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1. A data communications system wherein a number of

devices are coupled for communication with a computer

system over a plurality of communications charnels and

wherein a memocry holds a table for each channel, each such

table holding communications inforn.ation for the

respective channel; said data communications system being

characterized by:

a first data processor coupled to said memory for

controlling the receipt of data from said devices over

said channels;

a second data processor coupled to said memory for

controlling the transmission of data to said devices over

said channels;

means for controlling said first and second data

processors to control the communication of data over said
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channels in a respective sequential order by addressing in
respective successive said tables in said memory but for
preventing both processors from simultaneously accessing
the same table, thereby preventing both processors from

simultaneously controlling communication of data over the

same channel.
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates in general to a dual
microprocessor control system and pertains, more particularly,
to dual microprocessor control in an asynchronous data
communication system preferably employing a receive

microprocessor and a transmit microprocessor.
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2, pescription of the Prior Art

In a data communications system employing a telephone PBX,
line data rates may vary from 300 to 19,200 bits per second. At
a rate of 19,200 bits per second, with 16 channels operating,
this means that a character is to be supplied for transmission
each 52.1 microseconds. Similarly, a character may be received
each 52.1 microseconds. With such data volume requirements, it
is typical to employ a pair of microprocessors. One
microprocessor is dedicated to transmitting signals and the
other is dedicated to receiving signals., Even with the use of
these dual microprocessors this still allows only a small amount
of time. for control tasks such as packetizing/depacketizing
data, handling modem status update messages, call processing,
etc.

In addition to the specific tasks of transmitting and
receiving for the respective transmit microprocessor and receive
microprocessor, it is also desired that the transmit and receive
microprocessors be able to communicate with each other. When
the two processors interchange information, it is desired to
de-race the communications. This is usually carried out with
interrupt-driven techniques employing "mailboxes" and "locks".
However, such an interrupt-driven system is relatively slow in
operation. For pertinent prior art refer to U.S. patent
4,482,982 granted November 13, 1984, to Yu et al. and U.S.

patent 4,488,231 granted December 11, 1984, to Yu et al., both
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owned by.the present assignee herein,

Accordingly, it is an object of the present invention to
provide an improved dual wmicroprocessor control system in which
the efficiency of intercommunication between processors is

substantially improved.

SUMMARY OF THE INVENTION

To accomplish the foregoing and other objects, features and
advantagés of the invention there is provided in accordance with
the present invention a dual microprocessor control system that
is employed in the embodiment disclosed herein in an
asynchronous data communications system that emplcys a receive
microprocessor and a transmit microprocessor., The
microprocessor control syvstem cf the invention permits improved
efficiency of data transfer within the data communication system
including between picroprocessors. The dual microprocessor
system of the invention may be employed in a system for the
transfer of data, control and signalling information as is
required to support operation between a number of terminal
devices and a computerrsystem. A specific example of an
operating environment is in a data communication system between
multiple terminal devices (greater thén the number of
processors), a PBX trunk line and a computer system such as the

Honeywell DPS-6. Although the concepts of the present invention
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are described in association with such a system it is understood
that these concepts have broader application.

The invention claimed herein is embodied in a dﬁal
microprocessor control system that includes a first
microprocessor preferably referred to as a receive
microprocessor having address and data busses associated
therewith and a second microprocessor, preferably a transmit
microprocessor also having address and data busses associated
therewith., Memory means are included having address and data
busses also associated therewith. Means are provided
intercoupling the first and second microprocessor daté busses to
the memory means data bus. Means are provided intercoupling the
first and second microprocessor address busses to the memory
means address bus including means for establishing channel
numbers, corresponding to line tables of the memory means, for
both microprocessors, and further including control means for
changing channel numbers but preventing the simultaneous
addressing of the same channel. The means for establishing
channel numbers preferably includes a receive channel number
register and a transmit channel number register, each which may
be of, for examplé, four bit quantity. The csntrol means may
include a programmable memory. Lines couple the channel number
registers to the input of the programmable memory. There is a
further input to the programmable memory to indicate which

register is to change number. The programmable memory is
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adapted to control the changing of channel numbers so that one
microprocessor is adapted to access channels in an incrementing
manner while the other acesses in a decrementing manner. For
example, the receive microprocessor may regress through channel
numbers in a reverse direction while the transmit microprocessor
may progress in the normal forward direction. If there is a
conflict then either transmit or receive microprocessor can skip
an address if it represents an address that the other

microprocessor is at.

