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PROVIDING A MASTER DEVICE WITH SLAVE DEVICE CAPABILITY
INFORMATION

BACKGROUND

The present invention relates to protocol negotiation
between peer entities in a system, and more particularly to
providing a master node with information about which functions
are supported by a slave node in a communication systemn. '

Systems are well known in which peer entities communicate
with one another. 1In particular, such systems often include
a device designated as a master node which communicates with
a number of subordinate devices designated as slave nodes.
Because individual slave devices may differ from one another,
the master node must have knowledge regarding which functions
(also referred to in this specification as "capabilities") are
supported by each slave device in order to be able to com-
municate with that device. For example, in a cellular mobile
telephone system different channel types provided by a
cellular transceiver may require communicating at correspon-
dingly different data rates because of the use of different
communication protocols. One such system having this con-
figuration is the link between the switching center and the
base station in the European radiotelephone cellular com-
munications system standard known as the Global System for
Mobile Communications (GSM). Capabilities that a base station
may or may not support in this system include: half-rate
speech channels, combined signaling and control channel, data
communication facilities, and different versions of the
communication protocol towards the base station.

- Frequently in such systems, new slave devices will either
be added, or will replace existing slave devices. When this
happens, the master node must obtain information telling it
which functions are supported by the new slave device in order
to communicate with it.
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For example, in a mobile telephone network having a base
station controller (BSC) which manages the operations of many
base stations (BS) spread out over a large geographic area,
the BSC must know which set of functions are supported by
which base station. However, the supported functions may
change from time to time for a number of reasons. First, new
base stations may be added to the n'etw"ork,_' thus presenting an
additional set of functions that the BSC must know about.
Furthermore, base stations are usually controlled by software
which evolves over time. As new software is released, it may
allow a base station to perform previously unsupported
functions. Because the software and hardware may differ from
one base station to the next, a way must be provided for the
BSC to obtain information about which functions are supported
at which nodes. -

A prior solution to this problem utilizes a predefined

.negotiation procedure between the master and slave devices.

During this negotiation procedure, the master and slave
devices utilize a predefined protocol to exchange information
about which functi_.bns will be supported on the interface
connecting the two. An example of this solution may be found
in facsimile ("fax") machines which, prior teo transmission,
negotiate over which data rate to use. This solution,
however, is cumbersome in that it requires undesirable
overhead communications on the interface linking the master
and slave devices. Furthermore, because the negotiation
protocol must be defined, changes and future adaptations of
capabilities are not possible without corresponding changes
of possibly major proportions to the protocols being used by

‘existing slaves. Therefore, a simpler and more flexible

solution is desired.
SUMMARY

It is therefore an object of the present invention to
provide a mechanism for providing a master node device with
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information regarding which functions are supported by a slave
device (capability information), without requiring the master
and slave devices to perform a negotiation procedure to
communicate this information. :

It is another object of the present invention to provide
an encoding scheme for the capability information which
permits a slave device to be added without changing the
capability information already encoded for pre-existing slave
devices, even if the added slave device supports a new
function that is not supported by any pre-existing slave
devices.

It is yet another object of the present invention to
provide an encoding scheme for the capability information
which permits a slave device to be added without changing the
capability information already encoded for pre-existing slave
devices, even if the added slave device does not support a
function that is supported by all pre-existing slave devices.

In accordance with one aspect of the present invention,
the foregoing and other objects are achieved by an apparatus
in a system having a master device coupled to a slave device
by means of an interface, wherein a function of the master
device includes downloading a control program to the slave
device. The apparatus provides the master device with
capability information corresponding to the slave device. The
apparatus comprises means for reading the capability infor-
mation from a predefined portion of the control program, and
means for storing the capability information for use by the
master device during a communications operation with the slave
device. By locating the capability information in a predefi-
ned portion of the control program, the master device is
provided with new capability information whenever the control
program is upgraded. Also, because the capability information
is always stored in the master device, the need for a prede-
fined negotiation procedure between the master and slave
device is eliminated.

