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GENERAL DESCRIPTION

The 12920 Asynchronous Chunnel Multiplexer is an interface to sixteen asy ychronous bit serial devices.
These may be 103 modems, 202 modems, or hardwired devices, It may also operate up to eight 801 -
Automatic Calling Units,
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A MULY PLEXER allows sigr als from several lines to be channeled through a single port. In this case, the
single po:t is the computer i/0 system and the multiple lines are communication lines. There are rmany
different types of muitiplexers so, for simplicity, the Asynchronous Channel Multiplex:r may be likened to
sixteen buffered teletype interfaces. There are, of course muny differences between the simple teletype -
interface and the multiplexer, but the mode of communication is the same, asynchfonoqs bit serial.

Asynchror ous bit serial devices, numbering in the hundreds comprise CRT's, hardcopy terminals, ba:ch
terminals, keyboard-printers, computers, tape readers, tape punches, card readers, tape cassettes, optical
character eaders, graphics terminals, etc. The requirements are :

1) Electronic Industries Association RS 232 interface or SCITT V.28 interface.
2) Asynchronous start-stop transmission.

3) Speed in the 60 to 2400 bit per second range.

tssentially, any cevice which can opcrate into a 102 or 202 data set can operate with the multiplexer. it i
-srgely because of the adherence of this large class of plug compatible devices o a single mechanical ard



electrical interface, in Europe CCITT recommendation V.24 and in the US.A. RS 232 specifications, that
has allowed manufacturers to develop standard products confidently in this area.

An impor 'nt point is that the multiplexer can operate simultaneously and independently, any mix of thewe
devices i jerdicss of the differences between the devices in bit rate, line discipline, uperating mode, ete.

The basic 12920 kit consists of three interface cards, cables, and a connector panel. Two of these cards are
the 12921 Data Interface and are linked through a double hooded cable to the panel. The third card is the
12922 Contiol lnterface which, through two cables coming out of its hood, is lirked o the panel, Tie
panel, 30062, in turn connects to the devices either through customer supplied cables or the 30332 series
cables. The sixteen connectors te the mod=ms or. devices are the star dard RS 232 twenty five pin “Cinch "’
connectors. For devices which go directly o the panel, the computer is simulating a data modem sc that
any te: minal which can work directly into = data modem will be able to work directly into the panei,
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The 12520 option 001 adds one more 12922 Control Interface. This increases the number of control and
status lines allowing use of up to eight 801 computer controlled Automatic Dialers, or allowing the use of
up to sixteen 202 type data sets. Dialers, terminals, and modems may be intermixed with the restriction
hat each dialer takes up two of the sixteen ports.

£rom the pane! to the device, there are three HP supplied cables, the 30332 which connects to a 10% or 202
‘nodem, the 30332-001 which goes to an 801 automatic dialer, and the 30332-002 which 5 a brute fr,rce
pin for pan twenty-five foot extension cable. In most cases, the cable which comes with aterminal, rizant
to.go to a data set, will work pluaged directly into the panel or through the extender cable into the pznel.



1
103 MODEM el

“‘:; . l*q
TERMINAL —~=
CONNECTOR PANEL
r——J |
CONTROL BOARDS
= DATA BOARDS
F DATA SET
CONNECTORS
) A )
S

i

/_\___' CONNECTOR PANEL //
/A__: ———h |

- -‘J
INTERFACE CONNECTORS :

CE S |

3 CABLES

v =
Gswcs

CABLES




BIT SERIAL TRANSMISSION

The thread of commonality between the devices useable by the mult:plexer is that data is transferred one
bit .at a time. Bit serial transmission uses only a singfe wire and a ground return to transfer information.
Because of this advantage'in thic cost of transmission medium, this moce of operation has been around SINce:
the invention of Morse code. Today’s asynchronous bit serial devices 1:1se three wires, one for data cut, one
for data in, and a ground return. Characters are sent by a timed sequence of bits.

A bit i+ a unit of information and “bit"” usually is used instead of a "binary digit.” Confused with “bit* is
“baud’, the shortest duration signalling etomert. Or. » 203 v £02-fata set, "bit"” equals “'baud” equals
“binary digit” and the terms are used interchangeably.
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Asynchronous transmission is differentiated from synchronous transmission by the method of generating
the bit timing. In asynchronous transmission, the receiving and sending ends have independent clocks to
strobe the bits in or out. '
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ASYNCHRONOUS TBAN MISSIDN

The clocks might not be going the ly :f'requency, but can differ by up 10 a few percent before
transmission failure occurs. Since the “'% . are not in synchronization, the transmissich mode is termed
“asynchronous”. In order to know wi ( ' ift a bit in, the receiver must be able to synchronize itself
with the bit stream. It doos this by r:“'y';;.‘r 1 start pulse and times to the middle of the bits from this
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transition. It doesn’t matter how mur}n“z +-51.¢8 Detween the stop bits of one character and the start bit
of another because the receiver alway:, e
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RESYNCHRONIZATION AT THE BEGINNING OF EACH CHARACTER

Synchronous transmission, on the other hand, aliows each end of the transmission link to have access to the
same clock. This means that both the receiving and sending end clock bits in and out at exactly the same
‘requency. Blocks of thousands of bits can be sent without the need for re-synchronization.
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SYNCHRONOUS TRANSMISSION

The bitserial data communications devices ar'_e perhaps the largest group of plug to plug compatible devices
which exist. There are, however, several difficulties which must be surmounted in order to utilize this

resource pool.

First, there are at least a dozen speeds at which these devices transfer their bits. This is known as the dev;ce
Bi'™ or BAUD rate. The HP 2600 terminal alone can communicate at 10 different switch selectable speeds.

TYPICAL BiT RATES

HP 2749 (ASR 33 teletype) ~ 110 bits per second

IBM 2741 terminal ) 1345

HP 2605 (Univac DCT 500) 110, 150, or 300

Memorex 1240 terminal 110, 150, 300, 600

HP 2761 marksense card reader 1050 ,
HP 2600 CRT (Datapoint 3300) 110, 220, 440, 880, 1760, 150,

300, 600, 1200, 2400

[4,]



This is no problem on the multiplexer as it allows any of the channels to be configuied by a simple output
of a control word t6 any one of 256 {249 useable) frequencies covering the spectrum of speeds between 56
bits per second and 2400 bits per second. This completely and cleanly eliminates the speed compatibrhity
problem,

Second, there are a variety of character formats represented, from the 5 data bits of a Baudot code
teletype, to the 6 bits of an 1I8M 2741, to the ordinary ASCIt 7 bits plus parity, and to, in the future, 8 bits
plus parity USASCIIS8,

TYPICAL CHARACTER SIZES g

HP 2749 teletype 11 bits = 1 start, 7 data,
. 1 parity, 2 stops.

18M 2741 ' 9 bits =1 start, 6 data,
1 parity, 1 stop.

HP 2605, HP 2761, HP 2600 . 10 bits = 1 start, 7 data,
1 parity, 1 stop.

Baudot code 7% bits = 1 start, 5 data,

1Y stop (send 2; receive 1).

