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This invention relates to a distributed conputing system and particularly
but not exclusively to such a systemused for control of a
t el econmuni cation network. 5 A Wi stributed conputing system for
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vi sion - so?st\}vs\gira}g%a_rc [ ect%res‘for .%%%‘1’@%@#@?#@% He (qu cecr;l%ury , P.A
Martin, BT Technol J Vol 13 No. 2 April 1995, by the inventor of the
present invention. Further inventions concerning such a systemare

di scl osed in our Thislinentiprrelaies to 8 distrihuted\computing system dandipaticulasy but
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t hey nove. Tel ecommuni cati ons networks are increasingly required to support
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exanpl e, f orary/irid8fhorited AERTDY ATereRéH théirefrefy. MUl ations, and distributed
conputing). To provide "i ntel¥i gent network" facilitates such as call

redirection to paWherulaadataSrecordn(sushras anoobjecte comprising ndata uaccessibde rbyrber
of host co ter to,10Q,. foy ..examp] e), connected with it chin
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are to be route s upon data store atron to that custoner on
t he host compedsits.beThble, tol Hetermineywhithmreomputet [tho mbjeat is ekt onberWheepr ds

on tens or 3Q.,.., hyndreds of host copputers. o
agdmonaﬂ , ob?ects may be moved from one computer to another (as in the above

described systems) it is necessary to track the locations of the objects as they move.
Telecommunications networks are increasingly required to support high
20 bandwidth, low delay information flow. The bandwidth required is rapidly progressing
from kilobits per second to megabits per second and even, for some applications,
gigabits per second (particularly, for example, for video on demand; animated shared
simulations, and distributed computing).
To provide "intelligent network” facilitates such as call redirection to particular
25 'numbers, computer programs run on a number of host computers (up to 100, for
example) connected with switching centres. The way in which services are to be
provided for particular customers (for example, a particular number to which calls for a
customer are to be routed) depends upon data stored in relation to that customer on the
host computers. Thus, there may be many millions of sﬁbscriber records on tens or

30 hundreds of host computers.
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2 A destription of object oriented technology will be found in, for

exanpl e, BT Technol J Vol. 11 No. 3 (July 1993), "(Object oriented ) '
t echnol ogwo,98adésed by E. L. Cusack and E. S. Cordingl ey. Al tHoTagBostdos22t er m
is not always used with precision, object oriented conputing here refers to
the conputing technique in which data is 5 stored in "encapsul ated"” form
I n which, rather than being directly acc@ssi bl e by a calling program or
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A Yeschipkiofi of ngcpéﬁem&yteau{éﬂ%gf Wil B&fdundfin,¥oP EREhAL) %’g

can read, wite and edit the data. A recor data and it’s assoc
conmput er codechnod Jr' ¥bbrileNot 3 (GulyalP9I3p0)Qhject .oricotad tachnalagy’l; editedcby Edm an

obj ect is geperall v, " sage p I nQ": that . is, call to the object
passes dat a%g‘éF‘g‘eadaﬁtﬁ'i%t hgﬁﬁ'@‘g% thsﬁgr,nafq Bot %Waﬁ'ﬁgseéfw’f Precigetans
conpri sed Wi.ihJ . | : ' T [ ' L
oriented teé’ﬁi%ﬂ%gﬁﬁgygﬁf@“%ﬁ §/Jf{l§g% @%g?@gggﬁb%%qruﬁﬂt@b%%?egsi ng.
A summdry oktor&e irs M'edcapsilateldt farfd irt fwhidh, Yathes femt beify directtyp deutssible Kppaect
oriented Languages, Systens and Applications"; Blair G et al, Pitman
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subscri ber records and 100 M1l ion term nal equipnent records nay
(i n additi obyt"messagerpassing"; ¢hat lis,raocall tocthd @bject passesiddta valuep aink invokesitheuc h

as billing records).the signalling overhead,jn jrackin vi ng records may
bo Sutld ant PRAIORDT 0B of {16 PSS PPV bR he S56r HHoh hahrenms doaec

| ocati on datgRase. However, where |arge nunbers of objects and accessing
conputers are provided, as is the case in the control of telecomrunications
networ ks, this wbjectporienteid teclifiques kavgnaot iwidelpobédreapplied Amodiksteibuted
solution mght be to. issue br [aq(‘jcast requests to access gbjec However ,

agai n, thi s PEOFSSTRGAYMIBHY O the¥ate,of thsowrt mbisgesprst may be'found in "Object

oriented Languages, Systems and Applications"; Blair G. et al, Pitman Publishing,

15 London, 1991 (ISBN 0-273-03132-5) and particularly in Chapter 9 at pages 223-243;
"Distributed systems and objects"; David Hutchison and Jonathan Walpole.

