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SYSTEMS AND METHODS FOR AUTOMATIC ASSIGNMENT OF
IDENTIFICATION CODES TO DEVICES

This application is being filed as a PCT International Patent Application in
the name of ADC Telecommunications, Inc., a U.S. national corporation and
resident, on 25 November 2003, designating all countries except US, and claiming
priority to U.S. Serial No. 10/308,258 filed on 02 December 2002.

Field of the Invention

The invention relates generally to a communication scheme for a master
processor and a plurality of slave processors and more particularly to a scheme for
automatically assigning a unique identification code to each of a plurality of devices

connected to a serial multidrop link.

Background of the Invention

Digital system architectures commonly include a master processor that
delivers commands to a multiplicity of slave processors. In such architectures, the
master processor typically takes charge of the slave processors by delivering high-
level commands to those processors. The slave processors typically enact lower-
level control over a system—or environment. For example, in the context of
communication equipment, a computer (master processor) may be used to
communicate with a plurality of central processing unit (CPU) cards or other devices
(slave processors). The cards or other devices may be held in a chassis or other
frame or panel. A chassis is a structural unit of functional cards or other devices,
including a CPU card and a plurality of other cards, such as a media converter card,
an alarm card, etc. A CPU card is used to conirol the other cards in a chassis.

To enable the computer to command the plurality of CPU cards, a variety of
communication schemes may be employed. According to one such scheme, the
computer may be connected to a first CPU card by a set of serial data
communication lines. The first CPU card is, in turn, connected to a second CPU
card by a set of serial data communication lines. Each of the serial data
communication lines connecting the computer to the first CPU card is directly
coupled to a corresponding serial data line connecting the second CPU card to the

first CPU card. Thus, both the first and second CPU cards effectively share a
1
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common set of serial data communication lines with the computer. Accordingly, a
transmission from the computer is received by both the first and second CPU cards.
If the computer is to exert control over a third CPU card, the third CPU card would
be attached via a set of serial data lines to the second CPU card, so that the first,
second, and third CPU cards effectively share a common set of serial data
communication lines with the computer. A fourth CPU card would be attached to
the third CPU card, and so on. This sort of scheme is referred to as either a serial
multidrop communication link or a daisy chain.

One shortcoming of the above-described scheme is that because each CPU
card receives every transmission emanating from the computer, each CPU card will
respond to the computer's commands, unless the computer identifies which CPU
card a particular instruction is intended for. Therefore, an identification code is
typically assigned to each CPU card. The computer addresses a particular CPU card
by transmitting a command coupled with an identification code pointing out which
CPU card the command was intended for. All other CPU cards ignore the
command.

Heretofore, the process of assigning an identification code to a particular
CPU has been cumbersome and subject to error. To assign an identification code to
a CPU, a set of dip switches must be manually manipulated. The position of the dip
switches determines the identification code. Manual manipulation of dip switches is
time consuming and therefore undesirable. Further, manual manipulation of dip
switches leaves open the possibility of redundant assignment of identification codes,
in which case more than one CPU would respond to a particular command. Such an
eventuality could lead to data collisions and other undesirable phenomena on the
serial link.

As is evident from the foregoing discussion, there exists an unmet need for a
scheme by which unique identification codes can be assigned to slave processors. A
favorable scheme will require little or no human effort and will ensure that

redundant identification code assignment does not occur.

Summary of the Invention

A system for automatic assignment of identification numbers to each of a
plurality of slave processors may include a master processor coupled to an

input/output (I/0) port. The system may further include a first slave processor
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coupled to first and second I/O ports, and a second slave processor coupled to first
and second I/O ports. The I/O port of the master processor may be coupled to the
first I/O port of the first slave processor. The second I/O port of the first slave
processor may be coupled to the first I/O port of the second slave processor. A
plurality of lines in the first /O port of the first slave processor may be directly
linked to corresponding lines in the second I/O port of the first slave processor, so
that a signal transmitted along the linked lines is receivéd by the first and second
slave processors. A plurality of lines in the first I/O port of the first slave processor
may not be directly linked to lines in the second /O port of the first slave processor.
The first slave processor may be programmed to receive a digital signal held on the
unlinked lines of its first I/O port, and based thereupon, to generate a digital signal
on the unlinked lines of the second I/O port. The first slave processor may also be
programmed to assign itself an identification code based upon the digital signal held
on the unlinked lines of'its first I/O port. Thereafter the first slave processor
responds to commands on the linked lines of its first /O port only if the commands
are associated with the identification code the first slave processor assigned to itself.

According to another embodiment of the present invention, a unit of data
communication equipment may be designed to cooperate in uniquely assigning itself
an identification code, by including a processor coupled to first and second /O
ports. The unit may also include a memory unit operably coupled to the
processor. A plurality of lines in the first I/O port may be directly linked to
corresponding lines in the second I/O port. A plurality of lines in the first I/O port
may not be directly linked to lines in the second I/O port. The memory unit may
store a set of instructions for receiving a digital signal held on the unlinked lines of
the first /O port, and based thereupon, to generate a digital signal on the unlinked
lines of the second I/O port. The memory unit may also store a set of instructions
for assigning to the DCE an identification code based upon the digital signal held on
the unlinked lines of the first I/O port, and for thereafter responding to commands on
the linked lines of the first /O port only if the commands are associated with the
identification code assigned to the DCE.

