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- PARAL&EL DATA PROCESSI NG SYSTEM AND METHOD OF '¥ob ¢o0
CONTROLLI NG SUCH A SYSTEM Field of the Invention This invention

rel ates generally to data processing systens and nore particularly to
systens wherein a nunber of processing units are organised to process data
si mul t aneously. Such systens, referred to as parallel processing systens,
are typically used to process large quantities of data nore rapidly than
woul d be the case using a single processor, usually with the additional
advant age of enhanced r el PafnLLEL ATA FBACHSgINFUAYETEE ANRe | nventi on

. Wile these advantages capsfaddd YolfodtinGested Agesensets of data to be
processed by the processing units or nodes are independent, a problem
ari ses when the result of processing in one or nore nodes akfects the

processi ngEieAd:dt Femdnyapeion place in another node or nodes. 1f, for

exanple, code is witten to performin parallel what has hitherto been an

essentially segj;al uRzQﬁ£ﬂJn' 1at££1%e9€n%@ﬂg%8%a‘%§ &8&%%‘1} sygi?eg\:éﬁ{ﬂd\?wﬁ%ee he

parall el OlFeratlons bec nehextrene c(%p
anal ysi s of*"potERt % It°c%'r?1t?’?s PRI e b’&&ﬁ ?ﬁc\‘igf?ngcﬂnrlff c?lﬂet The code
may requi rerganygedato geedesefdatastimnytanachsdor r edydhvaystprpcoefiereed ita d der to
deal wi th pdra1sinplsceBs Sighgydtensages tybicalliahged to process large

guantities of data more rapidly than would be the case using a single

processor, usually with the additional advantage of enhanced reliability.

Background of the Invention -

) wWhile these advantages can readily be achieved where sets of data to
be processed by the processing units or nodes are independent, a problem
arises when the result of processing in one or more nodes affects the

processing operations taking place in another node or nodes.

If, for example, code is written to perform in parallel what has
hitherto been an essentially serial opefation, the dependencies between
the various parallel operations may become extremely complex, to the
point where the analysis of potential conflict can be prohibitively
difficult. The code may require- a-great deal of testing and corrective
procedures in order to dcal with the synchronising messages which are

necessarily exchanged between parallel strands of an application program.

Such a situation can arise in the analysis of the substantial
quantities of data, extending to many millions of records, obtained in
comme;cial activities such as insurance and retailing. Speedy analysis
is essential if marketing strategy is to be effectively and flexibly
matched to customer needs and preferences, and a number of pfocesses have
been developed to recognise marketing trends in order to respond

effectively thereto.

In one such process, referred to as data mining, records are
analysed serially to develop a model which can be used for predicting
trends. The model is dynamically updated as the analysis proceeds, and
each processing step is required to be taken in accordance with the model
that is current. Data mining has accordingly been traditionally

performed as a serial, single processor operation. This is necessarily



-necessarily exchanged between parallel strands of an application program--—-
Such a situation can arise in the analysis of the substant,hlal antltles of
data, extending to many mllions of records, obtained in en Replaced
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each processing step is required to be taken in accordance w-th-the nodel
that is current Data m ni ng has accordingly been traditionally
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-2- a corrput ational | y I nt ensi ve process, and consi derabl e advantage coul d

be gai ned by t e, aRbbLLALL AN LAl erRAtAdlonPEACESH BEEENRI AUERAO Processes
such as data mninp unmar the I nvention Accor ng to one

aspect of tRECPFE nfyﬁtﬁ@e‘f?ﬂ"Pg’nslf‘ﬁe? SRR O 0f RFGeSspat 3PHSS edy qdapted
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regi-ster, said systeminc ing a nessage_ | nt dce Fnterconnecting the
nessage hand’f”f"ﬁﬁmk‘t?rcﬁi;}}gs t%%%é?aéﬁeﬂawlﬂﬁ §%FDG1?1(96§%015FR13 Wednga¥hpodesadi ng
nmessage handhd mgapy doedoreémgseémeye telnglingt mrobédnrps cebetut eelyeitst eis of t he
vari ﬁus NodeseceRasd) rapSans olaaadﬂ traﬂldﬁerﬂ%aas,beaaﬁm@%aeé %dnélqna a&pRed t0t
synchroni za{ i on a a 0 _sai sage interface during execution
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accordance wbdd it hecesiaact ad chessagse hamillihd @rodeddadUseected from the

associated procedure register.