Charac er sizeé and a number of other parameters are programmable for each channel individually. Thus, the
interface can simultaneously run any mix of bit serial device types,

The third compatibility factor is control of the device which is in most cases a data set. 8y providing the
important control lines and creating an interface which can be set to jive an interrupt on rising, falling, or
both edges of a status line signal, generality and flexibility of usage is maintained. For instance, it is possible
for an 801 automatic dialer, a 103 data set, a 202 data set, a 103 compatible hardwired terminal, a 202
compatitie hardwired terminal, and a Touchtone receiver data set to be operating simultaneously.
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DATA MODEMS

MODULATOR' 7 TELEPHONE LINE DEMODULATOR

o DROPPED
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There are two types of asynchronous modems in widespread use. These are the 103 type and the 202 type,

patterned after \/estern Elec: rics modems. The word “‘modem’’ stands for modulator-demodulator which is
2quivalent to trai:smitter-receiver.

The 103 is a full duplex, frequency shift keyed, 0 to 300 baud modem.
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Full duplex means that each terminal may be transmitting and receiving simultaneously. This means that
the data being received can be different from the data sent. Some computer systems use this fact to print
out a different character from that typed, or to separate input and output into independent information
streams. Most usually, as in the case of the teletype, the full duplex operation is used to echo back the same
character that was typed. This provides a simple and very effective method of error control. A bit error on
the line will cause a different character to be printed from that which was typed and can be detected
visually at the terminal. Some terminals which operate over a 103 are half duplex, that is data can Le
received or transmitted but nct both ways simultaneously. A half duplex terminal usually has a direct
connection between the keyboerd and the printer to cause printing while typing.
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trans nits on one frequency and’receives on another, the frequencies being determined by whether
the data set originated the call or answered the call. The 103A can be used both for originating and
answering, but some data sets can be used only in one mode such as the 1138 which can only answer,

. ANSWER MODE ORIGINATE MODE

COMPUTER 1138

The 202 type data set goes up to 1200 bits per second but is half duples . A line turn around is necessary to
switch the modem from send to receive and vice versa. This turn around takes 200 milliseconds when
working over the direct dialed network because of the process of disabling echo suppressors, those devices
which keep us from hearing our own echoed and delayed voice.

‘.

 REFLECTING

ECHO SUPPRESSOR 3
B s &resceantl BARRIER

SIGNALS _

ECHO BEING SUPPRESSED

The long duration of the turn around degrades’the terminal’s throughput in highly interactive systems. The
202 also has a very slow, 5 baud, reverse channel which can be used to send information opposite the
direction of the main information flow. This channe! can be used to re Juest ;etransmnssnon signal errors,
send low speed information, or signal ready to receive. In interactive terminals, the reverse channel is
.connected to the break key so that the termmal may interrupt the compu ter.

The signals which connect between the computer and the data set are mportant because interaction with
these signals varies widely from terminal to terminal.

BA  (Bf is the standard mneumonic used with this signal.) This is the serial data to the data modem. The
data moc :m will send a mark frequency if this line is a logical 1 (neative volts) and will send a Shats
frequency if this line is a logical O {positive volts). Some time Iater normally a few milliseconds, the value
of this lin. will come out the BB line of the distant data set.

BB  The BB line is the serial data line from the data modem. {t will b¢ either 1) a logical 1 if the data s=:
is not in the data mode, 2) the same value, delayed as the distant BA lir. e, 3) or,on a.202 C modem in the
transmit mode, the value of the local BA line. This signal wrap aro.nd sometimes causes unexpected
situations during program debugging because of reception of one’s own data.

CD Data Terminal Ready to the data modem is very important since, unless it is a logica! 1, positive
volts, the data set will neither send, receive, nor answer the telephone. When it is dropped to 0, the data set
will disconnect from the line, a feature useful for eliminating an unwanted caller.

CA  Requust to Send to the modem places a 202 in the send mode when logical 1 or the receive mode
vihen logical 0. This line must be toggled whenever a line turn around is desired. CA does function on some
private line 103's to turn the transmitter on and off, a feature useful for muiti-drop configurations,




SA  Secondary Channel Send, to the modem, sends a signal on the 202 reverse channel, On a 103 it has
no fun:tion. The modulation technique on the reverse channel is on-off keying of a 387 Hertz tone which
can be heard as a foud whistle on the teleprone. ‘ 4

CC  Data Set Ready, from the modem, is equivalent to the data button light on the phone, i.e. the dats set
is in the Data mode. When the data set automatically answers a call, or the data button is pushed, CC comes
t0a 1. Wk the data set-goes out of the data mode either because 'the data set automatically disconnects or
the call is .erminated by lowering CD, then CC goes to 0.

CF  Carrier Detect is a status line from the modem which indicates, when on, that a signal from another
modem is being received. On ‘a 103 modem, since the distant station is continuously transmitting, it should
remain on for the duration of the call. On a 202 modem, in the receive mode, CF indicates the presence of
the other carrier, but in the send mode indicates ones awn carrier., During the line turn around, carrier
detect goes off then on again. A loss of carrier detect'during a reception is regarded as a line fault, the
normal action being to disconnect by dropping CD, Data Terminal Ready, which places the telephone back
on hook.. '

CB  Clear to Send, is request to send brought back to the data terminal through a delay circuit. Providing
the necessary timeout for a line turn around, the delay is two hundred milliseconds when strapped for
" communication links with echo suppressors. When request to send, CA, is removed, then C8 goes away
within a few miliiseconds. On a 103 modem, this line is usually the same as CF, carrier detect.

SB  Secondary Received Data, is on a 202 data set, the signal coming from the 5§ baud reverse channel,
This lin: reflects 1) the distant station’s SA line delayed by 10 to 100 miiliseconds when in the send mode,
2) one’s own SA line when in the receive mode, or 3) a 0 when the data set is unptugged, the telephone line
is down, or the distant end is off the air. :

‘CH  Frequency select, a control line to the modem, is not in general use’in the United States, but is used
in Europe where it determines the frequencies for frequency shift keying. This gives a tradeoff between
speed and reliability.

REQUIREMENTS FOR AUTOMATIC ANSWER

i} Data Set “AUTO" button depressed.
2} CD, Data Terminal Ready, ON,

REQUIREMENTS FOR 103 TRANSMISSION OR RECEPTION

1) CC, Data Set Ready, ON.

2) CF, Carrier Detect, ON.

3) CD, Data Terminal Ready, ON.
4) CA, Request to Send, ON.

REQUIREMENTS FOR 202 DATA TRANSMISSION

1) CC, Data Set Ready, ON,

2) CB, Clear to Send, ON.

3) CA. Requestto Send, ON.,

4) CO, Data Terminal Ready, ON.

REQUIREMENTS FOR 202 DATA RECEPTION

1) CC, Data Set Reacy, ON.

2) CA. Request to Send, OFF, v
3} CD, Data Terminal Ready, ON.

4) CF, Carrier Detect, ON.

SOME CAUSES FOR DISCONNECTION

1) CD; Data Terminal Ready, OFF,

2} " Carrier loss, if data set has option for disconnéction on carrier loss.

3) 3second space, if data set has option for long space disconnect,

4) Pressing “TALK" button on Auto Answer data set.

5) Loss of signal (10 seconas) from the switched network.

6) Housewife call, if duta set has option to disconnect if carrier does
not come up 10 to 20 seconds after CC, Data Set Reaay, ON.

7) Cable or data set not plugged in. '
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OTHER MODEMS

Most asynchronous modems are a variation on the 103 or 202 modem. The spiit speed modems behave like
202's except the reverse channel is fast enough to support meaningful information; like keyboard input.