BRIEF DESCRIPTION OF THE DRAWINGS

Numerous other objects, features and advantages of the
invention should now become apparent upon a reading of the
following detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a block diagram of a data communications system
embodying the principals of the present invention for dual
microprocessor control;

FIGS. 2 and 3 illustrate further specific block diagrams
for portions of the system illustrated in FIG. 1;

FIG. 4 is a line table diagram for one of the 16 line
tables stored;

FIG. 5 is a segment of a firmware state diagram useful in

illustrating the task suspension concepts of the invention;
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FIG. 6 schematically illustrates any one of the multiple
paged line tables with associated codes;

FIG., 7 illustrates the sequence of both transmit and
receive microprocessors illustrating the sequencing of channel
numbers;

FIG., 8 is a timing diagram illustrating the interleaving of
cycles for the transmit and receive microprocessors; and

FIG., 9 is 2 timing diagram illustrating the suspend

function in a channel number conflict situation.

DESCRIPTION OF A PREFERRED EMBODIMENT

Reference is now made to the block diagram of FIG, 1. This
block diagram illustrates a digital asynchronous multiplex
adapter system that provides for the transfer of data, control
information and signalling information as required to support
operations between a number of terminal devices coupled by a
telephone line to the left in the diagram, and a computer system
and associated controller that would be coupled from the right
of the diagram of FIG. 1. More particularly, the terminal
devices may be connected via ATS&T terminal adapters, an AT&T
system 85 PBX and the PBX digital multiplex inter face trunk, and
applicatiornis running in a computer system such as a Honeywell
DPS-6 supported via the asynchronous multiplex adapter system

and a multiline communication cosntroller. For the sake of
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simplicity herein, the terminal devices, and multiline

communication controller, are not described in detail herein.

The microprocessors, the control of which is the subject of

the present invention, are illustrated in FIG. 1 as a receive
microprocessor 10 and a transmit microproceésor 12. Both of
these microprocessors may be of conventional type 68008,
Associated with the receive microprocessor 10 is the receive
data bus 14 and also the receive address bus 16, Associated
with the transmit microprocessor 12 is the transmit data bus 18
and the transmit address bus 20,

FIG. 1 also illustrates the XRAM 22 having associated data
bus 24 and address bus 26, 1In the block diagram of FIG. 1, the
IRAM 28 is disposed adjacent to the XRAM 22. The IRAM 28
similarly has associated therewith a data bus 30 and an address
bus 32. The databus 30 couples by way of transceiver 31 to the
output data bus 33 which is adapted to couple to a multiline
communication controller, not illustrated herein, Similarly,
the address bus 32 is adapted to couple by way of transceiver 35
to the address bus 36. The address bus 36 is adapted to
likewise coﬁple to a multiline communication controller, not
illustrated herein.

Herein reference is made to ‘the use of tranceivers used in
association with address and data busses, such as the

aforementioned transceiver 35, However, in some instances these

25 devices may be substituted for by tri-statable buffers.
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As indicated previously, the system illustrated in the
block diagram of FIG. 1 is adapted to connect to up to 16
terminal devices at any one time via a digital multiplex
interface trunk. In this connection to the left in the block
diagram of FIG. 1 note the coupling transformer X1 for the
transmission of signals from the transmitter 40. Also note the
coupling transformer X2 for the receipt of signals by the
receiver 42. Coupled between the transmitter and receiver is a
framer 41, The transmitter 40, receiver 42 and framer 41 are
all standard AT&T circuits. The transmitter is of type 606 HM.
The framer circuit is of type 229GB. The receiver is of type
630AG.

The block diagram of FIG. 1 also shows communication
between both the transmitter 40 and the receiver 42 to the data
circuits 44, The circuits 44 are commonly referred to as DUSCC
chips. Each of these is a dual universal serial communication
controller (DUSCC). These circuit chips are conventional and
are identified by Signetics part number 68562. As illustrated
in FIG. 1 there are eight of these data circuits 44, Each
circuit 44 comprises two communication channel processors. Also
note in FIG. 1 the address bus 46, With each of the data
circuits 44 being comprised of two communications channels,
there are a total of 16 lines that couple to the DUSCC data bus
48,

With regard to communication at the data circuits 44, it is

-8-
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also noted in FIG. 1 that there is provided a multiplexer 50
that provides communication, as to be described in further
detail hereinafter, between the data circuits 44 and the
transmitter 40. Also illustrated in the block diagram of FIG. 1
is a receive clock commutator 52 that controls the transfer of
data from the data circuits 44 to the receiver 42, This
operation is also described in further detail hereinafter.