There is further proviaed a method of controlling a parallel
processiﬁg system having a plurality of.processing nodes comprising the
steps of providing, for each node, a message handling kernel and a
procedure register, loading selectively into the procedure registers of
each node message handling procedures to be invoked by the message
handling kernel associated with that node and controlling the node in
accordance with message handling procedures selected from the associated
procedure register under the control of messages received from another

node or nodes in the system.

;n a preferred embodiment of the invention the system is configured
to défine a master-slave relationship, one of the nodes being designated
as a master node in which the application programme and control thereof
fesides while the others operate as slave nodes responding to messages
originating from the master. The procedure registers associated with
each slave node are loaded initially under the control of the master node

and may be updated from time to time as the application proceeds.

In another aspect of the invention, there is provided a computer
program product comprising a computer program recorded on a recording

medium for use in controlling execution of application programs on a
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. According to-another aspect of the present invention there is provided a
nmet hod of controlling_a parallel processing systemhaving a plurality of

processi ng no o lagef] o steps of providing, for each node, a

message handl i u M procedure register, |oading selectively into

t he procedure ch node nessage handling procedures to be

i nvoked by the nmessage handling kernel associated with that node and

controlling the node in accordance with nmessage handl i ng procedures

sel ected frBHhathe BESGEF H%e Y PrBcire ar vyt ‘?fnpf%?ﬁgﬂ?en‘fd&s' said

synchr oni zatémpnteressages goapeisiad: f r om anot her node or nodes in the system

Accordi ng to anoidags R%PS&k i@ingt hEoPERGEH shiy @BidsONa mB&YageianpI OV ded a

conputer prpgrampro lg,%ce%gwréegkm conput er readabl e program code recorded
on a conputer readabl & recording rreél'um for use in_controlling execution

of application pPGEYE e HIEPHEFLETEYe Y s enBroSFetEnTerastsrg of sreal ity
of processi mefenzissge thhndlGoamroeedureadabbe iprargd dm tiod seseop rhiasd Ngy

means for pravvedidigvide@r etackaiOhoddi d nodes, a nessage handling kernel and
a procedure regi SLeli, oo neoeadtSANS, 0N, LORMING, B8l seLlvel v it o the
procedure registers of *@acA°Rtde WesSsdde andl T ng Brocedures o*'%e i nvoked
by the messa#feckaitdl 199§ KerAeIropres WieH meweoe Fardiipg@rocedures selected

- 3- fronh elfee kBsceaeteapssmgerd anglistey kernel is adapted to control its
associ ated node in accordance with nmessage handling procedures sel ected
fromthe associ at eq grocedurg register in reifogse to §¥nchrpnlzation
messages recei ve'ld PR EHGT AR iEHe CorPRIITEE2Ie TN ST 1S BFY ef

Descri pti onakiflitheorrephings process ang|ngssagestipgsasnapdvhel éb PrELESsssi ng
syst em enboditinggt tdaguiriie Rini@dlirable complekdtés widhis tde tadbl Rashivi b 1ieD
sinplified {00 &heIbA4RNe HEGA 1‘&’@%]&9:1 @ﬁggﬁ Hroﬁep%%ﬂe?séﬂg?nﬁ g, System
of Fig. 1. FIG _ 3 .1s a flow chart 'show ng the steps perforned by
the nessage®h&AaTiNgS Rt Hdred if -2 messaqq @nd&”égnﬁﬂg‘tll% EEFIERUre BF a

typi cal nessanpotigrdis heedmpnr¥icenighprdrans for patadlpk evebratwhdcprageessi ng
node.  Det aide@6pdE 564 wpé iwdbh Ofhet fiesBhehiftenetbrlEaR0di @Rt to be inherdBeierring
first to Fige.l gliB§¥ealal'x§|m09£ AT B.Qirﬁé%a%%et@x%éh{lﬂbé NBsLAMES BBy,
conpri ses a nunber of processing nodes , 2. . .Sn each ﬁaV|ng an
associ at ed PrOCESEHF FYeRYPn:  n| for operating on records stored in a
storage unit 12, 22,...n2. A software inplenented nessage handling kernel

function 13pri23, pescPBdisn d8f tmed it n each of the processing

FIG 1 shows a parallel processing system embodying the invention.

