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Telecommunications networks are increasingly required to support high
bandwidth, fow delay information flow. The bandwidth required is rapidily
progressing from kilobits per second to megabits per second and even, for some
applications, gigabits per second ({particularly, for exampie, for video on demand;
animated shared simulations, and distributed computing).

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 example) connected with switching centres. The way in which services
are to be provided for particular customers (for exampie, a particutar number to
which calls for a customer are t0 be routed) depends upon data stored in reiation
to that customer on the host computers. Thus, there. may be many millions of -
subscriber records on tens or hundreds of host computers.

In "Twenty-twenty vision - software architectures for intelligence in the
21st century”, P.A. Martin, BT Technology Journal, Vol 13 No. 2, April 1995, the
present inventor has propased 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 Technology Journal, Vol 11 No. 3, July 19983, "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 rouiine, the data is accessible only by an
associated program which can read, write and edit the data. A record of data and
its associated programs are referred to as an "object". Communication to and from

an object is generally by "message passing”; that is, a call to the object passes



20 In "Twenty-twenty vision - software architectures for
intelligence in the 21st century", P.A Mrtin, BT Technol ogy Journal, Vol
13 No. 2, April 1995, the present inventor has proposed the use of

‘obj ect-oriented techniques to inplenment the distributed processing

requi red. A description of object oriented technology will be found in, for
exanpl e, 25 VEY97a88%%nol ogy Journal, Vol 11 No. 3, July 1993 PCTIGRI¥0Q035
oriented technol ogy", -edited by E L. Cusack and E. S. Cordi ngl ey. Al though
the termis not always used with precisi or? obj ect oriented conputing here
refers to the conputing technique in which data is stored in "encapsul at ed”
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whether other programs or data are located on the same host computer as a calling
program or on- a different host computer. The location of a program or data will
also affect the speed with which it can be reached from another prdgram. Also,
10 . one or mors host computers may fail whilst leaving others in oberation.
Distributed computing is conventionally performed, by using a “client-
server” arrangement 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. '
15 ~ Object oriented techniques have not widely been applied to distributed
processing. A summary of the state of the art in this respect may be 'féund in
" "Object oriented 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 Walﬁole.
20 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 processing. '
In one aspect, the present invention provides a compiler {or pre-compiier)
for generating code for use in distributed processing on a piurality of host
25 computers for controlling a telecommunications system, which compiler is
arranged to receive a source program written in a computing language, comprising
first statements which are compilable by other compilers, the compiler or pre-
compiler being arranged 1o operate on second statements, which comprise
performance criteria for said system and which will be ignored by said other
30 compilers, to adapt the program for multiprocessor operation. Preferably, the
second statements are in cbmments fields.
Conveniently, this aspect of the invention comprises a pre-compiter which

can then be used with a more conventional compiler, but it will be recognised that
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obj ected oriented approach. O these, the commbnest at present is C+ +. 5
Distributed processing differs fromsingle processor operation in several
respects. Firstly, different access techniques may be required dependi ng on
whet her ot her prograns or data are |located on the sane host conputer as a
calling.programor on a different host conputer. The Iocatlon of ggram
or data will 2Q¥7289ect the speed with which it can be reacPk GP?B&“

anot her program Al so,-10 one or nore host gonputers may fail whil st

| eaving others in operation. Distributed conmputing is conventionally
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10 In another aspect, the present invention provides a compiler for a
distributed object system.. in which functional requirements on system performance
eritefia can be entered and are interpreted during compilation to ensure fhat the
function or requirements a_fe met.

_ For example, the. system performance criteria may- be response time,

15 number of objects, or integrity of data.

| Preferably, in this._.aspect,.functional requirements can be stored for each
object and/or class of obje_t:ts. '
Conveniently, the functional requirements are specified using the second
statements referred to in the first aspect abeve. '

20 Other aspects and embodiment of the invention are as described and
claimed hereafter. | )

Embodiments of the invention will now be illustrated, by way of example
only, with reference to the accombanying drawings in which: '
Figure 1 is a block diagram illustrating the elements of a

25 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 iilustrating the elements of a host computer
forming part of the system of Figures 1 and 2;

30 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;
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System conprising a distributed control systemconsisting of a plurality of
25 interconnected conputers and apparatus for conpiling control prograns
for the conputers, the apparatus conprising: a store for current system
performance paraneters; and a conpiler having a first part and a second
part, the first part be| ng arranged (a) to respond to comments in an
original 30 WwWO9m26580urce program the comrents conprising BERGBIHEEsS
criteria for required .system performance, by accessing appropriate system
performance_paraneters fromsaid store, e\fhl uating whether the required
system performance can be net by the original source program and, in the
event 3 of a neg®gure 6eisabn AustrBtive kving GRiling i the FBEIRPdfd8ges of
addi ti onal source m st at rrent and conpiler directives and producing
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Figure 7b is a diagram representing the structure of data held within the
transport domain forming part of Figure 1;
Figure 8 illustrates the data structure within memory of one component of
Figure 7a;
Figure 9 illustrates source code of which the compiler apparatus of Figure
10 4 is applicable; '
" Figure 10 is a flow diagram illustrating part of a2 pre-compiler process
comprising Figures 10 to 14;
Figure 11 is a further part of the process;
Figure 12 is a further part of the brocess;
15 . Figure 13 is a further part of the process; and
-Figure 14 is a further part of the process.
_Referring to Figure 1, a telecommunications system 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
20 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 piurality of host computers 10a, 10b in
signalling communication with the switching centres 2a, 2b via signalling links
12a, 12b, 12¢c which also interconnect the host computers 10a, 10b. For example,
25 the two may be interconnected using protocols such as signalling system 7 (SS7).
End user terminal apparatus or equipment such as telephones 14a, 14b
and broad bandwidth communication devices such as video players 186, jointly
comprise an end user domain 18 connected to the transport domain 6 via local
loop connections 20a, 20b, 20c¢ (for example optic fibre, cellular radio or twisted
30 pair copper cabie 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



result, the nodified source program to produce executabl e code.
Conveniently, the conpiler of this first aspect of the invention conprises
a pre-conpiler in conjunction with a conventional conpiler, but it will be
recogni sed 10 that the functionality of the invention could be incorporated

directly.into a re- witten conpiler. Thus, according to this_ fi ect
of the inventi WRS7R#85 source code may be conpiled and tested ?‘gy&g’g?@%gl on

by the author of the programon a single processor by a conventi onal
conpiler, the comments specific to the nmultfprocessor 1 5 environnent being
I gnored by the single host conpiler,- prior to being conpiled to execute on
a mul ti pr ocessotompstee tednyinai N26,C oofrieced odtht thestrbnspett demeint 6oviat logal loop
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Preferably, in I'S aspect, tunctironal requirenents can be stored for each

obj ect and/ or cksaeplefbyobjaesitting a real time video fiim, or a file of data in electronic
format).

In conventional plain old telephone services {POTS), the transport domain
10 6 is controlled simply by the dialled numbers generated in the end user domain to
set up the transport path. However, currently, "intelliigent network" control of the
transport domain is provided by the intelligence domain 8. The intelligence domain
- 8 receives from the transport domain € the dialled number and/or the dialling
- number, and performs some call processing in accordance with either the dialled or
15 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 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.
20 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 supplies control information to 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 intelligende domain, to enable
25 periodic billing of each customer.

Referring to Figure 2, the intelligence domain 8 further comprises a
compiler 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.

30 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-15d connected to the Internet (e.g. via a local packet switching node).



Conveniently, the functional requirenents are specified using the comments
referred to in the first aspect above. In a third aspect, the present

i nvention provides a nethod of generating 30 code for execution on a

di stributed conmputing system whi ch conprises: generating an original source
program conpri si ng executable statenents defining the structure of said

code, and corwomtrzesesonpri sing specified criteria for requi r RERGRIA7HH03S

per f or mance; 3A accessing appropriate system performance paraneters from
a store of the distributed conmputing systeén the store containing current
system performance paraneters; eval.uating whether the required system
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storage in the form of random access memory and offline storage in the form of

8§ magnetic or optical disc drives.

Stored within the storage apparatus 104 aré 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 discusse'd in greater detail
befow.

10 Each editing termina! 15 comprises a personal computer, and may be
connected via modem to a common telephone socket with a corresponding
telephone 14 at a user's premises. ' '

] Each editing terminal 15 therefore comprises a processor, a screen output
device, an input device le.g. keyboard and for cursor cbntrol device such as a

15 mouse), and storage apparatus ROM, RAM and a hard disc) containing'a"graphical
user environment {e.g. Windows {TM}), a communications program and a object
browser program. '

Referring to Figure'4, the compiler apparatus comprises a communications:
interface circuit board 300 connected to the WAN servers 11; a processor 302;

20 and a storage apparatus 304 {not indicated separately) comprising rapid access
memory (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; and a library 314 storing standard functions and definitions

25 (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 'Iibrary 314 and locates
the concatenated code in 3 memory address space for execution. Such compilers

30 also generally include a pre-processor which interprets compiler directives such as
"include” statements to read in additional code or perform other aperations during

compilations.



10 respondi ng to executable statenments in the original source
programor, in said event of a negative evaluation result, the nodified
source program to produce executable code for execution on said

di stri but ed computing system Qher aspects and enbodi nent of the invention
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5 generated by the C+ + computer 312 (i.e. by the processor 302 acting under

control of the compiler program). Also included is a storage area 318 which stores
system data concerning the number of distributed processors 10; the capacity of
the available storage memory on each of the processors 10; the speed of operation
of the processors 10 and so on.