Basically, the outputs from the data circuits 44 are
multiplexed by the multiplexer 50 and are coupled to the
transmitter 40 in a time division multiplexed manner. The
receiver inputs of each of the data circuits 44 are connected in
common as illustrated in the diagram and there is provided a . -
clocking scheme (see commutator 52) that delivers 8 clock pulses
to each of the data circuits 44 in sequence. The clock signals
from the receiver 42 are de-multiplexed and decoded and
delivered to each of the 16 channels of the data circuits 44 on
a time division multiplex basis.

As indicated previously, the data circuits 44 have a common
address bus 46, This address bus is comprised of 6 address
lines which may be driven semi-directly from the transmit
microprocessor 12. Note in FIG. 1 that the transmit address bus
20 couples by way of buffer 47 to the data cirquits address bus
46.

As indicated previously, the transmit microprocessor 12 is

of type 68008, The transmit microprocessor 12 at its address

e




bus provides for substantially direct addressing of the daﬁa
circuits 44, Also note that the address bus 46 for the data
circuts 44 may be controlled from direct memory access (DMA)
control logic. In this regard note the coupling at buffer 45 in
FIG. 1. This particular DMA address control is used to access
the data circuits 44 for receiving ¢fata. The transmit
microprocessor 12 on the other hand accesses the same bus 46
directly for transmitting data and also for set-up.

The data circuits 44 all have a common data bus 48 which is
referred to as the DUSCC data bus. It is noted that this data
bus 48 is separated from the . receive fifo data bus 54 by a
transceiver 55. Similarly, the data circuits 44 data bus 48 is
separated from the transmit data bus 18 by a further transceiver
56. With regard to access to the address bus 46, conventional
control logic is provided to assure that the transmit
microprocessor 12 is not on the bus 46 at the same time that the
DMA controller is.

As indicated previously, the DUSCC data bus 48 couples by
way of transceiver 55 to the receive fifo data bus 54. Coupled
from the bus 54 is a large capacity fifo illustrated in the
block diagram of FIG. 1 in two parts including a receive data
fifo 60A and a receive status fifo 60B. Hereinafter this will
be referred to from time to time as fifo 60. The receive data
fifo 60A couples to the fifo data bus 54 by way of the

transceiver 62, Similarly, the receive status fifo 60B couples

-10-
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to the fifo data bus 54 by way of the transceiver §3. Also
illustrated in PIG. 1 is the receive data DMA controller 64
which provides control to the fifo 60, Also note in FIG. 1 the
line 65 coupling from the DUSCC data bus 48 to the controller 64.
In two bus cycles data is read out of the data circuits 44
via the transceivers 55, 62 and 63, including both status and
data, storing this information in the fifo under control of the
receive data DMA controller 64. This data and status
information is stored in the fifo 60 and is accessed by the
receive microprocessor 10. In this regard, note that the data
bus 14 associated with the receive microprocessor 10 is coupled
to the fifo data bus 54 by way of the transceiver 66. The
receive microprocessor 10 accesses the fifo 60 whenever it has a
chance and it does so by way of a polling scheme. More
particularly, the receive microprocessor 10 interrogates the
fifo 60 and checks the status indication therein to find out if
anything is stored in the data section of the fifo 60. If it
is, it reads the status and data information into the XRAM 22
where it is stored. It actually stores the data in the XRAM
22,checks the status and takes appropriate action if necessary.
In this coﬁnection note that the communication from the receive
microprocessor 10 is by way of the receive data bus 14 and the
transceiver 68 to the X-data bus 24. There is also a further

transceiver 69 that intercouples the X-data bus 24 with the

I-data bus 30,

-11-




‘The receive data bus 14 has coupled thereto, in addition to
the receive microprocessor 10, the firmware prom 70. This prom
70 is preferably a 16K by 8 bit prom or eprom.

As indicated previously, the x«data'bus 24 is coupled to
5 the R-data bus 14 by transceiver €8. Similarly, there {s also a
further transceiver 71 that intercouples the X-data bus 24 to
the transmit data bus 18. Control logic circuitry assures that
the receive microprocessor 10 and transmit microprocessor 12 are
never both on the X-data bus 24 at the same time.
10 As indicated previously, the X-data bus 24 couples to the
I-data bus by way of the transceiver 69. The I-data bus 30 in
turn couples to the controller output bus 3. by way of the

e
ol SN N |
L

transceiver 31, Similarly, the I-address bus 32 intercouples

LS
L]

[ 0 €K

e between the X-address bus 26 and the controller address bus 36.

