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0. Introduction

The EDSI MIGHTY-MUX is a complete 1/0 Communications System for
any Nova type computer. It permits up to 128 devices to
communicate concurrently with the mini-computer. These may be any
combination of teletypes, typewriters, CRT terminals, printers,
card readers, modems, and other RS=232 or current-loop devices.
They may operate in half or full duplex, with or without automatic
echo., 4

The MIGHTY-MUX is more than a conventional multiplexer in two
fundamental respects. First, it provides proaram control on a
port by port basis over Baud rate and most other port parameters.
second, it permits each port to operate in either character-
at-a—-time or automatic buffer mode. In automatic buffer mode,
each port is assigned a buffer in the core memory of the computer.
This may be of any size and have any location in core. The
MIGHTY=-MUX automatically services these buffers, inputting or
outputting strings of characters without any interruption of the
computer program until the entire string is completed. To
accomplish this, it operates through the NDMA channel of the
computer.

[he program gives the MIGHTY=-MUX its I/0 processing commands by
storing appropriate control words in certain dedicated core
locations. These I/7 commands define, for each port:

o) Length and location of the string buffer in core from/into
whicn character strings are to be transferred;

o Baud rate for transmission and reception, from among 8
standard rates up to Y600 Bauds

o Character length - 5, 6, 7, or 8 bitss

0 Parity mode - even, odd, or nones

o Number of Stop Bits - one or twonj;

o] when interrupts are desired - for each character, for certein
defined control characters, or only when the end of the

speci fied buffer is r=ached;

0 "hether or not incominn characters are to be automatically
echoed.

The MIGHIY-MUX can also be used for svnchronous communicatinn, by
means of the EDS-302 Synchronous Expander Ronard (sea Appendix A).

Copyright 1977 : Introduction
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Another very useful feature of the MIGHTY-MUX is that it may be
used as the master terminal interface board, because when the
multiplexing function is not turned on the MIGHTY-MUX responds ton
standard Device Code 10/11 type 1/0 software commands. Thus use
of the MIGCHTY-MUX obviates the need for a master I/N beard, saving
not only its cost but also.a slot in the computer.

In addition tn these broad programmina capahilities, the
HIGHTY-MUX has exceptional electrical interfacing capabilities.
cach port has 4 signal lines: 2 data lines (incominao and
outgoing), and 2 auxiliary lines = the outgoing Device Control
line and the incoming Device Status line. These auxiliary lines
nay ke proarammed for any desired purpose. For example, for a
full-duplex modem such as a Bell Systam 103 Type Data Set, Device
Control may be used as the NData Terminal Ready line (to enable
automatic hanc-up), and Device Status may he the Received Line
signal Detector (permittina automatic log-off). For half-duplex
control, Device Contronl would bhe the Request To Send, and Device
Status, Clear To Send. For certain line printers, Device Control
mny be used as the Print Line command, and/or Device Status may
indicate the printer’s Ready/Busy status.

All four of these lines operate at standard EIA RS-232-C voltage
levels. ONptionally, the two data lines may also be operated as
current loops, so that standard teletvpes may be plugged into the
same connectors as EIA terminals. (See Appendix C).

These features enable ths MIGHTY-MUX to control up to 128 devices,
including combinations of local and remote terminals and
peripherals of many diffarent kinds. Further, all these devices
may be operated at ~ny standard Baud rate up to 9600 Baud, under
software control.

. Ceneral Description

The FIGHTY=MUX Multiplexer (hersafter sometimes referred to as
{ux) intarfaces up to 128 I/N devices to a MNova tvpe computer.

the heart of the system is the ENS=31N board which contains all
the Common Logic and & interfacz Ports (see Figure 1). Each Port
contains the necessarv control locic and buffering for full-duplex
oparation. The Common Lngic contains a seaquencer which
interromates the norts in turn, and longic to service them when
they need it, providina direct access to core memory via the DMA
chennel and generatina interrupts to the program when appropriate.
Up to 120 nmore norts may be acded by means of EDS-301 expansion
boards. liach 301 board contains 2, 16, or 24 ports. Thus a full
128 nort systen reauiras one 310 and five 3201 beards.

Copyright 1977 General Description
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2. Core Allocation Requiréments

To control the MIGHTY-UX, the program stores appropriate I/0
command words in a certain dedicated area in core, consisting of =a
control block for each port used. Core Allocation of Mux Control
Block and of Input and Qutput Buffers is as shown in Fiaure 2.

All control blocks are contiguous in core, and may start at any
multiple of 400 (octal). This starting location Is under software
control. In the absence of appropriate software control, the Mux
control block startina location will be set by hardware to a
predeternined default value which has been preset by jumpers on
the iux board (see Appendix B, Section B.5). All contrnl bhlocks
must be the 'same size. This size may be &, 16, or 32 words (10,
20, or 40 octal).

viithin each port control block (PCB), 6 words are used for Mux
control - namely words 0, 1, 4, 5, 6, and 75 the remainder may be
used for any other purpose. The three even-numbered words control
input, the odd-numbered ones control output. In each set of
three, one word is a general control word and the other two are
pointers to the beginning and end of the desired buffer areas in
core. The sizes and locations of these buffers are therefore
entirely under software control. Several ports may transmit from
the same buffer area at one time, since each keeps track of its
own pointers. If the port is operated in single-character mode,
the pointer words are not read by the Mux and may be used for any
other purpose. The meanings and formats of the six control words
are shown in Figure 3 and explained in Section 4.