10 The processor 102 is arranged to selectively run either the C + + compiler
312 on the source code in the source store 308, or the pre-compiler 316 followed
by the C + + compiler 312 on the source code in the source store 308, to generate
executable code in the executable code store 310. _

In the former case, the code generated will execute on any suitable single

15. processor. The processor 302 s, in the embodiment, itself arranged to be capable
of executing the code directly generated in this manner by the C+ + compiler,
enabling the user to test immediately whether the program operates generally as
expected |

ln the latter case, the pre-compller 316 first processes the socurce code in-

20 the_ source store 308 {taking into account any system data relating to the
distributed system cempr?siﬁg 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 executable on the

25 compiler apparatus 30 since it is for execution on the multipls distributed hosts 10.

Referring to Figure 5, the general operation of the compiler 30 under
control of the supervisory program 307 is as follows.

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

30 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 not 1o test the source code locally. In the event that he does so, in a
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4 Figure 6 is an illustrative drawing indicating the products of stages of
processing perforned in Figure 5; Figure 7a is a diagramrepresenting the
structure of data held within the intelligence domain form ng part of
Figure 1; 5 Figure 7b is a diagramrepresenting the structure of
data hel d wi twWDr972¢885 t r ansport domain form ng part of Fi gur PCEH/GHIPIAE 8
illustrates the data structure within menory of one conmponent of Figure 7a;
Figure 9 illustrates source code of which Bhe conpiler apparatus of Figure
10 4 is applicable; Figure 10 is a flow diagramillustrating part of a
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part of the process; Fiqure 12 is a further part of process; 15
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according to the inventign conprises a plurality of switching centres or
exchanges 2a, pipgram may be provided to intercept meaningless operations and substitute
5 operations such as displaying on the output screen 322, to enable the user to see
what is happening.
in the event that errors occur in the execution, in a step 212 the user may
decide to return to step 204 to edit the source code in the source code store 308.
Iif the source code appears satisfactory, then in a step 214, the pre-compiler 316 is

10 applied to the source code in the source code store 308 to generate amended
code, which is then compiled in a step 216 by the C+ + compiler to generate
executable code in the executable code store 310. This is then transmitted to the
distributed host computers 10 in a step 218 via the WAN servers 11. This is
itlustrated graphically in Figure 6.

15 . The data model employed within the intelligence domain will now briefly
be described. In the following, each "object" is a data record comprising a number
of 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 aobjects actually accesses all objects of that class).

20 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.

25 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 subroutines is only stored oncel so that the code and the objects are

30 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



i ht er connected by communi cati ons channels 4 (e.g. mcrowave |inks,
fibre-optic 20 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 conprising a plurality of
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t he host conputers 10a, 10b. For exanple, 25 the two may be interconnected
usi ng protocols such as signalling system 7%(SS7). End user terninal
apparatus or equi pment such as tel ephones 14a, 14b and broad bandw dth
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6 via local | oop Referring to Figure 7, in this embodiment the objects provided within the
hosts 10 of the intelligence domain comprise a plurality of customer objects 500
{one holding data relating to each of tens of millions of customers) which are
created on the accession of a new customer; destroyed ‘when the customer
10 voluntarily departs or is cut off from the network; and edited when a customer's
requirements change: a plurality of call objects 600a-600c which are created at
the outset of call and destroyed after the termination._of the call; and a plurality of
communication device objects 700a-700c which each relate to an item of
customer terminal equipment and are created on first connection of that customer
15 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-800b, . 800a-900f which represent, respectively, the switches and
the ports of the switches within the switching centres. Thus, each switch object

20 800 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 respective ports or switches, and reading
the port or switch objects gives an accurate reflection of the actual condition of

25 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 500 comprises a customer
type field 502 {which may indicate that the customer is an employse or some

30 other unusual status, or is a normal customer}; a user 1D fieid 504; a host field 506

indicating the host 10 on which the object- 500 was created (conveniently in

http/TCP/IP format).



connections 28a, 28b, 28c such as | SDN channels or other high bandw dth
links. In known fashion, an end user term nal apparatus 14 or 16 is used to
pass-a request, via the transport domain 6 to the service provider domain
22. As a 5 result, a channel is set up through the transport domain 6 and
the service provider domain 22 transmts a service via the channel to the
end user donewp 9186568 or exanple by transnmitting a real tine RCTRIGBITNO0O3S, or
afile of data in electronic format). In conventional plain old tel ephone
services (POTS), the transport domain 10 ®is controlled sinply by the

di al l ed nunbers generated in the end user domain to set up the transport

path. However, currepfhYeoreld ﬁ+t|a'rglgpént38tt%) skn ?c%%%&g\{?&nq[dceﬁfo thg%ug{oﬁrga?p et

domain is prOV|ded by the inte ence ence
receives from Bhﬂ!ﬂmle.aﬂ@pmfmadmmné nuh@edpélﬂhesdtmmbefﬁ%épﬁr g hﬂemoalbl i ng

hunber, and peaumwsmsmen ¢Rd l:us%,%@%L@&e ) l%e gﬁ&g{mp .waﬂmgrof%as

di al | ed or 15 the dial ence donmmal n
typically pr ovlﬂﬂ‘!ﬁ?ﬁ)nﬁ%ﬁ"t er%['ﬂ%q eftdayilusiag whichscallgAee o Qf rgireyted dfigith 81 ).

nunber is trgnsl at edrihyP bMingdRfoPm&n fof MM \BlHbmer i§ BtorbeSintRe 20K BEL call
nunber. In this case, the dialled nunber corresponds to a stored record on

one of the hospgém’Ppiéi‘bF?"ﬂ& f%i‘@‘waﬂ'st'ﬁc@ﬁ%@ﬁd’PhC?'@!&Béﬂg‘é"Oﬂe nymbegthe on

one of the |inkgsebaAd tntd demercal, eanatﬁpasﬁ%pWéamqﬁéneﬂm ection nunmber. 20
In general, in response to the occurrence of an event In the transport

domai n 6 (such as t H¥fferant | RArtSoRt Jhis ainfarmption gieed o bR dacseEseddbymdifferE®) t he

individuals. For example, the fields 508-512 which define the service to be offered
10 to the customer may be edited by customer service personnel or by the customer
himself via an end user terminal 15, whereas billing data (field 514} should be
writable only by the biling and accounting personnel operating the network.
Certainly, no customer should be able to re-write his billing records from an end
user terminal 15. '
18 In operation, the occurrence of events in the transport domain (such as the
monitoring of an "off hook™ condition within the end user domain) invokes the
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
20 transmitted via the signalling links 12 to the intelligence domain 8; the customer
object 500 of the 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
25 path over which the call will be carried.

During the passage of a call, the role of the intelligence domain is usually
limited. On clearing down a call on detection of the on hook event, the biiling
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.

30 Figure 9 illustrates C+ + source code 100 which declares a class type
{Customer) which corresponds to the data of Figure 8. It comprises a portion
1000a consisting of statements acted on by the C+ + compiler 312, and a portion

1000b consisting of comment statements ignored by the C+ + compiler 312.



intelligence domain supplies control information to control the transport
domain 6. Other data is also stored within the intelligence domain. In this
enbodi ment, billing data for each call is stored in the intelligence
domain, to enable 25 periodic billing of each customer. Referring to

Figure 2, the intelligence domain 8 further conprises a conpi tus
30, consi sti ngw@®725pF ogr anmed wor kst ati on, connected to the é}‘g‘r&%@ﬁggt ers

10 via network servers.lla-11lc and a wi de area network (WAN) running
bet ween the conpiler apparatus 30, the host!ld 10 and the servers 1 1. 30
The servers are al so connected to one or- nore Wrld Wde Wb (WWY server

conputers conprised Vidchidhg fetheBrosdiR tembbddined, hewer.! theasbinirhétg dteterrientl S
15a-15d connected to the Internet (e.g. via a cha& 6anckﬁt SW t(ihi ng_nogde) .
VWO 97/ 26595 portion 1000b is acted upon by the pre-compiler 318. Each co (%ggma 35

6 Referring to FH@ey-e0fRb Barécedas by GOMP Usyevbol thstrasting thescompirei Bf 2 aotgrore
server conpri si}r;% comuni cati ons hardware 100 connected via the WAN to the
servers 11; a pt5deleypsI93- and storage 104, conprising both rapid access

storage in the form ofhelcdRetAtbRtheaDMmmEiTdield igirtendet entirels sdaayenantationetof or m
of the programmer and hence it is ignored compietely by the C+ + compiler 312. In
the present embodiment, the pre-compiler 316 is arranged to interpret fhe
comment statements.
In the present embodiment, the text in the comment fields comprises
10 {functional {or performance) specification data relating to the objects which will
make up the distributed system. Specifically, the specification data includes data
specifying the following:
{a) number of objects {or total corresponding volume of memory space}
expected in a given class
15 (bl availability i.e. the percentage of access instants on which the object must .
be available for access .
{c) accessibility - i.e. the number of different access points from which the
object (or.particular data withfn.it may be. called {e.g. the number of terminals. or -
mainframes which will need to access-the' object) .
20 (d) security - the access rights which various users are to have to various

data {i.e. whether they are to have access at all and, if so, whether they can read,

write or both)

{e} concurrency - i.e. the number of other processes which might
simultaneously be invoking a given object or process
25 () timeliness - i.e. the maximum, average and/or minimum time within which

a process must be completed.