FIGS 2 is a table showing in simplified form a group of records

which may be processed using the system of Fig. 1.

FIG 3 is a flow chart showing the steps performed by the message

handling kernel.

FIG 4 shows the structure of a typical message and the manner in

which it is interpreted at a processing node.

Detailed Description of the Preferred Embodiment

Referring first to Fig. 1 a parallel processing system embodying the

invention comprises a number of processing nodes S§1,S2...Sn each having

an associated processor 11, 21,....nl for operating on records stored in
a storage unit 12, 22,....n2. A software implemented message handling
kernel function 13, 23,....n3 is defined within each of the processing
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‘4 -nodes and has-associated with it a procedure register 14,24,....n4. A
" bi-directional nessage interface, 2, interconnects the nessage handling
kernels in all nodes and an application controller, 3 is arranged to
provi de procedures over an interface, 4, for initialising the various
procedure registers 14, .. .n4 and if necessary updating these registers as
the application proceeds. In the prefgrred enbodi nent, the procedure
registers in the various nodes are | oaded on a selective basis with nessage
handl i ng pradeedundesasapgyoepatedt @ithoid Repypasdure (degtst@ppld.gat-i.-omé. A In

the pref ergledlﬁééé@&la@mssawenéleﬂfgcge§I dRad 8RSt tf{as&esgag@o%d\mw e the .

remai nin node are desi nat ed sl av |ication, programre and
9 Dodes, ane, designalad, RO

its controfresi d& ' mast ar aﬁ%lcf at_Lmnacr?(rj‘glfchlq Iaves's‘-’lfrea%1 2hdt o messages

fromthe nRrSvéde ﬁé‘?j@dures OVRA PR iPheriagedt émfﬁﬁymbélallh’fﬂ”érrb@ﬁ éﬂ“@&? ng various
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Cor poratio record to which the

syshem i s EspreEni e YeR TR Bedin E i petse Rl b PiiPge dat abase
of recordshafseed bpedl iy papcdduses apeROPEtATp APy the apTtddstegnearldeatdon. The
purpose of a data m ning operation using such data may be for exanple to
identify groups of people whose records have certain characteristics within
a range of simlarity so as to develo categorles tQ which comon terns and

condi tions of PhSBf AMEESTEEH PRODGIFRY &8de 1 HhPSLigPHeesy PBEFerPRY to as
segnent at i grile the remafipingpeqdgesiane, designabpdisdavdss | Ghdedheiaphlidagiorecords in
such a waypm§rinetdetts @ofittas Ofaby iaVidl wlistés nbal nprnafHeesnivds bet ween

the var| oUiggese 3.2l uldiglistete, assagial of, Wil Rg, sLorage

units 12 by allocating records in
stripes orBjpREed uéﬁn?)ﬂ’ﬁwuap‘m“‘&‘éﬁeglaﬁﬁ?f’“ﬁ e"ProprefEREdEpeAtieRy on t he
needs of té&wlapplai patilbel aRwynoh el rasaEybtapd6doonptdaessorav@ses first the

devel opmengysebm Aodb i 1St b Galdhadk |oNOslE SoMbotdL i80S EqUENt aggregation by the
mast er node, followed by the construction of an initial nodel froma sanple
of records, using those statistics. The master node starts the
devel gpnent of tH8r1ified growrae| reggrdssehiithe) tare tP ggerh g s§eem 8] | owi ng
whi ch al | amdeésatgenis sheinr i Eugr ioudliioh ebrasesor dslaryomatiteise afssoci at ed
stcn'agea Unféd%rd§)aeveloped by an insurance company £rom customer data. The

purpose of a data mining operation using such data may be for example to

identify groups of people whose records have certain characteristics

within a range of similarity so as to develop categories to which common

terms and conditions of insurance can be offered. This process is

referred to as segmentation.