The MIGHTY-MUX is normally delivered wired for 32-word control
plocks. This mey easily be changed to 16 or € by rewirina some
jumper wires as described in Appendix B, Section F.2.

Copyright 1977 : Core Nequirements
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sord O = IC/l - Input Control Word
; L . ; . ° ; L] L] ; L] L] ; L] L]
tIDNY  INMO (ASCIRECFLGSINEC!MSO: INCHAR, :
: : . : : L ] : : : L] L] L] * L ] L] L] :
0 I 2 3 4 5 6 7 8 9 10 11 12 13 14 15
3 R R ol -3
: 10=Single :0=Normal :
: Pz —-— t1=Parity Error :
: :2=Auto :2=DCH Cverload :
: : 3=Auto+Echot 3=Break :
viord | = QCH = Qutput Control Word
; L] * ; L] L ] ; * * ; L] L] ; L] L]
yODNt OQUTMO 1SIRIDVSIPDS) 1DSC OUTCHAR '
] ] . ' ' H : ' ' . . . . . . . :
0 I 2 1 1 4 5 6 7 ' ' ' . :
: t\—+—=7!DVC!<=-0UTMO=PCON—>!PINITSB! NDB IPM1QI RAUD RATE |
¢+ 73 0=None . : ] ' ' . ‘ i . . '
: Muxs I=Auto 3 8 9 10 11 12 13 14 15
:Sets: 2=PCON s H [ ] P O S —
tPam: 3=Sincle : : 0=58its 0=11014=1200
sClre™- + 73N + == 73 1=6Bits 1=15015=2400
: ¢ Pam Posts Mux Posts . 3 2=TRits 2=30016=4800
3=8Bits 3=60017=9600
dord 4 - IBP = Input Eyte Pointer
: Word Address {BINS
O=L
jlord 5 - (BP - Nutput Byte Pointer 1=R
' Nord Address VEINS
Word 6 = LIB - Last Input Byte
' Word Address VRING
dord 7 = LOB = Last Nutput EByte
: Word Address VRINN
Figure 3. ICHTY=-MUX Control Words
Control vwords Copyright 1977
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3. DOverall Sequence of Operation

In order to start the Mux, it is necessary for the program to aive
a DOC -,ifUX instruction (the data output is immaterial). The Mux
then cyclically tests all ports, checking for an Input Request
(i.e., a character has been received) or an Output Request (i.e.,
port is ready to accept next output character). Vhen one of these
requests is found, the Mux stops at that port and reads the Input
Control Word or Output Control 'ord belonging to that port.
Depending on the instructions contained in this control word, the
Mux then carries out the indicated operations, including accessing
the automatic buffer if aopropriate. When all required actions
for the sensed Input or Jutput Request are completed, the Mux
continues on to test the next port, etc. If both Input Request
and Output Request are true simultaneously, Input takes precedence
and Output is deferred to the next time that that port is
inspected. These steps ares shown in the Flow Chart comprisino
Figure 4.

Wihen an Input or Output process is completed, the Mux sends an
interrupt to the CPU. An interrupt may also be given by the
Real-Time Clock on the MIGHTY-MUX, once each 10 msec (100 times
per second). The program, by giving a DIAS-, MUX instruction, can
then clear the interrupt and simultaneously read the Mux Status
Nord, which indicates what type of interrupt was given.

4, Detfinition of Control Words (See Fiqure 3)

4,1 ICW = Input Control Word (Word O of each control block)
Bit O - Input Done (INN). Set by the Mux under the following

conditions:

1) If in Sinagle Character Input mode, when an incomina
character is received and stored in Bits 8-15.

2) If in Automatic Input mode (with or without automatic
echo) when the assigned input buffer is fulls i.e., after
an incominag character is placed in the byte specified by
LIB.

3) If any of the following three cases is detected bv the
receiver (see Bits 4 and 5 below).

Parity error = if Parity Inhibit is O (see OCW Bit 8)
Data Channel overload
Break (framing error)

4) If in Automatic Input With Echo mode but automatic echo
was not accomplished (see Bit 6 below).,

5) If Special Interrupt Request is enabled, and a "Special"
character (see Bit 3 below) 1is received.

Copyright 1977 Overall Sequence of Mpns.
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At the same time that IDN is set, an interrupt is also
generated.

Input Done must be cleared by the Mux interrupt service proocram.
There is approximately one character time available for this.

If another input character is received while Input Done is still
set, it will override the character in Bits 8-15 (in this case
automatic input is not permitted), and Bit 7 1s set indicatino
that an incoming character has been lost, but a second interrupt
is not generated. If it is desired to inhibit any interrupts
from a particular port, this can be accomplished by settinc IDN
to 1.

Bits | and 2 = Input Mode (INMO). Written by the program and
read by the Mux to determine what type of input will be done.