According to yet another embodiment of the present invention, a method for
assigning a unique identification code to a first and second slave processor may be
arrived at and employed in the following environment. The first slave processor and

a master processor share a private set of communication lines. Similarly, the second
3
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and first slave processor share a private set of communication lines. Additionally,
the master processor and first and second slave processors share a common set of
communication lines. The method involves the following acts. The first slave
processor receives a signal carried on the private lines connecting the first slave
processor and the master processor. The first slave processor assigns itself an
identification code based upon the signal held on the private lines connecting the

first slave processor and the master processor, so that the first slave processor

" thereaftér responds to commands on the common lines only if the commands are

associated with the identification code assigned to the first slave processor. The first
slave processor transmits to the second slave processor a signal carried on the
private lines connecting the first and second slave processors. The second slave
processor assigns itself an identification code based upon the signal held on the
private lines connecting the first and second slave processors, so that the second
slave processor thereafter responds to commands on the common lines only if the
commands are associated with the identification code assigned to the second slave
processor.

According to yet another embodiment of the present invention, a
computerized system that automatically assigns an identification code to each ofa
plurality of slave processors in communication with a master processor may include
a master processor coupled to an input/output (I/O) port. The system may also
include a first slave processor coupled to first and second I/O ports. Further, the
system may include a second slave processor coupled to first and second I/O ports.
Finally, the system may include a means for automatically and uniquely assigning an

identification number to each of the first and second slave processors.

Brief Description of the Drawings

Figure 1 depicts a master/slave processing system, in accordance with one
embodiment of the present invention.

Figure 2A depicts a more detailed view of a master/slave processing system,
in accordance with one embodiment of the present invention.

Figure 2B depicts a more detailed view of another mastet/slave processing
system, in accordance with one embodiment of the present invention.

Figure 3A depicts line levels plotted versus time, wherein each line is found

in the system depicted in Figure 2A.
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Figure 3B depicts line levels plotted versus time, wherein each line is found
in the system depicted in Figure 2B.

Figure 4 depicts a set of operations enacted by a unit of data communication
equipment, in accordance with one embodiment of the present invention.

Figure 5 depicts a scheme by which a master processor may determine the
presence or absence of slave processors.

Figure 6A depicts another scheme by which a master processor may
determine the presence or absence of slave processors.

Figure 6B depicts yet another scheme by which a master processor may

determine the presence or absence of slave processors.

Detailed Description

A system for automatically and uniquely assigning identification codes to a
plurality of slave processors may be arrived at by implementation of the following
scheme. A computer is used as a master processor. The computer includes a serial
data communication port. The computer is linked to a first slave processor, which,
itself, has first and second serial ports (the first serial port is used in support of the
aforementioned link to the computer). A second slave processor, also having first
and second serial ports, is linked to the first slave processor (the first serial port of
the second slave processor is linked to the second serial port of the first slave
processor). A third slave processor may be linked to the second serial port of the
second slave processor, and so on.

The slave processors are programmed to perform the following steps after
performance of their boot-up routines, which may be initiated in sequence for each
slave processor (i.e., the second slave processor may be booted up after the first
slave processor is booted, and so on). Each slave processor reads designated pins on
its first serial port. The values read therefrom determine the identification code
assigned to the processor. Thereafter, each slave processor outputs to its second
serial port a value based upon the value read from its first serial port. For example, a
slave processor may output to its second serial port a value one greater than the
value read from its first serial port. Thus, by virtue of the above-described scheme,
each slave processor assigns itself a particular identification code and directs the
next slave processor to assign itself an identification code different than the one

assigned to itself (such as one greater than the one assigned to itself).
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FIG. 1 depicts a system 100 in accordance with the aforementioned generally
described scheme. The system 100 includes a computer 102 in communication with
a first unit of data communication equipment (a DCE unit) 104. The DCE unit 104
includes a processor (identified by reference numeral 110 in FIG. 2), which may be
used for any application. One specific example of an application in which the
processor may be used is within a CPU card, which may be in communication with
other electronic equipment, such as a media converter card (not depicted) or an
alarm card (not depicted). Together, a CPU card and other functional cards form a
functional unit (such as 104) known as a chassis. Although the identification
numbering scheme herein is described as useful in the context of a
telecommunications rack including chassis having CPUs, one skilled in the art
understands that the scheme disclosed herein may be used in any environment in
which a first processor communicates with a plurality of other processors.