-
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In accordance with another apebt of the present inven-
tion, an endoding scheme is provided for the capability
information, whereby new slave devices can be added to the
system without requiring pre-existing cépability information
to be re-encoded to accommodate newly defined functions. The
capability information for each slave device comprises a first
vector and a second vector. Each of the first and second
vectors has a number of variables, each indicating whether a
corresponding function is supported by the corresponding
slave device. When a new slave device is added to the system,
there may be a need to redefine one or both of the second
vectors to add variables corresponding to new functions not
previously defined within the system. However, pre-existing
capability information will not have to be modified to include
these new variables. Consequently, the capability infor-
mation for any particular slave device may be missing one or
more variables which are defined within the system. To
compensate for this, the means for reading comprises first
default means, responsive to the number of variables of the
first vector being less than a number of defined first vector
variables, for supplying first default values for variables
that are missing in the first vector. The first default
values are selected to indicate that corresponding functions
are not supported by the corresponding slave device. The
means for reading further comprises second default means,
responsive to the number of variables of the second vector
being less than a number of defined second vector variables,
for supplying second default values for variables that are
missing in the second vector. The second default values are
selected to indicate that corresponding functions are
supported by thé corresponding slave device. _

In accordance with this aspect of the invention, it is’
possible for the capability information to consist of two
vectors, one or both of which have no variables whatsoever.
Having no variables in both of the vectors corresponds to the
situation where-each slave device in the system supports each
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and every function that is supported by any other slave device
in the system. In this case, the information about the
supported capabilities of each slave device are provided
entirely by the first and second default means.

In yet another aspect of the present invention, a method
is disclosed for adding a new slave device to a system having
a master device coupled to a plurality of pre-existing slave
devices, each slave device having corresponding capability
information stored in the master device. First, a new first
vector having a length equal to a predefined first vector is
stored in the master device. Each variable in the new first
vector is set in correspondence with the new slave device
alternatively supporting or not supporting a corresponding
function defined in the predefined first vector. Next, a new
second vector having a length equal to a predefined second
vector is stored in the master device. Each variable in the
new second vector is set in correspondence with the new slave
device alternatively supporting or not supporting a cor-
responding function defined in the predefined second vector.

Then, an additional storage location to be associated
with the new first vector is allocated in the master device.
Into this additional storage location is stored a first
additional variable in correspondence with a first new
function that is supported by the new slave device but not
supported by any pre-existing slave device. The first
additional variable is set to indicate that the slave device
supports the first new function. when this technique is used
in conjunction with the ‘first default means described above,
it is unnecessary to modify any pre-existing capability
information, since these missing values will default to a
value indicating that pre-existing slave devices do not
support the function.

Next, an additional storage location to be associated
with the new second vector is allocated in the master device.
Into this additional storage location is stored a second
additional variable in correspondence with a second new

*®
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function that is supported by every pre-existing slave device
but not supported by the new slave device. The second
additional variable is set to indicate that the slave device
does not support the 'sec.on_d new fnncticn . When this technique
is used in conjunction with the second default means described
above, it is again unnecessary to modify any pre-existing
capability information, since these missing values will
default to a value 1nd1cating that pre-existing slave dev1ces
support the newly added function. _ ,

Finally the first and second predefined vectors are
redefined to include respective storage locations correspon-
ding to the first and second additional variables.

BﬁIBF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the invention will be
understood by reading the following detailed description in
conjunction with the drawings in which:

FIG. 1 is a block diagram of a system which includes a
master device coupled to slave devices by means of respective
interfaces; _ _

FIGS. 2a and 2b are diagrams illustrating how categories
of functions change when a new slave device is added to a
system previously having only two slave devices;

FIG. 3 illustrates a preferred embodiment of an encoding
scheme for the capability information. and

FIGS. 4a-4c illustrate the techniques of prov1ding
default values for pre-existing capability information, and
of adding new functions to the encoding scheme in accordance
with the present invention.