0 0] = Single Character Input mode - i.e., each incomina
' character is placed in Bits 8-15 of ICW, IDN is
set, and an interrupt given.

| 0 = Automatic Input - i.e., incoming characters are
placed in the input buffer defined by IBP and
LIB, as long as no interrupt conditions are
encountered (see Bit O for interrupt conditions).

(@}
[}

Not used (illegal).

1 1 = Automatic Input With Echo - same as Automatic
Input except that each character which is placed
in the input buffer is also automatically echoed
(output). Note that any character producing an
interrupt (other than buffer-full) is not
automatically echoed,

git 3 = 7-bit ASCII Mode Special Interrupt Request (ASC).
lritten by the program.

If this bit is set, the Mux will examine every incominc
character and qgenerate an interrupt if it is a "Special®
character. The set of special characters is determined by a
PRUM (Programmable Read-0Only Memory) on the 310 board and may be
any set desired by the user. The standard set consists of all
characters below octal 40 or above octal 1733 for available
optional sets see Appendix B, Section B.7. Special characters
are not stored in an automatic buffer but in ICW and produce
interrupts. 7This allows immediate program response to such
characters as backspace, carriaae return, end-of-message, etc.

A second effect of the ASC bit is that when this bit is on, the
Mux sets the most significant bit of each incomina character to
a one. The intent is to allow the software operating system to
distinquish incoming 7-bit ASCII data characters from non-data
by means or the msb. If this feature is not desired, see
Appendix B, Options, Section B.8.

Copyright 1977 Input Control Word
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Bits 4 and 5 = Receiver Flags (RECFILGS). Posted by the Mux each
time an input is received. ‘

4 2 .

0 0 = Normal - i.e., none of the three cases below.

0 I = Parity Error = if Parity is not inhibited (see
OCH Bit 8 below)

G = Data Channel Overload - i.e., an input character

was received before the previous character from
that port could be stored away by the Mux. This
can only happen if another interface on the
computer’s data channel, having higher priority
than the Mux, has been taking most of the core
memory cycles.

] 1 = Break, or Framing error - i.e., a Stop Bit was
' not received. This is used for detecting the
Break character, which is a 0 character with no
Stop Bit.

Each of the latter three cases produces an interrupt and sets
Input Done. If more than one of these occurs at the same time,
onlv the one with the highest number is recorded.:

Bit 6 = Not Echoed (NEC). Posted bv the Mux if in Automatic

Input dith Echo mode, and if automatic echo was not possible
because the output circuitry was still busy with a previous
output. This can only happen if the program started an output
while the Mux was in Automatic Input With Echo mode - a
condition that should never occur. At the same time that this
bit is posted, Input Done is also set and an interrupt
generated.

Bit 7 = Muyx Service Overlonad (MSQ). This bit is set by the Mux
if at the time an input character is stored the Input Done flag
is still on from a previous input. The length of time availabl-=
for the Mux service program to service an input interrupt before
the next input could come in on the same port is on the average
equal to one character transmission time (about | msec for 9600
Baud data rate), but could in the worst case be as much as 300
usec less than that.

Qits 8=-15 = Input Character (INCHAR). Every incoming character
which produces an Input Done is stored in these bits (s=ee
":xception" below). In automatic buffer mode characters which
are stored in the automatic buffer are not stored in ICW, except
that the last character, which produces the buffer-full
condition, is stored in hoth places (see "Exception' below).

Exceptions If an input buffer ends in mid-word, the byte placed
in ICW is the richt half of the last buffer word and not the
last incoming character. The software must therefore check for
Whuffer=rull" before it checks for "Special character".

Input Control Viord Copyricht - 1977
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4.2 OCW - Output Control Word (Word ! of each control block)

Bit O - Qutput Done (ODN). Set by the Mux under the following

conditionss

1) If in Single Character or Port Control Output mode, when the
output byte is read for transmission to the port. The
program then has a minimum of one character time, and
typically almost two character times, to reload OCW if
uninterrupted output is desired.

2) If in Automatic Buffer Dutput mode, when the last byte of
the automatic buffer is read by the Mux for transmission.
Again, if the output control words are reloaded within -2
character times, uninterrupted output will result.

3) If in Automatic Output with Special Interrupt Request mode,
and if the transmitted character is a Special Control
Character (see Section 4.1, Bit 3). In this event automatic
output is terminated after transmitting the special
character.

4) Regardless of output mode, if the Device Status Chanaced bit
(BRit 7) becomes a |.

At the same time that ODN is set, an Interrupt is also
generated. Output Done must be cleared by the program before
another output can take place on that port. Leavina ODN set
inhibits further interrupts from that port, even if Device
Status changes.

BH! = ‘ (QUTMD). Written by the program and
read by the Mux to determine what type of output will be done.

L 2
O o

i

Hone = no output.

0 | = Automatic buffer output - i.e., Mux will output
from automatic buffer defined by OBP and. LOB.

| 0 = Port Control Output (PCON) - i.e., the data in
Bits 3 and 8-15 are sent to the port as control
data, to do their assiagned control functions.

1 ] = Sinale character output - i.e., the data byte in
Bits 8=15 is sent to the port for transmission to
the external device.

Copyright 1977 Output Control Word
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Bit 3. The meaning of Bit 3 depends on the Output Mode. 1If
OuULrs¥0 = 00 (None) or 1l (Single), Bit 3 has no effect.