The computer 102 and the first DCE unit 104 are linked via communication
ports, which are also referred to herein as input/output (/O) ports. Although the
figures and disclosure herein describe the automatic identification number
assignment scheme as making use of serial communication ports, the scheme can be
used with a system with any form of communication ports. The computer 102
transmits and receives signals via the port labeled "serial out," and the first DCE unit
104 receives signals from and transmits signals to the computer from the port
labeled "serial in." The first DCE unit 104 also possesses a second communication
port, labeled "serial out." As shown in FIG. 1, the system 100 includes two other
DCE units 106 and 108, although the system 100 could include any number of DCE
units, in principle. Bach of the two other DCE units 106 and 108 also includes two
serial communication ports, one labeled "serial in" and the other labeled "serial out."
In each case, the port labeled "serial in" is used for communicating in an upstream
direction (i.e., for communication in a direction toward the computer 102), while the
port labeled "serial out" is used for communication in a downstream direction (i.e.,
for communication in a direction away from the computer 102). Thus, as shown in
FIG. 1, the third DCE unit 108 is in communication with the second DCE unit 106;
the second DCE unit 106 is in communication with the first DCE unit 104; the first
DCE unit 104 is in communication with the computer 102.

As discussed in greater detail below, the direction of communication is

significant when considering the ordinary use of various lines within the various
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serial ports. For example, if the serial communication ports are chosen to be RS-232
communication ports, then the communication ports will contain a particular number
of independent communication lines, each of which is known to have a given
purpose and use. Thus, handshaking and communication typically takes place
according to a particular protocol, which is dependent upon whether the port is
intended for use as a serial in port or a serial out port.

In the system 100 depicted in FIG. 1, the computer 102 is programmed to
assume the role of a master processor, while the DCE units 104, 106 and 108 are
programmed to assume the role of slave processors. The computer 102 may send
commands to the DCE units 104, 106 and 108, which respond to the commands.
For example, in the context of a telecommunications rack including various chassis
populated with cards, the computer 102 may send a command to a particular CpPU
card in a particular chassis, asking the CPU card to identify its version number. The
CPU card responds to the command, and returns its version number. In sum, the
computer 102 generally transmits commands to the DCE units 104, 106, and 108,
which receive the commands and respond thereto. The commands are transmitted
via communication ports, wherein a plurality of DCE units are connected, one to
another, with the first unit 104 being connected to the computer 102.

FIG. 2A depicts one embodiment of the generally described arrangement of
FIG. 1 with more particularity. As in FIG. 1, the system 100 depicted in FIG. 2
depicts a computer 102 in communication with first, second, and third DCE units
104, 106, and 108. As is depicted in FIG. 2, each DCE unit 104, 106, and 108
includes a processor 110, 112, and 114, which is attached to first and second
communication ports 116, 118, 120, 122, 124, and 126. The computer 102 also
includes a processor 128 and a communication port 130. The computer 102 and
DCE units 104, 106 and 108 are understood to possess memory devices (such as
random access memory devices, read-only memory devices, flash memory devices,
electrically programmable read-only memory devices, and electrically erasable
programmable read-only memory devices) in data communication with the
processors 110, 112, 114, and 128. The memory devices (not depicted) are used to
store software/firmware instructions and data, which are used by the processors 110,
112, 114, and 128 during execution. Although FIG. 2 depicts the communication
ports 116, 118, 120, 122, 124, 126, and 130 as being distinct from their respective

processors 110, 112, 114, and 128, one skilled in the art understands that a
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communication port typically includes input/output circuitry on board the processor,
as well as a physical connector into which a cable/plug combination is inserted.

The communication ports 116, 118, 120, 122, 124, 126, and 130 are depicted
as each having seven lines. As stated above, in principle, the communication ports
116, 118, 120, 122, 124, 126, and 130 may be of any form (and may have any
number of lines). For the purposes of illustration, the communication ports 116,
118, 120, 122, 124, 126, and 130 are presented as being RS-232 serial data ports.
RS-232 ports generally include nine lines or twenty-five lines, but only seven lines
are depicted for ease of illustration. Notably, lines 132, 134, and 136 are directly
coupled from serial port to serial port in each DCE unit 104, 106, and 108. By
"directly coupled," it is meant that each of lines 132, 134, and 136 includes a
continuously conductive path between the point at which they enter a first I/O port
(such as 116) and the point at which they exit a second I/O port (such as 118) on a
given DCE unit. Alternatively, "directly coupled" may mean that a signal
propagating along line 132 toward the first port 116 on the first DCE unit 104 also
propagates to the first port 120 of the second DCE unit 106, and so on.
Consequently, each of the DCE units 104, 106, and 108 effectively share each of
these three lines 132, 134, and 136.

The shared lines 132, 134 and 136 are used for the transmission of
commands from the computer 102 to the DCE units 104, 106 and 108, and for
transmission of responses from the DCE units 104, 106, and 108 to the computer
102. Per the RS-232 protocol, line 132 may be used for transmission of serial data
from the computer, while line 134 may be used for transmission of serial data to the
computer. The ‘signals that propagate along lines 132 and 134 are single-ended
signals, which are measured against signal-ground, which is carried on line 136.
Notably, the other four lines 138, 140, 142, and 144 are not directly coupled across
communication ports on a DCE unit. Therefore, signals propagating along lines
138, 140, 142, or 144 toward the first port 116 on the first DCE unit 104 are not
conducted to their counterpart lines 138", 140", 142", or 144' connected to the second
communication port 118. Stated another way, line 138 is isolated from line 138,
line 140 is isolated from line 140", and so on.

