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BACKGROUND The present invention relates to protocol negotiation 5 bet ween
peer entities in a system and nore particularly to providing a naster node
with information about which functions are Lupported by a slave node in a
comuni cation system Systens are well known in which peer entities

comuni cate with one another. In particular, such systens often include 10
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devices w10 catdevice 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
15 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
20 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
25 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
30 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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allow a base station to perform previously unsupported
functions. Because the software and hardwars may differ from ‘
one base station to the next, a way must be provided for the
BSC to obtain information about which functions are supportsd
15 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
20 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
25 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
30 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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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

15 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

20 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

25 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-

30 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

35 device is eliminated.
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functi ons. Thbere 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

15 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

20 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

25 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

30 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.

35 Having no variables in both of the vectors c'or_responds to the

situation where-each slave device in the system supports each
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supports each alternatively supporting or not supporting a correspond:.ng
function defined in the predefined first vector. Next, a new
15 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.
20 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
25 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
30 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.
35 TInto this additional storage location is stored a second
additional variable in correspondence with a second new
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BﬁIBF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the invention will be

15 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;

20 FIGS. 2a and 2b are diagrams illustratirig 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 |

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

DETAILED DESCRIPTION

30 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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will default to a value indicating that pre-existing slave devices do not
support the function. Next, an additional storage |ocation to be associated
with the new second vector is allocated in the master device. 35 Into this
additional storage location is stored a second addi tional variable in
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with the dr aWI ngguzl'g a Iocme'. 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
15 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

20 103. 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

25 (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

30 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
35 embodiment of the invention, the capability information 109
is readily identifiable because the control software 107 for
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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

25

30

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

35

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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PCT/ SE95/ 00387 8 t he FORaBY jERYed retworit fuishiqn dryetydng,p Alaye DO
retained IF the function is defined according to latest

definition of vectors THEN
IF function is supported THEN
Invoke function in slave by using the

15 indicated procedures
ELSE
Reject the function
ENDIF
ELSE ’
20 Invoke function in slave by using default
procedures
ENDIF
ENDFOR
ENDFOR
25 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

30 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

35 disturbing the-encoding of capability information of slave
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descri bed i deviiceserthad didvergiatv.been upgradedy t IBhis rencodingnechene h t he
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sl ave device 103, the_ nmaster device 101 reads the ca ormation 15

109 and st order; which a PGE&I’-"%‘P-GFa&B“EE@“THBSFnPSrﬁﬁPFﬁﬂegf-ﬁiieﬂnl Mthe
| ocal stor agﬁgikﬂngs ehgbdingsscheyet hFumtiingd maycbelpdrt ot ileheanimeo whi ch

function | I | %%P%?%%ﬁgﬂét he sl ave device 103 on the interface 105.

This cap 109 may al so indicate to the master device 101
20 whi ch pr deduFanchismsh&hatecdreosupportéed hy fsome e butt nothalll slave | t
can be seen that %égaqga rq,g&g es great freedomin the ability to
change (or update e sl ave- eV| ce 103 wi thout having to utilize a

pr edef i ned negotiation procedure 25 to informthe naster device 101 of

whi ch new f @nct i ruhctiions/pRatiffe suppditited By @ddH6§hl08¥e 2y Y olfORUET
supported) by th |l ave device,103 on the i.nterface 105. This is because
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every tine the s %H&%td%cflﬁn a way that affects the
functions that it supports the master device 101 30 will be provided with
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software 107 "wi | ways contain up
mast er devi ce 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

15 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

20 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 functidn in

25 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

30 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



101 can easily determ ne which functions are supported by the new sl ave
devi ce 103. 3@&95/309 In a preferred enbodi nent of the present invention,
the master Qevice 01 operates as fol | ows: WO 95/ 30960  PCI/SE95/00457
PCT/ SE95/ 00457 9 FOR all slaves DO I F software needs to be | oaded THEN Get
vectors from software package Load softwareijanto sl ave by using the

procedures as 5 I ndi cated by the fetched vectors (or by de-
fault procedures if loading is not defined in the vector) Start software in
sl ave ENDI F 10 . FOR any i nvoked network function involving a slave DO

| F the functi onfupcgdbonsewhichnegdFa bel includediimian encodingcschengfar

I'F function is gdpa®iigtyl Hormetion Weal ien §|¥§ﬁnp>bd%§édlﬁz§ 6h1i%p two
i ndi cat ed procedures ELSE Rej ect tgg?é&'p{: ion END|F E