:::_15 The intercoupling is provided by means of transceivers 29 and

¢ 35. The microprocessor that has control of the X-bus, at that
instant in time, is the only one that can access the I-bus. 1In

. this regard, X-bus contention logic is used for controlling

;(*; access to the X-bus., The X-bus contention logic is illustrated

| 20 in FIG. 1 at 73. It is furthermore to be noted that either the

’ receive microprocessor 10 or the transmit microprocessor 12 can
access tne X-data bus 24.

S In addition to the receive data bus 14 associated with the

receive microprocessor 10, there is also a receive address bus

25 16 associated with the receive microprocessor 10. The receive

-12-




address bus 16 also intercouples to the firmware prom 70. A
decode of the address bus 16 also occurs and in this connection
refer in FIG. 1 to the receive address decoder 76. The decoder
76 decodes higher order bits of the address bus 16,

5 The decoder 76 has illustrated at the output thereof three
separate lines that indicate decodes for communication with
different system components., For example, one decode at output
line 77 indicates data access to the receive microprocessor prom
70. Another deéode at line 78 indicates data access to the XRAM

10 22. still a further decode at line 79 indicates data transfer
from the fifo 60,

In the block diagram of FIG. 1 also refer to the transmit
address bus 20. It is noted that there is also a transmit
address decoder 80 coupled from this address bus. This decoder

15 80 also has three output lines coupled therefrom. A first
decode at line 81 indicates data transfer from the transmit
microprocessor prom 84. In this regard, it is noted that the
firmware prom 84 is a 16K by 8 bit prom that couples to both the
transmit data bus 18 and the transmit address bus 20. The

20 address decoder 80 has a second decode output at line 82 that
decodes access to the XRAM 22, There is also a third decode at
line 83 from the transmit address decoder 80 indicating data
transfer to the DUSCC bus 48,

Because the transmit microprbcesso; 12 cannot hardwaréwise

25 access the fifo 60, the same address space is used for the data

~13-
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circuits 44 on the transmit microprocessor. Similarly, the
receive microprocessor 10 cannot physically address the data
circuits 44 as neither the address nor data busses couple
directly thereto. Therefore, that address space is used for the
receive data fifo 60.

Either of the microprocessors 10 or 12 may access an
address space that points to the IRAM 28. 1In the disclosed
embodiment this is an address base between 16,000 hexadecimal
and 18,000 hexidecimal.  Access to the IRAM 28 is via the X-bus
(data bus 24 and address bus 26).

Also illustrated in FIG. 1, and referred to hercinbefore,
is the x—bus contention logic 73. The inputs’thereto are two
separate signals indicating that the receive microprocessor
wants to go to the XRAM 22 or the transmit microprocessor wants
to go to the XRAM 22. These signals are coupled to the logic 73
on lines 85 and 86. Similarly, there are outputs on lines 87
and 88 which are identified in FIG. 1 as respective signals
R2XBUS and T2XBUS. The bus contention logic 73 basically
permits one but not both processors to access the XRAM. Again,
the respective signals are the signals R2XBUS at line 87 and
T2XBUS at line 88; It is noted that these signals couple
respectively to the address mulEiplexers 90 and 92 as enable
inputs thereto. The XBUS contention logic 73 is considered to
be of well-known canventional design.

Reference is now made to the more detailed circuit block

-14-
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diagram of FIG. 2 illustrating further details of some of the
blocks of FIG. 1 including the receive address decoder 76 and
the transmit address decoder 80. Each of these decoders 76 and
80 illustrated in FIG. 2 are implemented by a programmable array
logic (PAL). 1In this connection, refer to Appendix A attached
hereto for an illustration of the PAL equations for decoders 76
and 80. Both decoders 76 and 80 may be of type 16L8A.
Identified in FIG., 2 are also the output lines 77-79 associated
with the receive address decoder 76 previously identified in
PIG. 1 and also, previously identified in FIG. 1, the output
lines 81-83 from the transmit address decoder 80.

In connection with Appendix A, it is noted that for both
decoders 76 and 80 there are provided equations for decoding
each of the output signals. These equations illustrate decodes
of addresses RADRO3-RADRO5 on the receiver side and addresses
TADRO3-TADRO5 on the transmit side. Along with these addresses
is also the respective strobe signals. Associated with the
receive microprocessor is the signal RXASTB and associated with
the transmit microprocessor is the signal TXASTB. These are
respective microprocessor strobe signals indicating that. either
of the microprocessors has placed a valid address on the bus.