DETAILED DESCRIPTION

Referring to FIG. 1, a block diagram of a system is shown
which includes a master device 101 coupled to slave devices

o
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103, 103', 103'?' by means of respective interfaces 105, 105°',
105''. The master device 101 may be, for example, a BSC, and
the slave devices 103, 103', 103'' may be a number of base
stations connected in a mobile telephoné network. The master
device 101 includes control software 107, 107', 107'' for each
of the slave devices 103, 103', 103'' which is to be downloa-
ded to the slave devices, by means of interfaces 105', 105'!,
105*'', upon the startup of the system, and whenever else such
downloading is required, such as after a power failure that
occurs at one or more base station sites in a cellular mobile
telephone system. As the operations to be described here are
applicable to each of the slave devices 103, 103', 103'', the
following description will focus on how the master device 101
learns the capability of the slave device 103. It will be
apparent to those skilled in the art, however, that the
technique described with respect to slave device 103 may be
applied to any of the remaining slave devices 103!, 103'',

The control software 107, when loaded in the software
memory 111, controls the normal operations of the slave device
103. In a system such as the one described, when a slave
device is replaced by a new device, the master device 101 may
be provided with corresponding updated control software 107
for the new device. Systems in which master nodes download
control software to slave devices during initial program load
(IPL) of the slave devices are well known in the art, and are
not described here further.

In accordance with the present invention, the control
software 107 is inseparably associated with a portion that
contains capability information 109 regarding the functions
supported by the corresponding slave device 103. For example,
the start of the capability information 109 may be located at
a known position within the control software 107 so that the
master device 101 is able to locate:it, and distinguish it
from the rest of the control software-107. In a preferred
embodiment of the invention, the capability information 109
is readily identifiable because the control software 107 for
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i:he slave device 103 is divided into files which are retained
in a data base at the master device 101. In this embodiment,
it is important that this set of files be treated as a single
package within the master device 101. One or more of these
files contains only data representing the capability infor-
mation 109. It is not essential that the capability infor-
mation 109 be downloaded to the slave device 103, since it is
intended to convey information primarily to the master device
101. However, if the capability information 109 is downloaded
to the slave device 103, then a system fault determination may

.be made, as will be described in further detail below.

Further in accordance with the present invention, prior
to downloading the control software 107 to the slave device
103, the master device 101 reads the capability information
109 and stores it in its local storage 113. The information
stored in the local storage 113 is later used by the master
device 101 to determine which functions are supported by the
slave device 103 on the interface 105. This capability
information 109 may also indicate to the master device 101
which procedures must be used to load the software into the
slave. _ _

It can be seen that this mechanism provides great freedom
in the ability to change (or update) the slave device 103

" without having to utilize a -predefined negotiation procedure

to inform the master device 101 of which new functions are
supported (or which old functions are no longer supported) by
the slave device 103 on the interface 105. This is because
every time the slave device 103 is changed in a way that
affects the functions that i.t'supports,. the master device 101
will be provided with corresponding control software 107 for

' that device. Because the new control software 107 will always

contain updated capability information 109, the master device
101 can easily determine which functions are supported by the
new slave device 103. _

In a preferred embodiment of the present invention, the
master device 101 operates as follows:
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i?OR all slaves DO
IF software needs to be loaded THEN
Get vectors from software package
Load software into slave by tising the procedures as
indicated by the fetched vectors (or by de-
fault procedures if loading is not defined in
the vector)
Start software in slave
ENDIF
FOR any invoked network function involving a slave DO
IF the function is defined according to latest
definition of vectors THEN
IF function is supported THEN
Invoke function in slave by using the
indicated procedures

ELSE
Reject the function
ENDIF
ELSE ’
Invoke function in slave by using default
procedures
ENDIF
ENDFOR

ENDFOR

It will be apparent to those skilled in the art, that the
capability information 109 can be formatted in any of a number
of different ways. For example, one might define, at the
outset, the complete set of functions that will ever be
supported over an interface 105. However, this might prove to
be too limiting, as unanticipated functions come into exis-
tence.

In a preferred embodiment, the capability information
109 is encoded in an upward compatible format, so that newly
defined functions may be added to the encoding scheme without
disturbing the-encoding of capability information of slave
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devices that have not been upgraded. This encoding scheme
relies on the fact that there are different circumstances
under which a particular function must be represented in an
existing encoding scheme. Functions may be partitioned into

‘three categories:

1) Functions that are supported by some, but not all slave
devices in the network.