Touch tone telephones may. be used through a 403 D7 data set which is a touchtone receiver with a bit
serial interface to the computer. It behaves like a 103,

With all of the non-tefephone company modems, a Data Access Arrangement is needed to go between the
modem and the telephone line. This protects the line from the modem and the modem from the line.
DAA’s are available for manual operation and for automatic operation, The Automatic DAA’s allow
customer generated dial puises and unattended answer.
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THE EIA RS 232 C INTERFACE

The RS 232 specification is a set of electrical and mechanical rules intended to standardize data set
interfaces. The document may be obtained from the Electronics Industry Association,

EIA Engineering Department
2001 Eye Street, N.W.
Washington, D.C. 20006

price $4.40.

- The basic s are the following:

1)

2)

3)
4)
5}

= O NO OB WK e

Py

20
22

i)

e

The connector to be used on the modem is a 25 pin “Cinch’’ or “Cannon’ connector. The standard
for this as used by the telephone company and HP has a grey breakable plastic hood. This is not in
the specification, but is an established standard. '

Any line must be able to be shorted to any other. This means that the connector may be plugged
or unplugged without blowing up the ‘computer, or in the case of the 2100, without halting the
computer.

Input impedances must be within 3000 to 7000 ohms rangé.
All control and status lines are on, logical 1, for 3 to 15 volts and off, logical 0, for -3 to -~ 15 voits.

Data lines are 1, mark, for minus volts and space, 0, for positive volits.

PIN CONNECTIONS ON DATA SET CONNECTOR

Protecui-e Grourd (this line should nat be connected to the computer ground)

BA Transmitted Data

8B Received Data

CA Request to Send )

CB Clear to Send -

CcC Data Set Ready

AB Signal Ground {Common Return)

CF Received Line Signal Detector

SA Secondary Transmitted Data (this is not a standard EIA RS 232 pin number. 202’ are
different this way)

SB Secondary Received Data (same as SA)
D Data Terminal Ready
SE Ring Indicator

SH/Cl  Data Sigralling Rate Seiecior

16



THE 12920 ASYNCHRONOUS CHANNEL MULTIPLEXER

The following is a2 “how to do it” reference on using the muitiplexet. A complete explanation of what is
happening in the hard:ware is available in the 12920 manual. -

ACTION DESIRED ACTION REQUIRED EXPLANATION

clear lags set by power on CLF CNTL Interrupt will occur on the first STC if flags are not
CLF MPX | clear. CNYL is the select code of the 12920 control
CLF Rev 1  bosd P the data board. REV is the 12820-001

control board. '

detect a status bit change LDA UNIT UNIT is the port 0-15 of the device. CWS is the
ALF, ALF control word requesting an ‘intérrupt upon a status
RAL, RAL bit value,
IOR CWwWS :
OTA CNTL
STC CNTL

generate a 100 millisecond LDA =B161202 Set up the channel to send all marks at teletype speed.

timecut JsB  OuUT Interrupt will occur in 100 ms.
LDA =B47777
JSB8  OQUT

conf:gure a channel LDA Cw CW configures either a send or a receive channet with
JsB out bit rate, character size, etc.

send a character LDA CHAR - The 7 bit character is or'd with stop bits and is sent,
IOR =B43600 An interrupt occurs at the end of transmission,
Jsg our

send a long space LDA =B40000 The output rernains at a space until changed by
JSB OuT another output.

* output data or parameters QUT NOP Enter with data in A,

LIB  MPX Check seeking bit.
ssa -
JMP *.2
OTA MPX Cutput data.
LDA UNIT Position and output the unit numier.
ALF, ALF :
RAL, RAL
OTA MPX+1
STC MPX Initiate the operation.
JMP QUT.I

acknowledge an .nterrupt CLF MPX The multiptexer will not interrupt again until it hae

from data transmission or received a Clear Fiag,

reception i

acknowledge an interrupt CLF CNTL . ¥

from status lines CLF REV -

17



TABLE OF COMMON PARAMETERS

OUTPUT : (all numbers are octal)
TTY ASR 33 (11 bit format, ASCII) : ' 161202
1BM 2741 Selectric (9 bit format, PTTC/BCD) 160157
30 cps terminal (10 bit format) _ 160457
60 cps terminal : 160427
120 cps terminal 160413
240 cps terminal : » 160405
150 baud Baudot code terminal ' ' : 163537
TTY with parity o amm
TTY with diagnose {data is routed to auxitliary channels) 165202
INPUT

TTY ASR 33 (with echo) : 131202
IBM 2741 Selectric 120157
30 cps terminal (with echo) ' '130457
60 cp; terminal {without echo) ‘ . 120427
120 c¢ps terminal ‘ 120413
240 cps terminal 4 ' 120405
TTY with diagnose {input data routed to auxilliary channels) 135202
150 vaud termiral (Baudot code) ' . 133537

STO# BIT FORMATS (to be inclusive or'd with the character before output)

TTY (ASCIi} (without parity or with odg parity) ' 43600
TTY with even parity ' ' ' ' 43400
Selectric ' o ' : 43600
Baudot code ) 43740
- Tume gelay character on channel configured without parity 47777
Time delay character on channdi cor‘wfigured with parity 47577

18




PARAMETERS FOR THE DATA INTERFACE

BIT RATE PARAMETER

This eight bit number initializes an eight bit counter which measures the time between bits. The parameter
is 14,400/bit rate - 1. A jumper on the jnterface will cut the crystail oscillator frequency in half making the
parameter = 7,200/bit rate - 1. This extends the multiplexer range for the 45 or 80 baud applications but
deletes 2400 baud operation. The crystal oscillator does not drift and is accurate to within .05%. If the
frequency derived from the parameter is over 3% off the actual bit rate of the device, errors may appear.

CHARACTER SIZE

The 3 b © parameter controls the number of bits which will be shifted in or out of the interface. It is the
total nu nber of bits per character minus 1. The most significant bmary digit is dropped. For a teletype,
eleven b ts, the parameter is Y011-1=010.

DIAGNOSE .
The diagnose bit, when on, creates a data path between a main channel, one of the 16 send or 16 receive
channels going to the device, and the five receive-only channels. For a send channel, this allows output of
data on a main channel and reception on the extra channel, an attribute useful for on-line diagnostics or
monitoring of output. For a receive channel, this routes input data to the éxtra channels so that data can be
received at six speeds stmultaneously This is a great aid in desngnmg device type and device speed
recognition algorithms.

PARITY

When on, Parity causes ASCIi even parity to be generated on a sehd chahnel When the character is bxing
output, it should be or'd with an octal- 43400, the stop bits. To send odd ASCII parity, the stop bits should
be an octal 43600, This bit does not influence the parity check bit in the status.

ECHO

On a receive channel, echo transmits a bit with the reception of each bit from the device. The transmitted
bit pattern lags 1/2 bit behind that received. Bits transmitted are exactly those that are input to the
computer, Whe: ever a break is received, orily one character of break is echoed after which the output line is
returned to the mark condition, This avoids the distant data set f:om hanging up by keeping from sending a
long space.

ENABLE

This bit does no . turn off the channel but instead acts as an interrupt dump. When off, no interrupts will be
generated from he channel, all input characters being thrown away. When on, the channel will interrupt at
the comletion >f each send or receive operation. It is not necessary to ever disable a Send channel since
the proc -am, in effect, commands each interrupt individuaily by output of a character. When no more
interrup s are desired, no more characters are sent. On a receive channel, the character interrupts will keep
coming « nless the enable bit is turned off. .

SYNC

Sync is . ctually the start bit of the character. When set to one, and when the character 15 all 1', nothing is
sent. Ma ks, the idle line state, are clocked out for one character time after which there is an interrupt. This
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has proved to e very useful because each unit has, in ef.ect, its own time base generator. It usually happens
that time outs are needed when data is not being sent so this timing does not interfere with transmission.
When parity is being generated, the sync word should be 47577 instead of 47777 because parity inverts
bit 7.