'l [ " %%"20" 3 t i
| nvoke functi onSEAVE 96¥16ESy YRR §c@8urd’s ang'B"- The interior
of the box 200 represents all possible functions that could

5 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

10 "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

15 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. _

20 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

25 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

30 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.

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



devices, to be defined in the network. This is because, in 15 this case,

it is neceswgs;m the master device 101 to be able to dist S%ﬁ@ ween
thhe capabilities of the different slave devices 103, 103", or the

| ast two categories, however, no network definition is necessary because
the master device 101 can be designed to incside default val ues which are
20 equally applicable to all slave devices 103, 103', 103''. Thus, if it
is known that all slave devices support a given function, the naster device
101 does not need to investigate whether any particul ar slave device 103
supports that famcs. cahdre dessiigned tomevar use that partiimilan fanctian with
function in 25 s OYR! %afeénrﬁ, Wi R V00ROt ed it
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here as "A" _and " nter nof the b 200 .repres 0SSi
ot fons ¢ A0 nd apeoleaR Falfhy e an aid b BrisER S e Dfventidn,
enconpas- However, it should be understocd 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.

15 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

20 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 7 list
of functions which have been defined in the network.! The

25 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-

30 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

35 that gets added to the network. This significance will be
explained by way of example.
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indicate that the slave device AL supports function p, but

does not support function n or function o. Also, the second
15 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
20 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
25 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

30 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
35 illustrated in FIG. 2b. That is, slave device "C" supports
some of the functions which are also commonly supported by
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woul d have odshanged as shown in FIG 2b. The first and hdnCl es
201, 203 st‘ivlalygéeplr?esent t he functions supported by sl aves geflgﬁ%ﬂﬁgj

The third circle 213 enconpasses all of the functions supported by the new
slave 5 device "C'. 1In this exanple, the £enmmon area 205" has been
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are not 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,

15 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.

20 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

25 r. Consequently in vector 40l1c, 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

30 variables corresponding to these functions o and g 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,

35 there are functions which formerly were in the common area
205, but which are now in the first new area 215 because these



supported by any of the sfave devices "A", "B" or "C'. To sunmarize the
above diywpWwssedde: an existing network need onl y representp Sbeyds Which
are supported only by a 30 subset of all slave devices. Any tunction that
is supported by all of the slave devices need not be represented in the
capability information 109, because the ¥aster device 101 can be desi gned
to use that particular function with any slave device it conmunicates wth.
Simlarly, any function that is 35 supported by none of the slave devices
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functions (I on thgigo\/\/g]lmcahcé&r. é/ w1tq1 the present J.nvention, it is '
not necessary to add variables to either of the second vectors
403a or 403b, which correspond to slave devices "A" and "B",
because the master device 101 is designed to assume the
15 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
20 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
25 vectors 40la, 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
30 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

35 line values 407a and 407b, and which are used when the network

-
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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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i npossi bl e thy @aﬂerﬂteeprer-exdstﬁngnsbavleedevmwe(rséé ddmﬁri Q&'éacgmp(;

def d.qd! | "c
whi ch 1 28,0y aﬁ‘%ﬁmﬁ e FORCHL!dhd dale ik Shade’tq aviel BhisiEvRe 2o s
second vect Rf &FROr, Thhemastesferies 303 EEYlmpﬂe ttzhe actumalvwbekgths t h
ef fect pr evn@ﬂs:lme aépabiiﬂeyrﬁﬁskmafdrﬁ;loabwitﬂ i e ﬁecéeav ?%CeIfC

s orts sone e _functions conmon
upp Cisma ch lé«:c:ulrs, t#e]n system 1ntegrity is jeopardized, and

an appropriate error routine should be invoked. Implemen-
15 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