Typical values of some of these functional criteria for various applications

are below:
30



5 magnetic or optical disc drives. Stored within the storage apparatus 104
are an operating system 106 (e.g. UNILX (TM); an object nanager program
108; and an obj ect nodel conprising class code 110 and object data, all of
which will be discussed in greater detail below 10 Each editing
term nal 15 conprises-a personal conputer, and may be connected via rmdem
to a conmmon t MAINEIE socket with a correspondl ng tel ephone pCT/EBYFHOOISCr '
prem ses. Each editing.term nal 15 theref 0{:? conprises a processor, a
screen out put device, an input device (e.g.<keyboard and (or cursor control
device such as a 15 nouse), and storage apparatus ROM RAM and a hard

di sc) containing a gBaphPowhtial Sauplicatiohs amBir FOetignal \Girmessigns( TV) ), a
comuni cati ons program and a obj ect browser program Referring to Figure 4,
the conpil er apparatus conprises a conmmunications interface circuit board
300 connected to the WAN servers 11; a processor 302; 20 and a storage

apparatus 304 (not i ndiggat ed g@ap I teI o] ra acce e nenory
(RAM and hi gh capaci ty ﬂ'@ N%u est "HII,,E%L ?I veg{e § e'ﬁfy‘ an

operating system (e.g. "ONI X ( ) (‘,°°-1r"‘s3r cBrAiEress pr BEYNeN 31%’)'""(‘@%1‘1 as
SunPRO avail able from Sun M cr osystems) a pre-conpiler 316 to be described
i n greater det itdliggpe| owoocand 99.999br ar yio@d4 staoong st ardar d f ugredecons and
definitions Telephone :

Networks

Tele- 10 ‘80 10 2 No 0/010
Presence

Shared 100 20 100 10 No 07112
Virtual
Reality

Enterprise 100,000 ~ 99.99 1M 1000  Yes oNnfo
Computing

Referring back to Figure 9, statement 1002a defines a class of objects
called "Customer” and statement 1002b specifies that objects of this class must
be available 99.99% of the time. |

Statement 1004a defines a 32 byte array called "name" and statement

10 1004b specifies that customer support service (CSS) processes must have read
and write access to the contents, and any other process must have read only
access (so that only customer support services staff can alter the subscriber name
stored in an object of the class customer, which relates to a single customer).

Statement 1008a defines a function "Customer”, and statement 1008b

15 specifies that customer support services have access. Statement 1006b specifies
minimum, average and maximum performance times (in mllhseconds) for the
function "Customer”.

Statement 1010a deciares a void function {i.e. one that returns no result)

entitled printBill, which prints the bill for the customer object, and statement



25 (specifying subprograns or subroutines) to be incorporated into new
progranms. The C + + conpiler conprises, as is conventional, a conpiler

whi ch conpiles to relocatable binary code and a |inker program 312b which
concatenates the binary code with the binary code routines stored in the
library .314 and | ocates the concatenated code in a nmenory address S’R‘WEﬁe for
execution. SuYPXA ers 30 al so general |y include a pre- pr 8&& -
interprets conpiler directives such as "i g ude" statenents to read in

addi tional code or perform other oper ations” during conpilations. WO
97/ 26595 PCT/ GB97/ 00035 7

Al so provi ded leQObasmi@iaagbeaamsmufgomlmmm. rayerage U énds Guaxireuro ok8ponse
defining a C - Q9ram (e.g. input via the input device 320, or downl oaded
via the connunlcatlons circuit 300, or |oaded via a disc drive conprised
within the storage afipalivastaternent) 10h2ﬂi daclstes - agwidrfenct®bOcdlled eliDeliveged,

execut abl e codgmep i@‘?ﬁlﬁog@é SheR% éap%agt?ﬁ %QHEHHJ ? d Shferddnr G01 Qﬁﬁtg%c?ﬁﬁcﬁha ded

processor 302 acting un contro er - program .
is a stor age5amauwlavm%mdsmexlwnsyspmdmea ferthe dumdtion. t he nunber of

di stributed processopg ilQandd)@hé&raRAE th¥ cBlie of Figure 8 comprises executable C+ +
statements 1000a, and comments 1000b, and it can be compiled as a C+ +
program which Will execute normally, the compiler 312 paying no heed to the
functional specification defined by the comments statement 1000b.

10 On the other hand. when processed by the pre-compiler 316, the
functional criteria 1000b have effects both in generating new compilable C -+ +
code and in generating directives to the compiler, as described in greater detail
below. ' |
Size/Numt f obi

15 Each class of objects may be associated with a size statement, indicating
either the number of objects of that class which are expected or the corresponding
amount of storage space required. In general, preferred embodiments of the
invention are arranged to interpret . statements relating to the number. of objects
expected (since this comes more naturally to a programmer) and to convert this

20 into a required memory size by muitiplying the thus declared number of objects by
the sum of the sizes of the declared data types for the class.

Referring to Figure 10, the pre-compiler is arranged, in a step 2002, to
read any size statements associated with classes and to convert each into a
memory space size {in Megabytes), and form the sum of all such memory sizes.

25 if the total size of the object model thus calculated is small enough to fit
within a single one Megabyte UNIX process, the pre-compiler writes a directive to
the compiler to compile the code fo a single process (step 2006}. This simplifies
the addressing which may be employed, as the compiler may then allow objects to
pass data by reference since all objects will be in the same address space.

30 Otherwise, in step 2008, the pre-compiler 316 writes a directive to the
compiler to compile the code into multiple UNIX processes. In step 2010, the pre-
compiler 316 may select the minimum number of target host processors to which

the code is to be compiled.



the avail abl e storage nenory on each of the processors 10; the speed of
operation of the processors 10 and so on. 10 The processor 102 is
arranged to selectively run either the C+ + conpiler 312 on the source code
in the source store 308, or the pre-conpiler 316 followed by the C+ +
conpiler 312 on the source code in the source store 308, to generate
execut abl e cod¥opmM26e5p%e execut abl e code store 310. In the for ROT/GBIIS003S he
code generated will execute on any suitable single 15 processor. The
processor 302 is, in the enbodinent, itsel#4arranged to be capabl e of
executing the code directly generated in this manner by the C+ + conpiler,

enabl i ng the user toThesblebtBrEsibss 8004 Wbbﬁ g’iab%e%?ﬁ%ﬁfﬂeﬁapsgéfghﬁﬁcrzes with

general ly as exgect ed. In the latter case, re-co
processes the $0%AAE E08RF imtheosystea date siare 316 indp@ting thaki mychrmemancsunt

any system dataRailablesihieagh bPtHeldstdl 1.1 i but ed .syst em conpri sing the host 10
on which the code is, to be executed), and generates anended source code in

the source store 308"MWANER eMRoFMERts Ahg, ke @f 1he chisct megel s Taltulated may
gener at ed exBc atsaldecuseade cbﬁtrélhﬂd@&ﬁﬁ@hﬁh«\&ls%gﬁreﬁmgg f3t Bxantdie, e REYra0! €

code is, homevgr Eot necessarily executable on the conpi | er ‘apparatus

30 since it is PHPRIERLMRARIRAY beiyred A DFIHIGE the SOMPiler: Wdseikssthetween using

Referring to Fimgmory ddtdssinganeel alDpBjecisi &h BE iddatedC WitRin! fe Shnd!REERory

control of t hesaébgﬁr%llesa%rd}/esgikg 9!%‘?”]%%97 mlms1bg'§ Jfotlblje%\é\g'or object UlDs; or to use
virtual memory pointers.

10 Availability

One particular methad of ensuring high availability of a particular object is
to create muitiple copies of the object {and, of course, to update. insofar as is
possible, the data in all copies to be identical). The av'ailabi!ity of a given object is
roughly inversely proportional to the time taken by that object to respond. Thus,

15 the number of copies of an object which may be desirable is roughly proportional
to the ratio of the availability and the average response time of the object.

Accordingly, referring to Figure 11, in a step 3002, the pre-compiler 316
is arranged to read the required availability for a class of objects and, in ‘a step
2004, to read the average performance time indicated for objects of the class.

20 Then, in a step 3006, the pre-compiler selects the number of copies of an
object to exist in paraliel to give the required degree of availability, and in a step
3008, the pre-compiler extends the constructor code for that class [which
instantiates new objects of the class) to cause the required number of copies
simultaneously to be created (on different hosts 10} in runtime.

25 The number selected in the step 3006 will generally be one (in which case
the pre-compiler 316 writes no additional code in the stage 3008) so as to
maintain data integrity, except whe_re high availability is required in which case two
or more copies are selected as indicated above based on the class response time
and required availability. ' |

30 tn other embodiments, rather than referring to target access times and
creating a desired number of replica objects in accordance therewith, a

predetermined number of replica objects may be selected (for example two) ‘and



I'n a step 202, source code is input into the source code store 308 (e.gqg.
via the input device 320). In a step 204, the human operator nmay decide to
edit 30 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 conplete, in a step 206, _the user may
el ect” whet her WOIH459%30 test the source code locally. In the RGALGRYY, he
does so, in a WO 97/.26595

PCT/ GB97/ 00035 8 step 208 the processor exd&utes the C+ + conpiler 312 on
the source code in the source store-308 to produce executable code in the

execut abl e codegt ficBss3ihes 36tobjéti nidyebe %ﬂe&ea hammhomewycnsw iRk @Ad t he
execut abl e code. A sinul ation program nmay rovid nt er cept

meani ngl ess ope?‘éi"f’b‘ﬁéd%t‘r?ﬁb%%?"f’f’h?"éa?f'85@"5{) ‘lﬁ?gmgl?%teé 184i spl ayi ng on

t he out put scregBcedgiBility 0 enabl e the user to -see what |s happening. In the
event that errors occur in the execution, in a ste the user may decide

to return to step 204% dfistAnt hoRkCcUppYteEs 18 qe cﬂ"'feﬁée f?uf"f:féreé‘(')c!’é’"gfd‘?éh%08
| f the source CidN appaal someiparticilfdr Hast cohipltdrs) 18 RdvePshdiér cbMfhunications

pre- conpi | er 31§at|'|s to particular terminals 15 or hosts 10 than others. This data is stored in the
systems data memory 318. It is therefore advantageous to store objects at hosts
10 which are connected to those terminals which will access them,

Referring to Figure 12, in a step 4002 the pre-compiler 316 reads, for

10 each data declaration, the identity (e.g. user, customer support, service provider,
billing or regulatoryl and number of terminals 15 which will access the objects of
that class, and. in step 4004, determines the host computers 10 on which new
objects of that class should be stored to give best accéss to these terminals, using
the data stored in the system data memory 318. '

15 - "~ In a step 4006, the pre-compiler 316 may add new source code to cause
the compiler to modify the object managers 108 compiled for different host
computers 10 to cause them to transmit all requests to create new objects of the
class concerned to the particular hosts 10 selected in step 4004.
Security |

20 ~In a step 4008, the pre-compiler 316 adds new source code to test the
identity of the object or process which is invoking a function altering a.particular
item of data, and to permit access only where the identity is in accordance with
the anticipated category of user. Thus, personnel data may be read or written only
by personne! terminals for example.

