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Dl STRI BUTED PROCESSI NG This invention relates to distributed
processi ng, Lell arly but not exclusively distri ssing
for control“gﬁkgsﬁéleconnunications network, and with 5 blﬂ'%"‘?‘%mﬁoprng and
updating the control systens inplenented on the distributed

processors, which are preferably (but not necessarily) processes

i npl emented in an obj ect-oriented fashion.

Tel econmuni cations networks are increasingly required to support high
bandwi dth, low delay information flow. The bandwi dth required is rapidly
progressi ng 1@isTRIBUTED FHOHCESHING second to negabits per second and even,
for sone applications. gi gabits per second (particularly, for

exanpl e, for video on demand; ani mated shared si mul ati ons, and

di stributed conput ' Ll kgen

facilitates such agﬂngvemane fates P dxsmtiu?ed% " 1% it arlylbgtn &rﬁ’g “§%¥onput er

prograns run distiburdnpecessihg hibstcom‘rpw ar &le(cuﬁmtxmcamﬂs refWorld, Sand @xBNP! €)
connected w tBY%{\n t chi n centres. The Yva in which services are_to be
provi ded fdr PEYEIPRE c‘EFéii“EWe the eotol Ystrmps Jmplemsated | oy b distibvisd ¢ o

whi ch cal | s f @focassors, whlcﬁ'i&t ﬁ@ﬁfah@r@utt &t%cés%iﬁq}ocgﬁeseﬂgﬁe 4 ifgha stored

in relation to that customer on ost “Conputers. Thus, there may
be many mil I | @hisciotrienigh fshipmer records on tens or hundr eds of host

conputers. . n ctures
for intelli gence [ 'rll‘elte ?‘lomlé@"%ag&g E&wéﬁ%é( 1¥ér§25§glywée§? dl%%“‘%{o& rll}% J Vol
13 No. 2 Apri barkid8dth, bivalelay adaation floatThe bhﬁtﬁmdr.h requirgl i6 papiitiprogressinge  of
object-origented techni ques to,i Ierrent t he distribut rocessin

requi red. 16" Hom ol T &reand fo, F%ﬂt?“%f’e ‘é’gta"&r"r"é?rtéﬂ S&B‘Eﬁi’f@*ﬂ’é’gsw Il be
found in, for gRuBpe seddnd (particularly, for example, for video on demand; animated shared

simulations, and distributed computing).

I

To provide "intelligent network" facilitates such as call redirection to particular
numbers, computer programs run on a number of host computers (up to 100, for

15  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 subscriber records on tens or
hundreds of host computers.

20 In "Twenty-twenty vision - software architectures for intelligence in the 21st
century”, P.A. Martin, BT Technol J Vol 13 No. 2 April 1995, the present inventor has
proposed the use of object-oriented techniques to implement the distributed processing
required.

A description of object oriented technology will be found in, for example, BT

25  Technol J Vol. 11 No. 3 (July 1993), "Object oriented technology”, edited by E.L.
Cusack and E.S. Cordingley. Although the term is not always used with precision,
object oriented computing here refers to the computing technique in which data is
stored in "encapsulated” form in which, rather than being directly accessible by a
calling program or routine, the data is accessible only by a limited part of a program



25 Technol J Vol. 11 No. 3 (July 1993), "Onject oriented technol ogy”,

edited by E. L. Cusack and E. S. Cordingley. Although the termis not
al ways used with precision, obj ect oriented conmputing here refers to
t he conputing technique in which data is stored in "encapsul at ed”
formin whi cﬂﬁo”ﬂ?mr than being directly accessible by a PCI/GBY26bS ng
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which can read, wite and edit the data. ,A record of data and its

associ at ed conput er code are referred to as an "object".

Communi cat i on : ' (.S, general Ly .. by "nmpssage
passing"; that %@gﬁ‘@% l%g(?)'l Eoﬂiaﬁégﬁg%] deaga[. %é%“gf sofdi&Fa?neétFﬁ%éc‘%’%cW’mgﬁkes t he
operation of ofmeeafe refereditomy amMbjeetMUohBRGrcaiidn b And BEmARAj0dfeks is el t hen
returns data § o values. . . Var| ous | anguages are available for
programers whe VSRS 28 s it gjcall to the object pagses dara values,pddnvokes i ¢ hese,
the commonest &gerdtior 9£oe dftheprdgrams comprised within tHel object, htcBhdRFAGHS ﬁix{_g
differs fromsingle processor operation in several respects. Firstly,
di fferent acce¥®Uechni ques may be required dependi ng on whet her 10 ot her

prograns or data ar the. t _conputer. a gal ling, program
or on a di ffefaélr?tgg ﬁ%@%ﬁ%@%ﬁ? %@?"ﬁhﬁ'g?%@ﬁi%% °ows§§°p?583?’é’:tﬂ“ % dat a

wi || al so af f ecrienteti@pproach. Of hestthwicdrimudestcdd piesencidC+3e r eached from anot her
program Al so, one Qr uters may fail whilst |eaving

nore host . or. C . :
others in operatio .'smg‘?tcg processing  differs g%ui‘%%e JBIRSEROT PgeRion: 8hvevamal onal |y

perforned, by tsjets. Firswy). idffkent &ic¥ techdiques Ady BRI debehdfifyi dmlwikthef ! 1 €N
program on,_one conputer interrogates a_"server" program on anot her
conput er v c O PRPETAMS @frdaia e lacateshen the sams hoseqomputer e callingprogram or

required by thg, gliffeRint R6PG5Mbtter. The location of a program or data will also affect the

speed with which it can be reached from another program. Also, one or more host

computers may fail whilst leaving others in operation.
Distributed computing is conventionally performed. by using a "client-server”
15  amangement in which a "client” program on one computer interrogates a “server”
program on another computer which then performs the function or returns the data
required by the client program.
Object oriented techniques have not widely been applied to distributed
processing. A summary of the state of the art in this respect may be found in "Object
20  orented programming systems"; Blair G., Pitman Publishing, 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. Previous attempts have generally
added new syntax to an existing computer language, or have created new computer
languages, to extend conventional object oriented programming to deal with distributed
25  processing.
In one aspect, the present invention provides a compiler (or pre-compiler) for
generating code for use in distributed processing on a plurality of host computers (for

example for controlling telecommunications systems) which is arranged to receive a



Obj ect oriented techni ques have not wi dely been applied to distributed
processing. A sunmary of the state of the art in this respect may be found
in "Object 20 oriented programm ng systens”; Blair G, Pitman Publishing,

London, 1991 (| - 273-03132-5) and particularly i 9 at
pages 223- 24‘3, ’@égri but ed systens and obj ects"; Da\y%’%ig?@g%son and
Jonat han Wal pol e. Previous attenpts have generally added new synt ax
to an existing conputer |anguage, or have created new conputer

| anguages, to extend conventional object oriented programmng to deal with
di stributed 25 processi ng. 31 n one aspect, the present

I nvention provides a conpiler (or pre-conpiler) for generati ng code
for use in di StdudereigtadvRit@S & 'ty Bhithad, hidioAmeh@ ik ssa@a)i%grsﬁ 6 or
exanple for controlling tel ecomrunications systens) which Is arfanged to
recei ve a adapt it froma@ing e/ praesser execution to multiple processor execution.
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source program wi t?%nﬁ’ e?xﬁmg', Lchf)srfaﬁ%etcf %fgm? 5%“6‘858?“‘%“&85 ?Bm%?ﬂg‘%“t"ﬂ‘éChs“Bﬁr ce
programto then badsgt with af mercenveglichabansiens & but %l Wei ro¢bghised bt thel e
processor e ec%{‘tnigon., ) ) &ﬁnyeni enteéé/,, ths aspect of the

i nvention conpfnSRRuality of the inygation spuld Ae tnporparpfed directly jntoa retyaitiss 69mRiler.h a nor e
conventional conpi | Bhus, iid thidt aspech,! tHeeinvaRRENEREAIs! Bdin tHRE programmer the
functionality of the invention could be incorporated directly into a
re-written conpAmmlexities of adapting the programie operate enpanyliffasent processors, meduging on

conceal s from ﬂk%ﬁmc%&%@%éﬁ%exgw&bg g&g&r&xi ties of adapting the

programto operate on nan eren ors, reducing the tine
requi red to produceCanverizmiy, the rxecumblegpgragram produced by the invebtsny 2 singléy, t he
execut abl e, program.produced t he i nventi ' abl e

pr ogr am whl cho uiphle Brogmm pifpehymay, by gis tl?‘gegetlé’:%ﬁgﬁ%gsg‘lfrﬁé’}gv%figf)ﬁ’g%%d
conputing syst gdthpuling Stk ifdden§@Piopres. Thik MakeB iRBsyi th a®Briew Aot RtdssosM6 host
processors to he disn-ibtupeg cg&g&tﬁllgg%&%g conputing system
In the present embodiments, the source program is in an object oriented
language, and is preferably in C++. C++ provides additional problems in compilation
15 for distributed environments. since it is intended for single processor compilation and
different processes communicate via shared memory pointers, which cannot operate in
a multi processor environment.
One particular problem which arises is in the use of so-called "virtual
functions". A virtual function is usually used to support the possibility of
20  inheritance", which is often used in object oriented programming, as a way of
indicating that one class of objects is a type of example of a more general class,
Virtual functions are provided in C++ by declaring a virtual function name in a
(superior) class, but providing the code to execute the function in one or more inferior
classes; in other words, subordinate classes which inherit the properties of the superior
25  class.
This enables the name of a single function to be defined for all classes which
are hierarchically below (and therefore inherit the behaviour of) the superior class,
whilst enabling each such class to behave differently in performing the function.



In the present enbodi ments, the source programis in an object oriented

| anguage, and is preferably in C++. C++ provides additional problens in
conpi lation 15 for distributed environnments. since it is intended for
singl e processor conpil ation and di fferent processes conmuni cate via
shared memoWP¥83MBers, which cannot operate in a mRACGT/GBI7IBRE s or
envi ronnent . One particular problemwhich arises is in the
use of so-called "virtual functions”". A wvirtual function is usually
used to support the possibility of 20 "inheritance”, which is often used
in object oriented programng, as a way ff I ndi cating that one cl ass
of objects is a type of exanple of a nore general class.
Virtual functions OM: ' ++, declaring a~yjrtual function nane
in a (superi %G? éé)%aés{ﬂégggrﬁw%? SO hﬁmgﬂﬁé’r%c(g%gr F%‘L XPECHPEPHR 2f unct i on
in one or nor eeriairf &mount of computet mamsryswithim whichalie dud cinprisedowitidn Gt eCl asses

which inherit f.he properti .of the superior, 2 | ass. ) Thi s
enabl es t he ngh?t&%sérgé'n@‘? t"f"ﬁ‘ll?'clr‘}ﬁb‘hg@fftb‘e°fd‘é$‘?sﬁé"§’°ﬁt9fesé(mwc®ﬁ‘§’é’% whi ch
are hierarchi gl h¥mdre!vaid aich tHRQREOT Stdrst 'Rl disd B6re ROk bPHaimafs)émE he

ave

superior class,, _ whil st enabli n%j each such class to be Ifferently
i n perfor i ng Yifeal fpginter; ghje” or VPTR) whicinoao the1smesimplies, stores one or more
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Each C++ obj eg?'?telrsﬁogl oL PF%‘H% ?fcglfr%sﬁ?rg"fﬁo&gggrs"&e b&’flﬁ gf);rgqggm °°c518cupi es a
certai n anounwhith ilnplemeitele vitabfuyction fdrithe obljgceh t he data conprised within
that the object are.stored. Additionally if the ohject, ig of a class
whi ch uses virtual g‘f‘ﬁ%@ﬁ&frfgt,en‘ggasas_ Bls PRASFSPYIpRupes: P _Bleﬂatdﬁgﬁl_? ect is
stored W || abgRessing igngaded tie a@ingBAblti® uSudllly NQuistictory.” Viéweidd, wROhfeer

table" or VPTR) which, as the nane inplies, stores one or nore
poi nters 1% t Falispddhatyt is yasuitablafor use ip 8 diserihyisd wbiset wisated enviropmens ifdties of

program code jegired to move objects between different host computers (or, more generally, different

processes).