As a consequence of the above-described structure, transmissions of
commands from the computer 102 are received by each of the processors 110, 112,

and 114 in each of the DCE units 104, 106, and 108. Thus, as mentioned
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previously, each command must be associated with an identification number, so that
each of the processors 110, 112, and 114 do not respond to every command.

Another consequence of the above-described structure is that the computer
102 and the first DCE unit 104 are connected by a set of lines 138, 140, 142, and
144 that are not shared by any other DCE unit. Additionally, the first and second
DCE units 104 and 106 are connected by a set of lines 138", 140, 142", and 144' that
are not shared by any other DCE unit or computer 102. In short, each DCE unit is
coupled to another DCE unit by a set of private lines.

Per the RS-232 protocol, lines 138, 140, 142, and 144 are ordinarily used as
input lines, from the vantage of the computer 102 (also referred to as a unit of data
terminal equipment, DTE). In other words, the signals carried on lines 138, 140,
142, and 144 are usually generated by the first DCE unit 104 and received by the
computer 102. RS-232 DTE input lines typically include a "data set ready" line
(DSR line), a "clear to send” line (CTS line), a "data carrier detect" line (DCD line),
and a "ring indicator" line (RI) line. Thus, for example, line 138 may be a DSR line,
a line which is ordinarily used in a handshake sequence with a "data terminal ready"
DTE output line (not depicted). Line 140 may be a DCD line, a line ordinarily used
by a modem (DCE) to inform a computer (DTE) that it has detected a carrier signal
generated by a modem on the other side of the telephone line. Line 142 may be a
CTS line, a line ordinarily used by a printer or modem (or other DCE device) to
indicate to the computer (DTE) whether data should continue to be transmitted to it.
Finally, line 144 may be an RI line, a line ordinarily used by a modem (DCE) to
indicate to the computer (DTE) that the telephone line is ringing. As described
below, these lines are re-dedicated by the invention to other uses.

FIG. 3A depicts signals held on lines 138, 140, 142, 144, 138", 140", 142,
144", 138", 140", 142", 144", 138", 140", 142", and 144" plotted against time (on
the x axis), as those signals may appear per the embodiment depicted in FIG. 2A.
As can be seen from FIG. 3A, lines 140, 142, and 144 remain always unasserted (the
reason for assertion of line 138 is explained below). The reason for this is that the
computer 102 expects to receive inputs on these lines 140, 142, and 144, and
therefore does not, itself, attempt to assert any of these lines 140, 142, and 144.

The following discussion refers alternately to FIGs. 3A and 4A in order to
clearly present one embodiment of the automatic identification number assignment

scheme. FIG. 4A depicts a set of steps enacted by each DCE unit 104, 106, and 108
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upon powering up. With reference to the first DCE unit 104, upon powering up, it
executes its boot up routine at time t=0 (FIG. 3), as shown by operation 400. A boot
up routine typically includes loading an operating system (or other necessary
software) into a processor's main memory unit, such as a random access memory
unit. If the DCE units 104, 106, and 108 do not utilize an operating system, the boot
up step 400 refers to loading into main memory a set of instructions necessary for
ordinary operation of the DCE unit (e.g., loading firmware into a main memory).

Thereafter, the first DCE unit 104 reads from its first communication port
116, as depicted in operation 402. The first DCE unit appends the values held on
lines 140, 142 and 144 (the lines that privately connect the first DCE unit 104 to the
computer 102) into a three-bit binary number, At time t=0, lines 140, 142, and 144
each contain low voltages, thereby corresponding to 0, 0, 0, respectively. Thus, the
first DCE unit 104 appends these numbers together to form the three-digit binary
number %000 (wherein "%" indicates that "000" is to be regarded as binary). Next,
as shown in operation 404, the first DCE unit 104 assigns itself an identification
based upon the number %000. According to one embodiment, the first DCE unit
104 simply assigns itself %000 as its identification number. In one embodiment, the
first DCE unit 104 (and the other DCE units, as well) is programmed to perform
operation 404 only é single time after it is powered-up. By only performing the
identification number assignment a single time, a DCE unit ensures that a power-
down condition of an upstream DCE unit does not result in re-assignment of a new
(and possibly redundant) identification number.

After assigning itself an identification number, the first DCE unit 104
generates an output on its second I/O port 118, as shown in operation 406. In one
embodiment, the first DCE unit 104 increments by one the identification code it
assigned to itself, and outputs this value on the lines shared privately by itself and
the second DCE unit 106. Accordingly, the first DCE unit 104 increments %000 by
one and arrives at %001. The number %001 is then held on the lines 140’, 142", and
144', as is shown in FIG. 3 (at time t=0, 140" is low, 142'is low, and 144" is high).