25 Concurrency

Where a nhumber ot concurrent accesses to data of an object are possible,

and a first object accesses another object which may also be accessed
concurrently, an inconsistent situation can arise. Accordingly, in preferred
embodimehts. some means for avoiding inconsiste.ncv is provided. Referring to

30 Figure 13, in a step 5002 the pre-compiler 316 reads, for each class, the number
of concurrent processes which may access objects of that class; if no concurrency
information is included, or if the number of concurrent processes is explicitly

stated to be one, in step 5004, no further action is taken. If the number of



0 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
gener-at e executabl e code in the executable code store 310. This is then
transmitted to the distributed host conputers 10 in a step 218 via the WAN
servers 11. This is illustrated graphically in Figure 6. 15 The
dat a ‘nodel enplopraesesi thin the intelligence domain will now peieBbyoobs
described. In the followi ng, each "object"” is a data record conprising a
nunber of fields of data, which is accessedéonly by code which corresponds
to that object (in a one to many relationship, in the sense that the sane

code which rel ects, actual.l ccesses all objects of
that class). 28&%"4&“ Brig e@% ég’%ﬁ\g/)%n iPEFrgrermgsd eé?‘gﬁ'ﬁg S0 b i4mt%p may
cl asses, the olljectthighef nemberk inmetepl 5304 ¢ond given rogjedt' tlass, ethien datsteddBbOE B t he
sane format. E | pae of. fare subr out.i nes
(general ly ter %E%ECangﬁtcghﬁd%éﬁ‘? gﬁ%:t% g%ag{s?a%% aéﬁagf)e\”al[c BPishembegiment, g
which general | YV B0PE 8 isirple 'quimgomlbyeamhqem afiier Ay object A8s been acces$dE no

formats 0 Wl GlichBoSHaOHbdsiouti 0P AL i Wirhllaflil o7 ent obi ects of the

same class will receive and return correspon ata are the sane (i.e
all objects of the sknierBRA8, sdditional mmmdensedtﬂqtm)thelcmgirmsourlcél cbdet +

the subrouti neso 3aesedRb LompiRk 85 384 § Yok nﬁ‘stwgo o lcofP1dthe cfBls UG ARHP Cl ass

(i.e. the code _for_ the subroutlnes IS O or ed once) so
and the object
Each host 10 will be operating a number of processes of different objects

10 in parallel, using a muiti-tasking operating system 106.

Referring to . Figure 14, in a step 6002 the pre-compiler reads the
performance times' associated with each class. In dependence upon the aggregate
of all the average performance times, in a step 6004 the pre-compiler includes a
compiler directive to establish a cache size for each host computer '10,' in

15 accordance with the amount of memory recorded in the systems data memdry.318
for each host computer 10, so as to provide a cache size inveisely proportional to
the aggregate required -acéess times within the available memory. ’

In a step 8008, it is tested for each class definition  whether a short
average or maximum performance time is specified and, if so, in a step 6008 a

20 priority weight is selected for that class in inverse proportion to the average
performance time, and in a step 6010, source code is added to the code defined
for the class concerned to impiement a timer which tests whether a predetermined
time has elapsed since invocation of the class (or particular function or operation
within the class) and if so, a_bcrts the operation.

25 The weight value selected is written into a list of weight values which is
compiled by the compiler for use by the object manager 108 for each host 10, in
accordance with which the priority with which each object is to be performed is
set, so that objects with relevant long average response times are accorded a
relatively low priority wait and are treated as "background” tasks by the operating

30 system 106.



30 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 nore generic class, as is conventional in object
oriented programmng. In this case, the code nay be stored WO 97/ 26595
PCT/ GB97/00035 9 instead in relation to the nore generic cl as;g&é_ge
"supercl ass") . WKn92e¥Pect manager 108 contains a list of the

t he data maki ng up each object, and on eacq i nvocation of (i.e. call to) an
obj ect, the object manager accesses the rel dvant subroutine code wi thin the
cl ass code storage area 110 and supplies to the code 5 the address of the
data for the relevant object within the object storage area 112. Referring
to Figure 7, ingthis enbodi nent the objects provided within the hosts 10 of
the intelli gencg’"&?ﬁ’éﬁ n-conprise a plurality of custoner objects 500 (one
hol di'ng data rel ati ngrhue, efrethomdrationns i pre-compifes 36, abis eatended smm:e:hoae e
created on the | St Q 10
vol untari |y depg‘%&?@r‘% sgurcF c'a§¥v fo'ﬂg '38§§nclu drd %ﬁgln%mﬁ% %Jy:? \fdé njim fer
cust oner' s r éyudirestives whichdmglemeat theunrdtiongl, of periadrmaod:g @otma@ﬂoeath&(:)OC whi ch

are created at (a}

Sof

adding additional code or data to the class code 1 10, or

(b) modifying the object manager code 108 for all of the host computers 10,
or ’
{c} instructing the compiler to produce separate versions of the object

10 manager for different host computers 10.
in accordance with this extended source code, the compiler then
generates an executable code file comprising the class code 110 for each declared
class in the input source code, and may also include" an object manager 108 for
‘each host computer 10. : .

15 Rather than. compilihg code of the object manager 108 for each host -
computer 10, it is preferab:le to supply instead a file of data to be employed by the
object manager 108 for each host computer 10 to modify the operation thereof.

Thus, when the telecommunications systems.is to be changed, for -
example because of a change to the system information available such as the

20 addition of a new host computer or the extension of memory available on host
computers, or because the functioﬁ of one or more classes of cbject is to be
changed, the precompilation and compilation processes are repeated and the new
executable files are transmitted via the wide area network to each host 10, as
described above, after iocal testing as described above.

25 Where a new host computer is simply added to the system without other
changes, a copy of the executable file previously compiied may simply be supplied
to the new host computer via the wide area network 1o cause it to perform in the
manner of the existing host computers.

It will therefore be seen that the provision of system specific requirements

30 in statements which will be ignored by first type of compiler {e.g. comments
statements] enables simple local testing of the basic functioning of the system
prior to its release, thus reducing to a minimum the possible down-time of the host

computers 10 when the system is altered in use.



the outset of call and destroyed after the termnation of the call; and a
plurality of communi cation device objects 700a-700c which each relate to an
item of custoner term nal equi pnent and are created on first connection of
‘that custoner 15 termnal equipnent to the network. Referring to Figure
7b, in this enbodi nent the switching centres 2a, 2b... of the transport
donai n 6 fur weoer26898pri se host conputers on which are stor eBCHGBET0935
800a- 800b, 900a-900f which represent, respectively, the switches and the
ports of the switches within the switchintBcentres. Thus, each swtch

obj ect 20 "800 cont ai ns a record of the state of the correspondl ng switch
at any nonent gefhdi _. . LY. in menory and have a one to
one nmapping to Jevi Ces present 1 nh the switching centres 2, so
that witing to the pwilk ber apparent hfremj tet Joreheing cthat heanyt grodifichtionse and
respective poswstmt.ow grg%és.b@n%f %agﬂnag Lo MR, it grthé%éssns WBLeet § gl ves
an accurate reflection of the actual condition 85 ne correspondi hg
physi cal devi E&¥enpt iy parvide the| Bventips ﬁrach@ﬂ%ﬁ’eﬁa{OaPthm nwith a

cust oner obg egénvehtibhd ¢St L-atdisbites) |FW}deeet§:all\g Be pamsre bunﬁeéia{eatﬂz%rgé ned
‘by the object 500 conprises a custoner t may 1 n cate
that the cust Bf&ptgnsinzg "’é‘nﬁ!“t‘ﬂ'/’é%’“lﬁ’l"a'sﬁ?mp (36@ H'éqeeﬁrmglfél’“@ﬁilousﬁ ore-l s a
nornmal cust oMBsmpiled aHE @bmbier i 5k ftdiderd8 Torrphisd éxa‘é%tmﬂdl cating the host

10 on which the object 500 was created (convenientl ‘y‘
Naturally, the invention is usable not only with C+ + but with other object

oriented languages such as Smailtalk {TM) which are to be provided in a distributed

10 environment. More generally, it would be possible to utilise equivalent techmques
with a non object-oriented language and on a non-distributed system. o

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

15 computers via an international telecommunications network;: accdrdingly.
protection is claimed for the compiler apparatus both in combination with and in
isolation from the telecommunications network with which it is used. '

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

20 Many other alternatives and modifications will be apparent to the skilied
person. Accordingly, the present invention is intended to encompass any and all
subject matter disclosed herein, whether or not covered by the accompanying
claims. '

Our other UK paté.nt application 9600823.0, filed on the same date and

25 with the same title as this application) is usabie with this invention and is
incorporated by reference herein in its entirety.

