 bps || | i
B = 2400 bps!| |
C = 3600 bps || |
D = 4800 bps|'| |l
E = 7200 bps|| |
F = 9600 bps ||
2 0 = Half duplex 0 = Break disfbléd‘ _
1 = Half duplex with 1 = Break enabled ion transmit/receive
deletion of
received null 3 i
characters i
2 = Bchoplex 2 = Break enalled 'on Secondary Redq.
to Send § segg Rec. Line Sig. Det.
3 = Full duplex 3 = Sane as zwﬁivﬁjinverted polarity
3 0 = 5 Data bits per 0 = No parity%w
character (.
1 = 6 Data bits 1 = Even pariy | .
2 = 7 Data bits 2 = Ho parity|
3 = 8 Data bits 3 = 0dd parity
¥*See Table 2-1 (Continued) for bytes 4 through 20

‘

. Iy .




valid Comnmunications

control Vector Specific

ations (Continued)

Table 2-1. |
-
Byte| High and Low Order Hexdigits¥* Reuarks
T T
4 xy = Substitute character Bach re?eivei‘cbafactex having a parlty
for parity/fraaming or framing efror us replaced by the des
errors. 1gnateg chaax Zer (§§$1acom%n: oicgr;lon
prior to co rafislation i ransla
tables are bg ing Ised). Sec Section 1l.7.
5 xy = Timeout interval in The specxfxcE'xon in hexadecimal notation
units of 0.1 seconds. r;pgeient° th ‘t1 eouf(ngetval(gg)Unlts
o .1 seconfly, ekg., =
specifies an|intefval of 3% seconds’
Sce Section
6 00 = Pisable end-of-record 1f enzblgd;.‘ d-g: -record chargctcrs
detection. nust be defl a e rececive-code
01 = Enable end~of-record translation jta ble| by setting the high-order
detection. bit to 1 fon | ch code corresponding to
. an incomiang f-record character.
See Section
7 xy = Upshift character. To egab}e ssﬂ‘ ge 1nsert;on/d;le}12a,

. the high-ord igit in byte o e
control vecto t be 0 or 1 (i.e., the
nucher of dat § per character nust
be 5 or 6). the transmit-code
translation muaL identify all down-
shifted, upsh ¢ and “don't care"

‘ characters t» 1ng the two high-order
8 xy = Downshift character. bits to 00, ghlo or 1l as geSPrlbed
. in Section e receive-code trans-
lation table allow for the controller's
automatic se {before translation) of
the high-or ;t blﬁ 'to 1 for all inconing
upshifted c?l;ac ‘rs.
1 l
. 1L
9 xy = Break signal transnit To enable b ea ﬁlgnal transnission/detec-
interval in upits of tion, the 1 y~or er hexdigit in hytehz
10 ms. of the contrgl v sctor rust specify the
polarity and jthe hodem' signals. TIf bytes
9 and 10 ar ‘bot HEX (00), the lovw—-oxder
= hexdigit in {yte 2 should be 0. The byte
10 xy = Break signal detection 9 and 10 sp ‘ifx atlons in hexadecinal
interval in units of notation re»gese t brea? signal transmit
10 wms. and receive xnte in units of 10
n@llisecond‘ﬁ ey (12)1‘ = (18),, speci-
fies a 180 § 1nﬁerva1. See Section l.14.
’ ) i
11 xy = Special character. Up to four s 261%1 characters can be
p defined in ;ﬁtes=11 13, 15 and 17. The
12 00 = No transmission delay. delay associ,te IHlth a particular charac-
xy = Transmission delay in ters is spe 1f1e in the following hyte,
units of 10 ms. in heradec Al §tat10n representing the
interval inm nlgs .0f 10 milliseconds.
13 Saue as byte 11, Tha maxinun ’el s UEZ(FF)~2.5 seconds.
puring trals 1s§%on, Lhe controller auto-
14 Sane as byte l2. ratical élays for the specified tire
- followlng h‘ t @nsalsslon of one of the
15 Same as byte 11. specified ﬁracgers. If a transnit-code
—-tran;latlo ab is used, each spncial
16 Same as byte 12. character t %g defined with reﬁpect to
its code af?“ ranslation. If the auto-
17 Same as byte 11. matic trang ?gsnbn delay capability is
not dcsirex;‘by, s 11 through 18 should
18 Sazme as bhyte 12. each be setlfto 12 X(09) .