It will be appreciated that in the control of telecommunications networks,

where on the order of 100 million subscriber records and 100 Million terminal

equipment records may be kept (in addition to records of each routing device, and

20 other data such as billing records) the signalling overhead in tracking moving records
may be substantial.
One solution might be to provide a single, central object location database.
However, where large numbers of objects and accessing computers are provided, as
is the case in the control of telecommunications networks, this would provide a
25 signalling bottleneck.
' Another solution might be to issue broadcast requests to access objects.
However, again, this can lead to contention and bottlenecking.
In the above mentioned applications it is proposed to provide, in every host
computer within the network, a table storing the locations of every
30 object in the network. The table comprises, for each object, the name of the object;



In the above nentioned applications it is proposed to provide, in every
host conpwioess/daisthi n the network, a table storing the | ocat PonaBosioeeery 30
object in the network. The table conprises, for each object, the nane of :
t he object; 3 the conputer on which the object current resides; and the
conput er on which the object was creat ed.3After an object is noved, a
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access ti ne itsalocal mblebtd detenmiine svhers\any robject) isystored. oTlke prgsentt invemtiorpalss ent
I nventjon inproves upqn that, arrangenent by providing that each newy _
creat el obj é&?«k‘?sél%P?ﬁE%P’é%ﬂ €hanme which 20 i ndi cates the host conputer
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el i m nat i ng ihbelveeesulisential volage off stofagei withini mymofy, tshcehfos teaclo wbject rthen
whi ch each obj ect was created, .and secondly, by being able to partition the

table into s?ﬁ%gam@éébﬁidﬁbéﬁeﬁﬁfmcﬂnmféﬁf%di t possible to dispense
Wi th the need to Wil £ vgxt}elarge numbet of objécts, the amount of storage required may be

15 too large to be accommodated within a single Unix ™ process, for example. If this is
the case, then not only is the volume of storage large, but the access time may also be
increased.

Accordingly, in one aspect, the present invention improves upon that
arrangement by providing that each newly created object is allocated a name which

20 indicates the host computer on which it was created. With this arrangement, it is
possible to simplify the location table stored at each computer in two respects; firstly,
by eliminating the need for storage of the identity of the host computer on which
each object was created, and secondly, by being able to partition the table into spaces
for each host computer which make it possible to dispense with the need to store the

25 object name. |

In an embodiment, therefore, where no more than 255 host computers are
provided, it has been found possible to store the location record for each object
within one byte, so that location data for 100 million records can be stored within
100 Megabytes, enabling the table within each host computer readily to be stored

30 within the working RAM for éprocess.



25 obj ect nanme. In an enbodi nent, therefore, where no nore than 255
host conputers are provided, it has been found possible to store the
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signalling overhead, or a greater reliability in signalling to those computers for which

15 it is more important to have knowledge of the object's position, and a lower volume
| of processing to be performed by each computer, since computers are not always
required to perform location updating on those objects which they never access.
For example, the computers logged as accessing an object may be informed
on, or shortly after, a move of the object occurs, and then all computers may be
20 informed, on a periodic basis, of all object changes which have occurred, by multi-
casting a message to all the computers indicating a plurality of object moves. Since a
single message to each computer carries a plurality of object move data, the
signalling overheard is reduced as separate address headers are not required for each
item of object move data (as would be the case if each object move were signalled to
25 all computers after it occurred).
Many other aspects and preferred embodiment of the invention will be
apparent from the following description and claims.
Embodiments of the invention will now be illustrated, by way of example
only, with reference to the accompanying drawings in which:
30 Figure 1 is a block diagram illustrating the elements of a telecommunications

system embodying the invention;



singl e nessage to each conputer carries a plurality of object nove data,

t he' si gna J Saqyer heard is reduced as separate address heaggg t
required for eac#i tem of object nove data (as woul d be the ca@??@ogggch

obj ect nove were signalled to 25 all conmputers after it occurred). Many
ot her aspects and preferred enbodi nent of5the invention will be apparent
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acconpanyi ngfoﬁhﬁgﬁ;gg@ofmewgm:omgme 1; Figure 1 is a bl ock diagram
e

il lustrating the ments of a tel ecomunications system enbodying the
i nventi on; 5 FFipwre 33 issa didgramokrepieaenting thel stoucturei offydatacheld ovithinsthef a