IMPORTANT -

This can be the source of programming problems. Use of the wrong
time delay character will cause the terminal to go out of synchroniza-
tion. Use 47577 when parity is being generated (bit 12 of the output
parameter word is 1). Use 47777 when parity is NOT being generated
(bit 12 of the output parameter word is 0).

UNIT NUMBER (CHANNEL NUMBER)

There are sixteen units O through 15 each of which has two channels, one send and one receive. There are
five more units, 16 through 20 which only can receive. The unit number must be output on the upper select
code whenever data or parameters are output. Any unit number outside the legal range will cause the
interface to hang up with seeking on, a condition correctable by pushing preset or output of a legal unit
number. )

DATA

\

1

Characters must be right justified with stop bits or‘d in. The stop bits are bit 14 and any bits to the left of
the character in the character field. If the stop bits are not put in, the line will be set to a space at the end
of eaci character and the terminal will print incorrect data. '
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STATUS DATA INTERFACE

SEND/RECEIVE

if the interrupt came from the completion of a character transmission, the Send/Receive bit will be 1. If it
came from completion of a character reception, the bit will be 0. This, like the other status bits, cornes
from the last channel to set the flag. After a Clear Flag instruction, another channel can bring its status bits
into position.

CHARACTER LOST

When ON, this status bit indicates that two characters were receivea successively on a channe! without
being able to set the flag. Each receive channel has a character buffer so that one complete character time is
allowed for interrupt service time. There are actually three layers of buffering in the interface so that itis
possible for one channel to have three characters in the interface, one having set the flag waiting for input,
another in the character buffer, and another being serially shifted in. ‘Nith a properly designed driver, this
status bit should never be on and can be completely ignored.

BREAK

A Break is a completely zero character including the stop bits. This means, at different bit rates, the
detected character will be different lengths. For instance, the space must be different lengths. For instance,
the space must be 100 milliseconds from a teletype or 5 milliseconds from a CRT in order to set the Break
status bit. A break is received just like any other character so that, in order to receive it, the channei must
be primed to receiv characters Break is detected on a send channel if, for the duratron of ‘a character
_>utput, the nnput line remains a space, After recewmg a break on a receive channel, only one mterrupt will

LCCUr, the interface hol'dmg off reception of the next character until thx- input line returns to a mark.

MNAGNOSE

This status bit i just the Diagnose parameter brought back as status. It is useful in determiriing which part
of a driver to go to following an interrupt.

UNIT NUMBER
Tre most recent channel to set the flag,displays its unit number as status.

SEEKING

After a 3et Control instruction, some period between 0 and 70 microseconds is taken searching for the
correct ‘eld to fill in the circulating memory. Until the previous information is disposed of, nu new data
may be - utput. Thus seeking must be checked before any OTA until itis 0.

DATA

Characte s come in right justified. Unwanted bits to the left of the character should be masked off since
they are jarbage. Characters with up to 10 bits of data may be input.

PARITY CHECK

When an ASCH -haracter is received with evi:n parity, the parity check .it will be 0. lf it has odd parity, the
titwillk 1. Ths bit is the even parity of data bits 0-7.
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PROGRAMMING

DATA INTERFACE

. The Data Interface gives an interrupt per character and must be primed with parameters before a channe!
will send or receive. All communication from interface to computer and vice versa is accompanied by a unit
number which designates which of the 16 devices is making the input or output transfer. The data interface
takes up two adjoining computer-or extender select codes with data or parameters being output and data
being input on the lower numbered select code, and unit number being output and unit number and 'status
'input on the upper select code. As an example, data may be output to select code 13(8) and the unit
number to select code 14(8). Interrupts, flags, etc. only come from the lower select code (e.g. 13).

All outputs of parameters or data to the interface are followed by a set control which initiates an operation.
A clear flag must be issued after each interrupt to acknowledge the inte!'rupt to the interface.

EXAMPLE:

LDA Cw1 send control word
OTA SC output control word
LDA UNIT “unit number of interface channel
ALF, ALF
RAL, RAL
OTA SC+1 . output unit number in bits 10-14 .
STC SC initiate operation

Cw1 OCT 161202 * send mode TTY speed.

UNIT OCT 5 '

SC EQU 13b the data boards occupy 1/0 slots 13 and 14

Unit numbers 0-15 correspond to devices connected to the multiplexer. Numbers 16-20 are extra
receive-only channels which obtain their data internally in the interface.

Output of data and parameters is identical except for bit 15 of the word output. This bit determines
whether the other 15 bits'will be interpreted as data or parameters. The mechanism within the interface for
transferring the information into the correct position in the MOS memory is the same for both information
types. The order, whether the data or unit number is output first, is unimportant, just so that these two
items sre output before the set control. An output instruction simply clocks data out of the CPU into
registers on the interface. Not until the set control are the contents qf the registers important.

The unit number is in bits 10-14 because this positions it above the data in the input data word. The upit
number register on the interface is loaded by an OTA and is not changed by the interface until the program
does another output. The unused bits 15 and 0-9 in the unit number word output are ""don’t cares”’ so that
the unit number register could be filled by an LIA followed by and OTA foilowing an interrupt. However,
this method is usually not convenient in, prat\:tice because outputs are not always to the last device which
interrupted.

The information output example is incomplete because of neglect of the ‘‘seeking’ bit. This status bit
indicates that previous data output has not been deposited into the interface memory. In other words, the
registers on the interface still contain information waiting to drop into the DRUM-LIKE memory and
snould not be reloaded by the CPU, Reloading would destroy the previous data in transit from CPU to
interface memory. The maximum amount of time which the seeking bit will be on after a set control is 70
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microseconds unless a nonexistent unit number had ben previously output. The logic would spin around
forever looking for a memory field 1o put the information into. Care must be taken that the program witl
never try to send data or parameters to a nonexistent channel. With the seeking bit check, the example
becomes:

LIA SC+1 check seeking

SSA .
JMP %22 if 1 then loop until 0
LDA Cw1t
.OTA SC information out
LDA UNIT
ALF, ALF
RAL, RAL
OTA SC+1 . UNITOUT
STC SC
CWi OCT 151202 parameter word

UNIT OCT 5 unit being configured
sC EQU 138 :

Stop bits must be added to the data word before it is output. This is a slight inconvenience but yields much
simpler nardware than with automatic stop bit generation and allows transmission of a long space by
making stop bits zeroes. The typical data output is: :

LDA CHAR 7 bit ASCII character
IOR =B43600 - add stop bits (bit 14 is the same
JS8 ouT send/receive bit as in the parameter word.
. 1=send)
OUT NOP
LIB SC+1 check seeking
5SB
JMP *-2 .
OTA SC output data
' LDA UNIT
ALF, ALF
RAL, RAL
TA SC+1 output urit number
STC sC initiate transmission
JMP QUT I .
CNIT OCT 8
CHAR OCT 15 carriage return
S EQU 13b lower select code of data interfece.