In one embodiment of the invention, the first DCE unit 104 asserts line 138
after booting up, as shown in operation 408. The purpose of asserting line 138 is to
indicate the presence of the first DCE unit 104 to an upstream device (in this case,
the computer 102). Thus, as can be seen in FIG. 3, line 138 rises from a low voltage

to a high voltage at time t=0.
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As can be seen from FIG. 3A, the boot up sequence for DCE units 104, 106,
and 108 is staggered in time. The first DCE unit 104 is booted up at time t=0; the
second DCE unit 106 is booted up at time t=1; the third DCE unit 108 is booted up
at time t=2. Upon booting up, the second and third DCE units 106 and 108 also
execute the above-described scheme. Consequently, at time t=1, the second DCE
unit 106 observes that the value %001 is held at its first /O port 120, and therefore
assigns itself %001 as an identification code. Thereafter, the second DCE unit 106
increments %001 by one, and outputs the result (%010) at its second I/O port 122.
Optionally, the second DCE unit 106 may assert line 138' to indicate its presence to
the first DCE unit 104. At time t=2, the third DCE unit 108 boots up. The third
DCE unit 108 then observes that the value %010 is held at its first /O port 124, and
therefore assigns itself %010 as an identification code. Thereafter, the third DCE
unit 108 increments %010 by one, and outputs the result (%011) at its second I/O
port 126. Optionally, the third DCE unit 108 may assert line 138" to indicate its
presence to the second DCE unit 104,

As described above, the net consequence of each DCE unit 104, 106, and
108 executing the steps depicted in FIG. 4A is that each DCE unit 104, 106 and 108
assigns itself a unique identification code, and that each DCE unit 104, 106, and 108
announces its presence to an upstream device.

FIG. 2B depicts another embodiment of the present invention. The
embodiment of FIG. 2B is identical to the embodiment of FIG. 2A, with the
exception of the inclusion of bypass switches 146, 148, and 150. The bypass
switches 146, 148, and 150 are connected between each of the unlinked lines of the
first /O port 116, 120, and 124 and the second I/O port 118, 122, and 126 in each
DCE unit 104, 106 and 108. The bypass switches 146, 148, and 150 are controlled
so as to be open when their respective processors 110, 112, and 114 are powered on,
and to be closed when their respective processors 110, 112, and 114 are powered
down, Each bypass switch 146, 148, and 150 could be a relay or transistor arranged
to detect current drawn by its associated processor 110, 112, and 114, Without the
presence of the bypass switches 146, 148, and 150, signals emanating from an
upstream processor (relative to a powered-down processor) would not be received
by a downstream processor (again, relative to a powered-down processor ). The
effect of closing each of the bypass switches 146, 148, and 150 in response to a

processor powering-down is that signals emanating from an upstream processor
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(relative to the powered-down processor) are passed along to a downstream
processor (relative to the powered-down processor). The discussion associated with
FIG. 3B discloses the bypass effect with more particularity.

FIG. 3B depicts signals held on lines 138, 140, 142, 144, 138', 140", 142/,
144', 138", 140", 142", 144", 138", 140", 142", and 144" plotted against time, as
those signals may appear per the embodiment depicted in FIG. 2B (i.e., per the
embodiment with bypass switches 146, 148, and 150). The depiction of FIG. 3B is
similar to the depiction of FIG. 3A, in that the first DCE unit 104 is initially booted
up, followed by the second DCE unit 106, and finally by the third DCE unit 108.
The signals resulting from each of these events are identical to those shown in FIG.
3A. The chart of FIG. 3B varies from the chart of FIG. 3A at the point in time (on
the x axis) labeled "Power Down Unit 1." At this point in time, the second DCE unit
106 is powered down (either intentionally or unintentionally).

In the wake of DCE unit 106 being powered down, its set of associated
bypass switches 148 close. Consequently, the signals held on lines 138', 140", 142’
and 144" are coupled to lines 138", 140", 142" and 144", respectively. This effect
can be observed on lines 142" and 144" (in FIG. 3B) at the point in time labeled
"Power Down Unit 1." At that point in time, the voltage carried on line 142" drops
(thereby matching the voltage carried on line 142"), while the voltage on line 144"
rises (thereby matching the voltage carried on line 144'). Thus, at the point in time
at which DCE unit 106 powered down, DCE unit 108 receives %001 at its first VO
port 124 (i.e., the same input that DCE unit 106 had been receiving at its first /O
port 120). As aresult, DCE unit 108 changes its identification code from %010 to
%001 (i.e., it assigns itself the identification code previously held by DCE unit 106).
DCE unit 108 outputs %010 at its second output port 126, as can be seen from FIG.
3B. If a fourth DCE unit were connected to the second I/O port 126, it would
change the identification number assigned to itself (this change would occur due to
the output at I/O port 126 changing from %011 to %010 when DCE unit 106
powered down).

In summary, the inclusion of bypass switches 146, 148 and 150 permits each
DCE unit 104, 106 and 108 to assign itself a unique identification number,
regardless of whether each upstream DCE unit is powered up or not. Further, the
inclusion of the bypass switches 146, 148, and 150 eliminates the need for the DCE

units to be powered up in sequence.
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In the wake of each DCE unit 104, 106, and 108 having assigned itself a
unique identification code, the computer 102 may command each DCE unit 104,
106, and 108 individually by associating an identification number with a command.
For example, by associating identification number %001 with a command, the
second DCE unit 106 responds, while the first and third DCE units 104 and 108
dismiss the command.