In operation, the system is loaded with the records in such a way as
to effect a reasonably even distribution of records between the various
nodes. As shown by the letters associated with the storage units 12....n2
in Fié. 1, this may be done by allocating records in stripes or subsets,
o;_other approaches may be followed depending on the needs of the
application. Running the application then involves first the development
of statistics by all nodes with subsequent aggregation by the master
node, followed by the construction of an initial model from a sample of

records, using those statistics.

The master node starts the development of the initial model by
issuing a trigger message, following which all nodes send their

contribution of records from their associated storage units. On



;'5 conpl etion of the devel opnent of the initial nodel, the master node

distributes it to the sl aves. There then follows a series of passes
usi ng all nodes. Each pass is a conplete scan through the data and within
a given pass, there are a nunber of phases. During a phase the nodels on

i ndi vi dual nodes woul d diverge if permtted to do so, so the changes are
accunul ated and the master node consold dates them at the end of each phase
and distributes the | atest nodel state to all the slaves. The initiation of
passes arf®™Pifides of stheoAtYdPPRERhY tFf Jotri2he9salye P BAT Py e mast er
node. At dikeridndeofitaxogkthernlpass the master node may determ ne that the
application should be termnated, for exanple if it detects that the nodel
is suffici ent,llh)érstt%tgrlxefog?o neet_the requirenments aglf1 t(gldeesgppgg-&atgé)sn, and

. . WS @ Series o as5es usin .
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process & PEYUERES CRIEA! ST LY Pt o RBCIDMEr BT RYFR FOP hE S5E P58 and

avai | abi |freylarest medefpgsatm o g 1dehee ptivaed Thy inkidiaviat ef npsaes hed nessage

i nterfacephdsed isadathanee Myod et medsdyes sebe biyN€lieCAddtag doge. shatdane and
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i nterface. : € e master node receives an 1 ndication that a slave
node is aVArTABESTRiINGEAYs T97 RGBRTfe If dGUEREET Tyt Al EMfePoHot®ssi ng.  The
type of prdéesisntly seadiertedmpet dbé inegdideyenye sfagiee hepidkprignpraadedur es

| oaded i niRuédha pReeAULE MeRghgd.er associated, with the node in question
and the nessage includes an identifier ID which enables the nessage

handl i ng kernel to select the appropriate procedure. Typically
two or three PFasiesPRbEarRuPTegety SEIF0EY &°1178°% &4RiY°E8 Wegr ee of

st abi | i t yre-syfikbgomigst dre noe .t Menthiss c@gectibe riti widlli lon anessdged thaAny sl ave

node recognisidil sieihd beidkoaly SrstaR SRR NSt rir8SRP A0ndike PSS Or M ng the
appropriate termnation, or océedure at_.what ever D jnt Lt has rehached in the
. & pl%c%§1?ns an h a %ny ﬁne tam?)a no %f e Per ormlﬁg ?t er

prOCGSSInd)O at a. I shaoul € noted that a Sigmfrcant advantage
of the ITE%ﬁ?&@E?n other partitions which may make it unavailable to process a

request immediately. Information reflecting the status and availability

of the node can be determined by the master via the message interface 2.

In another embodiment, a message indicating the status and availability

of the node is returned to the master via the message interface.

When the master node receives an indication that a slave node is
available it sends a message requesting further processing. The type of
processing required is defined by message handling procedures loaded into
the procedure register associated with the node in question and the
message includes an identifier ID which enables the message handling

kernel to select the appropriate procedure.

Typically two or three passes are required to achieve the
required degree of stability. The master node then issues a terminatiocn
message. Any slave node recognising such a termination message must
respond by performing the appropriate termination procedure at whatever

point it has reached in the processing of data.