The outpu func ion has been piaced in a subroutine, OUT, which miy be used for data or parameter
output as i* outpL s the 16 bits of the A register regardiess of type.

in most caies, it 1s advisable to turn off the interrupt system while doing outputs because of the possibility
~of trying to output to the interface simultaneously from a driver initiator sect:on, entered from the main
program, end the continuator section, entered via an interrupt. The two processes, main program and
interrupt ssrvice -outine coulid possible confiict wnen an interrupt occurs during an output foutine. For
instance, r.e mair program, getiing ready to . 1itialize a channel might have just output information and be
abe T W vitput e unit number waen the interrupt occurred. The interrupt service routine might proceed to
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relcad the information register on the interface. Most 1/O interfaces don‘t have this type of pooblem
becuuse it is impossible for initiator and continuator to operate concurrently.

Input of data ard status is by simple LIA’s and there is no special procedure needed. After the last LIA, a
clear flar  »xs:uted which telis the interface that the input registers ire free to be changed so another
chan el may load them with its data and interrupt. Up until the clear flag, other channels which were ready
to irterrupt had to hold off. There is no priority scheme between interface channels so that when the fiag is
clearad, the channel with the tnterrupt pending which gets there first will be the next to interrupt.

Thus a service routine to send a carriage return to a-channel would execute the foltowing 1/0 instructior:s.

©

LIA SC+1 get the number of thé interruptii g channel
LA sce1 "check seeking bit

(.)TA sC ~output information

;)TA SC+1 output unit number

éTC SC initiate transmission

-;JLF sC acknowledge interrupt

.

Output of data from an initiator section would be similar except there would be no clear flag command
since there is no interrupt to acknowledge.

CON "ROL INTERFACE

The Contro! Interface ts an input line monitor. The CPU in requesting an interrupt is saying ““Give me an
interrupt when line x is value y.”” For instance, a request might be “interrupt when the carrier detect line
for uait 5 is a 0.” An interrupt will occur when this status condit on occurs and bits will tell whichi fine
intery :pted. In additior: to giving interrupts on status, the interface supplies signals to the devices with the
progr m setting the value such as “set Dats Terminal Ready of unit 15toa 1.”

E> AMPLE: The program commands an interrupt on data sét repdy on.

LDA CW3 request for interrupt on codition
OTA CTL CTL is the control board select code
STC CiL

CW3 OCT 152004 scan, update, and enable status

CTL EQU 15b

The scan bit, bit 15, begins an input tine scan. The update bit enables bits 0 3 which is actually enabiing the
4 bits to be loaded into & random access memory, During scanning, the memory spins through ail of the 16
channels seeing if an input condition exists for an interrupt,

Bits 10-13 are the number 5 standing for channel 5.

Bit 2 s a 1 -vhich indicates that status bit 1, in this case, Data Set Ready, for the channel is enabled to
interr. 5t. Bit 3 is a O which disables status bit 2 from interrupting, 1.E. carrier detect for this channe! will
not in: :rrupt. . .

Bit O s a 0. Tse value of this bt is opposite that desired for the intérrupt to occur, the reason being that
this si apiifies programming of thie service routine. When the interrupt occurs, an LIA inputs all bits in the
proper position to be immediately output. The enable bits read in are the same enable bits which were
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output eartier. The value of bits 0 and 1, are the actual input line vatues for the status bits. When these are
output as is, the sense of the interrupt will be reversed and an interrupt will occur on the opposite input
line value. :

EXAMPLE:

LDA Ccw3 ‘ condition for interrupt
OTA CTL on
STC CTL DATA SET READY =1

: interrupt occurs
LIA CTL input is 152405
OTA CTL output conditions for interrupt of
STC CTL,C Data Set Ready = 0
interrunt occurs
LIA CTL input is 152404 v
OTA CTL " output conditions for interrupt of .
STC CTLC Data Set Ready = 1°

CW3  OCT 152004 )

CTL £EQU 15b

In thi . way, interrupts can be requested on both ieading and trailing edges of a signal. For many types of
status lines, this mode of edge sensitivity is applicable. i

After cach iiterrupt the contents of the memory on the interface MUST be changed or another interrupt
will ¢ ccur from the same input line condition. in other words, the request for an interrupt can be changed,
disat 2d, or =nabled only by the program. Thus another mode of operation might be to turn off the reqguest
after ninterrupt. '

E> AMPLE:

LDA CW3 request interrupt
OTA CTL :
STC CTL

interrupt occurs

LIA CTL input is 162405

AND =B1777¢€0 turn off status enable bits .
OTA CTL :

3TC CTLC

CW3 OCT 152004
CTL ECQU 15b

\ .
In th- case, "o interrupt occurs and the 4 bits, 0-3, are returned zero to the interface disabling interrupts

from hat che el The program would probably initiate anoz/her status interrupt request and repeat the
proce ure.
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PROGRANMING POINTS

Data tranismission is characterized by high peak rates and low average througt put rates. If service routine;,
are long, th2n the system will not be able to stond very high peak rates. If a con-puter is limited by the peak
rate, then t will be mostly idle The solution :s to have very short service rourines which queue data with
the proces: ng being done in the background. '

1.53 NOP INTERRUPT ENTRY POINT
STA SAVA
LDA FIN IF FIN+1=EQUE THEN FIN:=5QUE
INA *ELSE FIN :=FIN+1;
CPA EQUE
LDA SQUE
CPA START - IF FIN =START THEN OVERFLOW :
HLT 0
STA FIN .
LIA MPX (FIN) = INPUT
STA FiN.I ‘
LDA SAVA .
CLF MPX ACKNOWLEDGE INTERRUPT
JMP 153, ‘
¢ JUE DEF *+1 BEGINNING OF QUEUE _ '
BSS 16 LENGTH DEPENDS ON PROBABLIL TY OF ERROR
Y IUE DEF * :
START  DEF SQUE+i POINTER TO BEGINNING OF DAT/
FiN DEF SQUE+1 POINTER TO END OF DATA
S/ VA  NOP ) |
MPX EQU 13B SELECT CODE OF DATA INTERFACE
SQUE —1 EQUE

/,

\.\i
////

DATA
_ p

e FIN

CIR( ULAR QUEUE

Tr s routii» should be about 33 micrnsecone ina 2100 yielding a peak rare of 33,000 characters per
se: Hnd. Ar sther routine will compare 'ne poir ers to the beginning and to the end of the queue 10 e if
th e is ar thing in th: gueve. Since the mu: iplexer is asynchronous, output does not have to be dune
imoediat. - after Lae interrupt anc may be don - from the background program.
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In order to avoid queue overflow when a burst of data occurs, the queue mus: be long enough so that the
probability of queue overflow is less than the probability of error on the telephone line. A very gnod
analysis of queue length is “A Study of Asynchronous Time Division Multiplexer for a Timesharing
Compute: by W.W. Chu: Fall Joint Computer Conference 1969 pp 669. For ex imple, if 1) the computer s
capable handling 1500 characters per second in the background processing routine, 2} the average
character throughput is 1000 characters per second, and 3) the average message length is 40 characters, then
the 1/0 queue should be abouj 10600 characters long to achieve a probability of cueue overflow of 10°%.

Just as the average throughput rate on a given fine may be much less than the pe ik transfer rate, the average
buffer needed per line may be much less than the peak. This implies a buffer aliocation scheme,

POWER FAILURE

Upon the loss of power to tt}efﬁ;ﬁvputer, a power faiiurL interrupt is generéte(‘ which gives the program a
short time to record its curfént state. The amount of time should be abou: 550 micraseconds before
everything stops dead. When the voltages have come back up fdllowihg the return of power, a 700
millisecond delay is triggered during which the logic is resetting to its jnitial state and after which a power
up interrupt occurs.