2) Functions that are supported by each and every one of the
slave devices in the network.

3) Functions that are supported by none of the slave devices
in the network. _

It is only necessary for functions in the first category,
that is, those which are supported by some, but not all slave
devices, to.be defined in the network. This is because; in
this case, it is necessary for the master device 101 to be
able to distinguish between the capabilities of the different
slave devices 103, 103', 103''. For the last two categories,
however, no network definition is necessary because thé master
device 101 can be designed to include default values which are
equally applicable to all slave devices 103, 103', 103'’',
Thus, if it is known that all slave devices support a given
function, the master device 101 does not need to investigate
whether any particular slave device 103 supports that func-
tion. Instead, the master device simply uses that function in
its communications with all slave nodes 103, 103', 103''.
Similarly, if it is known that none of the slave devices
support’ a particular function, the master device 101 is
designed so that it never attempts any communications which
rely on this particular function being supported by a slave
device 103. The master device 101 is preferably controlled by
software, so that it can be easily upgraded as the capablli-
ties of the network change over time.

- The above may be further understood with reference to
FIG. 2a, which is a diagram that illustrates categories of
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functions which need to be included in an encoding scheme for
capability information 109 when a system contains only two
slave devices, referred to here as "A" and "B". The interior
of the box 200 represents all possiblé functions that could
ever be defined for a network. The first circle 201 encompas-~
ses all functions supported by slave device "A". The second
circle 203 encompasses all functions supported by slave device
"B", It can be seen that there is a common area 205 which
defines a set of functions which are common to slave devices
"A*" and "B" (and therefore to all slave devices in the

.network, since in this example, there are only two slave

devices). The diagram also shows that there is a first set of
exclusive functions 207 which are supported by slave "A" but
not by slave "B", and also that there is a second set of
exclusive functions 209 which are supported by slave "B" but
not by slave "A". The empty area 211, which lies entirely
outside of both the first and second circles 201, 203 repre-
sents functions which are not supported by any slave device in
the network. _

In this example, only the first and second sets of
exclusive functions 207, 209 need to be defined in an encoding
scheme for capability information 109, because the master
device 101 needs to know whether or not the slave device with
which it intends to communicate supports the function. By
contrast, the master device can freely use any of the func-
tions located in the common area 205 without investigating
whether it is supported, because, by definition, it is
supported by each and every node in the network. As to the
functions lying in the empty area 211, these are not supported
by either of the slave devices "A" and "“B", so the design of
the master device 101 does not have to include any definition
for these functions; such definition would lead to inefficien-
cies, because the master device would never find a slave
device that supported any of these functions.

If a new slave device "C" were to be added to the
network, the encoding scheme for the capability information



WO 95/30960 PCT/SE95/00457

10

15

20

25

30

35

12

109 would have to be changed as shown. in FIG. 2b. The first
and sec_:ond circles 201, 203 still represent the functions
supported by slaves "A" and "B". The third circle 213
encompasses all of the functions supporfed. by the new slave
device "C". 1In this example, the common area 205' has been
reduced, because slave "C" does not support each of the
functions supported by slave devices "A" and "B", As a
result, the functions located in the first new area 215, which
formerly were in the common area 205 and needed no definition
within the network, now need to be defined in the encoding
scheme so that the master device 101 can distinguish between
slave device "C", which does not support these functions, and
slave devices "A" and "B" which do. The old default will no
longer work for these functions. _
Similarly, in this example, the slave device "C" supports
functions, located in the second new area 217 . Which previous-
ly were not supported by any slave device in the network.’
Consequently, these functions will also have to be added to
the encoding scheme, so that the master device 101 can
distinguish between the slave device nc" which supports these

- functions, and the slave devices "A" and "B" which do not.