It should be noted that a significant advantage of the message

handling kernel is its ability correctly to process any message type as



“handling kernel is its ability correctly to process any nessage type as
and when it arrives w thout requiring undesirable conplexity within the
application itself. The system of Fig. 1 provides: 1. A nessage
handl i ng kernel which is independent of the parallel processing
application; 2. A method of providipng the kernel with a list of the
nmessage types that the application requires, but with no know edge of the
cont ent ofardaefkent yp@rrived. withAutiTR8GRIGEnS hdkGh Hare e Vdoinp Texe na lbli etsint hiee ker nel
to determng, Wich, Tess@ge handling procedure to invoke, w thout being
aware of the content; and 4, A registration nechanism (the procedure
register) for The application to provide nessage handling procedures for
t he nessag®@et §yreemaf Figs t dAr@avideé:kernel it requires. ~-This is
illustrated in Fig. 3, which shows the sequence of events for processing

messages, And Fi@ssde NS IRPINCE Sl ch iR SRk IRSHAGE Shr MEhW . Bef ore
any nessages are sent_the application controller provides to the various

procedur e FEGFEHBY SPREER5E 'handl i ng procedures for each of the message
types it intends the associ ated node to handl e. A typical nessage is
i nt ended t®, tri ggeodaos pestildifiy &tk dine SWEth aS1idt BTSSP ReSRBE dvbodn t he

naster 0 gaehQl LhecaN SRRl [ERUSAN 0 lahBace oFREETIhBGI 8 Fi g 4.,

t he nessage structure 1n es an i cator portion 41 an pdy portion
42. The $38i ©@&€or portion contains a value for the length of the
information tn the body portion, a nmessage |length of zero indicating that
the nmessage, i Sa delbddg@O0firudddrl W cROLHALPA thORernel THE adBSRAFEWhThi NSpect ed
by the kerpel.,to,seliect Lhe {Be3296, N0 NG, PhRsIULE-ABP AR dAL & ,0r the
ID i ncl udedTh°% Ad eSS &Ge ) s ’

and

4. A registration mechanism (the procedure register) for the
application to provide message handling procedures for the message types

it has told the kernel it reguires.

This is illustrated in Fig. 3, which shows the sequence of events
for processing messages, and Fig. 4, which depicts a typical message
structure. Before any messages are sent the application controller
provides to the various procedure registers message handling procedures

for each of the message types it intends the associated node to handle.

A typical message is intended to trigger a specific action, such as
a message sent from the master to each of the slaves when requesting
data. Referring to Fig. 4., the message structure includes an indicator
portion 41 and a body portion 42, The indicator portion contains a
value for the length of the information in the body portion, a.message
length of zero indicating that the message is a trigger with no body
portion. The message is inspected by the kernel to select the message

handling procedure appropriate for the ID included in the message.

A second typical message is a slave’s response to such a trigger,
asking for data. Having assembled the data for the reply, the slave _
sends a message to the master which includes a body portion. The kernel
associated with the master, on receivin§ this reply, goes on to read the

body portion and passes it on to the message handling procedure which is



~ A second typical nessage is a slave's response to such a trigger, asking
* for data. Havi ng assenbled the data for the reply, the slave sends a
nessage to the master which includes a body portion. The ker nel
associated with the nmaster, on receiving this reply, goes on to read the
body portion and passes it on to the message handl i ng procedure which is
7 registered to deal with the nessage I'D contained in the indicator

portion.  registelB® tbUAGHT RPELS RESRGe BY dNEa M | QUENITBSSRGEhand] i ng
kerne-1s and__their associated procedure registers can thus be |ikened to

that of a “fanner t hrough which all nmessages on the interface 2 are passed.
This is illustrated in flowchart formin Fig. 3. Referring to Fig.
3. an inconi ng mesSagei@NpaESsBgEDby herf.atmsndssage bawilved katnegbema3l and a

test is madgeat ag;,@oqasga 590&@9&5 %gﬁtmfu}%m; be ﬂﬁ&?e@g@o P oES, I N t he
list of types require

urre i,catio s not,
war ni ng i s 8% hr‘i“ggf éﬁla Etelﬁé“er?ﬁ%%egg‘én lge lﬁiﬁré%%e étar§4passe‘it sTs 35 a
further teds {Bugtehdet oindéter phare fdvet freFier 3nessage handl i ng procedure for
the particular nmessage received is registered in the associated procedure