.*x and y each denote any hexdigit (0 through 9, }h
not desired, the byte positions associated vxtlgi
the communications control vector has been initi

1

hrbagh F).. If a feature is
foature can be ignored if
to hinary zero.

@d into the controller

hy a $GIO otatencnu hav1nq the upproorlatc nlcrcm

ind scjuence from Table
2-3. See Secction 2.0, i
18
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2.3 THF, COMMUNICATIONS STATUS VECTOR

y
. . ;
Space is reserved 1n the random access memory

o
cd roller for a communications status vector wWho g b

. the Model 2227B
te and bit positions are

s e S o e

used automatically as shown in Table 2-2. The figst hree bytes of the status
vector are cleared automatically whenever it is r ‘d In;d when the
commanications control vector is loaded into the ¢ontrpoller from the CPU. See

Section 2.4.

_ Flags are set in the first three bytes of t @ status vector during
controller operation. In bytes 4 and 5, the current gumber of characters in
the receive buffer and the number of end-of-recor wchjnacters are maintained
as binary counts. Byte 6, on the other hand, is }mi ar to a real time clock

‘?ec fied in byte S of the
|

T ———

vhose value is initiated to the timeout interval Spe
communications control vector each time one of the|folllowing events occurs:

a) A $GIO "start receiving data® operationfﬁegins,

|
} |
b) a line turnaround occurs during a $GIO Wsena, then receive data®
operation, or i‘ K

i , _ :
c) a character is received during either o Tra%ionc

If the value in byte 6 of the status vectoris hot reset by one of these
operations, the countdown proceeds to zero, r ‘ .
: e

i |
Whenever desired, the information in the st:Fu | yvector can be read
(#ansferred to the CPU) by a $GIO statement havin@ q e appropriate microcommand
|
f

. sence from Table 2-3. See Section 2.4. After] kransfer to the CPU, status

o

yector information can be tested, as required.

Table 2-2. Communications Status Vector Information

Byte Bit* Heaning }
1 1 1 = Break signal receyveg
7 - ) T
2 1 1 = Received Line Slg&al-netector On
2 1 = Sec. Rec'd Line $ig.|Det. On
3 1 = Data Set Ready mqéem‘signal on
. T
3 1 1 = Receive buffer ovgrrin;error detected
2 "1 = Receive framing efror detected
3 1 = Receive parity elﬁbr detected
4 all Binary count of the numbér of characters
in the receive bufferq
i
5 all Binary count of the nﬂmbﬁr of end-of-record
characters in the receive buffer.
6 all Received data timeout|coyntdown.
'#*Bit positions in each byte are numbered from 1 éﬂbﬁ»order} to 8 (high-order).
’ 19




‘The communications control vector (CcCV) defined by

o M v b 8 s <

2.4 CPU AND CONTROLLER INTERACTION VIA 3GIO STATEHN

residing in the CPU should include $GIO statements|.
sequences. A list of valid microconmand sequences| i

for several operations.

Table 2-3. Valid Microcormand Sequences for

To operate the Model 2227B controller, the u%’
\

r!s communications progran
iﬂg suitable microcommand

resented in Table 2-3

Send data QQOA}

Operation Hicrof
Set communications control vector 45894
Read communications status vector uyd 3 e
Load transmit code translation table 4404 A
Load receive code translation table 4405
Disconnect ) La06 |
- Send break signal 4407
Start receiving data uuo§j
Transfer received data to CPU 4409

Send, then receive data 4u08

2. A000 44OC

0 uy0cC
S 440C

#1 microcommand sequence can be specified di g

t

‘\
e |
&

or indirectly in a

$GI0 statement. If specified directly as the arg-l component, each

assigning the sequence to a variable and ing

for readability as shown in this tables TIf spec
uding the variable in a

ified indirectly by

four-hexdigit-code can be separated from th qbr”éious one by a space

statement, spaces cannot be used, e.gd., AS Ji@E (448044022000440C).
See the General I/0 Imstruction Set Referenge Manual.