Upon loss of power, the multiplexer returns all of its output lines to the marx state. This is off for the
control lines causing any data set on the system to hang up. Internally, all control words, requests for
interrupts, etc., are lost. In order to resume communication upon power up, all »f the control words for ail
active channels must be reinstated. The last character transmitted before powe: failure may have gone out
garbled, and cnaracters may have been echoed or partially echoed but nat input 10 the computer. '

Power On sets the flag on the interface which should be reset 10 avoid a false ir:terrupt upon the first STC
instruction,

POWER FAIL
INTERRUPT
PLUG OUT—& i /—— HALT .
+5V —
. 550 MS ,
N -
R T3
G f‘ \A
| DATA SETS HANG UP
. POWER FAIL INTERRUPT
+5V PLUG IN ' *
A -4
\ —
0 —— : 1700 MS

e
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MULTIPLE XER LIMITATIONS AND EXTENSIONS

In the event that requests for interrupts are being generated faster than they are being serviced, data will be
lost trom the receive channels or data output will slow down, Since operation is asynchronous, it is not
critical that output slows down. The output channels may proceed at full ouzput speed and others may
slow down. This is a result of the first come first serve method of generating interrupts. When a clear tlag
has been issued, the next channel ready to interrupt which rctates into position in the tirculating memory
gets to interrupt while the others are held off. This can lead to a beat note effect between the 70
microsecond period circulating memory and the computer program.

.

An example of a situation where this was observed was a driver which took 500 microseconds per character.
it was called to output 240 characters per second to sixteen channel simultanecusly. This would require an
interrupt every 260 microseconds; thus, something had to make up for the 500 to 260 microsecond
discrepancy. The result was a non-uniform slowing down of output. No characters were lost but the etfect
was unsightly. This problem does not occur if the interrupt routine can handle the output rate. Reducing
th= 500 microsecond interrupt routine to 200 microseconds eliminated this problem.

~ The 2100 computer, like most minicomputers, can handle a few thousand characters per second before the
CPU is saturated. For high performance systems, it is adviseable to implement much of the multiplexer
driver and as many commonly used routines as possible in microcode. This usually cuts execution time
from 80% to 90%. In order to facilitate firmware operation, the flag of the interface will not set if the
Seeking bit is on. Thus, it doesn’t need to be checked in firmware and eliminates the possibility of being
stranded in the microcode for 70 microseconds waiting on Seeking. However, to take advantage of this,
Seeking mi st be checked, with interr.ipts disabled, before and after output fron an initiator routine {any
output not mmediately foliowing an interrupt). '

Initiato) Section " Firmwere
CLF O disable interrupt: interrupt {normat)
LIA M X+1 check seeking . , )
SSA R OCT 105000  macro call to the
JMP *2 ' : microcode.
OTA MEX output da'a
. OTA MPX outputs done from
OTA MPX+1 output ur t OTA MPX+1 the firmware with
. A STC MPX no seeking check
STC MPX initiate o :put -7

.

LA MPX+Y check seeking
3SA
iMP 2

STF 0 reé-enabie i1terrupts

Ea n char el of the multiplexer is limited t> 2400 bits per second\ by the iternal operation of right
jus ifying + ich character. Each justification shift.takes 69.4 microsaconds. The aumber of shifts needed is
the differe. ce between the character size and twelve, i.e., a ten bit format needs two shifts. One additionat
69. % micro econd period is necded before the beginning of the next stsrt bit. Tre two justification shifts
anc the adc tional period must sccur in one haif bit time to be ready for the next start bit. At 2400 bits per
sec»nd, the three 69.4 microsecond periods take exactly one half bit time, thus the limit of 2400 bits per
sec nd. Hi: her speed operation. e.g., 4800 bps, rmay be achieved by shortening the programmed character
size. The r iltiplexar then starts justification :n the middle of the last data bit nstead of in the middle of
the stop b At 4800 bps, the aquivaient of tiree samples per bit are taken. This sampling rate i$ reqarded
by some t: be unreliable since the multiplexer wouid make errors if there we e much distortion on the
inc »ming d: ta.
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2400 BPS 10th BIT
' STOP BIT ' nAatblr

SHIRTS

4800 BPS 9th BIT

STOP BIT START
IR B R -
-~ T e .
DYNAMIC DEVICE SPEED DETECTION e

In order to recognize the bit rate of data coming from an asynchronous bit serial device, the program must
make decisions upon the received patterns. The hardware features which can be useful to the program are
dynamic s;eed changing on any channel and reception of data at more than one speed simuitaneously by
use of tpﬂ wuxilliary channels. ‘ X
, ;o

There are sasically two approaches to speed detection; 1) receive the data at a frequency differing’ from the
tranismitte: frequency and make a decision upon the skewed resuit, or 2) receive the data at the expected

frequency nd see .f it is as expected.

The first n ethod, making &ecisions on skewec! data is difficult to achieve reliably and requires that an in
depth analysis be made of the timing of the bits. An example might be recaption of data at 150 baud and
comparing “or the patterns that a character such as “H" might make were it transmitted at 1106 baud or
300 baud. )

‘The second method would use the five extra receive-only channels to bring in the data at six separate speeds
such as 110, 150, 300, 600, 1200, and 2400 baud. A comparison is made with the expected pattern, “H”,
to determine which of the speeds is the same as the terminal’s. .

LY
N
1
THE LETTER
1 ° .
0 }START ] 0 b] 1, s} 0 j1 LO STOP
TIME vemie
METHOD 1
2600 BPS MAIN CHANNEL = H?
5 _ Ewoomauxu.umv CHANNEL = H?
- 800 BPS AUXILLIARY CHANNEL = W?
/ 300 BPS AUXILLIARY CHANNEL » H?
TERMINAL 150 BPS AUXILLIARY CHANNEL = H?

=110 B8PS AUXILLIARY CHANNEL = H?
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@202 £#@1 DYNAMIC SPZED DETECTION ON 12922 MULTIPLEXER

grlde
2104
2210
271¢

22103
2»124
LB RAREY
Arlds
erlov
vrllo
20111
palle
@¢rlle
G 115
¥nllsé
22117
120
97121
@rl22
27123
21124
83125

RV DAY
GrRIDLD
Eh=e 05
Dlazin
262254
EhL2SS
.31#51"0
Bolel
Iha’2s56
Al4210
CEVNRLD
264257
214210
A6B243
264260
214219
A60244
264261
214212
264245
64’62
214210

NFTECT AN H

#1226
oale7
22130
®r131
@r132
3:133
27134
22135
272136
2=*]137
A2nla6d
G714l
214z
Y163
S RN
Ar145
Ar146
g2rYa?
2158
27.51
22152
Pa153
~154
grlss
2156
Q2157
e BRI
velel
w162

BA3C2
370271
314231
5266
P20l
24136
¢Pr244:
p12271
J60263
BARL255
314212
FRA2TD
GO lSS
viacdln
14251
AS50264
SPL155
AN B
VEadlo
24164
6267
14210
24144
g5l
RS A
‘AY37°3
3leelre
LR20vNs
AT0271