A particular aim of the present invention is therefore to provide a distributed
object oriented computing system in which objects using virtual pointers may be

!5  moved or copied within the system.

In an embodiment, this is achieved by providing, on each host computer within
the distributed computing system, means for reading an object; separating the data
elements thereof from the virtual pointers thereof; and transmitting the data elements
thereof to a further computer.

20 In this embodiment, each computer preferably additionally or alternatively
comprises means for receiving data elements of an object from a further host computer;
means for creating a new object of the same type but with dummy data locally; and
means for inserting the received data values, but not virtual pointer values, into the
object thus created to replace the dummy data therein.

25 Conveniently, in this embodiment, a compiler or precompiler is provided which
accepts conventional C++ (or other object oriented) source code, and, on detection of
virtual functions, adds additional code to make objects of classes having the virtual
functions movable to and/or from the target processor for which the code is compiled.

Preferably, the additional code comprises, for each class, a special object constructor



whi ch i nplenment the virtual function for the object. Si nce
C++ is intended as a single processor |anguage, rather than a distributed
processi ng | anguage, this arrangenent is usually satisfactory. However, we
have 10 r i hat it is unsuitable for use in a distg&ﬁg&gﬂn | ect
oriented environnment if it is desired to nove objects between
different host conputers (or, nore generally, different processes).
A particular aimof the present invention is therefore to provide a
di stributed obj ect oriented conmputing systemin which objects using
virtual pointers may be 15 noved or copied within the system
In an enbodinent, this is achieved by providing, on each host conputer
Wit hin tfiwectidh shidhbeah efbae cnest bbjert itht dummyTean valfier but easbch girmal obj ect ;
separating the data enent.s, t her eof frgg1the vi rtual Bointers

0

. el
Cher cof  and BPEEH;  (RIFOR ioF (NG TBSSARES Of datagramn, soptaming bbiect  datan o

conputer. 20 elements and inskrfing e iR AR HumnBAEHject QAP Y ettt ff 85g3ilgY
additionally or alternatively conprises neans for receiving data

el ements of arPbiss] ¢aa elements intofamessage on datagrarm apd, transmitting the sarpeatosnéther

creating agsne ' f the sane type but with dumy data | ocally; and
nmeans for ?ns\g{ro%l%g’(ﬁ%tﬁ;é) recei ved data val ues, but not virtual pointer

val ues, into the This emiundent imay becuitisddenh & Gysienplimovhichhe sithgleTopmpiiéra
therein. 25 . Conveniently, in this enbodipent,.a conpiler or

bt econpi | or i SoMPUEAAEIPRR PLe Sode ¥ g By B e ke S, Bt or

obj ect ori ent @@lus$BHbCiAnikddes thisitdatiofantiRiSkdge @Nthe embodiment id thitlag lobjettnct i ons,
adds additional code tgo nmake objects of classes having the virtual

functi ons novamvebe ssnhframos firsk eempues ruepingetods compilesoby # dirst\camellertnd code i s

conpi | ed. 4o secdhli %rﬁétﬁgjerirIgQ&%ﬂipﬁéﬂ%cé@ﬂﬁ%ﬂ%%ﬁr&ﬁﬁﬁen for each class,

a speci al object constructor
PCT/ GB97/ 02606 This invention is preferably employed together with that of UK patont

applications 9600823.0 and 9600854.5, (and corresponding PCT publications
WO 97/26596 and WO 97/26595) and UK application 9706400.0 filed 27 March 1997,
filed by the present applicant, all of which are incorporated herein by reference in their
15  entirety.
Other aspects and embodiment of the invention are as described and claimed
hereatfter.
Embodiments of the invention will now be illustrated, by way of example only,
with reference to the accompanying drawings in which:
20 Figure 1 is a block diagram illustrating the elements of a telecommunications
systems embodying the invention;
Figure 2 is a block diagram illustrating further embodiments of the system of
Figure 1;
Figure 3 is a block diagram illustrating the elements of a host computer forming
25  part of the system of Figures 1 and 2;
Figure 4 is a block diagram illustrating the elements of a compiler apparatus
forming part of the system of Figures 1 and 2;
Figure 5 is a flow diagram illustrating the operation of the compiler apparatus
of Figure 4;



function which can create a new object with dummy data val ues but correct

vi rtual pointers; a function for receiving nessages or datagrans
cont ai ni ng obj ect data el enents and inserting theminto a created
dunmmy object and a function for copying obj ect data elenents into a
message or OYP8YUSZM and transnitting the sane to another BCT/GRYHR606

conput er. Thi s enbodi nent may be utilised in a systemin which
a single conpiler conpiles all copies of the code to run on the
conputers of the distributed system but its use is not limted to
this situation; an advantage of the enboginent is that an object may

be sent froma first conputer running code conpiled by a first conpiler to
a 10 second conp fg@ﬁe unn C e econ different

conpi | er. P # Qs&?m@g e‘%n&l&gﬂ g?lp%ﬁa EotES e PR tHer with
t hat of UK patpmeessing performpein Rigire 5ns 9600823. 0 and 9600854 5, (and
correspondi ng PCT ub||?atl Ogﬁﬁ WD 97/ 26596 and :ﬁo 97/26595) and UK
appl i cati on 9706400'89 /3 &2 WE?PTT%‘?‘Q e structyrg | of flaj, held, avithin,

applicant, al lint€ifigebé ddinaki forhing BaPSr Bifgel1;herein by reference in thel r 15

entirety. Ot her aspects and enbodi ment of the invention are as
descri bed &nd cl ai Figsre 7b is arflisgman trepresenting the structure ofrstsdheid withinofhet he
invention will sk, y of exanple only, W th
reference to t aCCOI’I‘ngEIyI n&aphﬁ%w@xrgvi?n whi ch: 20 Figure 1 is a
bl ock di agram i I | uBigueet 8 rilipstrites the clxenttaicnfe withie |ntehmyof ioaé compshent of

systens enbod%(_.i ng _;he i nventi on; Figure 2 is a bl ock diagram
illustrating enbodi ments of the system of Figure 1;

Figure 3 is a bl ockigtieamillasiate W%Féﬂﬁdd@ﬁéﬁe-@in?iﬁﬂ&t$n@ﬂeﬂxxhﬁx%ineﬁtﬁlgpu'[ er
(0]

formng 25 part of the system ures 1 an Figure 4

is a bl ockOdi 8&5‘&?\‘1 §°PT°G§P‘F"a'E‘§"?1§“ ﬂﬁé%‘F%ﬁ?Q?t%Of%Pf Eiggtsribta pvodusssatended s

form ng part g{, ,gg}_%d§ystem of Figures 1 and 2; Figure 5is a
fl ow di agram i ‘l‘ust rating the operation of t he conpi | er apparat us of
Fi gure 4; Figure 10 illustrates schematically the movement of an object according to an

embodiment of the invention;
Figure 11 is a flow diagram showing schematically the pre-compiling process
15  performed in an embodiment of the invention;
Figure 12 illustrates the structure of an object location table held within
memory as part of the object manager program of the host computer of Figure 3;
Figure 13 illustrates the structure of a host status table stored within the
memory of the host computer of Figure 3 as part of the object manager thereof;,
20 Figure 14 (comprising Figures 14a and 14b) is a flow diagram illustrating the
updating of the host status table;
Figure 15 is a flow diagram illustrating the process of moving an object from
one host computer to another; and
Figure 16a is a flow diagram illustrating in greater detail part of the moving
25  process of Figure 15 performed at the originating computer, and
Figure 16b shows the corresponding process performed at the destination
computer;
Figure 17a shows the structure of a message used to convey an object in the
embodiment; and
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Figure 6 is an illustrative drawi ng indicating the products of stages of

processi ng 3gﬁ;d in Figure 5; Figure 7a | Lagdeam
representi ngs{)%@{ ructure of data held within the ?%f%lbﬁ gence

domain formng part of Figure 1; 5 Figure 7b is a diagram
representing the structure of data held within the transport donain
form ng part of Figure 1; Figure 8 illustrates the data
structure within nmenory of one conponent 7of Figure 7a;

Figure 9 illustrates the operation of the pre-conpiler of Figure 4 in
augmenting 10  or Fguurad 7bSRiWsGegreeeiellladoltidn bi'@ashedtage code store of
Figure 4 to produce, extended . _  source code; ) Figure 10

i | I ustrates schemafigd 18campsising Figyeast 8o l8anddi8p)is e ﬂa\\:é@zmwgowi@ggm

enbodi nent of i Qn: . | | | ow di agram
show ng schemf'% | csasloFy&E}hléBE%%@?:sg?%it? ?l}l%bj%t:} %rgielgg{o%g‘% QICF)%P‘?%{ med in an
enbodi ment of the RefeergitoBigure 1, a telecommunicationgisysem] grotihdedl sécomiinglo tHae
structure of an object l.ocatjon table held wthin nory as part of
t he object”’ maH’évgfg?&’p‘?"gﬁ’f’é%a(5’*""11‘%&%8%‘[:1“5%%%5&’ exphangey 2. @gg‘,‘mm“med

Figure 13 il wylebin@fichivns SHafnel4/eQ, Ricrawave fihksShit-dfticlcablb€ coukial &fhped t hi n
t he menory of the host conputer of Figure 3 as part of the object
manager t her e§able ppvirtual circuits carrigd op gny of ahe(fersaeing) saking mpguraaspot dgmaind  14b)
is a flow di agr ap,i " [ e . : {s h . us

t abl e; ¥ Chiets [ é‘fjrﬂ}é !%gséog dém?almoev ‘%Fﬁg’?ﬁ%ﬂ%‘{‘ﬁ?i %E*IT’E’ ?1%8 %r ocess
of noving an @bjraity of thosh computers ifage 100 &t sigmalifngt comntumicanixot tvith theasmwitch