The old encoding scheme, whereby the functions located in the

.second new area 217 defaulted to an unsupported status within

the master device 101 because they were previously part of the
empty area 211, will no longer work. 1In FIG. 2b, the empty
area 211' now represents all possible functions which are not

supported by any of the slave devices "A", "B" or "C%,

To summarize the above discussion, an existing network
need only represent functions which are supported only by a
subset of all slave devices. Any function that is supported
by all of the slave devices need not be represented in the
capability information 109, because the master device 101 can
be designed to use that particular function with any slave
device it communicates with. Similarly, any function that is
supported by none of the slave devices need not be represented
in the capability information 109, because the master device
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101 can be designed to never use that particular function with
any slave device in the network that it communicates with.
When a new slave device is added to the network, the encoding

" scheme must be modified to add those functions which formerly

were supported either by all or none of the previously
existing slave devices.

Referring now to FIG. 3, a preferred embodiment of an
encoding scheme for the capability information 109 is shown.
The following discussion makes use of terms such as "variable"
and "boolean value” as an aid to understanding the invention.
However, it should be understood that these terms actually
refer to physical entities, such as electrical signals, which
are generated in the network, and which cause other operations
to take place.

In accordance with the present invention, this encoding
scheme allows new functions (i.e., those which formerly did
not need to be defined in the system because they were either
always supported or never supported) to be added without
having to re~encode the capability information 109 of slave
devices 103, 103', 103'' which were already part of the
systemn.

The capability information 109 is encoded as two vectors,
each containing a 1list of variables which correspond to a list
of functions which have been defined in the network.! The
variables are preferably boolean variables which may either
be set equal to TRUE or FALSE in correspondence with whether
or not an associated function is supported by the slave device
103.

Each function that is defined in the network is represen-
ted by a variable in only one of the two lists. When a network
is defined for the first time, it does not matter whether a
corresponding variable for a function is located in the first
vector 301 or in the second vector 303. However, the location
of the variable is important for every new slave device 103
that gets added to the network. This significance will be
explained by way of example.
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FIG. 4a depicts the capability information 109 for a
slave device "A" in a network having only the two slave
devices "A" and “B", which were both present when the network

- was first created. Similarly, FIG. 4b depicts the capability

information 109 for slave device "B" in this same network.
With respect to slave device "A", the first vector 40l1a has
been set, for the purposes of illustration, to show that slave
device "A" supports functions n and o, but does not 'support
function p. Also, the second vector 403a has been set 'to
indicate that the slave device "A" supports functions g, and

.8, but does not support function r. 'similarly, with respect

to slave device "B", the first vector 401b has been set to
indicate that the slave device "B" supports function p, but
does not support function n or function o. Also, the second
vector 403b has been set to indicate that the slave device "B"
supports function r but does not support function q or
function s. It will be observed that, in this example, none
of the functions are either supported or not supported by both
slave devices "A" and "B". This is because, as explained
above with reference to FIGs. 2a and 2b, there is no point in
defining functions which lie in either the common area 205 or
the empty area 211. Instead, the master device 101 can be
designed to include defaults which are appropriate for this
particular system. However, there is no reason why any
particular group of such functions could not be included
within the capability information 109, and either both set to
TRUE (function supported) or both set to FALSE (function not
supported) boolean values. A complete specification of all of
such functions, though, could be impossible to generate, since
an endless number of functions can be defined.

FIG. 4c shows the capability information 109 of a slave
device "C" which is now added to the system. It too contains
a first vector 40l1c and a second vector 403c. The addition of
slave device "C" to the network has the effect previously
illustrated in FIG. 2b. That is, slave device "C" supports
some of the functions which are also commonly supported by
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slave devices "A" and "B" (see common area 205'), Conse-
quently, there is still no reason for these functions to be
defined within the capability information: the master device
101 continues to know that these functions are supported by
each slave device in the network. Also, slave device "C" does
not support many of the functions which are also not supported
by either of slave devices "A" and "B" (see empty area 211').
Again, there is no reason for these functions to be defined
within the capability information: the master device 101
continues to know that these functions are not supported by
any slave device in the network.