AS*BeAsBsL

INIT

DRG 1225
NOP

LOA C24R
LDB @

JSR QuUT

LDA C11S
LDB «2
JSB QUT
LDA Cl2R
LDR o1
JSB-0UT

- LDA. C6@R

LDB L2

JSB QUT

DA C36R
KDB 03
JS8 ouT
i.DA C1ISR

DB

ol

JSB QUT

LDA .
LOB
JsB

CllR
5
ouT

Ol

!
L

CONFIGURE MAIN CHANNEL AND S AUXTLLIAR

o 2 v e

INITIALIZE
MAIN AND
AUXILLIARY
CHANNELS

TN i

3. -

SET INDICATOR

TO NO SPEED
DETEC ED

NO

________?‘

N

FLAGFIOM  °
MAu:////>

YES

AT DIFFERENT DASPEFDS

DTECT

LOW

LOOP

FOUND

CCA
STA
Js8
CPA

"RSS

IMP
CLA
STA
L.DA
LOR
JSB
| DA
L D3
:
Js8
CPA
CHP
L18
cLe

Cw
SFS
H

LOW
CwW
NULL
N
ouT
CLRI
%
ouT

SFS
M

Founn

SC+1l

DONE
CLR
ouT
JHMP L 00R
LIA SC

/‘i, LF Y ALF
RARWRAR
AxD B7Y
INA

JMP
DA
JQR

STA Cw

SET INDICATOR OFF

INDICATOR

POSITION CHANNFL NUMBER

INDICATOR =
45

\\

SET INDICATOR
TO 2400
'RECOGNIZED

B

SEND Nuif_Tlmeour

V)

START A "IMEOUY
. on
MAIN CHANNEL
{100 MS)

FROM WHICH CHANNEL



PAGE 0p@3 #0@1

BuS7

9059
0060
evel
0062
BY63
euss
2965
Pv66
2067
er68
BL69
8070
6071

2073
0074
P075
8876
0077
0278
Be7o

0832
2@83
BEL8s
2285
eeso
2037
0¢88
6289

BAG ]
DeG2
et
o7 1
4S5
g6
Ca97
Be9s
2v99
&1o6
2lel
212
283
Ly
2i¢ds
¢ip6
eiv7

22163

eale
an165
22166

@r167 2
l/'ll vo‘)

n l]‘
P 172
@r173

2*174 |

22175
£1176
@177
Br20d

#7221

2222

212023
Pr2v4
2205
206
@287

22219
@211
pr2le
2r213
P*214
272215
ga2lé
ar217

AUTRPUT MIGCAGE AT DETECTED SPEED

Qrz22
gr22l
222
2223
2r2es
Q2225
B7226

02227

@232
gn23l
¢n232
¥2223
¢r224
@235
VA2 36

w2237

024144

X INa] ’y
£ LY

RZ2uea
A2slea

J6acli7l
A2 340
32429

vaeova
1¢3113
142313
A2420413
12513
ale26;5
124201

2039
102613
18661
182713
12251
2022820

d7%cla
14210

254330
22410v
1£2¢0)
272221
wrl?27
2132AS
A33e64
aR22a9
Ao 2241
2R304
STa27]
AAHGAN
Bla2la
Blacel
86271
@2 2¢0

PYNAMIC SPEED

JMP LOOP

DOVE LDA
SSA
JMP
) ADA DCW
LA Al
LOR o9
JSB ouT
LDA CLR
LDR +92
JSB 0OUT
LDB BUFF
CLE
JMP

CwW

INTTY

SEND

SFS NOP
CLF
SFS .
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DEVICES

HP 2600 4 .

There are hundreds of devices which can be used by the 12920 Asynchronous MULTIPLEXER and they
are all different. The specifications of each new device to be interfaced to the 2100 must be examined
carefully for hidden quirks, Most manufacturers do not give,-in marketing handouts, sufficient information
to program the terminal leaving the task to trial and error, circuit analysis, or direct contact with
technicians from the company. In order to gain a feel for the actions required, the HP 2600 CRT is
described. It can be run in three modes, over a 103 data set, through a 202 data set, or hardwired, There is a
switch on the back which can select any one of 10 speeds, 110, 220, 440, 880, 1760, 150, 300, 600, 1200,
or 2400 baud. In the 110 position, an extra stop bit is added to the characters so that the terminal will be
teletype compatible.

HP 2600 VIA 103 DATA SET

The terminal disregards status when being used with a 103. This makes it relatively easy to interface
"because it does not really care what the computer is doing. It blindly receives and transmits full duplex
whether a data set is connected or not. Its data terminal ready lead is always raised when the power is on so
that a call may e answered or originated at any time.

The operator usually calls up the computer from the terminal by dialing the computer's number. The
computer’s data set must have been primed by the computer raising its data terminal ready lead, CD,
previous to the call, This is done by the computer output of a control word to the 12922 control board.
The computer’s data set must be in the “Auto” mode. The' telephone will ring once or twice, go “off
hook’* and transfer itself into the data mode. The data button lights and the CC lead, data set ready, to the
computer comes up. If the control board were primed to interrupt on CC, this causes an interrupt into the
computer, ’ ’

The computer’s data set puts out a loud whistle on the telephone line which disables echo suppressors and
signals to the cailing operator that he may push his “‘data” button. After pushing the button, a carrier is
sent to the computer and the comput:r's carrier detect,‘ CF, lead comes up. If the caller never pushes his
data button, then carrier never comes up, Some data sets may be ordered with an option which disconnects
them if carrier does not appear 10 to 20 seconds after the call, otherwise a non-data caller could occupy the
iine indefinitely. Most systems do not have to worry about this “HOUSEWIFE" call, but on those that do,
a timeout should be initiated after data set ready comes up, and. if no carrier appears, CD, data terminal
ready, should be dropped to disconnect the unwanted caller.

After both data sets are sending out carriers, transmission and reception may proceed until the computer,
the telephone line, or the terminai operator breaks the connection. Without a connection, no carrier will
come through, carrier detect will drop. Data sets equipped with the carrier detect disconnect option will go
back ““on hook”’, :

The simplest driver, which is adequate in the majority of instances, raises CD, data terminai ready, leaves it
up, and disregards all status. {n order to have a tully automatic, operatorless system, interrupts should occur
on status changes, and the program should be able to disconnect the caller.

HP 2600 HARDWIRED

The hardwired terminal is identical to 103 operation except that there is no probl.em with broken
connections. The HP 2600 can be plugged into the 30062 Connector Panel with the same cable that comes
with the unit (see page 2). When the 2600 is plugged in, the carrier detect and data set ready lines to the
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computer will come up. These ar» the request to send and the data terminal - eady iines from the terminal.
Since status ‘rom the HP 2600 looks the same as status from a 103 modem, the sume software for a 103
can be used for the hardwired terrninal, ’ ’

HP 2600 ° . 202 DATA SET

202 operation is different since the terminal must turn the modem around at the end of each transmission.
On the 2600, the terminal twitches from send to receive if it detects a 1 to O transition on the S8,
secondary chunnel data, from the modem. Thus, if the computer wants to get the terminal out of the send
mode it drop; its SA, secondary data send, line to its 202 and from 10 to 100 mitiiseconds later, this signai
arrivirig at the 2600 will cause a line turnaround. T'he terminal will remain in tre receive mode until any key
is pressed or until the computer turns its modem arocund.

The cemputer will see reverse channel on when it i transmitting to the term:nal and will see it drop when
the terminal goes into the send mode. Break on t1e 2600 interrupts its SA line and will be seen at the
computer as a loss of the secondary received data signal,

USE CF THE 1:3M 2741 HARDWIRED

When the 2741 is boucht or leased with the 103A dial up option, the carrie- and (lear to send lines are
switched. Thest lines riust be unswitched if the te 'minal is to operate direcily into the connector panel
without an inte: vening « ata set.