register 14, 24, ferﬂﬁg to klg.N9. a@ﬁ&%ﬁﬂhhﬁ&%w%QXeQQ%@U{r?‘teE?aJe ? tered a

flag is ralsed at |nd|cat|ng;l_§ e nessage cannot be and the
message i s r&F%’o"edefr §etP at %“Fe?) At is Tﬁdetﬁes%ﬁ?p?%ﬁ?l -eTHEE SHGERHandl i ng
procedur e ithe fesarpge svieds insthmdést of devey rradrehdvhee ¢hwemessage is a

trigger application. If it is not, a warning is issued at 33 and the message is

purged at 34. At step 35 a further test is made to determine whether a
message handling procedure for the bartiéular message received is
registered in the associated procedure register 14, 24,...n4d. If no
message handling procedure is registered a flag is raised at 36
indicating that the message cannot be handled and the message is also

- purged at step 34. If the appropriate message handling procedure is
found a test is made to determine whether the message is a trigger

; message as discussed above with a message length of zero of whether data
is also carried by the nessage. In thé latter  case the message body is
received at 38 for use in further processiﬁg at the node. If the
message is a trigger message this step is bypassed and in both cases the
message handling procedure is executed at step 39 after which the message
is purged at 34 and the message handling kernel returns to the waiting

mode for the reception of further messages.

In the preferred system the message handling procedures are
implemented as user objects responding to triggers and data messages

transmitted by message objects generated in the nodes.

In the present embodiment, a single message handling procedure is
registered in the procedure register for each message type permitting the
application logic sequence to be set out entirely within the message
handling procedure. This permits easy maintainability since the logic
resides in one place ohly. However a sequence of message handling
procedures can be registered for each message type representing thé steps
that an application will pass through in response to that message type.
This makes the application code more concise since the complexity of
sequencing is built into the message handling kernel, providing a generic

re-usable message handling process.



_nmessage as discussed above with a nessage |ength of zero or whether data

is also carried by the nessage. In the latter case the nessage body is
received at 38 for use in further processing at the node. If the nessage
is a trigger nmessage this step is bypassed and in both cases the nessage
handl i ng procedure is executed at step 39 after which the nessage 1is
purged at 34 and the nessage handl i ng kefnel returns to the wai ting node

for the recept|Wl1@ftﬂe9étﬂ3§rbé€ﬁs§ég@§bed 2 parallbD pkb&sBL&f 65d@d systemthe
message handl 0o, Jr 9e edh &8, ane,d TRLEIE0L St A5 HNeL. O S0l S neshanding €O
triggers and data nessages transm tsfeH T:) Bge® ob) ec j’enerated in the
nodes. contiel leR Prgy 8N AP odienBIftter é‘°§? n(};ﬁt é’%’e%a@’@@ﬁ%ﬁ&?‘? rfgat
procedur e i sher egitst@reeddéseriid proeqoung dpelicebsy tb in eavhgemessagers ype
permtting m@e @p% igmatidan irp%&tr%@quemegu&p apeorgﬂlsgyioner&téfe%é W, thin

t he nmessage__ eas) manalnbllt% si nce

dlin
the 1 ogic r&si d'ép Fn&oﬁ%erul%c?@nb%ﬁtﬁm' Il-g\ﬁ@e/eesr COMIRITIER CA R PR ARG
handl i ng ptasEethfrerdiagnthieetsagps taerefitorocdehr rRseAYesSteyperndelr esent i ng
the steps rtdzabg@namNphy Gabeattrds [degpassed i aughvar louseseRB&Eet 0 t hat
nessage typfugisddhsS 'fmkééchhhg;egp&lis'c?%édo& 9&@15@9%&9 §§ & Qe the

corrpl exity of sequencin into th messayg ker nel ,
provi di ng a®JERETTERE ﬁbcf”é e SLag¥shRRAal TG D F‘(’)‘Fé:é‘éed £ the' control
8 Whi ¢rdl rirevipg Mstfkﬁeewldesmqnbed a parall eI processi ng system
organi sed on a master-slave basis with the application and application

cont ol L er b ovi ot bbbl ot 15, 0R S8 e o0fGend be ibleDe ARLES aled Lo t'he.