In order for the computer 102 to transmit a command to a particular DCE
unit 104, 106, or 108, the computer 102 must be informed of the presence of the
particular DCE unit 104, 106, or 108. The scheme depicted in FIG. 5 is one manner
in which a master processor 102 may be made aware of the presence or absence of
each DCE unit 104, 106, or 108. The method of FIG. 5 may function best in the
context of a system including bypass switches 146, 148 and 150. Initially, as shown
in operation 500, the computer 102 selects the first DCE unit 104, 106, or 108,
typically meaning that it selects the unit that has identified itself identification
number %000. Thereafter, it sends a query command to the selected DCE unit 104,
106, or 108, as shown in operation 502. For example, the computer 102 may
transmit a command that literally reads "query 000." One skilled in the art will
recognize that any command frame that associates a query command with an
identification number is sufficient. In response, the DCE unit 104 that has assigned
itself identification number %000 responds as follows (all other DCE units 106 and
108 ignore the command). The queried DCE unit 104 responds by examining its
second I/O port to determine if line 138 is asserted (the assertion of line 138
indicates the presence of the second DCE unit 106), as shown in operation 504. The
DCE unit responds, indicating whether or not line 138 is asserted. If line 138 is
asserted, the computer 102 selects the next DCE unit (e.g., DCE unit 104, with
identification number %001), as shown in operation 506. Thereafter, control returns
to operation 502 wherein the computer transmits a query command to the newly
selected DCE unit 104. Thus, operations 502, 504, and 506 cooperate to form a loop
in which each DCE unit 104, 106, or 108 is asked to indicated whether or another
DCE unit is attached to it. The querying typically occurs beginning with the DCE
unit 104 closest to the computer 102, and proceeds downstream until the final DCE
unit 108 is reached. When a DCE unit finally responds that no other DCE unit is
attached to it, the computer 102 draws the inference that it has found the last DCE

unit in the chain, as indicated by operation 508.
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FIG. 6A depicts another manner by which a master processor 102 may be
made aware of the presence or absence of each DCE unit 104, 106, or 108. The
method of FIG. 6B may function best in the context of a system lacking bypass
switches 146, 148 and 150. Initially, as shown in operation 600, the computer 102
selects the first DCE unit 104, 106, or 108, typically meaning that it selects the unit
that has identified itself identification number %000. Thereafter, it sends a poll
command to the selected DCE unit 104, as shown in operation 602. For example,
the computer 102 may transmit a command that literally reads "poll 000." One
skilled in the art will recognize that any command frame that associates a poll
command with an identification number is sufficient. In response, if there exists a
DCE unit that has assigned itself the selected identification number, such a DCE unit
responds, thereby acknowledging its existence. All other DCE units ignore the poll
command.

After transmission of the poll command, the computer 102 waits for a
designated period for a response, as shown in operation 604. If no response is
received, the computer 102 records in memory that no DCE unit is presently using
the selected identification number, as shown in operation 606. Alternatively, if a
response is received, the computer records in memory that a DCE unit is using the
selected identification number, as shown in operation 608.

After recording the absence or presence of a particular DCE unit, the
computer determines whether or not it has polled all possible units, as shown in
operation 610. For example, the system depicted in FIG. 2 uses three lines (140,
142, and 144) for communication of identification numbers. Consequently, only
eight possible unique identification numbers are possible. Thus, in operation 610,
the computer determines whether all eight possibilities have been polled. If so, the
method ends, as depicted by operation 614. Ifnot, the computer 102 selects the next
identification number (e.g. %001) for polling, as shown in operation 612.
Thereafter, control returns to operation 602, where the selected identification
number is associated with a poll command. Operations 602, 604, 606, 608, 610, and
612 cooperate to form a loop in which each DCE unit is polled; if a particular DCE
unit responds, its presence is recorded, otherwise its absence is recorded.

FIG. 6B depicts yet another manner by which a master processor 102 may be
made aware of the presence or absence of each DCE unit 104, 106, or 108. The

method of FIG. 6B may function best in the context of a system including bypass
14
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switches 146, 148 and 150. Initially, as shown in operation 614, the computer 102
selects the first DCE unit 104, 106, or 108, typically meaning that it selects the unit
that has identified itself identification number %000. Thereafter, it sends a poll
command to the selected DCE unit 104, as shown in operation 616. In response, if
there exists a DCE unit that has assigned itself the selected identification number,
such a DCE unit responds, thereby acknowledging ifs existence. All other DCE
units ignore the poll command.

After transmission of the poll command, the computer 102 waits for a
designated period for a response, as shown in operation 618. If no response is
received, the computer 102 records in memory that no DCE unit is presently using
the selected identification number, as shown in operation 624, and the process ends.
Alternatively, if a response is received, the computer records in memory that a DCE
unit is using the selected identification number, as shown in operation 620.
Thereafter, the next DCE unit is selected for polling (DCE unit %001 is selected for
polling after %000), and control is returned to operation 616.