A mettod for ¢hing thi. is to interchange wires 5 ai.d 8 on either end of the 30332-002 extender cable if
this is used bet veen th2 terminal and the panel. | no extender cable is used, then the wires must be
witched in the 741 connector or an intermediary « able must be made. There is no cabling problem if the
-ermini | is run through riodems. ‘
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INCLUSION IN HP SOFTWARE SYSTEMS

BCS SYSTEM

Interfacing witt the Basic Control System s straight forward being described in deta | in ““A Pocket Guide
to Intedfacing b P Computers”, The maip complicatic n is that Prepare Contro! Systein only configures the
equipmient tabl for up to eight units on'a controller This is a minor inconvenience remedied by patching
the equ pment 1ble or having two entry points to the driver each with eight units assigned to it.

RTE and DOS N
DOS and RTE . essentially the sar e drivers and thereforé have the same problems.

in RTE all interrupts go directly to the Central Interrupt Control which immediately clears the flag on :ne
interface. The reason is that interru. ts may be of two kinds, scheduting and dzta hanttling. The scheduling
interrupt can call in a program off of the disk. During the tenth of a secord that the disk transfer is
preceding, the lower priority device must be re-enabled for interrupts, this being done by the Clear Fl..g.
As long as the flag and control are be th set on an interface, lower priority devices cannot interrupt.

On the muitiplexer, a clear flag lets ahother channe set the flag and replace the s atus bits. Once the
original ;tatus b ts are overwritten, d.ta is lost.

Another problem which may be cired at the sam- time is the inability of DOS .nd RTE to handle
multi-urit contr )Iﬁers with i/0 opera ions proceeding ~imuitaneous on several of the units.

Both of these ; oblems are solved b placing a pre-interrupt routine before SCIC . The (nitiator section puts
& JSB tc the pr interrupt routine in the trap cell. The pre-interrupt routine:

1) Disable the int rrupt systen:.
2) Does ar LIA of the upper and lower select coc'es, saving these in tempor iry {oc itigns,

3) Takes the uni: number from the status, r:trieves the equipment table a:idress which it Fas
remembered from the initiator section, and st. shes this in the interrupt 1able,

4) Transfeis contri to SCIC 1 after nlacing he return address in SCIC. Tte Central Interruit
Controt 1as hopeiully beers tricked .nto operation on the correct equ-pmen table entry for the
channel which 1terrupted and the status has been saved so -hat clear f ag wo: "t destroy anythirg.
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- ACKN¢ WLEDC £ INTERRUPT 17
ANSWI R 10

ASCIHl 18

ASYN( 1RONOC IS BIT SER'AL 1,
ASYNC {RONOUS TRANSAISSIO § 4

BA 9,1

BAUD

BAUD 'ATE see bit rate
BAUDC T CODE 6

BB 9,1t

BCS 50

BINARY DIGIT 4

BIT 4 _ v

BIT RATE 15, .19

‘BIT RATE PAR/ IETER 19

BIT SERIAL TR- NSMISSION 4,5
BREAK 21 :
BREAK STATUS 31T 21
SUFFEFED TELETYPE INTERFACE 1

CA 9,16

CANNON CONIIECTOR 16
CARRIEK DETi CT 10,16.48

CB 10,1¢

CC 10,1¢ 48

CCITT V.24 1,2

CD 9

Ct 11,16

C: 10,16 48

CH 10,16

CHANNE. 20

CHANNEL NUMJER PARAMETER 20
CAARACTER 19

CHARACTER LOST STATUS BIT 21
CHARACTER SIZE 6,19 ‘
CHARACTER SiZ E PARAMETER 19
CHU 42 .

CiNCH CONNECTOR 16
CLEARTO SEND 10,16

CLOCKS 45

CONTROL LINES 6,16

CRYSTAL ACCURACY 19

INDEX

DAA 12

DATA ACCESS ARRANGEMENT 12
DATA BUTTON 10 48

DATA MODE 10

DATA PARAMETEF 20

DATA SET 6,8

DATA SET READY 10,16,48
DATA STATUS BITS 21

DATA TERMINAL f EADY 9,16,48
DIAGNOSE PARAMZTER 19
DIAGNOSE STATUS BIT 21
DIRECT DIALED NETWORK 7
DISCONNECT 9:11

DOS 50 ’

ECHO 19

ECHO PARAMETER 19
ECHO SUPPRESSOR 9
EIARS 232 1,2,11,16
ENABLE PARAMETER 19
ERROR CONTROL 9,10 -
EXTENSION CABLE 2

FIRMWARE 43

FREQUENCY 4
 FREQUENCY SELECT 10,1¢

FREQUENCY SHIFT KEYED 7

FULL DUPLEX 8

HALF DUPLEX 8
HARDWIRED DEVICES 1,2,6,48
HP 2100 compL:er 16 4143

HP 26500 crt 5.¢ .48

HP 2605 consol 5,6

HP 2749 teletyp: 5.6

HP 2761 marksease cardreader 56
"HP 12920 async: rong: 5 multiplexer 1,2,17
HP 12920-001 2)2 opt-on 2,17
HP 12921 data interfac - 2,17

HP 12922 contrci inter- ace 2,17
HP 30062 connec tor pael 2,48
HP 30332 multi.'exer ¢ sbles 2
HOUSEWIFE CALL 4¢



INDEX (Continued)

IBM 2741 656

INPUT IMPEDANCE 16

INTERRUPT 17,43

.10C. 29 .

LINE FAULT 10
LINE TURNARQUND 9,10,49
LONG SPACE 10,17

MARK 9,16
MEMOREX 1240 5
MICROCODE 43
MODEM 7,48
MODULATOR 7
MORSE CODE 4
MULTI-DROP 9
MULTIPLEXER 1

ON HOOK 10
ON-OFF KEYING 9
ORIGINATE 9

PARAMETERS 17-22 .
PARITY CHECK STATU, BIT 21
PARITY PARAMETER '3
PEAK RATE 41

POWER FAILURE 42.

PCWER ON 17

PRIVATE LINE 11

QUEUE 41

RECEIVE-ONLY CHAN! ELS 13,44
RECEIVER 7

REQUEST TO SEND 9% .16
RETRANSMISSION 9

'~ ZVERSE CHANNEL 1 11
RIGHT JUSTIFICATION 43-
RINGING 11

]TE 50

SA 10,1649
S8 10,1649

SCAN PARAMETER 26 .
SECONDARY RECEIVED DATA 10,49
SECONDARY SEND DATA 10,49
SEEKING STATUS BIT 21
SEND/RECEIVE STATUS £ IT 21
SERIAL RECEIVE DATA ¢

SERIAL SEND DATA 9

SINK 7 '

SOURCE 7

SPACE 9,16

SPEED RECOGN{TION 44

START BIT 4,6

START-STOP TRANSMISS! N 1
STATUS LINES 6,16

STOP BIT 4,6,43

SYNC PARAMETER 19
SYNCHRONIZATION 4.5
SYNCHRONOUS TRANSM:3SION 5

TALK BUTTON 10
TELEPHONE LINE 7
TERMINALS 1,8,48
THROUGHPUT 41
TIMEOQOUT 17
TOUCH TONE 6,12

UN:IT NUMBER 20,21
UNIT NUMBER PARAMETER 20
UPDATE PARAMETER 26

103 modem 1,2,7-13,48
103-202 cable 2
113 modem 9

202 modem 13
202 modem 1,2,7-13,49
203 modem 13,14

301 modem 15

303 modem 15

401 modem 14
402 modem 14
403 modem 12,14

602 modem 14
603 modem 14

801 automatic calling unit 1.2.6.15
801 cable 3 )
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