The receiver address decoder' 76 basically breaks the
receive microprocessor address space into four parts. A first
part is the signal RXAROM at line 77 which decodes the firnware

prom 70, There is also the signal REEPRM at line 93 which is

-15-
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basically of little interest herein because the EEPROM is not
illustrated herein. Next is the signal on line 78 which is the
signal RXXACC- which is a receive microprocessor access to the
X-bus. Finally, it is the signal on line 79 which is the signal
RXGKFA- for the fifo 60.

In FIG. 2 below the decoder 76 is the decoder 80 which also
breaks out similar signals and address spaces includ ' ng the
signal on line 82 identified as signal TXXACC- which indicates
the transmitter microprocessor going to the X-bus. Also is the
signal on line 63 identified as the signal TXDUSC- which
indicates the transmit microprocessor going to the data circuits
44,

It is noted that, in FIG. 2, the signal RXXACC is coupled
to a register 94. Also coupled to this register is the signal
XBSRQT (bus request) coupled from gate 95. The gate 95 may be
of type 74LS00. It is noted that gate 95 also receives both
signals TXXACC- and RXXACC-. These two signals are the signals
requesting the XRAM 22, The top two outputs from the register
94 are the signals XBSCYC+ and XBSCYC-. These are the bus
request signals. Also note the signals R2XBUS+ and R2XBUS- from
the register 94. These signals combined with the signal XBSCyYC
control whether the receive or the transmit microprocessor is
going to the X-bus.

As indicated previously, there is also the signal RXXACC+

coupled to the register 94 indicating that it is the receive
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microprocessor that is requesting. This generates the two
aforementioned signals R2XBUS+ and R2XBUS-. X-bus cycles are
always permitted to one of the two microprocessors to be
determined by the state of the signal R2XBUS. If there is a
X-bus cycle request with the absence of the R2XBUS signal then
this indicates that it is a T2XBUS request.

It is noted that the output of the register 94 which may be
of type 74S175 couples to a further decoder 95 which may be of
type 74S139. 1In particular, the signal XBSCYC- couples to the
enable input of that decoder. The decoder 95 captures the
address bits XBADO0S5+ and XBADO6+ from the microprocessor that
wins to give a head start on decoding in the next cycle.

Presuming that one of the microprocessors 10 and 12 has in
fact asked for and received the X-bus, the addresses from the
microprocessor couple by way of either the receive address bus
16 or the transmit address bus 20 to the respective multiplexers
90 and 92 illustrated in FIG. 1. The multiplexer 90 receives
the receive microprocessor addresses and the multiplexer 92
receives the transmit microprocessor addresses. These addresses
are coupled through the multiplexers depending upon which one
was enabled by the signals coupled to Ehe enable inputs
thereof. These are the respective signals R2XBUS and T2XBUS.
The output of the multiplexers couples in common to the
X-address bus 26,

With further reference to FIG, 1, it is noted that further
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deéoding occurs off of the X-address bus 26. 1In this connection
note the address line 96 coupling to the X-address bus address
decoder 97. A further line 98 along with a line 99 from the
decoder 97 couples to a curther decoder 100. The addresses
coupled to the decoders 97 and 100 are higher order bits of the
address bus 26. Once again, reference is made to FIG. 2 and the
register 94 with two of the lower disposed stages thereof
showing storage of address bits 5 and 6 {XBADO5 and XBADOG6).
These are decoded in the presence of an X-bus cycle (XBSCYC) to
determine whether signals are to be coupled tc the XRAM, IRAM,
SRAM, or hardware strobes, In FIG, 1 these different signals
are depicted at the output of the X-bus address decoder 97.

FIG. 1 also illustrates to the right of each of these signals
the particular addresses involved. The hardware strobes are at
an address of 12XXX hex, XRAM access is decoded at an address of
10XXX hex, the S-bus access is at address 14XXX hex, and the
I-bus address is at 16XXX hex.

In FIG, 1 reference has been made to the X-bus address
decoder 97. This is the same decoder as illustrated in FIG. 2
as decoder 95 and there is shown therein the four output
signals. On the first line is the signal XRAMEN which is the
XRAM enable signal. On the next line is the signal XREGEN which
is the hardware strobe register enable. The next line is the
signal SBUSAC which is the SRAM access signal. Finally, 6n the

last line is the signal IBUSAC which is the IRAM access signal,
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With regard to the reference tQ the SRAM, it is noted that this
deVice.has not been described herein as it is not believed to be
necessary in the explanation of the concepts of the bresent
invention.