The methods depicted in FIGs. 5, 6A, and 6B may be executed periodically,
so that the computer may be updated from time to time regarding the status of each
DCE unit 104, 106, and 108.

It will be clear that the present invention is well adapted to attain the ends
and advantages mentioned as well as those inherent therein. While a presently
preferred embodiment has been described for purposes of this disclosure, various
changes and modifications may be made which are well within the scope of the
present invention. For example, the although the present invention is described
with reference to serial communication data ports, the present invention could make
use of any form of communication data port, including parallel communication data
ports. Additionally, the scheme described herein is susceptible of deployment in any
form of system in which one processor is to communicate with a plurality of
processors, even if the relationship between the processors is not master/slave.
Numerous other changes may be made which will readily suggest themselves to
those skilled in the art and which are encompassed in the spirit of the invention

disclosed and as defined in the appended claims.
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Claims

1. A computerized system that automatically assigns an identification
code to each of a plurality of slave processors in communication with a master
processor, the system comprising:

a master processor coupled to an input/output (I/O) port;

a first slave processor coupled to first and second I/O ports;

a second slave processor coupled to first and second I/O ports;

wherein the I/O port of the master processor is coupled to the first I/O port of
the first slave processor;

wherein the second I/O port of the first slave processor is coupled to the first
I/O port of the second slave processor;

wherein a plurality of lines in the first /O port of the first slave processor are
directly linked to corresponding lines in the second I/O port of the first slave
processor, so that a signal transmitted along the linked lines is received by the first
and second slave processors;

wherein a plurality of lines in the first I/O port of the first slave processor are
not directly linked to lines in the second I/O port of the first slave processor;

wherein the first slave processor is programmed to receive a digital signal
held on the unlinked lines of its first /O port, and based thereupon, to generate a
digital signal on the unlinked lines of the second I/O port; and

wherein the first slave processor is programmed to assign itself an
identification code based upon the digital signal held on the unlinked lines of its first
1/O port, and thereafter respond to commands on the linked lines of its first /O port
only if the commands are associated with the identification code the first slave

processor assigned to itself.

2. The system of claim 1, wherein the first slave processor is
programmed to assign itself an identification code equal to the digital signal held on
the unlinked lines of its first I/O port.

3. The system of claim 1, wherein the first slave processor is

programmed to generate the digital signal on the unlinked lines of its second /O
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port by incrementing by one the digital signal on the unlinked lines of its first /O
port. '

4. The system of claim 1, wherein a plurality of lines in the first /O port
of the second slave processor are directly linked to corresponding lines in the second
1/O port of the second slave processor; and

wherein a plurality of lines in the first /O port of the second slave processor

are not directly linked to lines in the second I/O port of the second slave processor.

5. The system of claim 4, wherein the second slave processor indicates

its presence by asserting one of the unlinked lines in its first I/0O port.

6. The system of claim 4, wherein the first slave processor indicates its

presence by asserting one of the unlinked lines in its first T/O port.

7. The system of claim 5, wherein the first slave microprocessor is
programmed to:

receive from the master processor a query command associated with the
identification code the first slave processor assigned to itself, and in response thereto
determine whether the line to be asserted by the second slave processor to indicate
the second slave processor's presence is in fact asserted;

in the case that the line to be asserted by the second slave processor is
asserted, report to the master processor that the second slave processor is present;
and

in the case that the line to be asserted by the second slave processor is not

asserted, report that the second slave processor is not present.

8. The system of claim 7, wherein the master processor is programmed
to repetitively query the first slave processor to determine whether or not the second

slave processor is present.

9. The system of claim 1, wherein the master processor is pro grammed

to poll each slave processor, and if after a period of time elapses with no response
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from the polled slave processor, to conclude that the polled slave processor is not

present.

10.  The system of claim 4, wherein the second slave processor is
p;ogrammed to receive a digital signal held on the unlinked lines of its first I/O port,
and based thereupon, to generate a digital signal on the unlinked lines of the second
1I/O port; and

wherein the second slave processor is programmed to assign itself an
identification code based upon the digital signal held on the unlinked lines of its first
I/O port, and thereafter respond to commands on the linked lines of its first I/O port
only if the commands are associated with the identification code the first slave

processor assigned to itself.

11.  The system of claim 1, wherein the I/O port of the master processor
and the first and second /O ports of the first and second slave processors are RS-232

serial communication ports.

12.  The system of claim 11, wherein the linked lines are signal ground,

transmit data, and receive data.

13.  The system of claim 11, wherein the unlinked lines are selected from
the set consisting of data set ready, data carrier detect, clear to send, and ring

indicator.

14.  The system of claim 10, wherein the second slave processor is
programmed to perform the step of assigning itself an identification code at a
designated point in time after power-up, and as long as the processor remains
powered-up to refrain from re-performing the step of assigning itself an

identification code.