In particular, the mechanism described therein for creating a type model is
preferably extended to include additional data fields for each object which recite
the functional performance data recognised according to the present invention

30 which is then supplied as part of the compiled executable code, to be used by each
object manager 108. In this way, the same executable program may be supplied to
each host computer 10 and the need to use the system information stored in the

store 318 is obviated.
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PCT/ GB97/ 00035 10 AI S%J uﬂlﬁmnuﬁmmntl evant to the services provided to
t he custoner; for exa | ephone nunber of the custoner
(field 508); a tel ephone” ninbér fo Whith the custoners calls are to be
re-routed at particular tinmes of day (field 510); and the ti

during whi ch B‘f&??’@“&?ﬁe to be re-routed (field 512). 5 HBE'G%%{WS
billing information for the customer is stgred, in the formof a caII | og
field 514 storing, for each call, the call (and/ or calling) tel ephone
nunber, the date and tinme of the call, and the cost of the call (field
514). DifferentClptmss of this information need to be accessed by different
i ndi vidual s. For exanple, the fields 508-512 which define the service to be

offered 10 to the custonmer may be edited by custoner service personnel or
by the custonen.hi nsal felecommunications sgstete comnpagingl &, distributets cbntrdli syptetat a

(1101 9. 514) shauhdldis 3 bR SF otarBnhiiec Lo ils 37 B4F UMY (BSF RQT"°!

operating the netwo no cust oner O re-writ
his billing %ecomdiing lcomtamrmdnﬂﬁmtmmnmtdrs 1133), the .apparatus (30) comprising

a compiler {312) arranged to compile a source program in a computer language
comprising first statements which are known in said language and will be compiled
by other compilers, characterised in that the compiler {312,316) is aiso arranged to
act on sscond statements which comprise performance criteria for said system and

10 which will be ignored by said other compilers.

2. A system according to claim 1, in which said second statements are

provided in comments fields of said language.

15 3. “A system according to either claim 1 or claim 2, in which s’ai;l computers
{10) are arranged to store control data in object records together with associated

. data read and/or write control programs.

4, A system according to claim 3, in which said second statements relate to

20 performa_nce times to be achieved by said control programs.

5. A system according to claim 4, in which said performance times comprise
one or more of a minimum performance time, an average performance time, and a
maximum performance time.

25
6. A system according to claim 3, in which said second statements reiate to

the number of equivalent said records anticipated in said system.

7. A system according to claim 3, in which said second statements relate to
30 the number of access points within the system from which said data records are

likely to be accessed.
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-15 | n"operation,—the occurrence of events in the transport domain
(such as an "of f hook" condition within the end user
domai n) mﬁmml 'ﬂ"w} !I on of the code associated with an object in the
“intelli genCe eonmai m kor sexanpl e, on a tel ephone going off hook in the end
user domain, the code to create a new "call" object 600 is invoked. Wen
the call ed nwoiseresds detected, it is 20 transmtted via t RCHEGBITAMNSNg
links 12 to the intel.ligence dormai n 8; the custoner object 500 of the
calling party is activated to amend the B11ing record field thereof; and
the custonmer object 500 of the cal.led party is accessed to determ ne the
nunber to whig;h tha K@8tdm abrdifg P@cfaﬂﬁ‘ﬂaﬁrd@ﬂvch%id%cbm Qfa'?@’ﬁérﬂg réiEtel f€N

transmtted to the switch objects 800 W thin the transport domain to set up
the 25 pat h SBtREPrigHPIcHErhavheATe t9ibe| Pes@ittes 1o IgesTRAid dgta 1esopas RAstsof a

call, the roligereds.t he intelligence domain i.s usually Iimted. On clearing
down a call on detection of the on hook event, the billing function code
associated with the custoner object(s) 500 updates the billing data field,

and the cabl 90bj ech §y§ted€hﬁioﬁdiné))/o tlen ijrﬁﬁhucﬁ&ﬁﬂ%boﬂ@&ata?@ents relate toFi gure
decl ares a class type (Custoner)

9 illustrate C++sourcecgd \/\/31)e eel a b
whi ch corresS‘B fritepiofichy sqid date pyst Redmgnediately. ayailablens 4 porti on 1000a
consisting of statenents acted on by the C + + conpiler 312, and a portion
+ +
1000b consi St ng of commr appSaE'aat I;rern; %uslt QJ%JE gonl?a/untngesvcs:tem, sa%) nB;I:alrgtru5312'
being arranged to accept functional requirements for the performance of_ the
10 distributed computing system and arranged to interpret said functional
requirements in accordance with stored data relating to the computers of é.éid

system to achieve the functional requirements.

11. . Apparatus according to claim 10, comprising means {308) for accepting a
15 source code program in a computing language, and means (312) arranged 1o read
and compile first statements {1000a} which:are known in said language and will Be '
compiled by other compilers, characterised by means {316,312} for reading and
compiling second statements (1000b) constituting said functional-requirement's'fi:r'
the performance of the distributed computing system, which second statemépts

20 {1000b} will be ignored by said other compilers.

12. Apparatus according to claim 11 in which said second statements

comprise comments fields in said language.

25 13. "Apparatus according to claim 12, in which said language comprises an

object oriented language.

14. Apparatus according to claim 13, in whic_;h said language comprises C + +
or a variar: thereof. B o |

30
185. Apparatus according to any of claims 11 to 14, which comprises a

conventional compiler (312) for said language and a pre-compiler {318) arranged to

———
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Accordi ng ﬂm“m ﬂmtmmwbodi ment, however, the comment statenent portion
1000b is & JOHRDYS pre-conpiler 316. Each comrent statenent
1002b- 1012b*i s® preceded by a '//' symbol instructing the conpiler 312 to
ignore the follow ng text. 5 The content of the corme% )‘ '

' ¥

i nt ended ent i WQY24F5docunent ati on for the programer and he

i gnored conpletely by the C+ + conpiler 312. In the present enbodi nent, the
pre-conpiler. 316 is arranged to interpret 2he coment statenments. In the
present enbodi nent, the text in the-comment fields conprises 10 functional
(or performancegadspsigidecomd istaterdevita i gérierdl doPrebfundiiy e6irGe Walde coinbilermake

up the distributed. syst ecifically, the specificatjon data includes
ibt & Spec: fyi nd Ry 3B pTHRE Selenteiee Wnichitin BB Tipisied by api corppier (o125
correspondi ng volume of nenory space) expected in a given class 15 (b)
avai lability i ,.@. th ercent age. of access jinstapts whi ch the object
nust be avail at; S fogp%é%télgsaccgr%mg to any o_fs cllalms ‘?[11 1o ‘R‘p in wﬁ:ch said corlnp'?er
5 {_312) is controlled to produce muitiple executable code output files for
performance on different computers {10) of a distributed computing system in

accordance with said second statements.

17. -Apparatus according to claim 16, in which said compiler {(312) is also
10 controlled to produce a single executable code file for performance on a single

processor ignoring the content of said second statements.

18. A method of generating code for execution on a distributed cbmputing
system which comprises:

15 generating source code comprising first statements defining the structure
of said code, -and second statements specifying system performance critéria and/or
system specific implementing data; :

compiling said first statements while ignoring said second statements;
testing the execution of said compiled first statements;

20 on satisfactory execution thereof, recdmpiling said first statements in
accordance with the information contained in said second statements for execution

on said distributed computing system; and

distributing the compiled code to the computers of said distributed
system,
25
19. The method of claim 18, wherein said distributed system is a

telecommunications system.
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(‘c) accessibility - i.e. the nunber of different access points from

whi ch the object (or particular data within it may be called (e.g. the
nunber of termnals or mainframes which will need to access the object) 20
(d) security - the access rights which various users are to have to

vari ous .data (i.e. whether they are to have access at all and, if so
whet'her they O¥QITRA¥ wite or both) (e) concurrency - i PCT/GROT00S, o
of other processes which mght sinultaneously be invoking a given object

or process 25 (f) tineliness - i.e. &Y maxi mum average and/or nini mum
time within which a process nust be-conpleted. Typical values of sonme of
these functional criteria for various applications are below 30 WO

97/ 26595 <

PCT/ GB97/ 00035 12 Sone Potential Applications andalth ir Fungtional

Di mensi ons. Size Avail ability Access -ConcHfT€ncy — {Iniegrr fly.
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(mb) (% (points) (applications) (Yes/ No) (M n/ Ave/ Max)

Intelligent 1000  99.999 100M 10, 000 Yes 0111100
Tel ephone Net wor ks Tel e- 10 90 10 2

No 0/ 0/ 0 Presence Shared 100 90 100

No . 0/1/2 Virtual Reality Enterprise 100, 000 99.99

1. 000 WRgM265%5 0/ 1/10 Conputing Referri ng back to If‘a.ﬂ‘?né’g%s

statement 1002a defines a class of objecggjcalled "Custonmer” and statenent
1002b specifies that objects of this class nust be avail able 99.99% of the
time. Statement 1004a defines a 32 byte @yay called "nane" and statenent

10 1004b speci fy nmust have
read and wite pccess to the contents, and any other cesswm.lst have read
only access (so} gg only custoner suppotz servgczs §%D ier t he
subscri ber nane @ed in an object of t ustore n:vﬁltrh elates to
a single custo ZSt atenment 1008a def fﬂrztlémgg.gtgr% , and
statenent 1008bf E5 0.8 3553 =
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15 specifies that custonmer support services have access. Statenent 1 006b
specifies mninum average and nmaxi num performance tinmes (in mlliseconds)
for the function "Custoner”. Statenent 1010a declares a void function (i.e.
one that returns no result) entitled printBill, which prints the bill for
the custoner object, and statenent WO 97/ 26595