t echni ques descr re ‘equa arrangenent - ere
is no one nBHERT (FORMET O the Hrﬁc%ﬁfcﬁf é’tart"i‘)l“@%ﬁi‘igs%fﬂ Wme‘i‘"élté‘?rf'edt "6 14
" peer - t 0- pemivtecingedibyaticsn, sidl Ledddeghecormthriccettee tauhthoueacdesot ited, are

applicable generally in the field of parallel data processing.



each respondi ng to nmessages according to their m“mm\‘nm to message
"handl i ng procedures registered in the various pcu“m The

t echni ques described are sinilarly applicable to an %rranfenk i n which
one of the nodes is solely dedicated to the control and runnlng of the

appl i cation. Furthernore, although the enbodi ment of Figure 1 has
been described in the context of the process of data m ning and
segnentation, it will be appreciated by those skilled in the art that the
techni ques described are applicable geggrad |y in the field of parallel data
processi ng. -9 CLAI M5

1. A parall el data processing system conprising a urality of

processi ng hodes* E%’Eﬁ"r1%55%5{‘%(?‘?6%&#6%é§§teﬂaﬁ°§’p£ﬁ§dé‘? 3 Hgdréb%ﬁyx-e -of an

appl i cat i ororpregriagnnodes -0shi cClsnpaekh nddetedas assess aked unher ens tdonardessage

handl i ng kejengh a%gﬂl@t%rpggwaﬁ [89i st @fuzchS@écﬂ s e ek idi-gg a nessage
interface i r;;terc%gnect th es sag (}I i ng kerne S a%som ated with said
# e hand 1 }

nodes and neans Ag TESS and SCEFuPELCRILEEFVEFY i nto
the pr ocedu?lé'ré{jl)st%‘ﬁé %Ft?’ﬁénvlaﬁq16%§ @Rfdé%e 1’@3%F1a‘??eé%)agét€r¥&ﬁchﬁgn9<er nel
bei ng adapt®e ihesshesmendling Aty apsctabtiednwitRSSsagamdapphb athahd @A fbr

message Intﬂaﬁggemgwab@%aﬂé@ﬁgtb%eaéreéageqe@oqpuyc%eoo@h@&,pweﬁﬁ}é0 sel ect a
nmessage handllgtgegg ?f om t he associ at ed k{)roce ure re%l ster and to
a

control its™ 88 &h?nd’éél‘?“ﬁ 2EEEr FATREHTR 1RELDE BFPR Presage
handl i ng prasiegtkf &0 respond to massagesernrdtedc baispbd mpspagkainyedfaca duviied each
message handdecagiokesiehid sphlilchbain paRRbedot@nti@hi MY atdcScd ARRS BgE

nterface MRaSANGE. R0 00 gg%agregurp@géeaeiesn@a%@&% bagdlLisgspragedyr es

selected fromsald assocl ate re register A system as
cl ai med i n BPEFMHTE T991GHi"ch each nessage includes a type identifier and has
one or nore nessage handling procedures associated therewith according to

its type. 24. a syfehysd efhBfedClidiciBgh ﬁﬂnC&Iﬂhme&cﬁQﬁgﬁﬁér%dﬁmﬁefi ne a
master-sl a lgeththtsl Pur%gélp’ad%ﬁ:%dotlfo tdg?lvrégct%ssalgl ne%s%igeets};i 1’f?ecde x%gssa npster

node in whi e application progra and con er e0f T esl des whil e

t he remai n|‘?‘F@°ﬁb‘d‘€s”t?p@¥‘§trés%t§fs‘?eé\?é9%8ﬂ@é”F%gfﬁﬁ%éﬁ?@ B eferds AFs said

ori gi nat i ngesspointefieomvaster rmdeter. 5. A systemas claimed in claim4
in which the procedure registers associated with each sI ave node are | oaded

initially fyom ap application Lesi ding wihin,the mster 09de  sage
includes a type identifier and has one or more message handling

procedures associated therewith according to its type.