15.  The system of claim 1, further comprising a set of switches
connecting each of the unlinked lines of the first I/O port of the first slave processor
to the unlinked line of the second I/O port of the first slave processor, the switches

being controlled to close upon powering down of the first slave processor, so that the
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signals held on the unlinked lines of the first I/O port of the first slave processor are
held on the unlinked lines of the second I/O port of the first slave processor when

the first slave processor is powered down.

16. A unit of data communication equipment (DCE) comprising:

a processor coupled to first and second I/O ports;

a memory unit operably coupled to the processor;

wherein a plurality of lines in the first I/O port are directly linked to
corresponding lines in the second 1/O port;

wherein a plurality of lines in the first I/O port are not directly linked to lines
in the second I/O port;

wherein the memory unit stores a set of instructions for receiving a digital
signal held on the unlinked lines of the first I/O port, and based thereupon, to
generate a digital signal on the unlinked lines of the second I/O port; and

wherein the memory unit stores a set of instructions for assigning to the DCE
an identification code based upon the digital signal held on the unlinked lines of the
first I/O port, and for thereafter responding to commands on the linked lines of the
first /O port only if the commands are associated with the identification code

assigned to the DCE.

17.  The unit of claim 16, wherein the memory unit stores a set of
instructions for assigning the DCE an identification code equal to the digital signal
held on the unlinked lines of the first /O port.

18.  The unit of claim 16, wherein the memory unit stores a set of
instructions for generating the digital signal on the unlinked lines of the second I/O
port by incrementing by one the digital signal on the unlinked lines of the first I/O
port.

19.  The unit of claim 16, wherein the unit indicates its presence by

asserting one of the unlinked lines in the first I/O port.

20.  The unit of claim 16, wherein the memory unit stores a set of

instructions for:
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receiving from a master processor a query command associated with the
identification code assigned to the DCE, and in response thereto determining
whether a line to be asserted by a second DCE to indicate presence of the second
DCE is in fact asserted;

in the case that the line to be asserted by the second DCE is asserted,
reporting to the master processor that the second DCE is present; and

in the case that the line to be asserted by the second DCE is not asserted,
reporting that the second DCE is not present.

21.  The unit of claim 16, wherein the first and second I/O ports are RS-

232 serial communication ports.

22.  The unit of claim 21, wherein the linked lines are signal ground,

transmit data, and receive data.

23. The unit of claim 21, wherein the unlinked lines are selected from the

set consisting of data set ready, data carrier detect, clear to send, and ring indicator.

24.  The unit of claim 16, wherein the memory unit stores a set of
instructions for assigning the DCE an identification code at a designated point in
time after power-up, and as long as the processor remains powered-up to refrain

from re-assigning the DCE an identification code.

25.  The unit of claim 1, further comprising a set of switches connecting
each of the unlinked lines of the first I/O port to the unlinked line of the second I/O
port, the switches being controlled to close upon powering down of the processor, so
that the signals held on the unlinked lines of the first I/O port are held on the

unlinked lines of the second I/O port when the processor is powered down.

26. A method for assigning a unique identification code to a first and
second slave processor, wherein the first slave processor and a master processor
share a private set of communication lines, wherein the second and first slave

processor share a private set of communication lines, and wherein the master
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processor and first and second slave processors share a common set of
communication lines, the method comprising:

receiving with the first slave processor a signal carried on the private lines
connecting the first slave processor and the master processor;

assigning the first slave processor an identification code based upon the
signal held on the private lines connecting the first slave processor and the master
processor, so that the first slave processor thereafter responds to commands on the
common lines only if the commands are associated with the identification code
assigned to the first slave processor;

transmitting from the first slave processor to the second slave processor a
signal carried on the private lines connecting the first and second slave processors;
and

assigning the second slave proceésor an identification code based upon the
signal held on the private lines connecting the first and second slave processors, so
that the second slave processor thereafter responds to commands on the common
lines only if the commands are associated with the identification code assigned to

the second slave processor.

27.  The method of claim 26, wherein the first slave processor assigns
itself an identification code equal to the signal held on the private lines connecting

v

the first slave processor and the master processor

28.  The method of claim 27, wherein the first slave processor generates
the signal transmitted on the private lines connecting the first and second slave
processors by incrementing by one the identification code assigned to the first slave

processor.

29.  The method of claim 26, wherein the second slave processor indicates
its presence by asserting one of the private lines connecting the first and second

slave processors.

30.  The method of claim 26, wherein the first slave processor receives
from the master processor a query command associated with the identification code

assigned to the first slave processor, and in response thereto determines whether a
21
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line to be asserted by the second slave processor to indicate presence of the second
slave processor is in fact asserted;

in the case that the line to be asserted by the second slave processor is
asserted, reporting to the master processor that the second slave processor is present;
and

in the case that the line to be asserted by the second slave processor is not

asserted, reporting that the second slave processor is not present.

31. A computerized system that automatically assigns an identification
code to each of a plurality of slave processors in communication with a master
processor, the system comprising:

a master processor coupled to an input/output (I/\O) port;

a first slave processor coupled to first and second I/O ports;

a second slave processor coupled to first and second I/O ports; and

a means for automatically and uniquely assigning an identification number to

each of the first and second slave processors.
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