20 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-

25 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

30 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

35 condition. '
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devi ces " @y’h d3 (see common area 205'). Conse- quently, pchmEospoaspti| |
RO reason ?vr these functions to be defined within the capability
information: the master device 101 continues to know that these functions
are supported by 5 each slave device in theygetwork. Al so, slave device "C'
does not support many of the functions which are al so not supported by
either of slave devices "A'" and "B" (see enpty area 211'). Again, there is
no reason for these functions to be defined within the capablllty
information: the nasThe iBventi¢flhas been descnibedioiitharefevence to a

functions are 56@.9_95 e&%@ﬁ,{% sl a ceit ii‘Pl&?tﬂﬂéﬁil abparent
IAgéal’l e seen er ﬁswge&k t rw YR 59

to FIG 2b, eis a |rst art%%s n ar 12
whi ch i ncl udes mthase s&kidded ipnshearh that %ﬁpgﬁr? w{rm) Re Yo khe
"A" and "C', 151th11&5 ih’si)b%\iﬁzd:efbﬁes dther than tuoséum&mmeferred

previ ously defln t he woy, k In o l.e t

s. Consequert | f’ﬁ?P‘@’e‘E%’? ‘ﬁ?ﬁ‘ix lﬁfiﬂ% Vie4bl gﬁégﬁgp%%ﬂ S U‘lﬁ:‘ﬁ Puncfpon

is set equal totil'ﬁJEframdtha spdrit 4F3chet Hanvantidn e cﬂheeppeﬁerngdt em-

function s i's Seisfpual {8 J1ustraciaoana bl dhio d Condiaekba
AOTHETac i X a, secgn

can be seen th art common area 221 i,ncl ydes

only those funcresEickive W@%ﬁﬁé’rt TN SSRGS LT RN dnvey %mscglvgat
noz byksl a\ée depy ¢de é‘ppeﬂhéﬁ%ﬁaﬁcﬁiﬂﬁ ltﬁﬂﬁh&@mha:ﬁ eistec;méqewlﬂig dedciriptien,
network and in ou are functions s

vector 401ct9t r@ééﬁﬁaggsgé&‘-%ép’d}FﬁFﬁt}WBRPﬂﬁﬁ‘?‘% B q%g.rl g?{! {}a%% Qa?ﬁﬁE,
and in vector 4ffBcthé kA adans alrlecinbendedotnlibey embriages rtblerlelms set equal
to TRUE.




The first and éecond sets of exclusive functions 207" and 209' are defi ned,
but not ¢pepeb@d by sl ave device "C'. The 30 variables cg ,g gi-ng to
these functions o and q are set equal to FALSE in the fi rs econd

vectors 401c, 403c. Referring again to FIG 2b, |—t—~eﬁﬂ—b%ee.n_h¢t her e
is a need to define new functions as a regult ofvﬂﬁjmmntroductlon of sl ave

device "C' into the pre-existing network. First ﬂu 'mm',”“" I ons
which fornerly were in the comon area 205, but heflrst
new area 215 because these WD 95/ 30960

PCT/ SE95/ O04SBATCIS CRAIMER I8 not supported by sl ave device "C'. For t he
sake of this, exa{fghe gﬁésm%hblha a%kiagte asvieas cuusaaav to a s1ave

accordance with ent invention, new functio are conceg tually

| ocated in tﬁGV#-FFsPYnE'ﬁaéﬁeS 28n H'&‘é:Fq;éc&ddé'BeFeRB Ph@
403c.” The rraﬁhetedeuawcwinemaéeOdmdléaemgca [T ¥ rrogaramd it Wit or