host conput er rmn art .of .t he emof Figure 1; Figure 3a is a
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domain £orm ng pa %%!lpé i é?gf m : ' b ¢ |
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part of Fi gutransportidogiaie foimihg padt ofiFigaré he data structure within menory of
one conponent of Figure 3a;, Figure 5 illustrates the structure of a data
record nane; 10 Figure 4 illusigaies the datp suetire within memery of one compenast of
within the Wfr of Figure 2; Figure 7 illustrates the structure of an
obj ect | ocat #Mle held within the host conputer of Figure 2; Figure 8

is a flow di agr anFigued\s iustatesIROSthitture o a’fata rebordaiieg a data record; 15
Figure 9 (conprising Figures 9a, 9b and chﬁi s a flow di agram showi ng the

proces$0of tr ansnFigure§ ikustmatesstructuce of a tablerheld within thewomputes of Figyre 2pr :
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host computer of Figure 2;
Figure 8 is a flow diagram showing the general process of moving a data
record; _
15 Figure 9 (comprising Figures 9a, 9b and 9¢) is a ﬂoﬁv diagram showing the
process of transmitting a message to a record on a remote host computer; and
Figure 10 is a flow diagram showing in greater detail part of the process of
Figure 8.
General System Description
20 Referring to Figure 1, a telecommunicationssystem produced according to the
invention comprises a plurality of switching centres or exchanges 2a, 2b interconnected
by communications channels 4 (e.g. microwave links, fibre-optic cables, coaxial copper
cable or virtual circuits carried on any of the foregoing) making up a transport domain
6. Connected to the transport domain 6 is an intelligence domain 8 comprising a
25 plurality of host computers 10a, 10b in signalling communication with the switch
centres 2a, 2b via signalling links 12a, 12b, 12¢ which also interconnect the host
computers 10a, 10b. For example, the two may be interconnected using protocols such
as signalling system 7 (SS7).
End user apparatus such as telephones 14a, 14b and broad bandwidth

30 communication devices such as video players 16, jointly comprise an end user domain



Figure 8. CGeneral System Description 20 Referring to Figure 1, a
t el ecommuni cati ons system produced according to the invention conprises a
pl ural itywo osidstzhi ng centres or exchanges 2a, 2b inter conper/caos/éng22
comuni cati ons channels 4 (e.g. mcrowave |links, fibre-optic cables,
coaxi al copper cable or virtual circuits carried on any of the foregoing)
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transport path. However, currently, "intelligent network" control of the transport

15 domain is provided by the intelligence domain 8. The intelligence domain 8 receives
from the transport domain 6 the dialled number and/or the dialling number, and
performs some call processing in accordance with either the dialled or the dialling
number, or both. The intelligence domain typically provides number translation
services, where a dialled phone number is translated to provide a call forwarding

20 service to another number. In this case, the dialled number corresponds to a stored
record on one of the host computers 10, which is accessed in response to a signal on
one of the links 12, to generate a corresponding re-direction number.

In general, in response to the occurrence of an event in the transport domain 6
(such as the initiation of a call from the end user domain 18) the intelligence domain

25  supplies control informationto control the transport domain 6.

Other data is also stored within the intelligence domain. In this embodiment,
billing data for each call is stored in the intelligence domain, to enable periodic billing
of each customer.

Referring to Figure 2, each host computer 10 comprises a mainframe or server

30 comprising communications hardware 100 connected via a WAN or the Internet to the

servers 11; a processor 102; and storage 104, comprising both rapid access storage in



15 domain is provided by the intelligence domain 8. The intelligence
dormain 8 Wo }ﬁfﬁ fromthe transport donmain 6 the dialled ngappodigssy’ the
di al I'i ng nuriber, "and perforns sone call processing in accordance Wt

either the dialled or the dialling nunber, or both. The intelligence domain
typically provides nunber translation serdices, where a dialled phone
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i nt el |'i gencppNRIdel ddserigtigib| € periodic billing of each custoner. Referring
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dat a
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relationship, in the sense that the sane code which rel at tg a .class of
' F\)avith one or more subroutines (generally termed "methods" or EiI'%umc(t)ions" \\%Sich

15 operate on the data, and which generally constitute the only means of doing so.

The formats in which the subroutines associated with different objects of the
same class will receive and return corresponding data are the same (i.e. all objects of
the same class have a common interface). In fact, in C++ the subroutines are only
represented once for all objects of the same class (i.e. the code for the sub routines is

20 only stored once) so that the code and the objects are in a one to many relationship.
The code is therefore associated with the class of the objects rather than with each
object. . |

Each class of object may be a subdivision of a more generic class, as is
conventional in object oriented programming. In this case, the code may be stored

25 instead in relation to the more generic class (the "superclass"). The object manager 108
contains a list of the locations of the data making up each object, and on each
invocation of (i.e. call t0), an object, the object manager accesses the relevant
subroutine code within the class code storage area 110 and supplies to the code the
address of the data for the relevant object within the object storage area 112.