PCT/ GB97/ 00035 WMXB726%8hb specifies the correspondi ng nini num REEGRIZ0083
maxi mum r esponse tinmes.- Finally statene 101 2a declares a void function
called call Delivered, which is invoked en a call has to be handl ed and
statenent 1012b specifies the 5 mmium average and nmaxi num response tines
for the function. As it stands, therefore, the code of Figure 9 conprises

. execut-able C + + statenents 1000a, and coments 1000b, and it can be
conpiled as a C + + programwhich will execute normally, the conpiler 312

paying no heed ®0 the f@ctional ecific@®ion d&din by the cq§uents
- statenent 1% bco\}o ®\ On thi%b\her %ﬁs{ V\%\] gt’xessed byt
- pre-conpiler —t=re 1 ; IS N =
] = >
' =
- | THT e = O
a9 o
5 t O3 cll o
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functional criteria 1000b have effects both in generating new conpilable C
- + code and in generating directives to the conpiler, as described in
greater detail below Size/ Nunber of objects 15 Each cl ass of

obj ects may be associated with a size statenent, indicating either the
nunber of objects of that class which are expected or the corres ondin?
amount of st or WS726¥Ee required. In general, preferred enmbodPRFFBLNSS he
invention are arranged to interpret statem#fdl relating to the nunber of

obj ects expected (since this comes nore naturally to a programrer) and to
convert this 20 into a required nenory size by nultiplying the thus

decl ared nunber of objects by the sum of the sizes of the declared data
types for the class. Referring to Figure 10, the pre-conpiler is arranged,
in a step 2002, to read any size statenepls associated with classes and to
convert each into a nenory space size (i ngzgytes), and formthe sum of
all such nenory sizes. 25 the totdal size of the object nobdel thus
calculated is small enougf )t hin a single one Megabyte UN X
process, the pre-conpiler ps~a—di rective to the conpiler to conpile the
code to a single process (stepee86r: T rplifies the addressing which
may be enpl oyed, assphe gonpi hen al |l gw obj ects to pass data by

reference since all ' i) ih the sage a 30
Ot herwi se, in step 2008 writles a directgve yeZﬂGe'

COMPILE

_ l‘ 218

-/ TRANSMIT
TO HOSTS
10

COMPILE WITH | J
C++ COMPILER

|

RUN | 210
212
Y
Y
PRE-COMPILE | &4
FOR DISTRIB.
SYSTEM
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conpiler to conpile the code into nultiple UNI X processes. In step 2010,
the pre- conpiler 316 may sel ect the m ni nrum nunber of target host
proocessors to which the code is to be conpil ed. WO 97/ 26595

PCT/ GB97/ 00035 14 The sel ection steps 2004 and 2010 may be perforned in
accordance with the data stored in the systemdata store 318 indicating how
nuch nenory is WO31368%% e in each of the hosts 10. In other enREAIGRIHOROIS t he
si ze of the object nodel- thus cal cul ated néyls al so be used to control
addressing nmet hods in other ways; for exanple, the size of the object nodel
may be used to instruct the conpiler-tfRSE pETW™WEN usi ng nmenory
addressing (where all objects can be l}o Bpe sane nMenory space);
file addressing (for |arger nunbers of obj ect U Ds; or to use

virtual nenory pointers. 10 Avai | abi Li t ;jcu ar net hod of ensuring

hi gh availability of a particul ar ol qct entel multiple copies of
t he object (and, of course, to upd , '
' ™

X SODE
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possi ble, the data in all copies to be identical). The availability of a
gi ven object is roughly inversely proportional to the tinme taken by that
object to respond. Thus, 15 the nunber of copies of an object which nay be
desirable is roughly proportional to the ratio of the availability and the
aver age response tine of the object. Accordingly, referring to Figure 11,
in a step 3002WMBYFe- compiler 316 is arranged to read the ?%Hﬁg?’é‘ﬂm
availability for a class of objects and, i#f1d step 2004, to read the
~average perfermance tinme indicated for objects of the class. 20
Then, in a step 3006, the pre-conpiler selects the nunber of copies of an
object to exist in parallel to give the required degree of availability,
and in a step 3008, the pre-conpiler extends the constructor code for that
class [which instantiates new objects of the class) to cause the required
nunber of copies sinultapeOuSTt0 be created (on gFTieres hos®s 10) in
runtime. 25 Thg nunber s&ected in the sy€p 3006 w deneral ly be
one (in which case th# pre-conpile\ 3& wites Ao additional ode in the
stage 3008) so as tg/muintain dgta Yegrity, £xcept where higy

i@MN\ca\e two orfnore copies are syl eq@ed as

availability is reglired in whi
I ndi cat ed above baged on the cl exponse fine and required avwilability.
& tharf referring to target dacceks

30 | Bot hgr enbodi nent s,
repl fca objects in accopffdnce

times and creaty g a desired
therewith, agpredetermned nygbs repli ¢ga objects may be sdl 4dt ed (flor
X

exanpl e two) ol l ’
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15 the access tinmes for objects may be altered (wthin the prescribed

m ni.mum and maxi mum descri bed below in greater detail) to accommodate this.
Accessibility As different host conputers 10 are connected to different
points in the 5 WAN 11, 12, sone particular host conputers 1 %67 rter
conrruni cat i ongygortzewst o particular termnals 15 or hosts 10 an ot hers.
This data is stored in the systens data rory 318. It is therefore

advant ageous_ to store objects at hosts 10 which are connected to those
termnals which will access them Referring to Figure 12, in a step 4002
the pre-conpiler 316 reads, for 10 each data declaration, the identity
(e.qg. user, customer support, service provider, billing or regulatory) and
nunber of termnals 15 which will access the objects of that class, and. in
step 4004, determ nes the conputers 10 on whi
cl ass shoul d be stored st @ccess ® th
data stored in the sy

using the
4006, the
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the conpiler to nodify the object managers 108 conpiled for different host
conputers 10 to cause themto transmt all requests to create new objects
of« thé class concerned to the particular hosts 10 selected in step 4004.
Security 20 In a step 4008, the pre-conpiler 316 adds new source
code to test the identity of the object or process which is invoking a
function alter MRP786895rticul ar itemof data, and to pernit acBEH&GBIN0YIS
where the identity is in accordance w thgfihe antici pated category of user.
Thus, personnel data nmay be read or vvritten only by personnel termnals for
exanple. 25 Concurrency Wiere a nu r concurrent accesses to data of
an object are possible, and a fi rstﬁ accesses anot her object which
may al so be accesad&-goncurrently, an i con5| 516)0 situation can arise.

Accordingly, inj (SO V101 1M AL 1N I Y O] r(—fjl-‘dlls 0] 2 1VA oY M e I AT
i nconsi stenggg ${provi ded Referring to 3D Figure 13, in a step 5pP2 the
pre-conpil er 31§ireads e Ss, he nunbeg |[Ir rent pfpcesses
whi ch may acces$)obj egt'-és M@ﬁ?l’ﬂ’ ss; if no conéwﬂgléﬁgégl nformat|{ pn is
i ncluded, or if}yhe nunber of concurrent processes is explicitly sthted to
be one, in FUULI-, —rro~-furtier—actTom -t takerm Tt monber—of
- uID 71
506
N HOST “132.146.12.105
508 ,
N NORMAL NO. "0171-111-1111"
510
- REROUTE NO. "0171-222-2222"
512
L REROUTE TIMES 0700-2100
514 - CALL LOG (NO.) (DATE) (TIME) (COST)

Fig.9.

1000a 1000b

1002a £ s N/ A -

“~ class Customer { /] avail=99.99% 1002b
1004a
1006\' char name(32); /1 ACL css=rw,other=r; | 1004b

a
ublic:

1ogga | 1008b

| Customer({char‘nm); // ACL css=x; Y
1010a /1 Time 0/100/10000;  1000b

“~~  void printBil(): // Time 0/10000/1000000; |1210P
1012a - - - 1012b

] void callDelivered(); {/ Time 0/10/1000; |

3
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16 concurrent processes exceeds a predeterm ned nunber (which nmay be 2. or
may bé a higher nunber) in step 5004 for a given object class, then in step
5006 a concurrency control method is selected for that class, which in this
enbodi mrent may be a sinple | ocking process whereby, after an object has
been accessed, W8%%265%;t her access is possible until the firdk 7/00035
termnated. In step 5008, additional sourcesamde is added to the original
source code, to cause the conpiler to add a | ocking step to the code for

t he cl ass concer ned. Tineline@@ogagb-host 10 wi Il be operating a nunber of
processes of different objectsfro—tm parafrtef, is I ti-tasking
operating system 106. Referring RBAPi §IZES 0F |i nEl e‘EGEI)OZ t he
pre-conpil er reads the perfor minddl CldSSESo¢i ated with each class. In
dependence upon the aggregate Ol a¥= hge performance tinmes, in a
step 6004 the pre-conpiler includes a

cache size for each host conggkgr 10,

menory recorded in the systens datyg 318 for each host computer 10,
So as to provide a cache size ipx sQrtional to the aggregate
required access tinmes within &ie avapDBRl € Nedpey

v ]
METHOD SMALL

onpiler directive to establish a
n 15 accordance with the anpunt of

LARGE

2006

- MULTIPLE DIRECTIVE FOR
PROCESS 1 PROCESS

2010\\ l

~ SELECT #
‘TARGET HOSTS

-

Fig.11.
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In a step 6006, it is tested for each class definition whether a short
average or nmaxi num performance tine is specified and, if so, in a step 6008
a-20- priority weight is selected for that class in inverse proportion to '
the average performance tinme, and in a step 6010, source code is added to

t he code.defined for the class concerned to inplenent a tinmer_which tests
whet her a pred®Q¥#éd time has el apsed since invocation of PRESEIHUG of
particul ar function or eperation within th¥/tass) and if so, aborts the
operation. 25 The wei ght value selected is witten into a |ist of
wei ght val ues which is conpiled by the il1 for use by the object
manager 108 for each host 10, in acgaq,%an "WiTh which the priority with
whi ch each object is to be perforne get, so that objects with rel evant
| ong average response tinmes are acc¢rded E ativelly low priority wait and
are treated as "background" tasks by tR& @ }LI_PQ system 106. WO
97/ 26595 CESSIBILI PCT/ GB97/ 00035 17
Summary Thus, after operation of the ? 6, the extended source
code 4004\

SELECT TYPE
OF HOSTS

4008~ I

WRITE CODE FOR
HOST OBJECT
MANAGER

WRITE ACCESS ﬁoa

CONTROL CODE

Fig.13.