Vectof a08c Siage Aevigse oay FRbRzatis’ rokl BraviRib ryks pelstEst diliice
These two vawi&hl esapabél:bexen infiormption o charsBpondingdetot dkh® slavecat e
t hat sl ave dagg,g_g Oée‘%é%]v%%tlo r gﬁﬁe. func- tions. Also in

accordance wth t 1S not necessary to add vari abl es
to either of the Bleéb‘ﬁd TarEpading athe AORRbLLY, HRFTIARIRN | STORA R

dﬁw ces "A' 9i+dd'éBf ngh?ﬁéltlﬁﬁohrl@frﬂféﬂc:lr&dlcpr&a gtamy amai gned to assume

the 15 resence o efgult_wvalue ua, Lt Q ni.zes

that thelBocond vBEREE Hos.etaiid @ SarsBelfcy LOFPRUSEARh £5F ke By

vect or 403c thethasherviekice hhmiefgaal commiinécations 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

15 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:

20 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

25 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,

30 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.



are represented by the dotted |line values 407a, 407b in the second vectors
403a, 403b.wolssésge not necessary for these 20 dotted |ine vapeSeokiddiy 407b
to actually exist in the second vectors 403a, 403b, so long as the naster
device 101 is designed to recognize the actual end of the second vectors
403a, 403b, and to then provide the defaul 2lval ues of TRUE whenever they
are needed. Each of the first and second 25 vectors a, 401b, 40lc,
403a, 403b, 403c preferably includes a | ength indi catorzm for use
by the nmaster devi in determning the |ength of t A W r,
a |

ce 101
there is no refson %h?yfﬁﬁms‘é%ﬁ"ﬁ%%?brs 403a, 403b coul d ‘not
contai n vari abl es carsktapendevijcep undefined 30 functions. I n thisxcase,

t he undefined vari aQles..q r 0 4 0 I be
st equal to TROE AP IRLOFEREe MG HITEY dnd Mleodd Uhd 0 Hh BEEHE qrg 0
device "C' al sbedpgt gpupladitethe fdave devigescamdi ch function exactly as

described agove W th ngsdaat Haviek! ekaiplddetvaltfs 48éananten® b Kk
whi ch are used ,when _t he net

K, 95/30960 .
PCT] SEQ5! 1 0045 AREEEatE, paPlild LOCHHTISe BRA0S M, SRARUIG, SARAR I SHhar
causes new f undhiformatdohe fatefm acpreleifdnednporddlon @f-laGediitrdlherogran

al so a need toﬁg%hagdtPgéedmé%%?%%?asg?rg?@g&g?rI y part of the

enpty area 5 2 . €., not suppor ave devices "A" or
"B"), but which are now supported by slave device "C' (see the second new
area 217). Forsthe ggkeagpaidtascdfBlaim ) Ghekkinbenéaddpubi ey Hedr- N0
accordance_with the preseng mveg-, ] . ]
10 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
15 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
20 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
25 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
30 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



tion, new functions which are conceptually located in the 10 second new
area 217 waed;zdeép added to the first vector 40lc. The nast erRydgeds? 0l is
al so nodified to recognize a first vector having the format o I rst vector
401c. Thus, in FIG 4c, the first vector 401c al so includes a variable
correspon- ding to function t. This vari aBRe has be RUE, 15
in ordgr to indicate that slave device "C' does supﬁmmummlmllmm n. Also
in accordance with the present ‘invention, it is not hecessary t#& atid

vari ables to ejther_of the first vectors 40 or 401b, which correspond to
sl ave devi cesSiaye deyvieey a methed fox ng% Hhe. magters dgvdicen¥dthy
assunme 20 t hecgpaisthity dinfdrimatilony ebreespandlingccd-AheFsbaeaiedfidd, the

recogni zes t ' 4 401b is not as long as the |ongest
first vector r@%ﬁgﬁn‘g#ﬁé%&e’ﬁ%%e gi%ﬁflssglié represented by the dotted line
val ues 405a, 405b inseparablyiassasiatintthe capability sinformatiicrswighf or
these dotted ¢hdCcverd 'ﬂi‘aoﬁ rapa, 405b to actually exist in the first
vectors 401a, 40%6, s% ong Tas the nmaster, device 101 is designed to recog-
ni ze the actual erRFeYidindthemagterAevies ¥iththe geptrel Rragramande
the default whe esssdciatdi capaldadity iaformatiendedndHowever, there is no

reason why the fir or 0 0 , t yal cont.ai
variabl es corr espo%%?&ngﬁéb iaang‘e}?in??e 5%%37?. 8% %ﬂﬁrﬁ%og&bala%ed zﬁ?gg&ﬁ&gyi ned
vari abl es i n imgoymationectors 40l1a, 401b should actually be set equal to