30 " Referring to Figure 3a, in this embodiment the objects provided within the
hosts 10 of the intelligence domain comprise a plurality of customer objects 500 (one



obj ects actually accesses all objects of that class). As is conventional,
obj ects are grouped into classes, the objects of the sanme class containing -
di fferentwoetsmsst in the sane format. Each object is assocrcwesosges Wt h
one or nore subroutines (generally ternmed "nethods" or "functions”) which
15 operate on the data, and which generally constitutethe only nmeans of
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customer term nal “equi pnent, and e cre
15 respective ports or switches, and reading the port or switch objects gives an accurate

O

reflection of the actual condition of the corresponding physical devices.
Example of Object Data - |
By way of example, the structure of data within a customer object is illustrated
in Figure 4, |
20 The attribute data maintained by the object 500 comprises a customer type field
502 (which may indicate that the customer is an employee or some other unusual
status, or is a normal customer); a unique ID field 504; and a host field 506 indicating
the host 10 on which the object 500 was created.
Also stored is data relevant tﬁ the services provided to the customer; for
25 example, the normal telephone number of the customer (field 508); a telephone number
to which the customers calls are to be re-routed at particular times of day (field 510);
and the times of day during which calls are to be re-routed (field 512).
Finally, billing information for the customer is stored, in the form of a call log
field 514 storing, for each call, the called (and/or calling) telephone number, the date
30 andtime of the call, and the cost of the call (field 514).
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15 should be forwarded, which information is then transmitted to the switch objects 800 .
within the transport domain to set up the path over which the call will be carried.

During the passage of a call, the role of the intelligence domain is usually
limited. On clearingdown a call on detéction of the on hook event, the billing function
code associated with the customer object(s) 500 updates the billing data field, and the

20 call object is deleted by the object manager 108.

Description of Host Computer 10
Within each host processor 10, the object manager program 108 (the "daemon")

comprises, as will be described in greater detail, processes for creating new objects;
processes for determining the location_ (i.e. the host computer 10) on which given
25 objects are stored; processes for sending messages to remote host computers; and
processes for receiving messages therefrom.
Naming new objects
When a new object is created, as is discussed in greater detail in our earlier
application number WO 97/26596, it is allocated a name of the form shown in Figure
30 5, coﬁsisting of a host computer identifier number 900a; a class identifier 900b; and
an object number 900c. In this embodiment, the host identifier 900a consists of a
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form shown {© Tg‘(vg‘j’r ag%d@@rgfnegﬁﬁ& BNy of a host conputer identifier

nunber 900a; a cl %tFi;g'uﬁH 79@583bbjé6dnﬁﬁa§${cmtfd?%ﬁ%o@@@&mphﬁrtlb'5
a

enbodi nent, the host identifier 900a consists o
15 comprises an object location table 1500 storing a record 1510a-1510z for each object in

the system, storing the host computer 10 on which the object is currently stored.

The record in table 1500 for each object simply consists, therefore, of an eight
bit number identifying the number of the host computer where the object resides.
This eight bit (one byte) number is mapped onto the IP address of the host computer

20 by a small look up table (not shown here) within the host computer 10.

The table 1500 may conveniently be arranged with the object numbers
running successively within each class, and with the classes running successively, for
each host computer. Preferably, the maximum number of objects anticipated for each
class is passed to the host computer 10 during compilation, as disclosed in our earlier

25 application WO 97/26595. The table 1500 is therefore dimensioned in accordance
with the maximum numbers of objects for each class for each host computer.

Because each object name specifies its host computer, class and object
number, a host computer 10 can access the location within the table 1500 for the
object directly from its name, without needing to store or look up an object name.

30 Furthermore, since the name of the host on which the object was constructed forms
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If in step 2034 it is determined that the object is not currently resident on the

host computer 10 on which it was created (i.e. the object has already moved since it

20 was created), in a step 2040 the object manager sends a message with this new host
location to the original host computer 10 on which the object was originally created (as
determined from the object name) and, after receiving an acknowledgement from that
original host computer in step 2042, proceeds as described above (step 2036).
Object location tracking

25 Referring to Figure 9, the use of the object location table 1500 will now be

described in greater detail.