4. A system as claimed in any preceding élaim, configured to define a
master-slave relationship, one of the nodes being designated as a master
node in which the application programme and control thereof resides while
the remaining nodes operate as slave nodes responding to messages

originating from the master node.

5. A system as claimed in claim 4 in which the procedure registers
associated with each slave node are loaded initially from an application
residing within the master node and are updated as the application

proceeds.

6. A method of controlling a parallel processing system having a
plurality of processing nodes comprising the steps of providing, for each
node, a message handling kernel and a brocedure register, loading
selectively into the procedure registers of each node message handling
procedures to be invoked by the message handling kernel associated with

that node and controlling thg_n_q_q__e in accordance with message handling
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.and are updated as the application pr oceeds . A nmethod of
controlling a parallel processing system having a plurality of rocessi ng
nodes conprising the steps of providing, for each nﬂmmm“m lﬂ% ndl i ng
kernel and a procedure register, |oading selectivel ure
regi sters of each

node nessage handling procedures to be i Hfvoked by the nessage handllng
kernel assogidte@skadi sy khad fmu@h@mqsgaqté@bkaaaguzteheem@@r LRsdCERY dance
with rressagg rﬂ@ggl Q?J%Iéoecsegureel%e etJ er(r%t %g }Iel;romdg oer godSOCI a ed rocedure

regi ster in response R ont zaton rr“essages receive &St her node
or nodes in the system 7. A nethod as clained in cl al m 6 including

t he further7st eps methoddesntdlbynedgicathinmessagaiiny meansthdr ardpsper
identifier, 1M1W1Q¥|égcﬂgnésga@@-gb ﬂaﬁg%quaf Q:yﬁ@ghé';tgfl&nearﬁr prmr §1rg9§1§age
handl i ng procedures .for each messa as

so id
clainmed in clal SIS BTN GST RESt urf“?‘n%er m%ﬁsé‘ﬁ)e E)‘?ndgég? @ﬁ%‘f‘ﬁdﬂﬁesoﬁ‘ér S‘Fc’%al d
processi ng RYiFege £ %afi%sﬁléri node and the renai ni ng nodes as sl ave nodes.
9. A method as clainmed in claim8 including the further steps of

| oadi ng t hegpr ocgdtsod gglcitaﬁxe% @%%qgmfse& Wi ﬁnglﬁllga%hg%ﬁtﬂe@' tially
from an appl i Caté on resid in _the naster nod sequent |

.updating t h&“Pr Bt SGETEF értﬁ g'ﬁ‘%r‘% GRS e TN Re ﬁ’% S PaRFE” rft?d@sa”ést’?"ne
appl i cat i onTgedEINNPFescetddave nades. A conput er program product
conpri sing conputer readable program code recorded on a conputer readable

recording ngdium for.Quse 81911&_%”% %ng %E‘?%F’%%ﬂe l{ur@ge%l |Sgeatsl otn progr ans

on a parallel processin st em havi ng roces nodes, the
conmput er reXFSHPE BF d?jl"g?ﬁ“cfﬁd"éegéﬁ‘fﬁmsl %ﬁsﬁﬁl"ated with ea‘ﬁ‘%éﬁ%"ef B?depl'“b’\ﬁlélﬂfig for
each of sai &rarodie #prHicrtimagesidanag Wingink grenedstanthode praog edbise@ueegiyst er ;
means for | engicigy $Ré @ebédtRky deBisd-bensRbQGeti e el St &FSnOeseAcnpode

nmessage han n S i nvoked by the nmessage handl i ng kernel
provi ded fof%dtlﬁgatwq 98&‘3&{& p]t_‘ocegg Wher ei n each nmessage handling kernel is

adapted to control its associated node in accordance with nmessage handling
procedures t®| ect @drilylem ddte moseiial eyspamocatbdtd i &iySiLBesdrib@Spanse to

synchr oni zatdRReXRS 5GBS IRERIMES GLoN:anot her node or nodes in the system

11. A method of controlling a parallel data processing system,

substantially as described with reference to the accompanying drawings.

This Sheet Has Been Rep

LT

rrms SHEET HAS BEE!

REPLACED