Figure 16a,is a flaw diagramiJlustrating,i reater detail part of the
novi ng 25% pr%%géz‘b?b gf]gr@'lhfgliﬁ%f ﬁ%?‘n’%& g%cgf"ﬁ’ég@;sf’d{“ﬁﬁ??’ﬁg’ 'E?Sr?ﬁﬂter, and
Figure 16b sheusmpite 102008 Sk Biniie, mm&&w&emmw%&gw&&&mt ion
conput er, Figure 17a shows the structure of a nessage used to

convey an obj @¢¢isnaltingysiem 7 (S87.enhodi ment ; and
End user apparatus such as telephones 14a, 14b and broad bandwidth

communication devices such as video players 16, jointly comprise an end user domain
135 18 connected to the transport domain 6 via local loop connections 20a, 20b, 20c (for
example optic fibre, cellular radio or twisted pair copper cable links).
Further provided is a service provider domain 22 consisting of equipment for
providing services (for example video services), such as a video player 24 and a
computer terminal 26, connected with the transport domain 6 via local loop
20  connections 28a, 28b, 28¢c such as ISDN channels or other high bandwidth links.
In known fashion, an end user terminal 14 or 16 is used to pass a request, via
the transport domain 6, to the service provider domain 22. As a result, a channel is set
up through the transport domain 6 and the service provider domain 22 transmits a
service via the channel to the end user domain 18 (for example by transmitting a real
25  time video film, or a file of data in electronic format).
In conventional plain old telephone services (POTS), the transport domain 6 is
controlled simply by the dialled numbers generated in the end user domain to set up the
transport path. However, currently, “intelligent network™ control of the transport

domain is provided by the intelligence domain 8. The intelligence domain 8 receives
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Figure 17b shows in greater detail a portion of that nessage;

Figure 18 (conprising Figures 18a, 18b and 18c) is a flow di agram show ng

t he pWOIMBEIT5Bf transnitting a nessage to an obj ect AFTEHREIE host
conput er. Referring to Figure 1, a tel ecommunications system
produced according to the 5 i nvention conprises a plurality of swtching
centres or exchanges 2a, 2b interconnected by conmuni cati ons channel s
4 (e.g. mcrowave links, fibre-optic cahk]es, coaxial copper cabl e or
virtual circuits carried on any of the foregoing) naking up a transport

domai n . nnected to th rar rt domai,n 6.is.an intelligence
donain 8 corrpgf)@icﬁ’ﬁr}gm‘pm ‘tim?ﬁ"hSa F?‘Qﬁlg‘? “H‘(?g?r m&"eﬁ?ﬂ%a‘,‘“"?@b g

signal | i ng Cop#fyting 3bin® talVipfodestiRg irs WbdofdanckOwith eiget iRSdidlfed o#lthe/ WBNGEONal | i ng
l'i nks 12a, 12b, 12c which al so interconnect the host, conput ers 10a,
10b. For exanp#Bbers pbetlo Hag, inelligenss: demain cxrically urpYidesprumbse draaslasige h

as si gnal | i Ngs$V¥iedse Whére( aiahed %hone nugxbﬁr is tran§iRtEd lﬂ&‘ﬁfqvﬁigp@[:ﬁf gﬁwﬂfﬁ as

t el ephones 14a, 14b and broad bandw dt conmuni cat1 on devices such as

vi deo pl ay®er sseréee oosnothey nurobepr i thincaserthe digknd morher cortesponds b8a storedect ed t o

the transport dommin 6 wia .l ocal |oop-connections 20a, 20b, 20c (for
exanpl e opt i c'ﬁ;?"?rioé‘, Ong A t45; hgpt "195’8]‘“8’5&0’ V&cgfseﬁci'ﬁdrm COBYSF 2.8 PPnks) .
Further provi ggebfithe thks 82,6 gederdie Q\cbR@hordiipae-direbtios Rides! i Ng of equi pnent
for provi di n? servjces (for exanple video services), such as a video
pl ayer 24 and a It &engigh B EBPRsed? Hicpssurpce of on sueyt Btheranspethdomaimfis por t

domai n 6 via {@ahs 0 RARn of & UNAGHIN A28 dortl 16786 iBuIEReRS chmbN
channel s or other high lgandvm_dth I nks. I n known fashion, an
end user {&r nsuppliesiconwel infernationtosdntral theasaspart domaiadt , vi a t he
transport domain 6,..,t0.the service pr.ovider,.domi.n 22. .a result, a
channel is set Otheﬁ%a'g Fr sﬁg%‘?dh‘gﬁi*? SPsigengs dommng 1, ?’ﬂ%"%g'é“f*)i ce
provi der donabitlingZdata fanedth k4l id stored in thedritetligence d@ndih o edablapehodiobilling end

user domain 18_.(for exanple by transmtting a real
of achcustomerrr.p y 9

Referring to Figure 2, the intelligence domain 8 further comprises a compiler
15 apparatus 30, consisting of a programmed workstation. connected to the host computers
10 via network servers 11a-11c and a wide area network (WAN) running between the
compiler apparatus 30, the hosts 10 and the servers 11.
The servers are also connected to one or more World Wide Web (WWW)
server computers comprised within the Internet 32, and hence to editing terminals 15a-
20 15d connected to the Intemnet (e.g. via a local packet switching node).
Referring to Figure 3, each host computer 10 comprises a mainframe or server
comprising communications hardware 100 connected via the WAN to the servers 11; 2
processor 102; and storage 104, comprising both rapid access storage in the form of
random access memory and offline storage in the form of magnetic or optical disc
25  drves.
Stored within the storage apparatus 104 are an operating system 106 (e.g.
UNIX (TM)); an object manager program 108; and an object model comprising class
code 110 and object data, all of which will be discussed in greater detail below.



25 time video film or a file of data in electronic format).
In conventional plain old tel ephone services (POTS), the transport domain 6

i's controlled sinply by the dialled nunbers generated in the end user
domain to se transport path. However, current " | 1igent
net wor k" contkvrdol!f&“%%ﬁt he transport domain i s provided "E"Wg’%‘&
intelligence donain 8. The intelligence donain 8 receives WO

98/ 13758
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fromthe transport domain 6 the dialled gunber and/or the dialling nunber,
and perfornms sonme call processing in accordance with either the
dialled or the dialfiRediting termifl T EmprREs 1R4dBna ERpkttt SlalrhGVRE QBRI N

typi cally provides nunber %ransl ati (;rrllp > srelr Vi cgs, vvherg a %l“g ed phone

number i s tran¥p aodem ter gammandelephonssorket witha cofraspondiig telepbond dat & osednot her
nunber. In thi@r&’{igse, the dialled nunber corresponds to a stored
record on one BF € host computers 10, which is accessed in response to a

si gnal on OneExh edhiag |erli@l 128, théréfoCEtMipMses @ pectedsErS ROSHeR Dutput
re-direction nunber. _ In general, in response Lo the occurrence
of an event® i n°RIfE- ¥y BRESISYiEe G@nkgyRozsd and/or cupsopeqnugkdavice suqh 3siageuseh of a

cal | from the gdabiagt afiRis"RAM RAM A £ bkiadB05 CecllAliBlga Waphicaah | €5

control information to control the transport do O her
data is al so senyiremment (&g Windews (TMVO), 4 epompumicdtionsi program andha objestiboaivseent |
billing data fﬁ{)g&%(:h call is stored in the intelligence donain, to enable
periodic billing ' of each custoner. Referring to Figure

2, the intelligenceRedating to Bighterd, hke conpiet iapeRaras Conpistsed cdimmuniofjons at us

30, consisting of_ a progra wor kstati o nnected to the hgst conputers
10 via net \Wor kREERFTY %ﬁgﬂcwmm& inittre VAR sErveey bwwrmm)m%am hg

between the  goragedApfalils SIPALAIHARRE sepdiRellP Sbipristhe@ Rflidlddcess Fletithy 11
(RAM) and high capacity memory (e.g. a hard disc drive) and storing an operating
system (e.g. UNIX (TM)), a C++ compiler program 312) (such as SunPRO available
from Sun Microsystems); a pre-compiler 316 to be described in greater detail below:

15  and a library 314 storing standard functions and definitions (specifying subprograms or
subroutines) to be incorporated into new programs.

The C++ compiler comprises, as is conventional, a compiler which compiles to
relocatable binary code and a linker program 312b which concatenates the binary code
with the binary code routines stored in the library 314 and locates the concatenated

20  code in a memory address space for execution. Such compilers also generaily
inciude a pre-processor which interprets compiler directives, such as "include"
statements to read in additional code, or perform other operations during compilations.

Also provided are: a storage area 308 for storing input source code defining a
C++ program (e.g. input via the input device 320, or downioaded via the

25  communications circuit 300, or loaded via a disc drive comprised within the storage
apparatus 204); and a storage area 310 for storing executable code generated by the
C++ computer 312 (i.e. by the processor 302 acting under conuol of the compiler
program). Also included is a storage area 318 which stores system data concerning the



The servers are al so connected to one or nore Wrld Wde Wb (VWW

server conputers conprised within the Internet 32, and hence to editing
term nals 15a- 20 15d connected to the Internet (e.g. via a |ocal packet
swi t chi ng node). Referring to Figure 3, each host conputer 10
conpri ses aVWeI¥BTSBne or server conpri si ng conmmuni c RGEEBIT2606Iwar e
100 connected via the WAN to the servers 11; a processor 102; and
storage 104, conprising both rapid access storage in the form of

random access nenory and offline storage in the formof magnetic or optical
di sc 25 drives. St ored thhin the storage apparatus 104 are
an operating system 106 (e.g. UNI X“(TM); an object nmanager program

108; and an object del sin 110 and obj ect data,
all of which RPFPergh diibese 581&%5399‘3? E3Pagjty; ofithe %"éﬁ%ﬂv‘? storage memory on\x)

98/ 13758 each of the processors 10; the speed of operation of the processors 10 and so on.
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Each editing terni W2 Precsssop ks armanged lospledively runpitpentes CHnenmpiias318on

connect ed % t I,ﬁao];;} respondi ng
t el ephone 14 ate samgesgz?&mmo&c&am@s & 9@&,,51[}?5?& E%ﬁ %’ @?Eg term nal
15 therefofe cam]nier §b’$orampsanmsedrrm tize semceanredot,pmgeneﬁte exeenableepdein | nput

device (e.g. boa&gl %/or sor control device such as a nouse),

and storage a nd a hard disc) containing a graphical user
environment (e.g. M ihOfkmer tide) meacdae %Ipeﬁec%%rﬂ? iitabl@ sABleeCt

br owser program erring to Figure t he corrpl | er

appar at us conmpFIce¥Ed- AlhegwersHPrit isne ‘h‘oeml?"t‘?t“éq“f desdf E‘Tﬁ“&iﬂ o bssapaylexrio
connected to teQé?:ut\ﬂ@\ih§€Jd\€‘afr§ctlg égg?a&ﬁé lfl?}?§§)%el?’%e and %ler enabling (29

apparatus 304 (not 1 ndicated conprising rapl access menory
10 user to test immediately whether the program operates generally as expected.

In the latter case, the pre-compiler 316 first processes the source code in the
source store 308 (taking into account any system data relating to the distributed system
comprising the host 10 on which the code is to be executed), and generates amended
source code in the source store 308 which is then compiled by the compiler 312 to
generated executable code in the executable code store 310. This executable code is,
however, not necessarily cxecutable on the compiler apparatus 30 since it is for
execution on the muitiple distributed hosts 10.
Referring to Figure 5. the general operation of the compiler 30 under control of
the supervisory program 307 is as follows.
20 In a step 202, source code is input into the source code store 308 (e.g. via the
input device 320). In a step 204, the human operator may decide to edit the source
code in the source store 308, in which the edited text is input into the source store 308

(e.g. using a conventional text processor),
Once any such editing is complete, in a step 206, the user may elect whether or
25  not to test the source code locally. In the event that he does so, in a step 208 the
processor executes the C-++ compiler 312 on the source code in the source code store
308 to produce executable code in the executable code store 310, and in a step 210 the
processor 302 executes the executable code. A simulation program may be provided to



(RAM and high capacity nmenory (e.g. a hard disc drive) and storing an
operating system(e.g. UNIX (TM), a C++ conpiler program 312) (such
as SunPRO avai |l abl e from Sun M crosystens); a pre-conpiler 316 to be

descri bed i detail below 1 5 and a library 314pst0pbiteost @andard
functions awg@?’}'ﬁtions (speci fying subprograns or Péu’ routines) to

be i ncorporated i nto new prograns. The C++ conpiler conprises,
as is conventional, a conpiler which conpiles to rel ocat abl e binary
code and a linker program 312b which concatenates the binary code

with the binary code routines stored in fthe library 314 and | ocates the
concat enated 20 code in a nenory address space for execution. Such

conpi | ers al san@RBRIMA¢dnihgless operatitis! dhd SubstiRitCoptkRAeAS SRR aMMlisplyihy of Ry et S
conpiler directives, such as "include" _ statenments to read in

addi ti onal codipubscresasEdinsngblp the usysar see wWhalds BAPPSMRE. conpi | at i ons.