In the present embodiment, in step 2036, rather than broadcasting the new
host address to all other host computers 10, the host computer 10 performs the
process of Figure 10. In step 2080, the host computer 10 reviews the table 1700 to

30 determine which other host computers (if any) have accessed the object, and sends

the new location to each of these in step 2080.
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11 part of the name, it is unnecessary for any host conputers 10 to store
or look up this informati on. Object Myvenent Cbjects reside on a given'host-
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storage of one host and included in the storage nenory of another).
Referring to Figure 8, where the object nager program 108 determ nes that
an object is to be noved fromthe host cgﬁputer 10 on which the object

manager 108 is rehi empt 2084 thexiessp| oniputérh2d deesinitMmb®er 20 stafs’ WSHENY
out of avail able marmr“ﬁ) in a step 2034, the object name is revie o]
det er mi ne wiweadsast should be performed, (for examplep this maysoetiungaily) sl ifinst, the
which it t .| f , (i.e..if the object h t, poyved, si it
Created) tndioreSIsFiaw d0ends fith py Bt BaFLeoBau s idepiied anchaog.
Lransmi i1 ed doagsseetidijad riehtybegthotified o iRRnaRlof dHict dafiGh. | 5 MOVed.
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t he val ues of 15 data stored within the gbject; and secondly, the
obj ect is d&°&%’f¥°o‘?ﬁ°ﬂ&%’8?ﬁsﬁgrelﬂétﬁaﬁeﬁﬁﬁ t movprents which Favettaken
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enbodi ment, in St'ﬁRls,Zc}%thﬁsr aetmerdirtngn "o I:igc%d&l%‘sléliln %mpa?t%n is transmitted
immediately to those host computers which are likely to need it and periodically to
15 all others, so that the processing overhead in updating object positions is constrained.

Where, as a result of this, a location table 1500 in another host computer is
out of date, that host computer can access the constructor host for the object
concerned, which will have the up-to-date location of the object.

Thus, normally, only a single look up step performed on the local host

20 computer is required to identify an object or, at most, two look up steps, one to the
constructor host, will be required.

When a message is to be sent to an 6bject, in a first step 2046, the host 10
determines whether the entry in the table 1500 corresponding to the object name
contains a location (step 2044); if not, indicating that this object has not previously

25 been encountered, then in step 2046, the host computer 10 stores the constructor host
address (determined from the name of the object) as the location host entry within the
table in step 2046. The host computer 10 then treats the constructor host address as
the location, and proceeds to step 2050. If in step 2046 the entry in table 1500
contains a current location, initially the object manager 108 determines the current host

30 processor 10, on which the object is recorded as being located, within the object
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| ocation table 00 1 h another host” conputer “is out of date, that host
conputl®r castep2fS8sastdescribmdabovet or host for the object concerned, which

wi |l have the up-to-date ]Jocatiqgn of the object. Thus, norma|ly, only a
single | ook up stlgﬁ‘%zli‘?%“n’eﬂ%%oﬁ P&acw“mﬁsbwgﬁ&?ﬂwtpw&mi red
to identifyo%cgbj ect or, at nost, two | ook up steps, one to the
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obj ect, in a fir sThesiriginatihghost cumpner od feceiving suich & meskipeie a step2062\ithen | N

the table 1500 coryesponding to the object nane . .
sends an interrogation message to the original host computer 10 which is recorded in

15 the object name as being that on which the object in question was originally
constructed, in a step 2066. The object location table 1500 on the original host on
which the object was constructed should be fully up to date in respect of that object.

Referring to Figure 9¢, when the original host computer receives, in step 2068,
a location interrogation signal the object manager 108 thereof refers to the object

20 location table comprised within it in a step 2070, and signals back the determined

location of the object concermed in a step 2072. |

The calling host computer receives the location signal from the original host
and determines, in a step 2074 of Figure 9a, whether the host computer thus indicated
as the location of the object differs from that to which a message for the object has

25 already been directed in step 2050. If so, the object manager 108 updates the location
table 1500 in a step 2076, and returns to step 2050 to repeat transmission of the
message to the newly indicated host computer 10 location for the object.

If the address received is the same as the address to which the message was
previously directed, in a step 2078 the object manager program 108 returns a message

30 indicating a failure to reach the object to the object, process or user from whence the

attempt to call the object originated.
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15 multiple object movements, and therefore requiring only a single set of overhead or

header data such as address data for multiple object moves, rather than separate header
data for each object move. Secondly, where particular objects may very frequently
move, between broadcasting times, thel network is not occupied signalling each of these
moves to all cbmputers which may never access that object.

20 At the same time since those computers which are logged as accessing a
particular object are informed immediately on a move, the likelihood of retaining an
incorrect object location is substantially reduced. Further, since each object name
includes a reference to its creator host computer, and this host computer is updated on
every object move, any other host computer wishing to access that object will be able

25 to do so by referring to the creator host computer for the object.