I[f QUTHO = Ol (Auto):

Bit 3 = Special Interrupt Reguest (SIR). Written by the
program. If this bit is a |, the Mux will test each
outgoina character to determine if it is a Special Control
character (see Section 4.1, Bit 3). 1If it is, the Mux will
still transmit it, but also set ODN, produce an interrupt,
and terminate automatic output. This is useful in driving
printers which require some special service after a Carriage
Return character, such as a Line Feed, or a delay time, or a
Print Line command.

[f AUTMO = 10 (PCON):

Bit 3 = Device Control (DVC). Written by the program and
transferred by the Mux to the port when the Port Control
Qutput is done. This bit is stored by a flip-flop in the
port circuitry and applied as an EIA level on the Device
Control Line going to the external device. It may be used
for any desired function - it does not interact with the
functioning of the port in any other way. For Bell System
103 Type DNata Sets, this sianal is used as the Data Terminal
Ready line (circuit CD). For half-duplex. control, this
signal is used as the Request To Send (circuit CA).

EIA Positive Function Mn

] = + 10 volts

Function Off

0 = - 10 volts = EIA Negative

Bit 4 - Device Status (DVS). Written by the Mux each time CCW
is inspected whether any output is done or not.

This is simply the current value of the Device Status line
coming from the external device. This line may be used for any

desired function = it does not interact with the port in any

other way. For 103 Type Data Sets, this line is used for the
Received Line Signal Detector (circuit CF). For half-duplex
control, this line is used for the Clear To Send fcircuit CB).

I

| EIA Positive, i.r. > +3 velts

0 EIA Négative. i.e. £ 0 volts, or open

llotet Actuallv, any voltage above +!1.3 v will produce a |, and
any voltage below +0.7 v will produce a 03 voltages hetween
thase limits are indeterminate.

Bit_ 5 = Previous Statuys (PDS). Written by the Mux each time OCHW
is inspected whether any output is done or not. The value read
from Bit 4 is rewritten here. This bit is of no significance to
the programmer.

Output Control Word Copyriaht 1977
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Bit 6 - Unused. Always is made zero by the Mux. (Exceptions:
see Appendix A, "EDS-302 Synchronous Port Card").

Bit 7 - Device Statuys Changed (DSC). Written by the Mux
whenever the device status line does not equal the Device Status
bit (Bit 4) read from the OCW. When this bit is set, Rit 0O
(Dutput Done) is also set and an interrupt is generated. Note
that this imposes a requirement on the Mux Service Program,
whenever it writes an QCW, to leave Bit 4 the way it was -
otherwise the Mux will think Device Status has changed and
produce an interrupt.

Bits 8=15 = Qutput Character (QUTCHAR). If Output Mode = 11
(Single character), this byte is sent to the port for
transmission to the external device. If OUTMO = 00 or Ol
(Inactive or Automatic), this byte is ignored. (Exceptions: 1In
Automatic Output with Special Interrupt Request, this byte must
not be a Special Character - see Section 4.1, Bit 3 for
definition of "Special Character"3 otherwise the Special
Character detection logic will never permit automatic output to
cet started.) When an ODN interrupt is produced, the Mux will
store the character that produced the interrupt in this byte.
If OUTMN = 10 (Port Control Output), this byte is sent to the
port as a control character, governing both output and input.
In this case, the meanings of these eight bits are as follows.

Bit 8 = Parity Inhibit (PIN).

0 = Parity is generated (transmit) and checked
(receive)

| = No Parity

0 One Stop Bit

I = Two Stop Bits

Notes This governs output only. In input, one Stop Bit (in
fact, just over one-=half Stop Bit) is always adequate.

Bits 10 and 11 = Number of Data Bits (NDB).
10 1L

0 0 = 5 Bits

0 1 = 6 Bits

| 0 = 7 Bits

| | = 8 Bits

This field governs the data bits onlys parity (if not
inhibited) is an additional bit. If less than 8 bits are
selected, the character will be right justified, and the
unused most significant bit(s) will be set to zero on input
(exceptiont ASC mode - see Input Control Word Bit 3). For
output, the character must be right justified, but the
unused most significant bits ars ignored.

Copyright 1977 Nutput Control viord
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4.3

Dut
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Bit 12 = Parity Mode (PMO) (has e ffect only if Bit 8 = 0).

Odd Parity
Even Parity

[}

Bits 13-15 - Freguency of transmission/reception.

=
—0-o0-0o-of

110 Baud (standard Teletype)
150 Baud )
300 Baud
600 Baud
1200 Baud
2400 Baud
48 00 Baud
9600 Baud

~—-—-—OOOOE
(L T T T T 1 I T I 1

——00-—-—00

IBP - Input Byte Pointer. (Word 4 of control block). This
word and its partner (LIB) are only used if in Automatic Input
mode. IBP must be set up by the program to | less than the
first byte address (see Section 7.3) of the autcmatic input
buffer. Each time the Mux stores an incoming byte, it will
incrament IBP. The Mux then uses the most significant 15 bits
of the IBP as a core word address and the least significant,
(bit 15) as the Byte Indicator (BINM)3 1i.e. the byte will
either be stored in the left or right half of the word
addrassed, depending upon the value of BIN (BIN = 0 = right
byte, BIN = | = left byte). Thus IBP always points to the
last input byte stored unless no input bytes have been
received vet, If IBP > LIB, an interrupt will be aenerated hy
the first incoming character, but that character will be
stored at IBP.