Al so provided are: t r i ' rce cod

defining a Clﬁd%regé@gl% %ré’. Soc&?ﬁrb{}}? e’\‘/el%g@&t’nh@qﬁ #1%%’? i 8‘%\3’? - a§§ff1&or

downl oaded vi aordremn & step 20nedit tha soupeecodé inahe doute@ @odeastort B08) dfithe iseurée di SC
drive conprised within thsgacsto ar at us 21 and a storage area

r.age 04) ;
310 for stdri rf§deRRAEEE IBY E?&'déhegéﬂér%etpe%ﬂgg‘etpﬁeéwmp‘ er %@,;s pplirdue dhe 312

(i.e. by the poEeesd indfle safde ddde HIRETOSCOHehdhte Aineh®@ GREPWAE! is then
program). Also included is a storage area 318 which stores system data

concerning t hecompiled in a staprR k§gby| thesEG++ compiler to generate executable code in the
PCT/ GB97/ 02606 o : - 0

. . d
nunber of distti ulﬁbleedp 08? f)“():rg:s3 ls%rghlsff)?he;tl Haensgénﬁa(t:? tthfl dlé?“b? ﬁ%h%s\t/gﬁr?pélf)efsemgt or age
menory on in acmp @1 tia thedV AN cereas OF. STHIC s iliuleatipraphically myFigurd d.0n of t he
processor

sel ect | velslyl(r)uﬁngi tsfﬁ’&%g{a%"déﬁ“%??ﬁﬁi"fi@igh'%‘ig‘r"gﬁ&%geoé°“%at%ﬁé‘klz 8?611'?5 (rt:’gaﬂ'odet ion t he
source store IeSribed. M eheFOlovaRITRAINETobRAO if 8 ldhe \WedrdyoripHBingamunfber ofconpi | er
312 on the source code in the source store 308, to generate executabl e code
in fields of data, which is accessed only by code which corresponds to that object (in a

one to many relationship. in the sense that the same code which relates to a class of

objects actually accesses all objects of that class).
15 As is conventional, objects are grouped into classes, the objects of the same

class containing different data but in the same format. Each object is associated also

with one or more subroutines (generally termed "methods" or "functions") which

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

20  same class will receive and retumn 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

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
25  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

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



t he execut abl e code store 310. In the forner case, the code
generated wil|l execute on any suitable single processor. The
processor 302 is, in the enbodinent, itself arranged to be capabl e of
executing the code directly generated in this manner by the C++ conpiler.
enabl i ng t h&YOWI137T8ser to test i mediately whet her the proBCHGBYIRGE0GL €S
general ly as expected. In the latter case, the pre-conpiler
316 first processes the source code in the source store 308 (taking

i nto account any systemdata relating to the distributed system
conprising the host 10 on which the codq Is to be executed), and generates
anended source code in the source gtore 308 which is then conpil ed by
t he conpiler §%g 19 1§ . geggrgted execu abl e code in the executabl e code
store 310. ThioRHeR Falifecaibipd PR object, the phicer, managst, aecesses, Sheaelqvpnt

execut abl e onsiiheunine Epdd Sithia MRAd1aE W6de3Horagd ea 110 hrid fuBplies to the BASEHL I ON ON
the multiple di tri?g@ed hosts 10. . . Referring to Figure 5. the
general oper affidFss 8t the daka Qs thsirelevantabieghwithin gheobjeet stasige area 112.t he super vi sory
program 307 is as : . . , I S 1 nput
into the source coggfeéﬁgﬁ%l:%%éz(lg%{s cr\?@l@ﬁ@tt&poﬁgipﬁ%g#&g'g?/‘l&ceee@i%). In a
step 204, % he 10ofthe intglligentedomamconiprseceplarality df tustohier sljetts@0 (one holdingde in

t he source -stqre 308, in ich the edi.ted text is. i t into the source
store 308 gam(rg‘l:a 8 szFE\fAf,g 03 ‘E‘Hn?feﬁm‘?}ﬁa‘i’ft gusiomers) d@g‘gbﬁ'f‘)“?"a‘“ on the

Once any suchag@isiontd ainéweidthe?! Rstrdyed Whéd @P cubfiner VOIBNRP BegdRY oSt B

whet her or not to test the source code locally. In the event that he

25 . ] ,
does so, in a°Ho5 hegetwerk; and editedwhraaygpmesssequire@enty ghatgera plyralimafr 312 on
the source cogdgjb B8003YBDE G (Tl tabl e
code in the execp?]%bl e code&s?%?gﬁﬁ%,&rdgaﬁéhﬁ %usaeggfcgggﬂggt ﬂg&l AFhe
pr ocessor 1802 temxinsuereof theeakixaad (at platabitycefdmmmiunication device robjects G06aV0oay be

E,E?-}l Iggg(; / BgGOghich each relaygoga%/it%%7o§%ustomer terminal equipment, and are created on first

connection of that customer terminal equipment to the network.
Referring to Figure 7b, in this embodiment the switching centres 2a, 2b... of the
transport domain 6 further comprise host computers on which are stored objects 800a-
15  800b, 900a-900f which represent, respectively, the switches and the ports of the
switches within the switching centres. Thus, each switch object 800 contains a record
of the state of the corresponding switch at any moment; these objects exist permanently
in memory and have a one to one mapping to the physical devices present in the
switching centres 2, so that writing to the port or switch objects changes the state of the
20  respective ports or switches, and reading the port or switch objects gives an accurate
reflection of the actual condition of the corresponding physical devices.
By way of example, the structure of data within a customer object is illustrated
in Figure 8.
The attribute data maintained by the object S00 comprises a customer type field
25 502 (which may indicate that the customer is an employee or some other unusual
status, or is a normal customer); a user ID ficld 504; a host field 506 indicating the host
10 on which the object 500 was created (conveniently as a Uniform Resource Location
(URL), compatible with http and TCP/IP).



I ntercept meani ngl ess operations and substitute operations such as

di spl ayi ng on the out put screen 322, to enable the user to see what

i s happeni ng. In the event that errors occur in the
execution, i 212 the user may decide to retur 204 to
edit the soJ&?gm%% in the source code store 308. If the 5%5&22%6 code

appears satisfactory, then in a step 214, the pre-conpiler 316 is applied

to the source code in the source code store 308 to generate anended
code, which is then conpiled in a step 216 by the C++ conpiler to
generate executable code in the exgrut abl e code store 310. This is
then transmtted to the distributed host conputers 10 in a step 218

via the WAN server {\ydel 158 dafh 1 t Ph ' | 10
The data nodel errplsaf)l egimvginatlﬁidﬁﬁtﬂﬁie‘abﬁttgﬁ{‘fggﬁg% %}ggrrig%dnyow&{el Eﬁtgylv 'rtlgrefly be

descri bed. | n exhaplechs nosmaltelephoptintmtier efthe custoner (field508k @delephomemuniber ng a

nunber of kel i | S essed onl.y b 0 | &h
corresponds totot hé% tg%f%catn%ﬁ%u%m [&Qe reérﬁgtgggtsﬁﬁypaf é%gﬁ fo‘%§ﬁ$%%1(ﬁ’ t he
sense that thend adrrines dfdayitiutihg Whitlatals afeo be relra@ted BiEld 512).  Obj ects actual ly
accesses al |l objects of that class). 15 . As s conventional,
objects aré groupedMaHy:Pilipg dermatign for the jcugtoraer s stpmd ig gdorm of a call logs

containi ng di fef S1Hf siskipdtd? \dhehl daiL! HE cAiRAParkiRh WRifing) T RPN er, e SRSOCT at ed
al so wi th one or more subroutines generally termed "nethods"” or

"functions") vl 8me of the calp gad te cosbef theralldBeld 5149nd whi ch general |y
constitute the onl y; I K . .1 Whi ch
t he subroutines as?écl aé Mﬁﬂﬁsﬁ%xﬁ%&nﬂ&%& %ec cges?ﬁd b}@%%ﬁ %Es"z“nd%ﬂu ass
wi |l receive diodetaiply, thecfieldssSo9S tlivhigh define the ervideao baofferéd toche auktomedj ect s
of t.he sane cl ass have a common interface). In fact, in C++ the

subrout i 08 aTesehe sfed by °W@ﬁ?é§@rﬁ@arserﬁts£°$bf i epsomi b G el e
class (i.e. thﬁex‘i&ﬁ'ﬁmﬁ@s,Wﬂé?eébminﬁfaﬂ&'(m&ﬂﬁshouldbeﬂﬂhbie_&ﬁl?ﬁﬁﬁxc%ﬂﬁ@ so

i

that the code and the objects are in a one to many rel ations ‘E The
code is ther efapd accqunfingipgrsernclgremting be petwask. Gertainly. nolsustemer shayidbe ablhan wit h

each 25 0D QGle-write his billing records frdHfi Bn RS i) £°1  MRY be a subdi vi sion
ass, as IS

of a nore generic c convéntfional in object oriented
programi ng. | n thils operstinn, thecoccurtbnceraf eveatssin ahe thansport domais t(ambl as nher el at i on

cont ai ns. 431 { SEoBPRR 8" FECHY K" SRS SR ARGt SE BETEEE® and on
each operation of the code associated with an object in the intelligence domain. For
example, on a telephone going off hook in the end user domain, the code to create a
new "call” object 600 is invoked. When the called number is detected, it is transmitted
via the signalling links 12 to the intelligence domain 8; the customer object 500 of the
20  calling party is activated to amend the billing record field thereof, and the customer
object 500 of the called party is accessed to determine the number to which the call
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
25  limited. On clearing down a call on detection of the on hook event, the billing function
code associated with the customer object(s) 500 updates the billing data field, and the
call object is deleted by the object manager 108.
Referring to Figure 9, the pre-compiler 316 in this embodiment comprises a

parser program 316a which examines successive C++ statements in the source code
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i'nvocation of (i.e. call to), an object, the object manager accesses the
rel evant subrout| ne code within the cl ass code storage area 110 and
suppl i es t o YW BF¥e t he address of the data for the‘g‘FﬂFWQ?ﬂ“‘obj ect

within the object storage area 112. Referring to Figure 7, in
t hi s enbodi ment the objects provided within the hosts 5 10 of the
intelligence domain conprise a plurality of custoner objects 500 (one

hol di ng data relating to each of tjgns of mllions of custoners) which
are created on the accession of a new custoner; destroyed when the
custoner volu \ fo BLOM: .ne , «and

edi ted when a@{coge'rsjtdgr?g?%s?é}ég’?]stﬁé}éde%l%héﬁaﬁgsé?&%t?o ura ?epgmé}t&Méngoéall
obj ects 600a- @adcstartrnagi amr fanations varhbles ahdhso onitandta akie eaiting progratte 316coy ed

after the 10 tion t he cal and a,.plurality of gagmunication
devi ce objects” ht‘g‘o&“% ggHon o pm%f‘ﬁ‘ﬂe‘g%wxrcé’f‘%t st‘??' t<5?ft¥’l‘“'ls%"rr'? - CESoner
term nal equi poREpondaipthdditiond s@atecsbde Whichli$idded to the SRS HEE Mth@bourdeat
custoner term nal equi pnent to the network. Referring to
Figure 7b, i ncP¢ﬂ%°fé§Q£d| ment the switching centres 2a. 2b... of the
transport don%%ﬁ&%conpri se host conputers on which are stored
obj ects 800a- ) a- 900f whi ch represent, respectively, the

swi tches and the p{n’geaetal‘thblpecompilerBB’ZNieviehe&cmﬁgihdlmmdt&od&Mm cigsasent res.