Referring to FIG. 2b, it can be seen that there is a
first partly common area 219, which includes only those
functions which are supported by slave devices "A" and "“CV,
but not by slave device "B". These functions were previously
defined in the network and, in our example, are functions n
and s. Consequently in vector 40lc, the variable correspon-
ding to function n is set equal to TRUE, and in vector 403c,
the variable corresponding to function s is set equal to TRUE.

Also, referring to FIG. 2b, it can be seen that there is
a second partly common area 221, which includes only those
functions which are supported by slave devices "B" and "C" ’
but not by slave device "A". These functions were previously
defined in the network and in our example, are functions p and
r. Consequently in vector 401c, the variable corresponding to
function p is set equal to TRUE, and in vector 403¢c, the
variable corresponding to function r is set equal to TRUE.

The first and second sets of exclusive functions 207! and
209' are defined, but not supported by slave device "C". The
variables corresponding to these functions o and q are set
equal to FALSE in the first and second vectors 40lc, 403c.

Referring again to FIG. 2b, it can be seen that there is
a need to define new functions as a result of the introduction
of slave device "C" into the pre-existing network. First,
there are functions which formerly were in the common area
205, but which are now in the first new area 215 because these
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functions are not supported by slave device "C". For the sake
of this example, these will be called functions u and v. In
accordance with the present invention, new functions which are
conceptually located in the first new area 215 must be added
to the second vector 403c. The master device 101 is also
modified to recognize a second vector having the format of

. second veétor 403c. Thus, in FIG. 4c, the second vector 403c
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also includes variables corresponding to functions u and v.
These two variables have been set equal to FALSE, in order to
indicate that slave device "C" does not support these func-
tions. Also in accordance with the present invention, it is
x:not necessary to add variables to either of the secohd vectors
403a or 403b, which correspond to slave devices "A" and "B",
because the master device 101 is designed to assume the
presence of default values equal to TRUE whenever it recog-
nizes that the secbnd vector 403a, 403b is not as long as the
longest second vector 403c in the network. The default values
are represented by the dotted line values 407a, 407b in the
second vectors 403a, 403b. It is not necessary for these

dotted line va]_.ues' 407a, 407b to actually exist in the second

vectors 403a, 403b, so long as the master device 101 is
designed to recognize the actual end of the second vectors
403a, 403b, and to then provide the default values of TRUE

‘whenever they are needed. Each of the first and second

vectors 401a, 401b, 401c, 403a, 403b, 403c preferably includes
a length indicator (not shown) for use by the master device
101 in determining the length of the vector. However, there
is no reason why the second vectors 403a, 403b could not
actually contain variables corresponding to undefined
functions. In this case, the undefined variables in the
second vectors 403a, 403b should actually be set equal to
TRUE. It should be noted that the secohd_vector 403c of slave
device "C" also contains dotted line values 407c¢ which
function exactly as described above with respect to dotted
line values 407a and 407b, and which are used when the network

-
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is expanded to include yet another new slave device that
causes new functions to be defined.

Referring back to FIG. 2b, there is also a need to define
those new functions which were formerly part of the empty area
211 (i.e., not supported by either of slave devices "A" or
"B"), but which are now supported by slave device "C" (see the
second new area 217). For the sake of this example, this will
be called function t. In accordance with the present inven-
tion, new functions which are conceptually located in the
second new area 217 must be added to the first vector 401c.
The master device 101 is also modified to recognize a first
vector having the format of first vector 40lc. Thus, in FIG.
4c, the first vector 40l1c also includes a variable correspon-
ding to function t. This variable has been set equal to TRUE,
in order to indicate that slave device "C" does support this
function. Also in accordance with the present invention, it
is not necessary to add variables to either of the first
vectors 40la or 401b, which correspond to slave devices "A"
and "B", because the master device 101 is designed to assume
the presence of default values equal to FALSE whenever it
recognizes that the first vector 40la, 401b is not as long as
the longest first vector 40l1c in the network. This is
represented by the dotted line values 405a, 405b in the first
vectors 40la, 401b. It is not necessary for these dotted line
values 405a, 405b to actually exist in the first vectors 401a,
401b, so long as the master device 101 is designed to recog-
nize the actual end of the first vectors 40la, 401b, and to
then provide the default values of FALSE whenever they are
needed. However, there is no reason why the first vectors
40l1a, 401b could not actually contain variables corresponding
to undefined functions. In this case, the undefined variables
in the first vectors 40l1a, 401b should actually be set equal
to FALSE. It should be noted that the first vector 401lc of
slave device "C" also contains dotted line values 405c¢c which
function exactly as described above with respect to dotted
line values 405a and 405b.
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It is important, for the proper functioning of this
system, that whenever the master device is given control
software 107 which contains a new encoding scheme for the
capability information 109, the master device 101 is also
upgraded, preferably by means of new software, so that it will
know the meanings of the newly defined variables. Without
upgraded software, the master device 101 would assume that the
new slave device supports every function previously supported
by all the pre-existing slave devices (see common area 205),
when this might not be the case. In order to avoid this type
of error, the master device 101 may compare the actual length
of the capability information 109 with an expected length. If
a mismatch occurs, then system integrity is jeopardized, and
an appropriate error routine should be invoked. Implemen-
tation of such an error routine is system dependent, and
beyond the scope of this discussion.