002
5992~
READ
CONCURRENCY
5004
Y
2
5006~ l | \
SELECT N
CONCURRENCY
CONTROL
N
5008 N Y
WRITE SOURCE
CODE
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stored in the source code store 308 includes additional source code and
cdnpiler 5 directives which inplenent the functional, or performance,
criteria by either: (a) addi ng additional code or data to the class code
1 10, or (b) nodi fyi ng the obj ect nmanager code 108 for all of the host
conputers 10, or 89%%? instructing the conpiler to produce ssparate
versions of the"BB8/? 10 manager for different host conput er FCHGBI7QO03S
accordance with this extended source code, fijper conpil er then generates an
execut abl e code file conprising the class code 110 for each declared cl ass
in the input source code, and may al so i nclude an object manager 108 for
each host conputer 10. 15 Rat her than conpiling code of the object
manager 108 for each host conputer 10, it is preferable to supply instead a
file of data to be enployed by the object manager 108 for each host
conputer 10 to nodify the operation thereof. Thus, when the
t el ecommuni cations systens is to be .changed, for exanple because of a
change to the systeminformation avail able such as the 20 addition of a new
host conputer or the extension of nenory avail able on host conputers, or
because the function of one or nore clas ﬁgPFLﬁEject is to be changed, the
r

preconpil ation and conpi | atggyd processes"a at ed and t he new

executable files are transn14;;§i¢d41_th_dee area network to each host 10,

as READ PERF
: TIMES(S)

6004 o

SELECT CACHE
SiZE

6008~\

SELECT
WEIGHT

6010\\ l

IMPLEMENT
CODE FOR
TIMERS

SUBSTITUTE SHEET (RULE 26)



d@5eRT 17eAd fivpove250aivocic@lcal testing as described abov, 25 Where a
new host conputer is sifiply added to.the.system w t houtT ot her changes, a

copy of the executable file previously conpiled may sinply be supplied to
t he new host conputer via the wide area network to cause it to performin
. the manner of the existing host conputers2 It will therefore be seen that
' the provision of systemspecific requirements 30 in statenments which wll

. be ignored by first type of, conpiler (e.g. co nts statenents) enaple

- sinple |ocal ‘Yﬂtés"taf‘f?@ ‘PH‘éker?aTE"f%cople[m%{‘i %nqr}?g%etmggr% %?H‘Brr'%egrwé%g'nl ﬁ‘?
rel ease, th%jé&qumiagtﬁ@ @tmgidmémﬁ_possi ble down-time of the host
conputers 10 when the systemis altered in use. WO 97/ 26595

PCT/ GB97/ 00035 18 VeHeys lanouases iale axaliie (e PLOGAMITHSE; Whe avisnte [usewihe
ar e possi bl & IRReHSen LA A, L nBR P eEi it SUBBRM SHpHAT T on
conveni ent to provD@@rihl{teéimo.e@ﬂSimnt,ﬁa@ra fm-&bm@idrmgsgoopéseqtibngimﬁewral 5
(r;(rjg\s/gm I onal regpgctg. (ﬁr@ﬂw ecfiffef'etnt V\Qc%le(sjs et%%f%lliquesb emg{,) SBe bllegmtrgd 'é]etp%gﬁﬁ’;[ge othhe

Whether other programs or data are located on the same host computer as a calling
program or on a differenf host computer. The location of a program or data will
~ also affect the speed with which it can be reached from another program. Also,

10 one or more host computers may fail whilst leaving others in operation.

Distributed bomputing is conventionally performed, by using a "client-
server” arrangement 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. '

15 Object oriented techniques have not widely been applied to distributed
processing. A summary of the state of the art in this respect may be fouhd in
"Object oriented 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.

20 Previous attempts have generally added new syntax to an existing computer.
language, of have created new computer languages, to extend conventional 6bject
oriented programming to deal with distributed processing.

In a first aspect, the present invention pfovides a - telecommunications
system comprising a distributed control system consisting of a plurality of
- 25 interconnected computers and apparatus for compiling control programs for the
computers, the apparatus comprising: |
a store for current system performance parameters; ahd
a compiler having a first part and a second part,
| the first part being arranged (a) to respond to comments in an original
30 source program, the comments comprising specified criteria for requifed
system performance, by accessing appropriate system performance'
parameters from said store, evaluating whether the réquired system

performance can be met by the original source program, and, in the event

T
MENDED SHEE
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M\ﬂe&?t1peﬁf=\bmn9\2&9?9wn-e@,ent i onal conpiler (and indeed conbi nati on of
pre- conpiler and conp™er may be considered to conpri exactly this).
Naturally, the invention is usable not only with C + + but with other

obj ect oriented | anguages such as Smalltalk (TM which are to be provided
ina distributed 10 environment. Mre gederally, it would be possible to
utilise equivalent techniques with a non object-oriented | anguage and on a

non-di stri but ed sy§t em Wilst the inventi on has been descrié) d a
"ncl udi ng the comtl BMeaRig AVEILAURT KT, GEOPEREBERRCRIFE L jatal Fourse

will be realised thgdrain shdtaflehtse ahBecsRBRY | @iFecliNBS AdU préduding Re rddifled
different jurisdiction and |linked to the host 15 conputers via an
i nternational tel SOUIRAAATPEEM BYdnCAiReral P they additiand FloyrcepProgear istatements

claimed for the c i : hat.h i ' ' it nd in
I solation fromt h%@e’%@@é‘%ﬁ%%&%ﬁéﬁg tﬁgto&gﬁ%p%'{}gé \"Rﬁébéﬁp“l ?n?s used.
Nat ural | y5 appl i cabe sesonst hat beimgnartariged dbimonrespbond s eaecutpbissitbleenergsidn as

for exanpl e shared,_distributed conputing. 20 . ny ot her .

Al ternat | ves and. B IR | SHESSPHIOTEE Ghplr ERE PEPNtne! SLPPIRHepeydystion
Accordingly, the pPeqf€ihe MbeRiEd SHurés plogkfAnIRproaued 6R6MASEIe BYeaNd al | -
subject matter disclosed herein, whether or not covered by the acconpanying
claims. Qur ot her G9Rvpaieaty. thgnompiler shtris v aspect ¢f; thednyentionecaapfisasa? e

and 2t5' Wit r|?>(rje1£v_tigmﬁﬁéf'elntt.‘:otnﬁtfhc"t‘iﬁntvt?iitﬁ aPUVeRASAR TonipieH SRR! i€ Wi bR feBbgnised
nven IC)1nO az:]hatI fhe_functionality of the invention could be incorporated directly into a re-
written compiler.

_ Thus, according to this first aspect of the invention, the source code may
be compiled and tested for execution by the author of the program on a single
processor by a conventional compiler, the comments specific to the multiprocessor

15 environment being ignored by the single host compiler, prior to being cbmpi.led to
execute on a multiprocessor system by the compiler of this first aspect of the
invention. This enables the programmer to validate the basic operation of the
program without need to test it in real time.

In a second aspect, the present invention provides a compiler for a

20 distributed object system, in which functional requirements on system performance

‘criteria can be entered and are interpreted during compilation 10 ensure that the
function or requirements are het.

For example, the system performance criteria may be response time,
number of objects, or integrity of data.

25 Preferably, in this aspect, functional requirements can be stored for each

object and/or class of objects. .

Conveniently, the functional requirements are .specified using the
comments referred to in the first aspect above.
In a third aspect, the present invention provides a method of generating

30 code for execution on a distributed computing system which comprises:

generating an original source program comprisi_ng executable statements
defining the structure of said code, and comments comprising specified criteria for

required system performance;

AMENDED SHEET,
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8112187 priedirentpg50edfociog@ile herein in-its entirety. In ticular, the
mechani sm descri bed therein for creating a type nodel preferably
extended to include additional data fields for each object which recite the
functional performance data recogni sed according to the present invention
30 which is then supplied as part of th3Aconpiled executable code, to be
used by each object manager 108. In this may the sane execut abl e program
may be supplied to each host

T o e P oo PP s ST mATS PhFsatels Kpfh Mo/t fF

t el econmuni gatritRAsd TBRipRItiIng CHERErhS tRE stordi EdnitaiRingeBureamt gﬁdteﬁ\yﬁéﬂaﬂmance
consisting of a plurality of interconnected conputers and apparatus for

conpi | i ng SP¥@MeEt®Ss: prograns for the conputers, the apparatus conprising: a
store for current ¢gygh Rﬁ{eftr%r”ﬁa'écn% Qﬁé@@?&t@ﬁﬁ eABfindhdeCBRH Iber mBa Wy Nthe?