Thus, each svmtc ntains a rec of tate,of the
correspondl ng% ﬁv'ghgquﬁ% amfﬁ"é‘ﬁ@“ﬁﬁ“@‘&egsg%f%fo‘iﬁ RYifies

in menory and abaumaacﬁa@oérabtemhmﬁbr&gob@msm physi cal devices present in
t he switching centresz hat writing to the port or_switch

obj ects cHlnges t h&igseatlell WFﬁée’EB‘nY thesebjertivq ofethe added CB‘?C snifirgtolisst and
reading the pogfoph BssBDI G Yo BE Yioved D ASLHIA 10b." &k @Bfebion Of

t he actual con |?| orfﬁ%?&%ﬁségcgrres%onéﬁﬁa phyg‘i%g% B‘sge\ffoées. Sfc&

By way of exan@dlu;tesabemt;t touc funetiondil, which isvit bmemosgy tooation vl ingh¢ memnoiys

il lustrated The attribute data maintai ned
by the object Sg?fﬁo ngw%&éog igacustomer type field 25 502 (which may

i ndi cate that t he Qusthes®btnd proeddse? rob.ofjie eoreaspondinng fadckien Flirisistumimemory

st at us, S a norg&l custoner); a user IDfield 504; a host field 506

i ndi cat i nd’t heotHeR 10 on which the object 500 was created .
(conveniently as aThp ke coRRRIOMEELHe 3674t 0Nis moved by bditlithg aGRIRBE 5&e Wi th

http and TCP/ FQ.
om the processor 10a to the processor 10b, the message containing the data elements

of the object X1 but not the pointer value pointing to memory location M1.
Referring to Figure 11, in a step 2102, the precompiler 312 reads the source
20  program in the source code store 308, in a step 2106, the preprocessor creates a new
base class (e.g. DC as shown in Figure 9). The new base class may be included in the
source code by a "#Include" statement to read in the new base class DC.
Within this new base class are two new virtual function declarations; one
("msgtx™) which corresponds to the operation of reading the data elements from an
25  object on the host computer on which it is running and writing them into a message for
transmission for a remote host computer, and one ("msgrx") for receiving a message
from another host computer, extracting data elements from it and inserting the data
elements into an existing object to replace the dummy data stored therein. There is also
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Al so stored is data relevant to the services provided to the custoner, for

exanpl e, th%vn‘gg{/g%s t el ephone nunber of the custoner (fiel ggglgﬁg.,'ma)‘

t el ephone nu to which the custoners calls are to re-routed at
particular tines of day (field 510); and the tinmes of day during
which calls are to be re-routed (field 512). 5 Finally, billing
i nformation for the custonmer is stored, in the formof a call |og

field 514 storing, for each call, the cajdged (and/or calling) tel ephone
nunber, the date and tinme of the call, and the cost of the cal

(field 514). a function ("special &Jﬁ?ﬁ???or%ﬁigo?he@ Bbject!nk %lmtf ilits‘e)cfllgis‘ﬁﬁ%; o be

accessed by different individuals. r exaripl e, the -512
whi ch define tWié miloydgmmydatae of fered to the custoner 10 rmay be edited

by custoner servic t.he c omer hinsglf, yvia an e

user termnal 15, %g&é%gﬁgﬁrlﬁ%&géaﬂdgs f?#ZF’%I “gﬁ‘ﬁs“gs%g‘l&f‘ag“bé‘a&ﬁ?‘?{‘ggﬂ e only
by the billi ngorm part ofaixcbbjecrmanaperpeogpems 08, spetificulle tadend gnd raceiveaheatipls
Certainly, .no cystonet sPouI d be ablﬁ ,40 re-wite his billing records
froman end ugPf- QFSHRLQf 2 message, to invoke the special congimietoreads fo cregtea sl ence of

events in the dyeinpepRigomain (such as the 15 nonitoring of an "off
hook" condition within the end user donumin) invokes the operation of
the code associ at e@®nfachocsasionjstep 2108) on which thegrdcpmypiter 8 12 enegiuniers Fglass

exanpl e, on a e d ff. hook in the end u omai n,.the code to
Ccreate a &fﬁ!é%vg&g% I"’gglggjgec cugﬁdnilﬁg’ -‘1°H’\?5;$%%-_ g%?ﬁé‘t@@mgﬁ‘gl %‘%I cﬁfjsnber S
detected, it ideclmanswindke the class depatident ioh theieq Bairdel civgs (OC)kin sfeg 21 10. t he
intelligenge domain, 8; th st oner obje 500,0f the 2 calling party is
acti vat edqﬁo arrendq?’me(sffﬂ%ll fﬁd"ﬁrm‘iﬁ# gﬁo‘“’i%@?% , "é‘F‘fg fPﬁ"ea%]Eﬁ‘ébﬁgﬁer .
obj ect 500 of dftuge nse tiged wiadht déclafed ARCAMSP AunkfondS) £10 a8 déiiRions! R Rhcht 0 Whi ch
t he call shoul d be forwarded, which information is then transmtted

to the switch <5 elthethggmew functionsidefined in the new bass plesstDEdnather werds sedeup t he
path over whi qh;liiRadsdid daty \Jaiuepgf aﬁ%ﬁfe&t%?a class and packs them into a message; code

which constructs a new object of the class and fills it with null data values: and code

13 which unpacks a received message and edits the null data values to substitute the
received data values.

This process is repeated (step 2114) until all classes which declare virtual
functions have thus been processed (step 2116).
In the same operation, the precompiler 312 may perform the other operations

20  referred to in our above referenced earlier patent applications.

Runtime Operation

The above description relates to the operation at the time of compiling. The
operation of a distributed computing system produced as above will now be described
at runtime.

25 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
objects are stored; processes for sending messages to remote host computers; and

processes for receiving messages therefrom.



During the passage of a call, the role of the intelligence domain is
usual ly 25 limted. On clearing down a call on detection of the on hook
event, the billing function code associated with the custoner

obj ect(s) 500 updates the billing data field, and the call object is
del et ed by tWO%M}78%t nanager 108. Ref erri ng tPCT/iBgT026069, t he
pre-conpiler 316 in this enbodi nent conprises a parser program 316a
whi ch exam nes successive C++ statenents in the source code
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store 308 and refers to stored C++ synt aﬁsgraphs 31 6b to determ ne which

el ement s of e St at (%mant rlgﬁhf ynctions, variables and so on; and a
code writing prograntarge © Figure {4,ithe, objery ropnagss( 108 for each hestesompitend@d synt ax
condi tions by tdisprRed &Esbjed fRatioR A B5D0 storing aQRf | SDRRHY dcg},s' Aoyt
source code which is addéd to the_sourg:esotl:-l(r)%(‘aa ?’F} ?hg&sﬁ%’ur é’g xm?ouge store
308. Pr eB8HENCE &Y ngmer ad; associated with the record i 5 HlariSiQd for ek gbjeer anpi | er

312 reviews th Iisg¢ - ates c es,. . whi ch i ncl ude
virtual functi g"r??,lsg%%gzg%g?‘é gls‘ec%g c@ﬁa’ﬁf*i‘gmé‘éﬁﬁiaabw ﬂ“’ﬁ?‘b’ﬂ%’s
addi ti onal Xodwdian eatrpb§iPad 630z sforing the Gdbatity®f B HoB\eBMputdon which the objeck! gUr €
10 illustrat eswgsen ral Ir¥ %ge obj ective of the added code. A first "object
X1 on a first p 0'81%5@’6? %% is to be noved to a second processor |0b. The
obj ect i ncl udréferin® & Fijeé 13, Qlse sthied With@Athe ébjecY‘ﬂbﬂ@iﬂol%S%aﬁos{ 7S 1

a.

| ocation ML in_{he nmenory space of the procCessor On
the second protR9sAmprisine siatus datsy ore e3sh rid i they hosi rrompuiars Fromswhith thermosory 15

| ocati on M. itable h YL} taikn i t.hip.the Qbject X1_.is noved
by sending a rr%létgageos:}»(%l&p 0%%“?3%% h@jcﬁfg%ggsb&&flﬁg' t-@"ét'ﬁéeﬂ}eﬁé‘ggsor
| Ob, the nHssagpmprisent ai fish eet t dfeentiies al DS I@IMz Sstoring the identities of each host

computer; an associated second set of entries 1620a-16202 storing the amount of free

memory available on that host computer; a third associated set of entries 1630a-1630z
storing connectivity data for each of the host computers 10 (for example the number of
other computers to which it is connected), and optionally other entries relating to, for
15 example, processor speed.
Referring to Figure 14a, the object manager 108 of each host computer 10
periodically interrogates the operating system 106 thereof to determine whether there
has been any change in any of the data stored in the table 1600 for that processor (e.g.
whether there is now less memory available than previously) in a step 2002 and. on
20 detection of a significant change in any such item of information, in a step 2004 the
object manager 108 causes the transmission of a broadcast message via the
communications apparatus 100 to all other host computers 10 listed in the table 600,
signalling the new information concemned.
Referring to Figure 14b, when any host computer 10 receives such a message in
25  astep 2006, the object manager 108 thereof updates the status table 1600 of Figure 13
to reflect the new information in a step 2008.
Thus, at any time, the object manager 108 of each host computer 10 maintains
up to date status information for all other host computers, as well as its own, within the
table 16 of Figure 13.



of the object X1 but not the pointer value pointing to nmenory | ocation M.
Referring to Figure 11, in a step 2102, the preconpiler 312 reads the
source 20 programin the source code store 308, in a step 2106, the

pr epr ocessor, a new base class (e.g. DC as sh ' Lgure 9).
The new basé" §P§§3§ may be included in the source codgyg'yhg’&%ncl ude”

statenent to read in the new base cl ass DC Wthin this new
base class are two new virtual function declarations; one ("msgtx")
whi ch corresponds to the operation of reading the data elenents froman 25
obj ect on the host conmputer on which it y5 running and witing theminto a
nmessage for transm ssion for a renote host conputer, and one