Other variations are of course possible. For example, the frequency of the
update broadcasts may be varied depending on prevailing network traffic conditions or
other parameters. Furthermore, different groups of computers may be updated at
different periodicity; if, for example, slower, or more distant, computers are present

30 these may be updated less frequently than others. In this case, the term “broadcast” in
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“the obj ect manageh singlgcemputes(whichmay onmay ot e of theftistcamputers) faiy | ur e

to reach the object.to.the qbject, .process ,or user fron ence .t he attenpt
L0 CalT 't ho eehpansifg for Sy & Compfingd Bijafst Hisesage iatbAIng Rl obiokt seves
enbodi rgent ‘ﬁ@%m&rse : j éasi‘ﬂxe?é%% | QR .0 whi ch
the | o?;ti orﬁﬁmal%%j ts i'ﬁnﬂc&éﬁe;‘%d[agm Isre gf%gg%}%ggggéﬂyﬁﬁ{l&@h

t her ef ore alresl time oneach ebjeot moeeths uye ofia tsivplé cemiab updatingtcomipter il gt

dat abase, to call other objects on different host conputers. Nonetheless, a
hi gher | evelmesessarilyolead {pbpttienecks hithis cage, amoeach abjecthmoveqihaddition to

vt e or gi ndrisdie bt RBR T 8o updal meRage ke st Bl Figgrgns' ©"
those obj ectagcssdingdRatobidcy, thONRatidruptatt thé a0 $kntQ6 FiR! defitral donifui& 8" €,

it will be apparent that each host conputer 10 majntains accurate records
of thodk objconpileths périediebioadeastiocatianupdatecompasitemessage area. 10

conputer s w h neVFPERG aRialibts fbre G dconimimlelifrn el s frc
present i ”V%&%?&W‘ﬂﬁﬁbﬁﬁag&g}s“%’g%.&g | Cdlj‘jrhg%gﬂgm%&ﬁ?ssi ng, W thout

great | oss of accuracy. The us casts carrying nmultiple
obj ect noves r edudasy tdther alternatives atak moslificatiohe dvillsbe) apparent togltiee skilledsi t e

nmessage i s provided i nc,uéi ng 15 mul tipl e qbject novenents, and
t her ef ore r &§TROM n °8?H‘J§“ YT gIEsat Anpntion s HE&&S‘EH t, sneIPPRFS ARy sifchall s
addr esgs dat guh ks Aibdd didcfostlhEieln, WhéRier of Ab{H0Verell B i RAbAhny1fig Akims,




data for each object nove. Secondly, where particular objects may very
frequently nove, between broadcastingtinmes, the network is not occupied ’
si gnal | i "YOP3@A413f t hese noves to all conputers which may REGHEEBBOORRS t hat
object. 20 At the same tine since those conputers which-are—

| ogged as accessing a particul ar object fge i nfornmed 1 nedi ately on a nove,
the |ikelihood of retaining an incorrect object |ocaty [ “E“‘E“mﬂ“*l |y
reduced. FuCIAEMSsi nce each object nane includes a rgmm R I5
creator host conmputer, and this host computer is updated ®n 'evéry “obj ect
nove, any ot her host conputer wi shing to access that object will be able 25

to do so by refenring 05“8@’&%9 h ﬁgi?;gue t | € er
variations are o 'courﬁéecp SI g.&&égr %gingnp ,Et ﬁle'ﬁﬁtgqlt}gnfgélyto‘fc&?%e Updat e
broadcasts ffyrcbinected byl addgie edimagurtCativnenetivoik) Gacie tsturing & rphirality 6D datat i ons

or other paraneters. Furthernore, different groups of conputers may be
heﬁﬂpgtant,

updat eé at each heingoprogrammed rto gegesse held @neanothar,

conputers are present 30. may_he_ updat l.ess. freqguently th
others. T PrREhBRE seltively i) SR Bt eqoral Rt lfSiine ARl Rl e
under st ood jfpvees Gecdr@ @ hRcIAGEAd! I3t [OmiPtdr] A SVIHERTUACE ' Kosb WompRier is
necessarily to all conputers. A single conputer (which may or may not form

one of the pugraromeddo allofaterty each nevy penord binamiedndicative ofjthe identity of dhat
br oadcast ssage includi,ng all objecy noyes.5 fromall host .co ters.
Since the bPEScCRRIFR, &8d JHar Bne SbmAng ORI VEPf (hel Wosh SompHIcF afier sife on
each qpi eCt {EdiPis hbfed! 3 holPholt hibufdt Lt hithngdd 45 'std18 (LR Y Hatal ibling)O!
necessarily lead to bottleneck. In thAis case, on each object nove, |