Notet ‘ilhen storinag the first (left) byte in a word, the Mux
writes that byte in both halves of the word (unless this is
the last byte in the buffer). When storing the second byte,
it overwrites the right half of the word. I[If an input buffer
ends in mid=-word, the right half of that word is correctly
preserved.

(JBP - Output Byte Pointer. (liord 5 of the control block).
This word and its partner (LOB) are used only if in Autmmatic
Output mode. ABP must be set up by the proaram to | less than
the ovte Aaddress of the first hyte of the automatic output
buffer. Each time the Mux 1s ready for an output byte, it
will increment OB3P and then fetch the byte for transmission
from the appropriatehalf of the word address given by the mnst
significant 15 hits of the NBP (word address) in conjunction
with the Byte Indicator (BRIN). Thus OBP always points to the
last byte that has been transmitted, if any.

LIB - Last Input Pyte. (Word 6 of control blnck). Set un oy
the program to the last byte address of the auto input bHuffer.
The Mux will generate an Input Done interrupt when a byte 1is
stored at this address. [IBP will then be equal to LIA.

put Control vord Copvright 1977
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4.6

4.7

LNB - Last Output Byte. (Word 7 of the control block). Set
up by the program to the last byte address of the automatic
output buffer. When the byte at that address is picked up for
transmission, the Mux will generate an Output Done interrupt
(OBP will then be equal to LOB). Notet An automatic buffer
may contain as little as one byte. In this case, initially
(LOB) = (OBP) + 1. If initially (LOB) < (0OBP) + 1, the Mux
will transmit one byte from (O0OBP) + | and then set ODN and
produce an interrupt. '

Mux Status Word (MUXSTWD).

-e

°
3 . A . .

' RTI!SOV:PID:POD

- -

. L]
) ]

PORT IDENTITY

.
y
)
[}
)
[}
)
1 1 ! ) . . . . . .

e me e
o
o
o
o
o

0

] 2 3 4 5 6 7 8 % o 1112 13 14 15

This is not one of the control words in each port control
block, but it is the word which is read in when the program
gives a DIA -,MUX instruction. The Mux Status Word contains
information indicatinag what type of interrupt was given. The
Mux contains a stack (FIFO - First In, First Out) where up to
40 interrupts can be queued up. This stack is popped when a
START pulse is given by the prooram. Therefore, by means of a
DIAS =,MUX instruction the proaram can "simultaneously" read
the Mux Status Word, and pop the stack. If the stack is then
not empty, the Mux DONE flag will remain set and another
interrupt will be generated. If the stack is empty, a DIA
-,MUX imstruction will read in a word with bits 0-3 all equal
to O, but bits 4-10 may not be O.

Bit O — Regl-Time Interrupt (RTI = 10Q Hz). If the Real-Time
Clock is enabled, once each hundredth of a second the MMux will
give an interrupt with this bit on (1). Any additional
interrupts will have this bit off (0). This bit is cleared by
the DIA =,MUX instruction which reads it, whether accompanied
by an S pulse or not.

Bit 1 = Stack Qverflow (SQV). If this bit is a | it indicates
that the Mux interrupt stack has nverflowed (> 40 interrupts
pending), and therefore the software must inspect all Input
and Output Control Words to determine which ones require
service. In this case the remainder of the Mux Status YWord is
meaningless. If this bit is 0, then the following definitions

apply.

Copyright 1977 AQutput Control llord
tducational Data Systems -15= 21 SEPT 77

. m. e e E,® e ® T WE E® Ee e e B S e mm B M W e R® m® mw mE EE- mEm " W® W e =™ mm ww = - -



Bit 2 = Port Ipput Dope (PIN). The port whose identity
appears in Bits 4-10 has generated an IDN interrupt.

Bit 3 = Port Qutput Done (POD). The port whose identity
appears in Bits 4-10 has generated an 0ODN interrupt.

Bits 4=10 = Port Identitv. This field identifies the port
reporting an IDN or ONN interrupt. The "identity" of a port
consists of the 7 bits which specify the 128 possible port
control blockst 1i.e. bits 4-10 of the port’s control word
addresses if the control block size is 32 words, or bits 5-=11
for l6é-word control blocks, or bits 4-=12 for 8-word contrnl

blocks.
Bits 11=-15. Always O.
Aux status Ford Copyricht 1977
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5. CPU Control QOver Mux

The CPU controls Mux operation by means of the following I/7
instructions.

IORST or
CLEAR
(eqg NIOC)

I0PLS
(eg NIOP)

START
(eg NIDS)

DOA =, iUX

Copyright

Turns off both Mux and Real-Time Clock, clears DONE
and BUSY flags, and terminates any output that may
have been in process by setting all data output lines
to =10 volts. IORST also has the followina additional

e ffects:

a) Sets all Device Contronl lines to +10 volts,
b) Sets Baud rate of all ports to 110 Baud,

c) Sets Port O to 8 bit character length, no
parity, 2 stop bits,

d) Sets the Port Control Block base address to
its default value.