("megrx") for wwmmage from anot her host conputer,
extracting data elenents fromit and inserting the data el ements into
an exi sting obj ect Referningsb &iguret I objectsgeed 40 permmentlyl reside opiargivehestbut s al so
\Ié\gT?(SE{Bé;)ZggG oénay be moved from one host to another (i.e. deleted from the storage of one host and1 5

a function (" dfchidedlin the Bsiapemenory )ofinuhegr eating a new obj ect and f| I 1'ing
its data fields

preconpi | eP 312 al SH?§ oPX55+ ‘T‘W"{E r5a PUEE Fﬁ’ﬂé’ﬂ'{s)‘ % 0
5 Iy g 20h, e obisgt meRePGAOR b F2oh e 10 et
formpart of tsﬂﬁxs%l@‘?ﬁoméﬂefn PLEPIAN the Bbjed RShhdek g@l nvo SeRfnand.

recei ve messages and on recel pt of a nessage, he speci al
const r uct or cod@ﬁleoacloémtelsao hewmaved ifrom the hoatmoawmcr h0 S!nepiuﬂilthd object

On each occasion 2108) on whi ch,the, preconpi 12 encounter

cl ass \angé | '2rEE geﬁt \?? trsple; n%%1 ek %“Rl%é ot r HRURE, g1 € or e
308, it arrend&vhnlheleohaﬁé‘ty If so. a sti@bleabjetd PMdve B {for @k@ifisle, daprRRMENt on
t he new so rce cI a éDC in step 2110. 10 Then (step 2112) the
preproces r nts the code for each subcl ass of the base

cl aﬁs whi ch decl ar wa §iBe2054! the!Sdject 1Bt 1i50Mis ré e 1d GerédfithelSbrh Meleh@pm f OF
eac

the corresponding field 1530 for the object, whether the object is currently residing on
the host on which it was created. If so, (i.e. if the object has not moved since it was
created) then in a step 2036. a new host is selected (in exactly the same manner as

15  described above in relation to creation of a new object) and in a step 2038, the object is
moved.

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
was created), in a step 2040 the object manager sends a message with this new host

20 location to the original host computer 10 on which the object was originally created (as
determined from the entry 1530 and the table 1500 for the object) and, after receiving
an acknowledgement from that original host computer in step 2042, proceeds as
described above (step 2036).

The operation of moving an object (step 2038) will now be described in greater

25  detail.

Referring to Figure 16a, where it is desired to move or copy an object from one
host computer 10a to another 10b, in a step 2102, the object manager or "daemon" 108
calls the message packing function (msgtx) of the object 1o be moved, and this function
packs the data elements of the object into a message format (step 2124).



class of the three new functions defined in the new base class DC, in other
wor ds, code whi ch reads the data val ues of an object of a class and
packs theminto a nessage; code whi ch constructs a new object of the
class and fills it with null data values: and code 15 which unpacks a
recei ved mesWogsN¥s¥ edits the null data val ues to substit PCE&/GBI#02606

recei ved data val ues. This process is repeated (step 2114)
until all classes which declare virtual functions have thus been
processed (step 2116). In the sanme operation, the preconpiler
312 may performthe other operations 20 g referred to in our above
referenced earlier patent applications. Runtime QOperation

The above descripti relates tg the operatjon at the ti conpi | i ng.
The oper at i oﬁkg%fm% t%li:’sgf“rei lgﬁ‘t"gedmﬁsg?gﬁﬁ (&“WPQHW%?&@L‘@“ bove
wi Il now be desinglifdrmation (i.eatheradiressot thefost computer 10b foWihithth@agit ROSt
rogram 108 (the "daenpn"

processor 10, the gbject nmanager p ( )

conpri ses, as qﬁiq“F&sBJ@Sd‘éfgW‘B‘éﬂkﬁ“ Yige therabjectfegaity '}a“HP;d‘B‘é§§i!'§al’Flb?f@Faeat i ng
new obj ect s; memberg(ﬁgﬁﬂggm,jm’gingﬁ_m ning the location (i.e. the host
conputer 10) on which given objects are stored; processes for sending
messages td renot e Rafszngdo Kigutedi7b, a datacsegment 3200rconsissefa header partien 32109

T g et SddnRifing the data memberSored WitRA The segment (e.g. by its field name): a data,

Referring to Rymuieli ?220 iddnﬁfymgi:ggletypmam Q8 sihgle p&ai@ianhib'ablc?fbaﬁidﬁ,e[) 10
conpri ses an | ect lLocation table 1500 oring a |ist 1510 of the objects
currently in (%H)Janng Wé}&%ﬁ'@%ynha#s{d %ﬁ@?peé‘gg%}’vgﬁ%“ﬁ‘éﬁ ‘P‘H’_ébef ¥dor d
151Ca- 1510z fs@igleaddmhent lah @dy elédient or a list elBBéniYand B HER-320FGeciBfiQ) thddaniehe host

conputer 10 on which the object is currently stored,
10 of the data member.

Referring once more to Figure 16a, in a step 2126. the first processor 10a, under
control of the message sending code of the object manager program 108. transmits the
message 3000 to the second processor 10b. If no acknowledgement is received (step
2128) the message is retransmitted. On receiving an acknowledgement that the
message was received. if (step 2130) the operation was an object moving operation,
then the object manager program 108 deletes the object from the memory of the
processor 10a (step 2132). Otherwise, if the operation was an object copying
operation. the object is not deleted.

Referring to Figure 16b, at the remote processor 10b, the message is received
20  (step 2142) and, in step 2144, the object manager program 108 determines the object

name and class, and invokes the special creator function to create a new object of the
required name, but with all data values set to null.
The special constructor function acts as would a normal constructor function for
an object of the class specified, and therefore creates an area of memory for each
25  variable type declared for that class. It also creates a virtual pointer table, pointing to
the addresses of the virtual functions declared within that class.
Thus, all the virtual function pointers in the newly created object now point to

the correct locations at the target computer,



5 and an entry 1530a-1530z storing the identity of the host conmputer on

whi ch the object was initially created. Referring to
Figure 13, also stored within the object manager 108 is a host table
1600 conpri tus data on each of the host conputers, h the
nost %&gﬁlﬁg e host conputer to create a new object oA can.'\/gg‘h’g

derived. This table therefore 10 conprises a first set of entries

1610a- 1610z storing the identities of each host conmput er; an

associ ated second set of entries 1620a-1620z storing the anount of free
menory avail able on that host conputer; B third associated set of entries
1630a- 1630z storing connectivity data for each of the host conputers
10 (for exanpl e theheninkey 2046) the objedt Frahaged PRzt S08 Gnvdkes lihd Inedstge
connected), and optionally other entries relating to, for 15 exanpl e,
processor spegipacking function (msgridefde Sore, ghe Jeeived s @mlﬂfme{“héaléﬁ gethemanager
108 of each hqg #3] Iakﬁﬁ{ operating
system 106 thereofpgt ‘gz{tae%%]nerr]mgo epﬁﬂly%gér?&a%j&t Iﬁg%&%ﬁugﬁgﬁchange in
any of the data stcFrmiiy,lmstebéw&bheeom&m@ndnagerptcgtanpﬂ@ﬁ:exsﬁmrpn(eessg: 10b

and, on 205 AEVERE P e eURHCHRED b BEoT JHf SueiptEn fepe T T

i nformation, idfuk cbieepdatd)04 t he Obj ect manager 108 causes the

transm ssion of a brpadcast nessage via the communi cat i ons appar at us
100 to al | ot HeWEEBRIMSASRSt: ers 10 listed in the table 600,

signal ling the newgoplotBIF; DEERBLEE the pbjcct location table TEiGERAl A be? Fi gur e
14b, when any host conp %Tlgr zé}xge fr:gea’cel \}les su%ﬂ ch n%cgs(glge Fn a step 2006,
t he obj ect rrarrhagtewed_mamd@ml‘ updates the status table 1600 of Figure 13
to reflect,the newnfornmation_ in S 2 t any
time, the object man germf%@geolf meg%ﬁcnit%g(g g%w m"a“ﬁfpe Obllecf g'amsggr t0g* up to
dat e status i rdecimines die d‘ufremaulokt prbdessor N0,Sén whimuhceﬁhjcctassmﬁhéd asbeiigs own,

h h 7
\IIDMCEF/ IGEgt? / 82 606[ocatgda31ﬂ%n ]Lh Ject locgted tabile 1500, and sends a messvg,)geggallh%l% thSe8ochct. to

that current host in a step 2050.

In most instances, messages will reach the correct hosts, but it is possible that,

—
th

due to interference during communications or some other cause, the object location
table 1500 may not be completely up to date, so that the called object is not (or is no
longer} on the indicated host computer.

Referring to Figure 18b, when the host computer 10 to which the message is
addressed receives the message in a step 2052, it determines whether or not the object
20 s recorded as being present within its own object location table 1500 in a step 2054. If

present, the object is called in a step 2056 and any return message is transmitted back in
step 2058, as described above.
If not, then in a step 2060, the host computer signals back a failure to call the
object.
25 The originating host computer, on receiving such a message in a step 2062, then
sends an interrogation message to the original host computer 10 which is recorded in
the table 1500 as being that on which the object in question was originally constructed,
in a step 2066. Because of the separate location signalling steps 2040, 2042 of Figure



17 Movi ngj / copyi ng an Qbj ect Referring to Figure 15,

obj ects need to permanently reside on a given host but may be noved
fromone host to another (i.e. deleted fromthe storage of one host and
included in the storage nenory of another). 5 In a step 2030,

the obj ect MR8YEI?S808 for each host conputer 10 revi ews tRET/GBIT2606t 5t s
tabl e 1500 thereof. In a step 2032. the object nanager program 108

det erm nes whet her an object is to be noved fromthe host conputer 10
on whi ch the object manager 108 is resident; for exanple if that host
conputer 10 is running out of avai gble menory. If so. a suitable
object to nove is selected (for exanple, rarely 10 accessed object).

In a step 2034,. t.he object tabl is reviewed to determ fromthe
entry in IS[.h&E 8&‘{% ﬁ%‘r‘?ﬂl'ﬂg %?quanl'@%en%ﬁ%%m% Wi&hé’lﬂsthe

obj ect |s cur r esaktrycted @hauld Bedfullylup to date i REpebUTthabobjadhli ch it was created. |f
so, (i.e. if the obj ect has not noved since it was created) then in a

step 2036 a new hokaferriag odjiges 189, vhen thsenginal hasheompyieprepgivascn stgp 2068,
descri bed abovg |ddatiéi irdrio@tioh i qu,aﬁa@'&fecpimaageﬁ\f?@meﬁst kf&pg% il ‘?“’1&15 ep

2038, the object is nove In step 2
det er m ned 3 halocatios ldb? eomprised mathinci i rm erstdpy2078,sindesignals rbatkh the determinkbst

conputer 10 on S cre | he obj ect has al ready noved
since it %{? F{é‘ﬁf’gatm'fcﬁmﬁ‘f beP(;B the obj ect manager sends a
message wWith this rTBwfbﬁ:ﬂfost?d&mputhmaénwamctlacdub@s@ﬁdl@ioﬂxahe bidgihal GosilaRd er 10
on Wnichtheggec was ori na(le)tjk‘y create etermned fromthe
entry 1530 an J(‘ﬂgm’te&tﬂ‘ésﬂ ige 18 “@Eé‘?%ﬁ@“%‘%‘mﬂé‘éé}d\‘ﬁaﬁé an
acknow edgenenge iJcQﬁBntJi' %Ie dﬂj’ebﬂixf’?@i frbta Bat ﬁméﬂaerﬁeskdée Hr i ob RkQggeds as
descri bed above (step 2036)" he operation of noving an

obj ect (st¥p 20=38)direfted mrmw 150.0 55y, tlbschhmgnagat 8 pdates thefagation able

Referring to F r.e_16a er [ dto ve ok an object from
one nost |85 08P 208 Sl P 20176 it B e R

manager or " datsmnewlyifificated host corpiter lnh&aﬁﬁtﬁﬁﬂgeolﬁj&nkl ng function (nsgtx) of
the object to be noyed, dthlsfu ction acst e data el enents of

the object into a nEd¥ DiertiYed s thesame 25 the addbess”io- whick the message was
previously directed, in a step 2078 the object manager program 108 returns a message

15  indicating a failure to reach the object to the object, process or user from whence the
attempt to call the object originated.