FALSE. It should be noted that the first vector 401c of slave device "C'
al so contains dotted I'i ne val ues_4Q5c_which 35 function exactly as

descri bedt@bdte wiThe mathed afocdaimed, | YhRredyes 405a and 405b. (

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 ' _ o _
15 the step of reading the associated capability infor-
mation comprises reading the capability infé:rmation from the
predefined portion of the control program.

9. The method of claim 7, wherein: _
the capability information comprises a first vector
20 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 _ , :
25 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-
30 dicating that corresponding functions are not supported by the
corresponding 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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I mportant, w@losAdege Proper functioning of this system that W@ﬁé@fwfs‘?e
mast er device is given control software 107 which contains a new encoding

schene for the capability information 109, the master device 1017 1$ also 5

upgraded, preferably by means of new softwarg3 so that it mmlm
meani ngs of the newy defined variables. Wthout upgraded 'Ig" ’”“l
mast er device 101 woul d assunme that the new sl ave device suppofts- every +

function previously supported by all the pre-existing slave devices (see
cormon ar ea 205missgindvhdn tthies segond nyectery, hcthessecondordrfault avalues

this type of er rﬂ{dléiﬁx{@%ﬁﬁ% Qﬁ!-i-@@p&ﬁézﬁ&k&ﬁ@%ﬁsté?e Wrﬂéﬁ‘%‘yhtﬂfa

the capability information, an ,expeCted length. If a msmtc
occurs, then sy%ﬁ%@&%ﬂ%ﬁ@‘ﬁ%éﬁgﬁ&ﬁed and an,appropriate error
routine shoul d be invoked. |nplenen- tation of such an error routine

IS system depen ond. .t h | scu .
enbodi nent of the i nveng %ﬁéf P@rv?'é‘(?cgf)l&pér)tté ﬁtgﬁgl%l 8°§Biﬁ§ fb %gﬁralxty
capabi lity i & onﬁatsbmvaogevsceemlqm@edslam dhmmstrwvmu cerresponding
sl ave device 103, h}Yy iﬁl%‘éi—ha%‘ionoétbi?édpir?%%@ thE@Etdé’%E’é‘s aRe€hay €

devi ce exam ni ng he ca,pa § I nf ormat i In order to determ ne at

functions the ladd’é\ﬂ‘?cé g1pye; dey gcguﬁﬁbﬂ% sysken, GeERrifiRg the

whet her it actugtepsha¥:the hardware to support these functions.
Lhcl uded with

Alternatively, if the.,ca ab|I|t on 109 4s .not

the software that is > &5%1 élaef ?ﬁﬁ?’ﬁgerrés S ‘&%’(’n@e’sfoi’e[ (S:o[rhglagp.ggea
devi ce 103, 1Ohedenigdhc @guad tgoﬁt paedefdnednfirstsvectornceéadh varxiantei ims
to make sure thapet hewefpfsé%&?&ﬂwlﬁqegxtrﬁﬂr@daﬁrégﬁ&?déxyc&wﬁhstﬁb h&e

sl ave device 103. This_determ nation Z
slave device alternatively support:.ng or not supporting a

corresponding function defined in the predefined first
vector:;

15 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

20 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

25 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

30 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-

35 tion;



30 necessary if there is’a chance that the master device 101 has received
an upgra jon of software 107 before the hardware i pdrigosbdxe device
103 has g‘ggua s';ﬁlbbeen upgraded. In the event of_this occurrence, the slave -
device 103 should notify the nmaster device 101 of the occurrence of an