addi ti on t oforralextcadds oy allrsaitbhost tomputers; dhtadadicating the diost corsmrercort whiche
host conputers | ogged as accessing fhat object he | ocatj on update nessage
is al so senthat l%mern?lw stergd. And: to wpdate t%at@bfﬁpwh@l aisaidyerordds soved

br oadcast Igg@lte'h&a updat e conposite nmessage. Naturally, applications other
t han tel econmini cati ons are possible, such as for exanple shared

di stributed conputing or shared virtual simulations. Many ot her

alternatives and nodifications will be apparent to_the skil]ed
15 2 A computing system according to claim 1, in which each said

computer is arranged, on moving a said record to another computer, to transmit a
message indicating that the record is now to be found on that other computer, to at

least one further computer.

20 3. A computing system according to claim 2, in which said computer is
arranged to transmit said message to all said further computers.

4. A computing system according to claim 2, in which said computer is
arranged to transmit said message to a selected subset of said further computers.
25
5. A computing system according to any preceding claim in which each
said computer is arranged to store, for each said record held thereon, a log of the

identities of other host computers which have accessed that record.

I
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person. -Accordingly, - m’m ﬂ“ﬂﬂe"”m"ul on is intended to enconpass any and
all 15 Weuabpeas matt whet her or not CROKGB2B/9922 he
acconpanyi ng cl ai ns. 16 CLAINE £. * A conputing system conprising a
plurality of conputers inter connect ed bg a data comuni cati on networKk,
each storing a plurality of data 5 z:ords each being programred to

access a record l6el d QX conpur %syﬁ&ﬁa&dbtﬁggﬁb&ﬂmmlkﬁdéﬁ)ﬁﬁc&uhe&%d to
anot her said_conputer,_ in Whl ch each conputer s arranged to store a table

of data stowhifh eqchrsald computst issarsanged| to determinerraidosubsetdin: accordanemwiithg t he
conmput er on \A@gch that record may currently be stored, and to update that
tabl e when ¥%8% record is noved, and in which each said conputer is
arranged 10 to store, for each said record held thereon, a |log of the
identities of other conputers which have accessed that record and is
arranggd, on novilng a A &ompoting systemoacrending tb eyt preceding] alaimg amasgedge t 0
at | east one further said corrputer determ ned in accordance with said | og.
15 ngrol aefg to claim 1, said system being further
arranged to send sai d Iocation updatl ng nessage at a later tine to at | east
one further said host conputer which is not determ ned in accordance with
said log. 3. 8. systArooafputingi $yGten® acterdifig? to Rlaihl 2)hirs aikich akid rdcofds
conprises a 20 periodically recurring tine. 4. A system according to
clai m1 in ofmprsatgsords saghstering datgrelgtingira camesponding tglephonesubscaibarw
recor?g and to all ocate nanmes thereto, in which each conputer is programred
c

to al ate, to each newrecord it creates, a nane indicative 25 of the
identity of thatgconpy ebmpatifl kpﬁ&mrmsrdiﬁg% Bhith bf 8l 8, Gh Wileh said
conputer after said record is noved . A conputing systém according to
any pr ecedi regordsatompriser tacgrsts mhcsi(mngwldam redating torancarresponding delephdne 30
terminal device.
15 10. A computing system according to any of claims 7 to 9, in which said

records comprise records each storing data relating to a corresponding telephone

routing device.

11. A computer programmed to operate within a system according to any
20 preceding claim.

12. A computer according to claim 11, said computer being programmed
to access a record held on another, selectively to create new records and to allocate
. -names thereto, and to move a record to another or to receive a record moved
25 therefrom, in which said computer is programmed to allocate to each new record a
name indicative of the identity of that computer, and is arranged to store a table of
data storing, for all records on that computer and at least one further said computer,
data indicating the computer on which that record is currently stored, and to update

that table when a said record is moved or created.

30 ' e
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17 6. A conmputing system according to claim5, in which said records

conprise_records_each s um:ﬂ M' ing to a corresponding tel ephone
subscri b&(q!’%‘gﬂ‘?’ A corru* ’ ', Wﬂﬂ ording to claimb5 SFT&BQP’H?%Z in
which said 5 records corﬁ)ri‘se "re€orts each storing data relating to a

correspondi ng tel ephone term nal device.188. A conputing system according
to any of claims,5 to 7, i.n whjch said records _conprjse records each

'
storing data rel &4 ng# Bethod T meyas & daja reoord foRLa St compyigritag weonde. .