It is noted in both FIGS. 1 and 2 that the signal XREGEN
couples to a further decoder. This is identified in FIG. 1 as
the decoder 100 and it is identified in FIG. 2 as separate
decoders 100A and 100B. Both decoders 100A and 100B may be of
type 74LS138, The decoders 100A and 100B provide hardware
decoder strobes. The decoder 100A is the read only strobes.
This provides enables on to the busses, mostly the X—bus. The
decoder 100B is write only strobes and in particular there are
two signals that are of interest coupled therefrom. These are
the signals POPRCN- and POPTCN- corresponding to physical
hardware addresses of 12,004 and 12,005 hex. The address 12,004
is the signal POPRCN- which changes the receive channel number.
The address 12,005 is the signal §OPTCN— which changes the
transmit microprocessor channel number. In this connection note
the two respective outputs from decoder 100 in FIG. 1 identified
as the respective receive and transmit channel number signals.

Reference is made once again to the block diagram of FIG. 1
for the portion of the system that uniquely controls transmit
and receivé channel numbers. 1In this connection refer to the
control prom 104, The capacity of the prom 104 is to.be at

least 1K by 4 bit. Also illustrated in FIG. 1 is the receive
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channel number\register 106 and the transmit channel number
register 108. It is noted that each of these registers 106 and
108 is a four bit register. The four bits identify up to 16
separate channels or tables. Thus, there are four bits coupled
by way of line 107 from the register 106 to the input of the
prom 104. Similarly, there are four bits coupled on line 109
from the register 108 also to the input of the prom 104. The
outputs of the registers 106 and 108 at the respective lines 111
and 112 couple to the receive and transmit microprocessor X-bus
multiplexers 90 and 92. The multiplexers provide an alternative
way of addressing the X-bus 26. As indicated in FIG., 1 at one
side of the multiplexers the add:esses from the registers 106
and 108 are coupled along with other addresses either from the
receive address bus 16 or from the transmit address bus 20. The
four bits from these registers change some of the middle weight
address bits. They do so in such a way that, when addressing
the X-bus, they break the X-bus addresses into 256 byte chunks.
There are 8 address bits below these four and then there are
higher order bits that are used to actually decode the
X-address.

Let it be assumed that the transmit microprocessor 12 is to
access the paged XRAM 22 at channel number 4. Access is to be
provided to the line table for channel number 4. In this regard
refer to the schematic diagram of FIG. 6 which shbws.the XRAM 22

separated into multiple line tables, There are actually 16 line
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tables. However, for simplicity in FIG. 6 only line tables 0-7

are illustrated. FIG. 6 also illustrates the associated

addresses to the left of the line table designations. The

physical address for line table number 4 is 10,400. The lower
order two digits are the actual location within the line table
for 256 locations. The next digit up from that is the four
digit line number so the address would be 104 for the line
number 4.

With regard to the separate line tables, refer now to the
more detailed diagram of FIG. 4 which shows one of the line
tables, namely the line table number 1 with an address of
10,100. ‘It is noted that this line table is comprised of 256
bytes designated in a tabular manner by locations 0-9 and A-F.
Each of these bytes is comprised of 8 bits. In order for the
XRAM 22 to store a&ll of this line table data there is required a
capacity of 256 locations times the 16 line tables or in other
words a capacity of 4K by 8 bits. In the particular
implementation illustrated in FIG. 1 the capacity employed is
actually twice that amount, the remainder being used in an
unpaged manner.

As indicated previously, for channel four the address is
10,4XX., If it were the same location but on channel number 5
then the address is 10,5XX. Similarly, if the system is going
to page IRAM, which also is driven off of the same bus, it is

paged in the same manner by the same mechanism. One would go to
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address 16 ,4XX for something on line 4 or 16 ,5XX for something
on line 5. The same numbe;s are valid for tﬁe receive
micrbprocessor and that is how the receive and transmit
microprocessors can pass information between each other very
easily.

Now, if either of the microprocessors 10 or 12 wish to
address the XRAM 22 using this paging scheme, then, instead of
addressing by line 4, address XX, (104XX) the addressing occurs
via a scheme using a single higher order bit. The address
instead is 50,0XX. This pulls in the receive or transmit line
number, depending upon which microprocessor is under control.
Depending upon whether in transmit or receive modes the address
is multiplexed into the middle bits of that byte in the same
physical address position. With this technique the receive
micfoprocessor and the transmit microprocessor need never know
which line is presently being accessed in order to access the
appropriate line table.  The processor simply addresses 50,0XX
and gets its line number, forced by hardware to the correct
physical address for whatever byte it happens to be interested
in. This is the way that this paging algorithm works.