The CLEAR pulse does not have these additional
effects, in order to permit the software to set up any
desired port parameters, then shut down the Mux and
let Port O be the master terminal interface (Device

code 10/11 type - See Appendix B, Section B.3).

Starts Real-Time Clock. Has no effect on Mux action.

Pops Mux Status Word stack. Thus, a DIAS -,MUX
instruction will "simultaneously" read and pop the MUX
Status Word stack. If the stack is then empty, the
Mux DONE flag will be cleared. If stack overflow has
occurred, the START pulse clears the stack.

Notes Some CPU’s (such as the Nova 2) may allow a
data channel cycle between the DIA and S pulses of a
single DIAS instruction. To guard against this, the
DIAS should be preceded by a DIB -,M¥UX and followed by
a DOC -,MUX. :

If given before the Mux is turned on, this instruction
sets up the base address of the PCB area. Mnly the 8
msb are useds therefore the PCR area must start at a
multiple of 400 (octal). Once the Mux has been turned
on, the effect of the DOA instruction (regarcless of
data output) is to "orompt" the Mux to inspect all
NCi’s for any pending output commands (in the absence
of the DOA, the OCW’s of Aall inactive ports are
inspected once each 50 milliseconds). This can be
used to speed up output to line printers, for

example.

1977 CPU Control Qver Mux
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bac -, MUX

DOB -, MUX

Starts the multiplexer proper. Thus, DNCP -,MUX will
start both the Mux and the real-time clock. (Anly the
DOC signal is used = it does not matter what data is
output by this instruction.)

Stops all Mux data channel transfers, but does not
interrupt any input or output already in process.
Because the Mux takes successive data channel cycles
when processina a particular port, the NDDB instruction

-will always stop the Mux after completion of one port

service and before beginning another. The DNB/DNC
pair may be used whenever a control word has to be
written, to guard against the possibility that the HMuv
has just written into that control word. For example,
the following sequence may be used in the Mux Output
Routine when a new OCW is to be written.

LDA 3,BASE ibase address of port control block

LDA 1,C4000 smask for bit 4, Device Status

LDA 2,NOCN° snext NCW desired to be written
INTDS jdisable intpts. for min. Mux pause
DAaB 0, "MUX ipause Mux operation

SKPDN  MUX sis Mux trying to interrupt?

JMP 4

bac 0, MUX yes = turn Mux back on

INTEN and let it interrupt

JMP =6 try again after the interrupt
LDA O0,1,3 i no - pick up QC%

AND 0,1,SZR spick out the Device Status bit

-0 we <o

ADD 1,2 sinsert device status in new OCW
STA 2,1,3 istore new NCW

DnC 0, MUX icontinue Mux operation

INTEN senable interrupts

This sequence cuards acainst the possibility of the
Device Status chanagina just before the program stores
a new (OCH., A similar sequence may be used in the MMux
Input Service Routine to auard ageinst an incoming
character being accidentally overwritten by the
proaram., -

The DOB/DOC pair should also be used around a
DIAS -,MUX instruction (see Note uncer "START" above).

DIA -, MUX Reads in the Mux Status ¥ord (see Section 4.7), and
clears the Real-Time Cloclk interrupt bit If it was
on.
DO, NAC, DIA Copyright 1977
: b1l 77 -13= Fducational Data Systems

2|



6.
1)
2)

3)

Initialization (when power is first turned on)
Give an IORST, or NIOC -, iMUX.

Give a DOA -,MUX if it is desired to change the Core Location
of the Control Block Area from its hard-wired default value
(cenerally 36000). See Appendix B, Section B.5 .

Set up each QCW for initial Port Control Output (see Section
4,2). For example, for a data set ready for automatic
answering at 110 Baud with two Stop Bits and using 7-bit
characters with even parity, OCW would be 501503

Out
Don

StaiPari{TwoiChar.L.!Evh! Freq.
ChgtInhiStpi=7 bitsiPari =110 Baud

H : '
DeviDeviPrei
ConiStaiSta: O

-

¢ OUTMO
i+ =PCON

0 |

(@]

—w . mn —--
——

0+ 0

o
o

4)

5)

6)

Copyright 1977 DOR
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Set up each ICK for the desired input mode; Initially this
will generally be Sinale Character Input. Therefore, ICHW
would be set to O (or 10000 if the msb is desired to be set to

1.

Give a DOC -,MUX. This starts the Mux, setting its BUSY flaqg.
BUSY remains set from here on until an IORST, CLEAR, or
DOB-,MUX is given: interrupts cause DONE to come on but do not
clear BUSY. The Mux will now do all the indicated port
control outputs, setting the Cutput Done bit for each and also
setting the Mux DNNE flag.

Enable Interrupts. A5 soon as the Mux DONE flaag is set, an
interrupt will result. The interrupt service will then, by
means of DIAS -,MUX instructions, pop Mux Status Words off the
interrupt stack until all Output Done bits are processed.

DAC, DIA

,
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7.