Brief descripticns of each of the operation
sanple $GIO statement is shown for each operationj;
ased in the statement may be given different names

and the arg-l variable can be eliminated if the nig
specified in the statement.

Set Communications Control Vector

‘ |

$GI0 SET CCV /01C (GO0$, G$) C$()

set (loaded) into the controller when the statemen

is the address of the controller and GO$ representg
sequence shown in Table 2-3. G3$ represents the erT,

registers.

. ,
llin|Table 2-3 follow. A

however, the comments and variab.
inJacuser‘s progranm,

Lo

onpand sequence is

array C$() 1is
executed. Here, 01C
e first microconmand
/status/general-purpose

the communications status vector and cod
are cleared.

|
Note: {”

The controller transmit and receive buf %:

T as well as
slation tables

20




Communications Status Vector

a—

$GIO READ CSV ,01C (Gl3, G35) AS

The character string AS$ (which must be at least 6 bytes long) is set to the
six-byte value of the communications status vector. Here G1l§ represents the

second microccommand sequence from Table 2-3.

ote:

The error and received break indicators in the communi-
cations status vector are cleared. . .

toad Transmit Code Translation Table

$GIO LOAD TTBL /01C (G2%, G$) CLS()

The transmit code translation table (which must be defined in the user's
program) is loaded into the contrcller from the array Cl3$() . However,
iyecution of code translation by the controller is optional. The feature is
onabled if transmit and receive code translation tables are loaded after the
~ommunications control vector is loaded into the controller. Here, G2%
represents the third microcommand sequence from Table 2-3. The array C1l$()
aust be previously defined in the user’s communications program.

NOTE:

1. The transmit translation table should be exactly
256 bytes in length and represent the codes .to
which System 2200 ASCII characters are to be
converted prior to transmission. The byte positions
in the table should contain the "after translation
characters" arranged in a sequence corresponding
to the “"before translation characters", i.e., the
System 2200 ASCII characters. }

2. If shift character automatic insertion/removal is
in effect (i.e., the specified number of data bits
per character is 5 or 6), the high-order two bits
of each code in the transmit translation table must
go;gorm to the agpropriate values given in Section

21




Load Receive Code Translation Table

- $GYO LOAD RTBL /0lC (G3$, G9) C2%()

The receive code translation table is loaded into|the controller from the
irray C2%() which must be previously defined. Here, G3% represents the
fourth microcommand sequence from Table 2-3. Execution of code translationm
is optional, depending upon whether code translation tables are loaded into
the controller by the user's ccmmuncations progral.

NOTE:

1. The receive translation table should be exactly 256
bytes long. The byte positions in the table should
contain ASCII characters (the "after translation
characters" in this case) arranged in a sequence
corresponding to the fhefore transl tion charactecrs".
The translation procedure is equiva;ent to using the
binary equivalent of an incoming character'®s hexadecimal
code as an index for a table look-up operation by which
the appropriate translation character is found. If
the incoming non-ASCII character is|a HEX(18), the binary
value is 2U4: therefore, the corresponding ASCII character
should be located in the 25th position of the receive
translation table. (Keep in mind that the first position
corresponds to the binary value zerp.)

2. If shift character automatic insertion/removal is in

. effect, the 256-byte receive translation table represents
two 128-byte tables. The first 128 bytes in the table
should represent the conversions for incoming downshifted
characters corresponding to the hexadecimal codes HEX (00)
through HEX(7F). The second 128 byte positions should
represent conversions for incoming jupshifted characters
corresponding to the hexadecimal codes HEX{80) through
HEX(FF).