I%gl'?rSEgg/ nggc?ii ELiQO‘rI]"he [ nwn??gﬁoggg been %I?ascr mﬂ"lmmmlmu"HMH to a

particul ar enbodi nent. However, it will be readil 9 apparert to those
skilled in the art that it is possible to enbody the invention in specific
forms other than thedefinindgetbheecifdmsdd predebinednvegtorr tigedi 2 Zhis

may be done vy AR At iidIch BRaiRy' | toOftrd e rivsent h@aitibRal
preferred em%%%?dél%r%n?%atrggrxglg ??Fﬁgtrati\?e a‘r,ld shoul d not be consi dered
restrictive ivamigbl@y anthe scope of the invention is given by the appended

claims, rather thapedéeiningcthegsdeondi priedefinedavectior o | incbudeaad
equi valents which fall. withint [ he cl g4 i Nt : e
orbr aced (herstorage \}Bcg&/:.gggesggrrggggnginé %o PhE® dorld' 8842t ibAak

PCT/ SE950045~Aa¥kablé. CLAIMED 1S: 1. In a system having a naster device
coupled to a slave device by nmeans of an interface, wherein a function of

the master device includes downl oadi ng a contral rogramio tEe 5 slave
device, an apbbsatI® aceypteRn RYing 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,
10 comprising: - . ‘
input means for receiving 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-
15 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 mimber of defined first vector variables, for supplying
20 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
25 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
30 corresponding slave device.



with capability information corresponding to the slave device, the
appar at us cwgsizesedgd: neans for reading the capability infor B m a
predefi ned portion of the control program and 10 nmeans s#brlng
the capability information for use by the nmaster device during a
communi cations operation with the slave, device. 2. The apparatus of claim
1, wherein the capability infor- mat i of %onprises a first vector having a
first nunber of first 15 variables and a second vector having a second
nunber of second variables, each of the first and second vari abl eg
representing a corﬁgspondlng function gmat alternatively may or nqg not be
supported by the cotrespondlng sl ave Vi ce, and wherein the neans;for
nmeans, responsrveﬂﬁrTﬁmr-
nmber of_defined firstiyectdr
for first var)ables that arle
val ues i ndi cating]
by the correspo di
o the second ofxse dnd
second, vect or vﬁl abheS

readi ng conpri-ses—26
first nunber jof vari ahl es peing]|l ess thau an

vari abl es, fqr supply¥Fng f]rst default
mssmglntre{lr of, thg fJjrg
correspondi ng fyndtions drk 25 |ngl S
devi ce; and e@nc defsqulljt | neand, %ec
vari abl es bei{ngyl s tga . nuni] er\.of

suppl yi ng secotqia def Rt vpl ues |f %ﬁ q i abl es that are§h1>sfh§§
t he second ve r, 30‘% e] second Mef es indicatingft
correspondi ng ﬁﬁnc rg suppor eq or respondi ng §Ig¥e devi ce] |3.
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WO 95/ 30960 PCT/ SE95/ 00457 21 4. A
system co ising.. a slave device; an interface having firs d
ends, then3*¢§#ﬂgﬂh bei ng coupled to the slave device; and 9§&§9ﬂaster
device, coupled to the second end qof, ,the interface, and including neans for
readi ng capability information frof/& predefined portion of a control
program i ntended for downl oading to the slave device. 5. The appar at us of
claim4, wherein the capability infor- 10 nation conprises a first vector
having a first nunmber of first variabZES nd second vector having a
second nunber of secogg ari abl es, ea / t @i rst and second vari abl es
representing a corres R ing function that alternatjvely may or pay not be
supported by the| correspondi ng sl ave device, and 15 wherei n t hg nmeans
for reading conp isﬂi:ﬂﬁﬂyﬁﬂf GWAlIONS means, responsive to the first runber
of variables beipg |less than a nunber of defined first vector vari ablles,

for supplying fifst default val e or rst_ari abTes that are m ssi|ng in
the first vector} the first ‘ N t hat
correspondi ng functions are di ng sl ave

devi ce; and secohd defaul t /neans, o the second\nunber of

in the second vector, the sec eS| Ayh o hat
correspondi ng functions ar§

The apparatus off claim5 whgrein the fir3gt,b afnd second
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nunber of variables nmay each alternatively be zero or at least 30 one. 7.
In a systeq&§§¥ggﬁ,a mast er device coupled to a slave devi CedpsEdBgdasy of an
i.nterface, 'n a function of the master device includes downl oading a
control programto the WO 95/3096?