Input and Output

7.1 To Input in Single Character !fode

7.2

7.3

1)

2)

Set ICW to: (see Figure 3)

10000 for msb = |
O for normal input (unmodified)

When an incoming character arrives, it will be stored in
IC¥, the IDN bit will be set, and an interrupt will be
glven.

To Output in Single Character Mode

1)

2)

Set OCW tos

6x000 plus the desired character, where x = 4 or O
according as the Device Status bit (Bit 4) is I or O.

An interrupt will be given and ODN set when the character
is picked up for transmission.

To Input Automatically into a String Buffer

1)

2)

3)

4)

Set IBP to | less than the byte address of the first bvte
in the string. Note: Byte Address equals Word Address
shifted one place to the left with the least significant
bit = 0 for left byte or = | for right byte.

set LIB to the byte address of the last byte of the strina
buffer. Note: The string buffer may end in the middle of
a word without destroying the contents of the richt half
of that word.

Set ICW to:

40000 for no echo and no ASC

50000 for no echo but ASC

80000 for automatic echo and no ASC
70000 for automatic echo and ASC

An interrupt will be given and IDN set ifs
Condi ti [ndicati

Buffer full I3P = LIB

Parity Error ICH Rits 4,5

Data Channel Late ICW Bits 4,5

Break ICH Bits 4,5

Auto echo ordered but ICi Bit 6 = |
not accomplished

Special Character if Character is in ICW
ASC set (Special ° Pits & = 15
Interrupt Req)

W

tlow to Input, Nutput ' Copvright 1977
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Note: After the buffer is full, if IDN is cleared but ICW is
left set up for automatic input, then if another character is
received, it will produce an interrupt but it will also be
stored in the next byte address (i.e. produce buffer
overflow).

7.4 To Output Automatically from a String Buffer

1) Set OBP to | less than the byte address of the first byte
to be output.

2) Set LOB to the byte address of the last byte to be output.
3) Set OCW tos

2x000 for regular automatic output
3xyyy for interrupts on special control characters, where

4 or 0 accordina as Device Status =1 or 0O
any value that is not a "Special" character (see
Section 4.1, Bit 3)

Wote: If x is set to the wrong value, an immediate
interrupt will be produced without transmittina even one

character.

4) An interrupt will be produced and 0ODN set ifs:

Condition Indication
Buffer empty 0BP = LOB
Device Status changed OCW Bit 7 = 1 (OBP points to laSt

character transmitted)
Special character if Character is in 0OCW Bits 8-15
special interrupt (OBP also points to it in
requested (SIR) buffer)

7.5 To Change Port Control Parameters

A new Port Control mode may be set up at any time by simply
storing the desired Port Control Word (see Section 4.2) in
0CW¥. Thus, for example, Baud rate, or parity mode, or Device
Control may be changed whenever the program wishes.

If it is desired to issue a new Port Control Word (PCMN) after
completing a transmission, it is necessary to add a null
character at the end of the desired output string. The
program must then wait for the Output Done condition resulting
from this null character being picked up for transmission,
before it stores the new Port Control Word in OCN. This is
due to the double buffering in the port logic, and applies to
toth single character mode and automatic output mode.

Copyright 1977 How to Qutput, PCON
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1)

2)

3)

4)

o)

Interrupt Service

21

Interrupt Service

Uive a DIAS -,MUX (see Note under "START" in Section 5). This
reads in the Mux Status Word (see Figure 2), and clears the
Mux DONE flag (unless there is another interrupt pending).

Test MUXSTWD Bit 0. If 1|, do real=time interrupt service.
of course, not needed if the real-time clock has
not been turned on.

This step is,

Test

service is required, then go to 6.

Test

Test

Give another DIAS -,MUX.

Bit I

Bit 2.

Bit 3.

If I, check all ICW and .QCW to determine if

If 0, continue.

If I, do Input Service for the port whose
icdentity appears in bits 4-10, then go to 6.

If |, do Output Service for the port whose
identity appears in bits 4-10.

If bits 0-3 are all 0, exit

interrupt service, otherwise go back to 2.

ockT
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APPENDIX A
EDS-302 SYNCHRONOUS PORT CARD

SPECIFICATINN

The EDS=302 is a 15" x 15" board that occupies one slot in any
Nova-type computer and serves as an expansion board for an EDS=310
HIGHTY=4UX data channel multiplexer. The EDS-302 contains up to 3
synchronous ports in increments of 2 (options -52, -S4, =-S6, or
-5&). Each of the synchronous ports offers the following
capabilities.

A.l Eunctional Capabilities
1) Receive and transmit synchronous data at any rate up to 50,000
baud (clocked by modem)
2) CRC (Cyclic Redundancy Code) ceneration and checking performed
by hardware
3) Compatible with ADCCP/HDLC/SDLC:
a. Flag sequence, Zero-bit insertion/extraction, and Frame
Check Sequence implemented in hardware
b. Address, Control, and Information Fields under software
control
4) Characters (8 bits each) are packed 2 per word (left/right) in
core memory )
5) Three outgoing modem control lines under program control:
Request To Send
Data Terminal Ready
Secondary Request To Send
6) Five incominao modem control lines available to program:
Clear To Send
Data Set Ready
Ring Indicator
Received Line Signal Detector (Carrier)
secondary Received Line Sianal Detector
7) All data and control lines operate in accordance with EIA spec
Ro=232-C
¢) Full or Half Duplex, with on/off secondary channel
Copyright 1977 EDS=302 Sync Port
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A.2 Theorv of QOperation

Figure A=l contains a functional block diagram of the synchronous
port, and shows the data flow between the modem and the MIGHTY-UX
Common Logic.