It will thus be seen that, in this embodiment, each host computer 10 carries an
object location table in which the location of all objects in the system is recorded, and
each host is therefore able to operate autonomously, without reference to the central

20  database, to call other objects on different host computers. Nonetheless, a higher level
of integrity is added by providing that each host computer 10 additionally keeps track
of the locations of all objects which were originally created on that host computer, even
if the location of those objects subsequently moves to a different host computer.

Furthermore, it will be apparent that each host computer 10 maintains accurate

25  records of those objects which are located within its own storage area.
Other Embodi | Modificati

It would, of course, be possible to provide separate tables for the objects stored
locally within each host computer and for the objects originally created on that host

computer, as well as those objects stored on other host computers, However, providing
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Referring to Figure 17a, the nessage 3000 consists of a header 3100

cont ai ni ng routing information (i.e. the address of the host conputer
10b for whi OB ect is destined) and infornmati oRCHGEAVI2i ng t he
object (e.g. its nane); and a plurality of data menber segnments 3200,
3300, 3400, ... 5 Referring to Figure 17b, a data segnent 3200
consi sts of a header portion 3210, i dentifying the data nmenber stored
within the segnent (e.g. by its field nape); a data type field 3220

identifying the type of the data (e.g. single precision. double precision,
floating pointa sigblk itkifle SBASAI SBJot 1ScatibB! &@@&ﬁ&%&%ﬂk{&%ﬂé{@%}l% ect he data
menber is a _single element, an array elefrent or a list elenent; and a
field 3240 speotatiph trhles 1500 of alichogt(processbrstiBevill bt substantinlly identical, making it

Ref ' 10 Fi 1 6a. .i 26. the fi J
T0a,  under  PoungE i BeevalybEing xbusion b be it maniE syt I PR Sranager

program 108. thesnfost tpgodebsdr system toREpEGR GO ldcatidr qbRefom danpr HectiosOr 10Db.
I f no acknqQw edgenent is received (step 2128) the nessage is
retransm t Ped.PrEFFSIOELRYP FAY DO PREEEBW edgenent that the 15 nessage was
received. if (step 12diie dppfer BB BRVAS A MAY nRRIfCHRNS Rl APGRALAON.
then the object manager pa?gﬁ? am 108 deﬁegtaées thepobj ect fromtﬁ% menory of
t he pr oc%e pessibleo Fof sxamplep algRyigh, fepitheoneasonseaboyd, ittisieonygrdentitd wovidsas an

obj ect copyin . . tio t.h Lect | 0 et o
Referring to %Ih%dx}vgn ‘i‘gﬁ% gtpré) ﬂjén prﬂgsranc) %&g@&@}é%réofg%,hgﬁceb?egoé“ﬁlg‘ is
received 20 waliepqiallidbe mssible koninsdgenre th pfeserit ligveatignemio ammigaventiunalgr am 108
det erm nes, .t he obj.ect name, and cl and i nvokes the, special creator

. ass,
function t\d cr@mPEer{RLiRIeH hecompnatiqpe! pre-compiles apd FmPITLMAY bepsigitdy al |
data val ues sab chipfélekactly this). The special constructor function
acts as would a normal constructor function for an object of the

cl ass specified, anf¥turplly dherinuentionds wspblgrnososly with Gatrony Wity otherthiepts

vari abl e type clan AR : S.0 e . j I - j nter
tabl e, pointi ncgﬁfi%& lﬁgdgg'% ﬂ&ecng%jgirilesses 0 @ a\fﬂot %taﬁﬁ‘r"g%dé{ni%%lg&bdeci ared

wi thin that clemsgonment. More generally, itvosld bapdssibleao utilise expiivafenntethinmmespaithnt ers i n

the new y o1 02t o4 Rk EGlenllg B0 bnd @ a noncisrblifa bt | 00ations at the

Whilst the invention has been described as including the compiler apparatus
within a telecommunications system, it will be realised that in practice the compiler
apparatus could be in a different jurisdiction and linked to the host computers via an
international telecommunications network; accordingly, protection is claimed for the

20  compiler apparatus both in combination with and in isolatdon from the
telecommunications network with which it is used.

Naturally, applications other than telecommunications are possible, such as for
example shared distributed computing.

Many other alternatives and modifications will be apparent to the skilled

25  person. Accordingly, the present invention is intended to encompass any and all
subject matter disclosed herein, whether or not covered by the accompanying claims.

Whilst in the foregoing, reference is made to a single compiler generating code
for all target processor, but it will be understood that the effect of the above described
embodiment is to permit different processors in a distributed object oriented system to
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Then (step 2146) the object nanager program 108 invokes the nessage
unpacki ng function (nmsgrx) to store the received data el enent values in the
correspondi WP WHBWBe| enents of the newy created object, RIIGHTPING t he
nul | val ues. Finally, in step 2148, the object manager
program 108 on the processor |0b 5 transmt back an acknow edgenent
signal to the processor 10a to acknow edge recei pt of the object
dat a. O her runtinme aspcts Referring to Figure 18a,
the use of the object location table 15 w |l now be described in
greater detai SS nt 1o an obj ect
i el ol 1yt he SimBe ot ytioh iR Al SGRIE. Sieh 0nBite Sl brete S 8%
processor 10, opmtmgu under mobdﬂpeo:giammmed blediffrentasimpilers, since thelférémt ed,

within the object | pcated table 1500, and send rressage calling the
object, to t wg““"t‘ﬁ%&’i‘lﬁﬁ’%‘l’ﬁ“fﬁﬁg"c ingl e&“@t“%"%@%“w" € memory mapping  npst

i nstances, ne dMedshe r€ach the correct hosts, but it is possible that,
15 due to interference during conmuni cati ons or sone other cause, the

obj ect |ocation It will natupllycbeirB@@nised, thatowhilss irc abavealeseribest erbodimmest so t hat
the call ed obj t ﬁﬁ i | Rﬂ host
conput er. lh@%ndin% of the prolglrtlé}q‘?bée 'ﬁiuﬁﬁercésg%gebi{o}lvﬁée]ﬁg p he p% %sgﬁrr%ut er 10
t o which the wemelade theSvirtual pomtemldf e sduth message/ provided thmasﬂgereceivmg step

2052, it determ nes whet her ot the object 20 IS, recprde ei ng
present wit hi FPIPRAET Shgy Bﬁfé‘tsfa“ii ‘#B‘F?ht"'é‘lfh" ImeR s P be op 028 MF

present, the %ﬂ%*@e@%ﬁ%pmﬁbgp 2056 and any return nessage is
transnitted back in tep 2058, as described above. I
not, then in a step 2060, the host conputer signals back a failure to cal
t he

f
I



object. 25 The originating host conputer, on receiving such a
nessage in a step 2062, then sends an interrogation nessage to the
original host conmputer 10 which is recorded in the table 1500 as
bei ng that ogn i.ch the object in question was originally d,

in a step 28%%&ﬂ%é@ause of the separate |ocation signaIIiH§9Q¢%%@&§g4o,
2042 of Figure WD 98/ 13758
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15, the object location table 1500 on the original host on which the object
was constructed should be fully up3to date in respect of that object.
Referring to Figure 1 8c, when the original host conputer receives, in step
2068, - adiageisi on i nterrogation signal the object nmanager 108 thereof
refers to the object 5 | ocation table conprised within it in a step
2070, and signals back the determ ned | ocation of the object
concerned in a step 2072. . T by Stk 0 r.receives
the | ocation signal’ fro'ergnctuﬂ’glkf)rrf1 W Floéng%atﬁ)gﬁ : Jm%‘é@ergprﬁ%gss;‘" N a step
2074 of Fi gur eorifidsingwdn hitedity b intdaarmhectadnqumipnters, Raid comgileradpparams being t he

| ocati on o; the object differs fromthat to which a rrlessa e for tP?g obj ect
has al ready 16TaNSELED, aERePletft QURINGL SOpNGR PORESHN it fa Sqyree; lnsuags, spitableafLqer 108

updat es the | ggaila86n bePiifhle computed, Wtohpilér a?ﬁeﬂﬂus%&@anﬁﬁgid kPderEraie ah O St ep
2050 to repeat transm ssion of 'the nessage to . the newy indicated
host conput er objectipeagzam whicls, it respogsedb fthecdeclaration of a virtual functioh in $aid seutée es s

received is t 3 | :
previously di P@gfagrg?s @%n%eﬁ&%%%t%?@dx{xﬁn%ﬁg&%ﬁg age?&gfdégfgn?ofbgmret urns
a nessage 15 targemchmyater ifig whichahd prograrh ds coepiled intlepexdenifycaf thaortginal wiigesct |

process ot,usefr fromwhence th attemmt to call rhe.object .
ori gi nat eEi(.) of poiners stored mtﬁlsmeﬁzft:‘x mf‘?fﬂ%“’ﬁ%e @?ﬁsef ?év[mua.} ﬁmf‘fﬂ% {"b‘ﬁ‘ﬂéﬂfi nent ,
each host conpiypfims10 carries an

(

2. A compiler apparatus according to ciaim 1, comprising a compiler

arranged to compile a source program, and a precompiler arranged to receive an

15  original source program suitable for single-computer execution and to amend said
original source program to add additional source code whereby to produce an amended
source program which, when compiled by said compiler will execute on said

distributed control system.

20 3. Apparatus or system according to claim 1 or claim 2 in which said
original source program is in an object oriented language.