In the embodiment of the invention, referred to previous-
ly, in which the capability information 109 is downloaded from
the master device 101 to the slave device 103, another aspect
of the present invention has the slave device examining the
capability information 109, in order to determine what
functions the master device 101 expects it supports, and to
determine whether it actually has the hardware to support
these functions. Alternatively, if the capability infor-
mation 109 is not included with the software that is downloa-
ded from the master device 101 to the slave device 103, then
the control software 107 may, itself, include instructions to
make sure that the expected hardware environment actually
exists at the slave device 103. This determination may be
necessary if there is a chance that the master device 101 has
received an upgraded version of software 107 before the
hardware in the slave device 103 has actually been upgraded.
In the event of this occurrence, the slave device 103 should
notify the master device 101 of the occurrence of an error
condition. '
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The invention has been described:with reference to a
particular embodiment. However, it will be readily apparent
to those skilled in the art that it is possible to embody the
invention in specific forms other than those of the preferred
embodiment described above. This may be done without depar-
ting from the spirit of the invention. The preferred em-
bodiment is merely illustrative and should not be considered
restrictive in any way. The scope of the invention is given
by the appended claims, rather than the preceding description,
and all variations and equivalents which fall within the range
of the claims are intended to be embraced therein.
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1. In a system having a master device coupled to a slave
device by means of an interface, wh.erej.n a function of the
master device includes downloading a control program to the
slave device, an apparatus for providing the master device

- with capability information corresponding to the slave

device, the apparatus comprising:

means for reading the capability information from a
predefined portion of the control program: and

means for storing the capability information for use by
the master device during a communications operation with the
slave device.

2. The apparatus of claim 1, wherein the capability infor-
mation comprises a first vector having a first number of first
variables and a second vector having a second number of second
variables, each of the first and second variables representing
a corresponding function that alternatively may or may not be
supported by the corresponding slave device, and
wherein the means for reading comprises:

first default means, responsive to the first number
of variables being less than a number of defined first vector
variables, for supplying first default values for first
variables that are missing in the first vector, the first
default values indicating that corresponding functions are
not supported by the corresponding slave device; and

second default means, responsive to the second
number of second variables being less than a number of defined
second vector variables, for supplying second default values
for second variables that are missing in the second vector,
the second default values indicating that corresponding
functions are supported by the corresponding slave device.

3. The apparatus of claim 2 wherein the first and second
number of variables may each alternatively be zero or at least
one.
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4. A system comprising: /{II/ICI////{//II,,I// //IS/I // /l’/

a slave device:

an interface having first and second ends, the first end
being coupled to the slave device; and

a master device, coupled to the second end of the
interface, and including means for reading capability
information from a predefined portion of a control program
intended for downloading to the slave device.