3. If end-of-record character detection is enabled, the
high~order bit fcr codes in the receive-code translation
table must be set to 1 for each character defined as an
end-of-record character (and set to zero for other
characters).
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Jigmonnect

$GIO DISCONNECT /0lC (GUE, G%)

if G43 represents the microcommand %406 shown in Table 2-3, the controller
lisconnects from the line by setting the Data Ter inal Ready signal to 2zero
for a period of three seconds. '

jend Break
$6I0 BREAK /01C (GS53, G9%)

if G5$ represents the microcommand 4407 shown in Table 2-3, the controller
sonds a break signal in accordance with the circuit and polarity denoted by
rhe low-order hexdigit in byte-position=2 of the communications control
rector. See Table 2-1 and Section 1.14.

3tart Receiving Data

$GIO START RCV /01lC (G6$, GS$)

[f set for half-duplex operation, the transmit and receive bufifers are
sleared, and the controller enters the receive node and starts receiving data.
11so, the receive timeout countdown is started, and its current value is
zaintained in byte 6 of the ccmmunications status vector. Here, G6$
cepresents the microcommand 4408 shown in Table 273,

'~ sfer Received Data to the CPU

[ar]

$GI0 RCV /01C (G73, G3) DI%{)

The contents of the receive buffer are transferred fron the controller to the
~PU and stored in the array D$(). Bytes 9 and 10/in the error/status/
general-purpose registers provided by the variable G$, i.e., arg-2 of the $GIO
Statement, are set to the binary representation OE the number of bytes
received whether stored or not. See the General I/O Instruction Set Reference
danual. Here, G73 represents the eighth nicrocomnmand sequence sho¥n in

rable 2-3; See Section 1l.11l. VNote: The $GIO statement buffer, here
represented by D$(), should be an array at least 255 bytes long.

Send Data ‘
$GIO SEND /0lC (G8$, G$) F3{) <l, N>

If set for half-duplex operation, the receive bufifer is cleared. The first
¥ bytes of the array F$ () are transferred from the CPU to the controller
for storage in the transmit buffer. The controller transmits the data and
remains in the transmit mode (if set for half-duplex operation). Here,

G83% represents the ninth microcommand sequence in/‘Table 2-3.

23
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S5end Then Receive Data

$GIO SEND RCV /01C (G935, G¥%) F$() <1, N>

This statement is applicable only for half-duplex pperation. The first N
yytes of the array F$() are transferred from the CPU to the controller for
storage in the transmit buffer. The controller transmits the data and then
sxecutes a "start receiving data" operation. Here, G9§ represents the tenth
aricrocommand sequence in Table 2-3.

NOTE:

1. Por half-duplex communications, the send data"
$GI0 operation should be used to send all but
the last bytes of data. The "send, then receive
data™ operation should be used to se&d the last
bytes of data, and afterwards the "transfer received
data to CPUY" should be used. Use of the "sengd,
then receive data® operation automatically
implements a line turnaround procedure, thereby
ensuring the controller's readiness to receive
data without loss. T

2. For full-duplex communications, only the ¥send
data® and "transfer received data to CPU" are
needed. The "send, then receive data" operation
should not be used.
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9)

10)

11)

Pin 15 TRANSMITTER SIGNAL ELEMENT TIMING
(FROM data set).

The square wave signals on this circuit (2000 HZ
for 2000 baud modem; 2400 HZ for 2400 baud
modem; 4800 HZ for 4800 baud modem) are
used to provide the data terminal equipment with
signal element timing information for the transmit-
ted data circuit. A timing signal will be present on
this circuit whenever power is on in the data set.

Pin 17 RECEIVER SIGNAL ELEMENT TIMING
(FROM data set).

The square wave signals on this circuit (2000 HZ
for 2000 baud modem; 2400 HZ for 2400 baud
modem; 4800 HZ for 4800 baud modem) are
used to provide the data terminal equipment with
receiver signal element timing information. The
transition from ON to OFF normally indicates the
center of each signal element on the received data
circuit. A timing signal will be present on this cir-
cuit when CARRIER (pin 8) is ON for data sets
201A and 201C.

Pin 20 DATA TERMINAL READY (TO data set).