Next, is a discussion of the actual hardware anq firmware
for changing the line numbers either on the receive
microprocessor 10 or the transmit microprocessor 12. The
following is a discussion as to how the logic operates and the

manner in which it is implemented in firmware. The channel
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number selection, for selecting specific line tables of the XRAM
22 involves the prom 104 illustrated in FIG. 1 along with the
registers 106 and 108 and the multiplexers 90 and 92. Refer now
also to the more detailed diagram of FIG. 3 which shows the
channel selector prom 104. This is implemented by a circuit
82S5185. FIG. 3 also shows the receive channel register 106 and
the transmit channel register 108. Both of these may be
implemented by circuit types 74S175. FIG. 3 also shows the
paging multiplexers for receive and transmit illustrated by the
respective multiplexers 90 and 92. These may be implemented by
circuit type 74LS257. It is noted that both of the multiplexers
have enable inputs that requi:« a negative logic input for
enable. Thus, the paging multiplexer for receive is enabled by
the signal R2XBUS- while the paging multiplexer for the transmit
mode is enabled by the signal R2XBUS+. 1In essence, when in the
receive mode the signal R2XBUS+ is positive and thus the signal
R2XBUS- is negative thus enabling only the multiplexer 90
driving the receive microprocessor addresses to the XBUS,

The channel selector prom 104 may be a 1K or 2K by 4 bit
prom. The prom 104 receives 9 address bits. Four of these bits
are from the receive line register and 4 bits are from the
transmit line register. One bit determines whether the transmit
or receive microprocess is changing table number. This is the
signal XADR19+ shown coupled to one of the inputs of the prom

104. The four inputs from the receive channel register 106 are
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the signals RCHNO2+; RCHNO4+; RCHNOB+; and RCHN16+.  The four
inputs from the transmit channel register 108 are the signals
TCHNO2+; TCHNO4+; TCHNOB+: and TCHN1l6+. The 0utput§ from the
channel selector prom 14 are the signals XCHNO2+; XCHNO4+;
5 XCHNOB8+; &and XCHN16+,
The four outputs from the channel selector prom 104 couple '

to the two registers 106 and 108. These are the respective

receive channel number register and the transmit channel number

register. Both of these registers are four bit registers. The

%0 outputs from the register 106 include the signals RCHNO2;

e e
L

FIG., 3 also illustrates on the right of the diagram the

eooe RCHNO4+; RCHNOB8+; and RCHN1l6+., The signals from the transmit

RN register 108 include the signals TCHNO2+; TCHNO4+; TCHNO8+; and |
10 @O |
' °,  TCHN16+, ;
¢teo0o0o0o0 ;
L] o ;

15 multiplexers 90 and 92 which drive either the straight-through

s a0
¢ 9 °
o @0

microprocessor addresses or the microprocessor addresses with

T the line number substituted for the middle bits. Also, the

. transmit multiplexer drives the transmit straight-through
microprocessor addresses or the microprocessor with the line

2'20  npumber substitutes for the middle bits. These signals are

o'¢i  coupled to OR means illustrated generally at 110. The four

signals from the multiplexer 90 ‘are the signals XADRO8+RO;

XADRO9+R0; XADR10+RO; and XADR11l+RO. Similarly, the four output

signals from the multiplexer 92 include the signals XADROB+TO;

25 XADRO9+TO; XADR10+TO; and XADR11+TO. These signals are OR'd at !
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the circuit 110 and there are provided four separate output
signals that couple to the XRAM 22, These are the signals
XADR08+00; XADRO09+00; XADR10+00; and XADR11+00.

As previously indicated, the X-bus and the XRAM can be

addressed either in a direct mode or in a line page mode by

either microprocessor. 1In this regard, refer to FIGS. 1 and 3
where it is noted that, for example, the receive address bus 16 ¥
couples directly without any bit substitutions to one side of
the multiplexer 90, Similarly, the transmit address bus 20 also
couples directly to one side of the multiplexer 92. This
alternate form of addressing of the X-address bus 26 occurs
because there are some instances in which control is in a
non-line number context such as in an interrupt mode when one
has to handle something for a line, it is not known what line it
is, and in fact it may be a line other than the line being
operated upon.