In transmission, data output coming from the Mux in S-bit parallel
form is converted to serial form by the Parallel-Serial Converter.
When the port is in the idle state, it sends a stream of Flacs and
presets the CRC generator to all 1/s. When the Mux sends the port
data to transmit, the CRC generator starts generating the CRC, and
the Zero-bit Insertion logic scans the bit stream, inserting a
zero bit after each sequence of 5 ones. Ihen the Mux sends the
‘port an £0F (End of Frame) signal, the port transmits the
complement of the 16=bit CRC (Frame Check Sequence) followed by at
least two Flags (01111110 binary, or 176 octal), and reverts to
its idle state. The CRC pelynomial is x16 + x12 + x5 + |, as
specified by ADCCP. The ux may also send the port an Abort
signal, in which case the port sends out 8 ones (377 octal)*
followed by Flags. The Zero-=bit Insertion loaic is deactivated
when sending Abort or Flag, and is active at all other times.

In the Receiver section, the Zero-bit Extractor logic always
extracts a zero following five ones, and also contains Flag and
Abort recognition logic. When first turned on (idle state) the
CRC qgenerator is cleared to all ones and remains so as long as
only Flags or Aborts are received. When some other character 1is
received (following a Flag and framed by it) the CRC generator is
enabled. The incomina serial data is converted into parallel
characters by the Serial-Parallel Converter. Each assembled
character is sent to the Mux. This process can end in one of two
ways. If a Flag is received, the port will check the contents of
the CRC fgenerator and send an ENF signal to the Mux together with
an indication of whether the CRC was good or had. If an Abnrt is
receiveds, the port sends the Mux an Abort signal. The Receiver
section then reverts to its idle state. Note that while the
Transmitter sends at least two Flags between successive frames,
the Reciever requires only one. In addition to the above, the
software has access to the following EIA control lines:

CA Request To Send (PTS)

Cb Clear To Send (CTS)

CC Duta Set Ready (USR)

CD Dsata Terminal Ready (DTR)

Ct Ring Indicator (RING)

Ck Received Line Signal Detector (CAPR)

SCA vecondary Request To 5Send (SRTS3)

SCF secondary Received Line Signal Detector (SCAR)

The 302 board implements only nne kind of Abort. It does not
orovide for the Y"Abort and Idle Link State" defined in Section 3.4
of AUCCP.

:N5-302 sync Port Copyriaht 1977
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_ABORT

EOF __
DATA PAR. = SER. ZERO-BIT
CONV. INSERT  |oaa s,
i l f + FLAG & ABORT
FROM GENERATOR 10
MIGHTY A .\ MODEM
MUX CRC
GENERATOR
4\ cLlock s,
TRANSMIT  SECTION
FLAG >
ABORT __
ZERO-BIT SERIAL-
paray| EXTRACT > PARALLEL |DATA
+FLAG & ABORT } CONVERTER
RECOGNITION
. ' / TO
N MIGHTY
FROM CRC MUX
MODEM GENERATOR CRC ERROR >
CLOCK _ . ...l /I\
RECEIVE SECTION

Figure A-1.
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A.3 ooftware Interface

cverything described in the body of this manual for asynchronous
ports applies to the synchronous ports, with the exception of
certain control bits in the Input Control Word (ICW) and Output
Control wWord (OCH). These are depicted in Figure A-2. O0Cnly the
control bits having special meanings for synchronous ports are
described below.

1) ICH for Svnc Port

Bit 4 - Data Channel Overload Same meaning as in asynch ports
(see Sect 4.1, Bits 4-5)

Bit 5 = Status Input, i.e. Bits 8-=15 contain the Receiver
Status Byte (see helow)., The Status Byte is read in, and
produces an interrupt, when any of the following conditions
OCCUrS.

a) DSR (Data Set Ready) changes state

b) RING Indicator changes state

c) CARRier changes state

d) SCAR (Secondary Carrier) changes state

e) Flag Sequence or Abort is received

f) Status byte was requested by READ STAT in 0OCW

otatus Bvte (Bits 8=15 if Bit 5 = 1)
Uit 8 = DSR (Data Set Ready). Circuit CC of RS-232-C.

Bit ¥ = RING (Ring Indicator). Circuit CE of RS-232-C.

Bit 1Q = CARR (Received Line Sianal Netector). Circuit CF of

it 11 = SCAR (Secondary Received Line Sional Detector).
Circuit SCF of R5-232-C

Bit 12 = EQF (End of Frame). Indicates that a Flaoc sequence
(UI111119) has terminated A message frame.

Rit 14 = ABOPT. Indicates that an Abort Code (7 or more
l=-pits in a row) has terminated a message frame.

Bit 15 = CRC_ERPRIP, Indicates that the last 16 bits pracedina
a closing flag sequence did nnt contain a valid CRC coda for
the transmitted frame. Can nnly <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>