PCT/ SE95/ 00457 22 | slave dev'e%,'a met hod for providing the nmaster
device with capability information corresponding to the slave device, the
met hod conprising the steps of: inseparably associating the capability
information with 5 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. 10 8. The
met hod of claim 7, wherein: the step of inseparably associating the
capability information with the control program conprises storing the
capability information at a predefined portion of the control program and

15 the step of reading the associated capability infor- mation
conprises reading the capability information fromthe predefined portion of
the control program 9. The met hod of claim7, wherein: the capability

information conprises a first vector Vi a first nunber of first
vari abl es, and a second vector having A 0 gnunber of second vari abl es,
each of the first ‘

CAPABILITY INFORMATION

—~301 —303

)
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and second vari abl es representing a correspondi ng function that
al ternati velg/odiayeo0r May not be supported by the cor- respordirisgosioase

devi ce, and 25

the step of

readi ng conprises the steps of:

in

response to the first nunber of first 4@riables being | ess than a nunber of

defined first vector vari abl es,

variables that are missing in the first vector.

supplying first default values for first

the first default val ues

in- 30 dicating {
correspondi ng sl a
vari abl es being |«
suppl yi ng second

e devi

Hef oyt

ce,

ol

at correspondi ng functions ape not suppofted by the
and in response to&ghe second nynber of second
PSS thgh & nurnsbersof xefin (

d vector jvari abl es,

nd yar rebtasthat afe

WO

95/ 30960 -9 1 ! PCT/!SE95/ 004%7 missing in
the second vector eusgcond Mdef aul|t “wal ues '1~nU|"‘ca{tl ng thaf corgyspondi ng
functions are sypportied hy the corrgspordi ng sl ave device. 10. M-a system
havi ng a nastem»déV|cc—buup.,d to—aptoral i 5"DH'STaVe d¢vi ces, each
sl ave devi ce havung correspondi ng capability information st¢redepn the
mast er device, a fethod for adding a new sl ayf device to th¢ sy m
conprising the steps of: storigg in the nasteg device a new|fir vect or
having a 10 length eqdﬁl ) dgprédeflneﬂ—+rr§f—veator each va ble in
the new first vec1gé erng set 1n carre pongénEF mf&h the ndw sl ave device
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equal to a predefined second vector, each variable in the nevss
bei ng set in Rﬂﬁspondencmmmwmg%omenmn@ al t er natueE

Fs)trjgpg;;[wg_gkg § W'ti nﬁ ea"ﬂ%_ B ﬁ andi n fgnctll. o&odefl n%mﬂmm

storing in the master device a new second vector havjgge

St or|#3)Einterngtivhal Pitertt Clasifcatiosrci at ed W t h (ﬁ)}ﬁ.mmmﬁmgm and sxwOi 95730960
t herlei ngagH 17736 addi tional vari abl ¢ Aisn correspondence with a first new
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(57) Abstract

In a system having a2 master device coupled to a slave device by means of an interface, wherein a function of the master device
includes downloading a control program fo the slave device, an apparatus for providing the master device with capability information
comresponding to the slave device has hardware for reading the capability information from a predefined portion of the control program,
and hardware for storing the capability information for use by the master device during a communications operation with the slave device.
An encoding scheme for the capability information permits new functions to be added without having to re-encode pre-existing information
corresponding to pre-existing slave devices. The capability information is encoded as a ﬁrst vector and a second vector. A new function
that is supported by a new slave device is added to the first vector when the new function is'not supported by any pre-existing slave device.
Default values are provided for pre-existing first vectors, to indicate that the new function is fiot supported by the pre-exxstmg slave devices.
Similarly, a new function that is supported by all pre-existing slave devices but not supported by a new slave device is added to the second
vector, with appropriate default values provided for pre-existing second vectors.
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