As indicated previously, the channel selector prom 104 has
four bits coupled to it from the receive line register 106, 1In
this connection note the return line 107 in FIG. 1. Also, there
are four bits coupled to the prom 104 from the transmit line
register 108. Note the return line 109 in FIG. 1. There are
also two other bits coupled to the prom 104 for a total of 10
bits thus effectively making it a 1K prom aithough in fact it
has been implemented by a 2K prom. Of the 2 other bits, one is

used for a QLT mode which relates to quality logic testing,
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This is not described in any detail herein because it is not
believed to be directly pertinent to the present invention. The
other signal to the channel selector prom is the signal
XADR19+00. The address XADR19 is the lowest order bit of the
X-address bus.

With respect to the block diagram of FIG. 1, refer again to
the decoder 97 and the deccder 100, With regard to the decoder
97 the lowest line coupling therefrom has been referred to as
the hardware strobes, address 12,XXX. That output couples by
way of line 99 to the decoder 100 for providing hardware decoded
strobes. There is a write strobe and there are two leads shown
drawn out of the decoder 100. Again, refer to FIG. 2 and the
decoders 100A and 100B and in particular the decoder 100B.

These are the signals POPRCN- and POPTCN- as described
previously. The receive channel number has a physical address
of 12,004 while the transmit channel number has a physical
address of 12,005. If either microprocessor does a physical
write to address 12,004, the signal POPRCN- goes low and then
high. The time period of that signal is approximately two bus
cycles or 250 nanoseconds. The prom 104 cycles in approximately
85 nanoseconds and therefore the outputs are strobed at the end.

From the decoder 100 below the receive channel number
output signal, there is. the “ransmit channel number signal which
is an address of 12,005, If eiéher microprocessor does a write

to a physical address of 12,0065, that line will transition low
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and then go back high again after approximately about 2 cycles
or 250 nanoseconds.

" Referring now again to FIG. 3, and in particular the
receive and transmit channel registers 106 and 108, it is noted
that the signal POPRCN-00 clocks the register 106 while‘the
signal POPTCN-00 clocks the register 108, It is to be noted
that either microprocessor 10 or 12 can clock the other or its
own line register. However, one must therefore strictly impose
the discipline that only the receive microprocessor will ever do
a write to physical address 12,004 and only the transmit
microprocessor will ever do a write to address 12,005. Once
that discipline is established, the least significant address
bit is always a "1" when the transmit microprocessor is trying
to change its channel number and it is always a "0" when the
receive microprocessor is trying to change its chanrel number.
Thus, with one low order bit, namely signal XADR19+00, brought
to the prom 104, the prom can then determine which of the two
channel numbers is to be changed.

Reference is now made to the manner in which the prom 104
is programmed so as to determine the manner in which the
registers 106 and 108 are changed. Only one microprocessor can
change a channel number at a time because only one
microprocessor can have access to the X-bus during one bus
cycle., The two registers 106 and 108 that are being controlled

have separate clocks so that the microprocessors can change
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their channels independently. Furthermore, as indicated

previously, the clocking of these registers is caused by harware

decodes of memory addresses that differ by only one address

bit. Then, by convention, only the receive microprocessor would

access its strobe and only the transmit microprocessor its
strobe. The determination of which would be the next channel
for either processor is made by the prom 104. The prom has
knowledge of the present channel for each microprocessor along
with which one of the microprocessors wishes to'change its
channel number.

The prom 104 is programmed with the following
considerations being made. The receive microprocessor 10
regresses through channel numbers in a reverse direction. Of
the hex identified channels 0-9 and A-F, the receive
microprocessor services channel F and then channels E, D, C, B,
A,9,8,7,6,5,4,3, 2,1, 0, F. The transmit microprocessor
progresses in the normal forward direction as follows 0,1, 2, 3,
4, 5,6, 7,8, 9, A, B, C, D, E, F, 0. It has been found that
by using this progressive-regressive scheme that all channels
are accessed with none locked out. Any skipped channel is
accessed in a subsequent cycle.

The foregoing sequence -assumes that there is never a
conflict, However, with this scheme there is apt to be a
conflict once around the sequence. This is handled by the prom

104,
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The transmit and receive microprocessors cooperate to
handle the combined task of sending and receiving data over
multiple (in the disclosed embodiment 16) data channels. When
one microprocessor has its operating process gain access to any
specific line table by suspending, it is gquaranteed to have
virtually exclusive accesss to that line table and all
information in it. The only exceptions are those pieces of
information which are handled by interrupts on either
microprocessor., These exceptions, not directed to the invention,
are not ‘described in any detail herein. This assump<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>