5. The apparatus of claim 4, wherein the capability infor-
mation comprises a first vector having a first number of first
variables, and a second vector having a second number of
second variables, each of the first and second variables
representing a corresponding function that alternatively may
or may not be supported by the corresponding slave device, and
wherein the means for reading comprises:

first default means, responsive to the first number
of variables being less than a number of defined first vector
variables, for supplying first default values for first
variables that are missing in the first vector, the first
default values indicating that corresponding functions are
not supported by the corresponding slave device; and

second default means, responsive to the second
number of variables being less than a number of defined second
vector variables, for supplying second default values for
second variables that are missing in the second vector, the
second default values indicating that corresponding functions
are supported by the corresponding slave device.

6. The apparatus of claim 5 wherein the first and second
number of variables may each alternatively be zero or at least
one.

7. In a system having a master device coupled to a slave
device by means of an interface, wherein a function of the
master device includes downloading a control program to the
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slave device, a method for providing the master device with
capability information corresponding to the slave device, the
method comprising the steps of:

1nseparab1y associating the capabillty information with
the control program; _ -

providing the master device with the control program and
the associated capability information:; and

reading, in the master device, the associated capability
information.

8. The method of claim 7, wherein: .

the step of inseparably associating the capability
information with the control program comprises storing the
capability information at a predefined portion of the control
program; and : : :

the step of read:.ng the associated capability infor-
mation comprises reading the capability informat:.on from the
predefined portion of the control program.

9. The method of claim 7, wherein: _
the capability information comprises a first vector
having a first number of first variables, and a second vector
having a second number of second variables, each of the first
and second variables representing a corresponding function
that alternatively may or may not be supported by the cor-
responding slave device, and _ , :
the step of reading comprises the stepé of:
in response to the first number of first variables
being less than a number of defined first vector variables,
supplying first default values for first variables that are
missing in the first vector, the first default values in-
dicating that corresponding functions are not supported by the
correspond:.ng slave device; and
in response to the second number of second variables
being less than a number of defined second vector variables,
supplying second default values for second variables that are
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inissing in the second vector, the second default values
indicating that corresponding functions are supported by the
corresponding slave device.

10. In a system having a master device coupled to a plurality
of slave devices, each slave device having corresponding
capability information stored in the master device, a method
for adding a new slave device to the system, comprising the
steps of:

storing in the master device a new first vector having a
length equal to a predefined first vector, each variable in
the new first vector being set in correspondence with the new
slave device alternatively supporting or not supporting a
corresponding function defined in the predefined first
vector:;

storing in the master device a new second vector having
a length equal to a predefined second vector, each variable in
the new second vector being set in correspondence with the new
slave device alternatively supporting or not supporting a
corresponding function defined in the predefined second
vector;

allocating in the master device an additional storage
location to be associated with the new first vector and
storing therein a first additional variable in correspondence

- with a first new function that is supported by the new slave

device but not supported by any pre-existing slave device, the
first additional variable being set to indicate that the slave
device supports the first new function;

allocating in the master device an additional storage
location to be associated with the new second vector and
storing therein a second additional variable in correspon-
dence with a second new function that is supported by every
pre-existing slave device but not supported by the new slave
device, the second additional variable being set to indicate
that the slave device does not support the second new func-
tion;
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redefining the first predefined vector to include a
storage location corresponding to the first additional
variable; and _

redefining the second predefined vector to include a
storage location corresponding to the second additional
variable.

11. In a system having a master device coupled to a slave
device by means of an interface, an apparatus for determining
a set of functions that are supported by the slave device,
comprising: _

input means for rece.tving a first vector having a first
number of first variables, and a second vector having a second
number of second variables, each of the first and second
variables representing a corresponding function that alter-
natively may or may not be supported by the corresponding
slave device:;

first default means, cbupled to the input means and
responsive to the first number of first variables being less
than a number of defined first vector variables, for supplying
first default values for first variables that are missing in
the first vector, the first default values indicating that
corresponding functions are not supported by the correspon-
ding slave device; and

second default means, coupled to the input means and
responsive to the second number of second variables being less
than a number of defined second vector variables, for sup-
plying second default values for second variables that are
missihg in the second vector, the second default values
indicating that corresponding functions are supported by the
corresponding slave device.