4, Apparatus or system according to claim 3 in which said language is
C-++ or a variant thereof.
25
5. A distributed computing system comprising a plurality of connected
computers each comprising 2 memory space storing predetermined data records and
programs for accessing said data records, in which the data records may be moved from
a first computer to a second computer, in which the data records are stored together



object location table in which the |Iocation of all objects in the systemis
recorded, and each host is therefore able to operate autononously,

wi t hout reference to the central 20 dat abase, to call other objects on
different h uters. Nonet hel ess, a higher [evel ' rity is
added by pr%%ﬁ%&gt hat each host conputer 10 additionall ypﬁﬁnﬁgﬂ{srﬁgck

of the locations of all objects which were originally created on that host
conmput er, even if the location of those objects subsequently noves to
a different host computer. Furthernore, it will be apparent

t hat each host conputer 10 nmai ntains ac2urate 25 records of those objects
which are located within its own storage area. O her Enbodi nents and
Modi fi cat i-onsCLAIMS It woul d, of course, be possible to provide
separate tables for the objects stored |l ocally within each host
conputer and for the objects originally created on that host

conputer, as well pas t | € o el C t However ,
orovi di ng g V\gp%gr/n?S %-5@1:%:3&;& fof Qus® Nwith N ishbifed CRRLY Sfstem

PCT/ GB97/ 0260&mprising a plurality of interconnected computers, said compiler apparatus being 1

a single table storing all obiect |ocations ensures greater flexibility,
since all “obj o gcc? 5 Wiﬁ‘l‘r&% PSR &} aa‘°1°f“°ﬁgﬂg"?§’05‘t‘-}?§§rtgr 10 will
be substanti atdnypilaiidn Lsiigle coORipidg tHelcompiler apiaRfsibeing airkhgkd® etk a0t t he
expansi on of the distributed conputing systemto include a new host
processor sys®Rifrt PreEBpyhieh in reppRseto th dedlaraipniof p vistupl fupation in idsowrest 5
processor ont Erograﬂx?ié’ aﬂﬁ%d %rg?ﬁt’ﬁactég({ditional cgde f'oBmt:»/in%I d!lts rébbrdb 1% £3RRRL eNt : from
the foregoi ng that many nodiTications and substitUtions ~are possible.
For exanpl e, w@fgetesmprter fopwhich thepeogsasmis campilest indeperidentiyod theroriginal valwepr ovi de
the invenid on . - L) C r.atl ] dirkd 1] . Cr
conpi l er, {dlt o%%m?er%t%%%%‘ﬁa? r%‘g&%otgyleb e (E)J]qfn eg;‘ﬁéﬁg‘o ‘gﬂﬁ? é‘;’é%nt
i nvention i ntprogamenconventi onal 10 conpi l er (and i ndeed the conbination
of pre-conpiler and conpiler may be consi dered to conprise exactly
this).

2. A compiler apparatus according to claim [, comprising a compiler

arranged to compile a source program, and a precompiler arranged to receive an
15  original source program suitable for single-computer execution and to amend said
original source program to add additional source code whereby to produce an amended
source program which, when compiled by said compiler will execute on said

distributed control system.

20 3. Apparatus or system according to claim ! or claim 2 in which said
original source program is in an object oriented language.

4, Apparatus or system according to claim 3 in which said language is
C++ or a variant thereof.
25
5. A distributed computing system comprising a plurality of connected
computers each comprising 2 memory space storing predetermined data records and
programs for accessing said data records, in which the data records may be moved from

a first computer to a second computer, in which the data records are stored together



Naturally, the invention is usable not onIy with C++ but with other object
oriented | anguages such as |ch are to be provided in a
di stributed enV|ron it would be possible to

WI 3 a*

on' a non- di SERREREL"CyCt E‘En@s 3@. st “Che i ndrBRARHE Docn

descri bed as including the conpiler apparatus wthin a

t el econmuni cations system it will be realised that in practice the

conpi | er apparatus could be in a different jurisdiction and |inked to
t he host conputers via an I nt erna23 onal tel econmuni cati ons network;
accordingly, protection is clained for the 20 conpi l er apparatus both in
conbi nation @iAMSand in isolation from the t el ecommuni cati ons
network with which it is used. Nat ural |y, applications other
than tel ecommuni cations are possible, such as for exanpl e shared

di stributed conputj ng. 5 a IV a

nodi fications wl I be apﬁ%?‘%ﬂc{ ?Ba?ﬁsel\@ﬂxq ? %g hfs%fggtg%ncoﬁ o %s'(‘f I'ngly, the
present i nverndompnising ai pitualin caf mmroemmmqba:smpmuy, said] carhpiler apparanwbejug:t matter
di scl osed herein et her or not covered t he acco

Whi | st i n -t hePBRE,B 5P 20 wielRL soyree Wﬁ@x’t B3 Sgﬁ“ﬁﬁrf%‘g\f%ﬁ'pg'}“éé’ g{m!"r;erati ng

code f Od‘orrl’ﬁlhndn&fn&%lngl%rceﬁpﬁmﬂle c&ﬂpuelr hppétahls bbifg WR@RESbYesbrddal t he

effect of the above descri bed dinent is to permt "different

processors i robgctpregrampyhicheingesperse “b‘th MWOQV& wintnal dunction in said sourggD

gg{r} g gg 1026 0% ogram, is arranged to generate additional code for moving data records to ot froméfée

exchange obj earget ommipmhr fonwhickithe progtansis coropilet éndspendemiy ofitheweginklevalpencessor s

Compi | or S0 SRR Sl oo S PRk KRt s ors L

i ncl udes no dp}pgadgnce upon the nenory nappi ng

2. A compiler apparatus according to claim I, comprising a compiler

arranged to compile a source program, and a precompiler arranged to receive an

15 original source program suitable for single-computer execution and to amend said
original source program to add additional source code whereby to produce an amended
source program which, when compiled by said compiler will execute on said

distributed control system.

20 3. Apparatus or system according to claim 1 or claim 2 in which said
original source program is in an object oriented language.

4, Apparatus or system according to claim 3 in which said language is
C++ or a variant thereof.
25
5. A distributed computing system comprising a plurality of connected
computers each comprising 2 memory space storing predetermined data records and
programs for accessing said data records, in which the data records may be moved from
a first computer o a second computer, in which the data records are stored together
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of either processor. ‘m naturally be recogni sed t hat
whil st in the above dem“mu‘mmm ut t he sending of the virtual
pointer table is unnecessafy,* ndhet’hel'ess it woul d be possible to

include the virtual pointers in the data nmessage provided that at the
receiving WOMdMButer they were discarded, and such emboRfHER 4266 e to be

understood to fall within the scope of the present invention.
23 CLAI M5 1. A conpiler apparatus for use with
a distributed control system conprising a plurality of

i nterconnected conputers. said conpiler,gpparatus being 5 arranged to
accept an original source programin a source Ianguage whi ch supports

def i ned cl | |
i erarohi car  ¥ap dihet 35 s bl bl 30 et st iR id By R e )

sui tabl e for sapagatet fitomeAidPointersdnd glteSet GNP tieShge to saxd secorid@mpaiR| | er

appar atus being arranged to generate an object programwhich in

response to the declaration of a function of a class, which is declared in
a nore generic 106  clRufufbultl"cohdltidgUf)steinObmprisilg $hitafQUSIH ram is
arranged to generate addltlorlllal cglge g jste orpnrrlo\g/%?\% gﬁl?a regﬁcgg to or
from the tirgeempuerpeachrcomprisivga oremore smp@gtpamg predetermined downrpiokdschnd

i ndependent |y % a&{; i f. =S th sai d data
records pr 0 E%&gé sgsﬂgggc\%/’fngt'ﬁa "{Nﬁ%{: I ONS WI r%°5f%gp'?ogr ans.
15 2 first compme:nqolal econdxpaipatet) Sn adixhrtbl dega tesords anerstoréld, tog@hepr i sing a
conpi |l er

1 | |
arranged to r@’é‘glpg’é“eﬁg"sa‘d%"? slrﬁr(?a%%fds%%g‘gﬂ%e B‘B? F angf‘hggaéee?'!}ggl o

si ngl e- conput @§ nR¥REHsdabda AR abed, &Hﬁﬂﬂo&é't&' recewe said %daqeda?ds o Wiy Pr 0gr am
to add additi onal source code wher Ebe produce an amended
containing a dummy data. within which the pointers to the locations in the memory

space of said second computer of said programs are stored. and to substitute the

received data records for the dummy data records.

7. A system according to claim 5 or claim 6, in which, on such a move, the

15 computer on which a record will be relocated is signalled to each other computer.

8. A system according to claim 5 or claim 6, in which each computer

stores a location table detailing the data records held on the computer.

20 9. A system according to claim 8, in which each said location table stores

also the location of the host computer on which the data record was created.

10. A system according to claim 9, in which, to access a data record, each
of said computers is arranged to read the location table it stores and then, if necessary,

25  to access the location table of the host computer on which the data record was created.

11. A system according to any of claims 5 to 10 in which said records

comprise objects each accessible only via associated code.
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source program which, wh | d conpiler will execute on said
20 di stributed control [ﬁﬁw |1 l 3. Appar atus or system

according to claim1 or said original source program
s in an obj ent ed | anguage. 4, Appar at us_or system
accor di ng t§&§¥Q§##3 in which said Ianguage i s C++ ofCHCRY{O26,

t her eof . 5. A distributed conputing system conprising a
plurality of connected conput ers each conprising a nenory space

storing predeterm ned data records and 30 prograns for accessing said
data records, in which the data records2¥fmy be noved from

24 a first conputer to a second conputer, in which the data records
are stored togethel2. A systeirtdocqoding toclaimtld irsarhidh paidehjertromprist naultiglei d i r st

conputer. said.data.r.ecords are se ted from sai oi nters and are
sent in a rres%ﬁ Pg dﬁﬂa?aﬁ‘ s%%‘ﬁmﬂ'dc’ﬂn‘m‘fléﬁ“i‘p? e gbjects of said °”6£ said

distributed cospuded@deystem conprising a plurality of connected
conputers each conprising a menory space storing predeternined data records

and prograns for accessing said data records, in whi ch t he data
records nmey be novgd fromy S 0, ;A er, in
whi ch the data records areecsotor %‘glée% Q”P&lﬁ;ﬁfsm\% P pol nters 0 said

prograns, andsys@inkcserding tb any opeldims :ltmlmgelhuywhhmelmbmanmxcmmhnﬂwork.

14. A telecommunications system according to ciaim 13 further comprising
compiling apparatus for compiling programs for said computers.
10
15. A system according to claim 14, in which the compiling apparatus
comprises a compiler arranged to compile a source program, and a precompiler
arranged to receive an original source program suitable for single-computer execution
and to amend said original source program to add additional source code whereby to
15  produce an amended source program which, when compiled by said compiler, will

execute in said distributed control system.

16. A system according to claim 14 or claim 15 in which said programs
include virtual function statements to which said pointers are associated, and in which
20  said compiler is arranged to generate additional program portions to allow data records

to be moved separately of said pointers.

17. A method of replicating on a second computer an object present on 2
first computer, said object including pointers to program code within the memory space
25  of said first computer, the method comprising the steps of:
storing values of data elements of said object in a message;
transmitting said message from said first computer to said second computer;

receiving said message at said second computer;
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10 its menory space a ea, dinmensioned to receive said data records
but initially contmm’;ﬁwﬂ’ﬂgm ta, wthin which the pointers to
the locations in the nenofy L H f said second conmputer of said
prograns are stored, and to substitute the recei ved data records for
the dummy oWOPBABS®rds. 15 7. A syst em accBFEIGRITN2%:| ai m 5
or claim6, in which, on such a nove, the conputer on which a record
will be relocated is signalled to each other conputer. 8.

A system according to claim5 or claim®6, in which each conputer

stores a location table detailing the dgta records held on the conmputer. 20
9. A system according to claim8, in which each said | ocation table
stores al so the location.of the,host c .er _on ich the.data
record was creat ed‘?rea?mgafmmy object Whigh is “”R“fs)g@? e’ésé"é%‘g\g‘? Faresrend % m 9, in
whi ch, to accefdofedidubddesfidl irdiude sdidvalies on Sid Seabrill compines; @i | s arranged to

read the location table it stores and then, if necessar . to access
the | ocation tabl ereeém&md%gﬂuré&?ﬁma@rre%vweémeﬁ’eoﬂa{%lmmb@wth

creat ed. said second computhr:- A system according to any of clains 5 to 10
in which said records conprise objects each accessible only via

associ at edd code.
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