first part and a second part, the f |rst part elng arranged (a) to respond
to conmer& sonlmnalr\sc@lrcagpwaramburce program the coments conprising

specified criteri & ftf'?e Eveh ' B?da negative evaluation result, generating appropriate

additional source program statements and compiler directives and producing a
modified source prograrﬁ by incorporating the additional source program
statements and compiler directives into the original source program; and |
10 responding to executable statements in the original source program or, in
said event of a negative evaluation result, the modified source program, to produce
executable code for execution on said distributed computing system.
Other aspects and embodiment of the invention are as described and
claimed hereafter. _
15 Embodiments of the invention will now be illustrated, by way of example
only, with reference to the accompanying drawings in which:
Figure 1 is a block diagram illustrating the elements of a
telecommunications systems embodyiné the invention; '
| Figure 2 is a block diagram illustrating further embodiments of the system
20 of Figure 1;
Figdre 3 is a block diagram illustrating the elements of a host computer
forming part of the system of Figures 1 and 2;
Figure 4 is a block diagram . illustrating the elements of a compiler
apparatus forming parf of the system of Figures 1 and 2;
- 25 Figure 5 is a flow diagram illustrating the operation of the compiler

apparatus of Figure 4;
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1&112/97-{3:48f:\@;ests\emmq@edo mance, by accessing appropriﬁ system

perf ormance

paranmeterstromsaid store, evaluating wheWer the required

syst em performance can be net by the original source program and, in the

event of a negative evaluation result, generating app

. source program statenments and conpiler dit@ctives and ' Lfied
source program by incorporating the additi Hm mmwlm Mam
d

15

- statenments and conpiler directives into the original so#rce
" the second p&EAIMEi ng arranged (b) to respond to executable statements in

- the original
“result, the

~ A system accdr di ngAt teletammubicationsitsiystens goinisownad piésttibwedt tentednpydtem i s

source programor, in said event of a negative eval uation
nodi fi ed source program to produce executable code. 20 2.

P e L e

pre- conpil efo"

in which $ai

(0]
Corstesipibgramsafioe ties campedrd, ahs apparatanédraprislag:a i n obj ect

records toget herra\éyléth associ ated data read and/or wjte control prograns.

4. A sys® &R

LPYTHY YR BPHPHNaNGS RARFBRTEES i /%S pecified criteria for

required 30 gy:3hpbPRAViRY BBISEprehAd @ deomeph@ Mance tinmes to be achieved
by said control prograns.

10

15

20

25

30

the first part being arranged (a) to respond to comments in an original
source progi'am, the comments comprising specified criteria for required
system performance, by accessing appropriate system performance
parameters from said store, evaluating whether the required system
performance can be met by the original source program, and, in the event
" of a negative evaluation result, generating appropriate additional source
program statements and compiler directives and producing a rhodified
source program by ihcorporating the additional source program statements
and compiler directives into the original source program, and
the second part being arranged (b) to respond to executable statements in
the original source program or, in said event of a negative evaluation

result, the modified source program, to produce executable code.

2. A system according to claim 1, in which said second part of the compiler
is a conventional compiler, and said first part of the compiler is a separate pre-

compiler.

3. A system according to either claim 1 or claim 2, in which said computers
are arranged to store control data in object records together with associated data

read and/or write contro! programs.

4. A system according to claim 3, in which said specified criteria for required
system performance relate to performance times to be achieved by said control

programs.



201597 13:48 f:)¥hateny 5250 28vad ding to clai m'4, I n which sai !er?f—Ofﬁﬂ&ﬁee---ti—n%s_‘

conpri se one or nore o a mni num perforamance tine, a ver
t4 me, and a maxi num perfornance tine. 5 6. A system acjmﬂm mﬂmjﬁaﬂ
3, in which said specified criteria for required system persor

to the nunber of equivalent said records 2mticipated in said system 7.
A system according to claim3, in which said specified criteria for

required 10 system performance, relate to the nunber of access. points wthin
the system fF-om wHh SHSEH BGRITRO TR PanOWhicR AR pefemnanicesBes comprise A

system accorglengr hereCoRh Migimim pétforiaied BmeDaR! dvieRfgeChdridtianck @imé esnd sed
system performance relate to categories of users who are to be permtted to
15 access sdnaxidwnmapederransedim@arts t hereof. 9. A system according to
claim3, in which said specified criteria for required system performance -
relate to the extent to which said data nust be imedi ately available. 20

5 6. A system according to claim 3, in which said specified criteria for required

system performance relate to the number of equivalent said records anticipated in

said system.

7. A system according to claim 3, in-which said specified criteria for required
10 system performance relate to the number of access points within the system from

which said data records are likely to be accessed.

8. A system according to claim 3, in which said specified criteria for required
system performance relate to categories of users who are to be permitted to

15 access said data records or parts thereof.

- 9. A system according to claim 3, in which said specified criteria for required
system performance relate to the extent to which said data must be immediately
available. |

20
10. A cbmpiler apparatus for a distributed computing system, said appératus
being arranged to accept functional requirements for the performance of the
distributed computing system and arranged to interpret said functional
requirements in accordance with stored data relating to the compufers of said

.25 system to achieve the functional requirements.

11. Apparatué according to claim 10, comprising means for accepting a source
code program in a computing language, and means arranged to read and compile
executable statements which are known in said language, characterised by means
30 for reading and compiling further statements constituting said functioﬁal
requirements for the performance of the distributed computing system, which

further statements are contained in comments in said language.
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18212/97 13:48 fOoaeDisi2B9294p tus for a distributed conputi syst i
appar at us being arranged to accept functd onal requirenthts uﬂm‘mﬂ‘w‘m”“‘
performance of the distributed conputing system and arranged, mpl €t =
said functional requirenents in accordance with stored data relating to the
conputers of said 25 systemto achieve @2ie functional requirenents. 11
Appar atus according to claim 10, conprising neans for accepting a source
code program.in a conputing | anguage, .and, neans .arranged to read and '
conpi | e exeddt abl @ngg’(‘% gr 6% clgim Ei‘mdﬁw "Y*Hg‘éaﬁatfp f%n%'agaeeompﬂses an
charact eri sggjeby ofiB®e8 Idtyuagel reading and conpiling further statements
constituting ~said functional requirenents for the perfornmance of the

di stributed conputing system which further statenents are contained in
comments in,gaid | : ; REGA i j in
whi ch said I%hguaglj\?&gtarrggiag%%rdﬁ? %bcj'%aelgqt' 1§!rol ent Fedéﬁs?ég‘?\gﬁ{égéggf?%%%?pﬁat us
accordi ngp t or alvarientltigreafn -whi ch sai d | anguage conprises C + + 5 or a

vari ant thereof. 14. Appar atus according to any of clains 11 to 13,
whi ch conprises a
14, Apparatus according to any of claims 11 to 13, which comprises a

conventional compiler for said language and a pre-compiler arranged to read said’
further statements and generate corresponding source code, compiler directives

10 and/or other statements for interpretation by said conventional compiler.

15. Apparatus according to.any of claims 11 to 14, in which said compiler is
controlled to produce multiple executable code output files for performance on
different computers of a distributed computing system in accordance with said

15 further statements.

16. Apparatus according to ciaim 15, in which said'compiler is also controlled
to produce a single executable code file for. performance on a single processor
ignoring the content of said further statements. |
20 , . _
17. A method of generating code for execution on a distributed ‘computing
system which comprises: '
generating an original source program comprising executable statements
defihing the structure of said code, and comments comprising specified criteria for
25 required system performance;
accessing appropriate system performance parameters from a store of the
distributed computing system, the store containing current system performance
parameters;
evaluating whether the required system performance can be met by the
30 original source program;
in the event of a negative evaluation result, generating appropriate

additional source program statements and compiler directives and producing a

~AMENDED SHEET-
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1, € ’ .
beth@ﬂ\aheW@iq\“@lﬂo sai d | anguage jand a pre-conpger arranged-teo—+ead
satd further statementS™and generate: cors espondi ng sou™e code
dtrectives 10 and/or other statenmenis for interpretation by ﬁl\ﬂq!‘lﬂ m‘“‘“‘
conventional conpiler. 15. Appar atus accordi ng to any
14, in which said conpiler is controlled2® produce mul t| pI e execut abl e

code output files for performance on different conputers of a di stri but ed

conputing systemin accordance with said 15 further statenents.
Appar at us adeedifiedgsewce| pragrem by, {RGoEerating thsprdditional eﬁ°§5’eco|ﬁ’t°t96?med

to produce ayleREngs sme%pnéred.re%eeé Ht@tﬁ%r@ﬁsnfgyuv@&&%g%aaﬁa ngl e

processor ignoring the content of said furthef statenments. A
met hod of gener at |rﬁ§p€m§|mg fmexmd!le istatements i Hter Dmnddsm%mqigtgrrsystlem
whi ch conpri r [i oWl c :
execut abl e ssf%acf%vréﬁ%? gi I aﬁé’?r ucftulr[“ee%?o gg’lgasao%%eep d“t: fse

© conprisi ng wxecifabRicael foﬁéxecdtmh dtbsaid eipiibiedd Spaipating eytmmance;
accessing appropriate system perfornmance paraneters froma store of the

di stributed conputing system the store containing current: system
performance qar ane,trgr Sefhéal L@t | MmN ER hehbRfh T S4Y rd%%mhemyeeérﬁor.mace

can be net by the
telecommunications system.
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(S7) Abstract 2
A compiler for a distributed object system in which fanctional requnements - EXECUTABLE - —3/0
on system performance criteria can be entered as comments fields in an object STORE B

oriented language (e.g. C + +) which are ignomd by a conventional compiler (to
allow compilation of a single processor version of the program for debugging) 314 [ )
but are interpreted by a pre-compiler (316) to take into account system data (318) \

when compﬂmg code for the host computers (10) of the distributed system. The
system is preferably a telecommunications system.