A conputi ng, Vs gﬁﬁﬁg ' ' L alab ' d
record is assocé?ies W cgb&gg%: l@ s%o?lggﬁgglggngf@l%%h@h&f |§Fg(gﬁc] Ssi bl e.
15 comptising theCsiefrof dﬁ‘tefﬂiiﬂﬁ%&ﬁmﬁ of 6ai@ phirality have Atdessedsaid Roord,
according to any preceding claim 11. A conput er according to claim 10,

sai d conputand selsctiyelyrtoapsmitting a locatinncupdate messege/tohe pubsghofsaist plrality in
selectively to create,ne cor.ds and to allocate 20 nanes thereto, and
to mve a r¥EHt %%Mée%?m?@gr eceive a record noved therefrom in

whi ch said conputer is programred to allocate to each new record a nane

i ndicative of the identity of that conputer, and is arranged to store a

tabl e of data st i ngA method dccomding tbsclaim 1 Bafurthenporpnising) ttansmiktingssaidne
further said conputer, data indigating the conputer on whi :‘1,thaé record
may cur r ent Jogalign messagy te COmMPYISESQ ality mat wHBin sbset ecor d

I's noved or H'E@llgi ' B bei ng programred to
access a reaétga;lgéhgﬂ}f%%nghﬁoﬁéh%g@an gﬁ%goegég recsg{r'd to another or to

recei y@ a record noved therefrom in which said conputer is progranmed to
store a table of data storing, for all records_ 30 on that conputer and

at |east one furilher Zaimp asdingcter elaim gl 4 an iwhich 1said: laterutransmissiomi ch
that record, Ry ey a ridishde el 158t \ihdhf dARS B Smdififle shifiesorgfien @ said

16. A method according to any of claims 13 to 15 in which said later time
15 is a periodically recurring time.

17. A computing system comprising a plurality of host computers
interconnected by a data communication network, each storing a plurality of data
records, each being programmed to access a record held on another, each being

20 programmed to move a record to another said host computer, in which each host
computer is arranged to store a table of data storing, for all records on all said host
computers, data indicating the host computer on which that record is currently stored,
and to update that table when a said record is moved, and in which each said
computer is arranged to store, for each said record held thereon, a log of the identities

25 of other host computers which have accessed that record and is arranged, on moving
a said record, to send a location updating message to at least one further said host

computer determined in accordance with said log.

18. A system according to claim 17, a system being further arranged to
30 send said location updating message-at a later time to at least one further said host

computer which is not determined in accordance with said log.
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18 record is noved or created, and in which said conputer is arranged to
store, fA¥O&¥dMIZai d u muu“lﬁ nHwon, a | og of the idemdwcnss/ash20t her
conput ers whi ch have 1Sl 8ord and is arranged, on noving a said
record, to send a | ocation updating mssgl@ge to at | east one further said
host conputer determ ned in accordance with said og. 13. A et hod

of nmpving a data record froma first conputer to a second within a

di stributed conputing network conprising a gl..ural.i ty of further conputers,
conprising the si®p oA sksten geeardtpgin; danb 18 inwhich said later time\comprises eed

said record . 0 lvely transmitting a | ocation update nessage
to a subsetpe(#)%%cgpa%#ﬂgg ﬁ%F'i n accordance with said determ ning. 14. A
met hod according to claim 13, further conprising transmtting said 1ocation

update message to further conmputers of said plurality not within said
subsety 15 at 2@, | atecomputer, tshidrcomputerdieing programmed o acressa rezosdiheld

Craner ssi R &R J80 18 Meca ford o aRAHIRS Of thSReF s ARSRORmAvR bR from,
I tipl j x . : : '
mul ti ple S%Qx gh Sid%o fer i pfoaﬁraemege? to sford'R t4¥l¢ .o?g rﬁ@(? & zﬁﬂéc&f(%si e,

clainms 13 to I'n whi ch sai me 1s a periodically®ecurring
17. A netdmwthabcompulierand at least oné fadtlssr vaidicdniputd data indicatingthe leosifputer -

record is associated with locally stored code via which it is accessjble.
25 on which that record is currently stored, and to update that table when a said record is
10 moved or created, and in which said computer is arranged to store, for each said

record held thereon, a log of the identities of other computers which have accessed
that record and is arranged, on moving a said record, to send a location updating
message to at least one further said host computer determined in accordance with
said log.
15 |

21. A method of moving data from a first computer to a second computer
within a distributed computer network comprising a plurality of further compﬁters,
consisting of signalling to a first subset of said further computers following each said
data move, and periodically signalling to a second subset, different to the first, data

20 concerning a plurality of said data moves.

22. A system, computer or method according to any preceding claim in
which each said record is associated with locally stored code via which it is

accessible.

25
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