The data terminal must apply an ON condition
(+3v to +25v) to this circuit at all times to go into
the Data mode. An OFF signal on this line will not
allow data set to go to the Data mode. An OFF sig-
nal on this line during data reception or transmis-
sion will make the data set drop the communica-
tion line.

40.

2227N NULL MODEM

————=—=—=——7 7
| 6548 |
CHASSISGND | 1 mE
XMTDATA | 2 |+ >( 1 2
RCVDATA | 3 : ™ 3
REQTOSEND | 4 | | ‘ ] e
CLEARTOSEND | 5 Ct 5
DATA SETREADY | 6 I 6
SIGNALGND | 7 |—+@— 7
CARRIERDET | 8 : + 1 8
|
SUP. XMT | 11 | —
SUP.RCV | 12 |~ X ‘L 12
DATA TERM.READY | 20 |- [um 20
RING | 22 - +— 22
I 1 2
2228N NULL MODEM .
r — —' ———————
CONN. 1 l I CONN. 2
CHASSISGND | 1 [ ™
XMTDATA | 2 |~ 2
RCVDATA 3 |~ )< - 3
REQTOSEND | 4 - - 4
CLEAR TO SEND 5 va 7 5
DATA SET READY 6 T T1 - 6
+ T

14
[}
SIGNAL GND 7\
CARRIERDET | 8

- 0~

1
t
COMMONBANDCK | 11— . 1
supRcY | 12 (=4 X » 12
DATA TERM READY | 20 [ J 1 20
NG | 22 [ z
Tl ——————_——— 42
™TCK | 18 * ¢ 15 | TMTCK
RCVCK | 17 ] L—— 17 | Revek

41
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THE COMMUNICATIONS CONTRDL VECTOR 18 AS FOLLOWS:

BYTE 1 R N

PERFORM CODE TRANSLATION

G 1=
= RECEIVE CHAR SVYNC. ENABLED

Xz
!
BYTE 2 - -NN &8558
STOr Ry
-5 STOP RITS
STOP PRI

-3= 50, 75, 100, 110 DalD
-7 134, 150, 200, 300 BAUD
R
-

NN O 1=

J_
T =e

GO0, U200, 1RO0, 2400 DALD
3EO0; 4800, 7200, DEO0  RAUD

BYTE 3 - ~ =M™ - -8B

215 e 2 0= HFF DUPLEX

220 1 HALF DUPLEX WITH SHIFT CODES
221 2 ECHOPLEX

P28 3 FULL DUPLEX

24 BR: 0=  BREAK DISABLED .
PR%S 1 BEREAK ENABLED ON TRANGMIT/RECEIVE
ARG 2 BREAK ENARLED ON SECONDARY REQ.
27 TO SEMD & SEC. REC. LINE SIG. DET
PER 3 BAME AE 2 WITH INVERTED POLARITY
PR3 : :
230 BYTE 4 e W - PP

WW:  0-3= 5,6,7,B BIT DATA WORD

0= NO PARETY
1 EVEN PARITY
2 NO PARITY
3 0DD PARITY

i R

BYTE & . RECEIMVED FRROR SUBSTITUTE CHARAGCTER
BYTE. € RECEIVE TIMEOLT VALLE TIMES 0.1 SECON
CBYTES 7 10 RECEIVE SYNCHRONILZATION CHARACTERS
BYTES 11-14 RECEIVE END-OF-RECORD CHARACTERS

BYTE 15 UR-SHIFT CHARACTER

BYTE 16 DOWN-SHIFT CHARACTIR

BYTE 17 BREAIKC TRANSMIT TIME TIMES 0.01 SECOND
BYTE 18 BREAK BDETECT TIME TIMES 0.01 SEGONDS
5 o S K Al =R ; e

< TN

S 2l po

I3

i

-
*************#*#********:{*1‘:‘*-‘?:‘3#-”3*********#****#******

- e = w o axn & T4 h Lf X .. ~

248 BYTES EQfEH 4 PAIRQTQF THE FOLLOWING:
Fooand ' CHAR TO BE FOLLOWED BY TR. IDLE
&S50

MUMBER OF IDLE CHARACTERS
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