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1 Description Method and system for maintaining

consi stency of a cache nenory .accessible by nmultiple
i ndependent processes 5 TECHNI CAL SCOPE OF THE

I NVENTI ON This invention relates to software

engi neering in general and describes nore
particularly a nethod and systemfor maintaining in
the long termthe consistency of the data in a cache
menory accessi bl e by i ndependent processes in an
information 10 technol ogy environment requiring
permanent availability of this data and guaranteeing
short access tines to them STATE OF THE ART 15

Al t hough the cal cul ati ng power of conputers and their
central processing unit (CU or CPU, i.e. Central
Processing Unit in English technical literature) has
grown substantially over the years, increasingly
demandi ng software applications are at the sanme tine
t aki ng advantage of this increase in processing power
by meki ng nore and nore use of these central units.
This is particularly the case when they have to access
20 data available in a centralised nmenory, which may
have to store enornous quantities of information, for
exanpl e the databases cont g ning.worl dw de bids for
air traffic. It 2 nust be 68§' 1 to consult these
dat a -cont i Methsdll andf syseei foruiEin tldh R g lcoA¥Slen SO Sachand
sal es points, and to update then1tﬁrough airlines

‘t hroughout I Acgessibleaby mujtipls dndependentynroessses t he

configurations, conputer networks and I T sol utions
used to obtain this result, the expected

p COPB R THEH ENVENGTIONaccess tinme to the

i nformati on sought, always involve the use of a
menory hierarchy. The information sought nmust in fact

. bertie dnieition relRED kY sﬁﬁ%&y%ﬂﬁnﬁ&ﬂ&r H gURLLP H8 describes more

access sufficiently quick
particularly a method and system for maintaining in the long term the consistency of

the data in a cache memory accessible by independent processes in an information
technology environment = requiring permanent availability of this data and

guaranteeing short access times to them.

STATE OF THE ART

Although the calculating power of computers and their central processing unit (CU
or CPU, ie. Central Processing Unit in English technical literature) has grown

substantially over the years, increasingly demanding software applications are at the

- same time taking advantage of this increase in processing power by making more and

more use of these central units. This is particularly the case when they have to access

data available in a centralised memory, which may have to store enormous quantities

- of information, for example the databases containing worldwide bids for air traffic. It |




even if such a nmenory may not then contain all the
information likely to be sought2 10 This type of
nmenory is called a cache nenory or bul k storage. The
cache nmenory serves to store the data a system nost
frequently accesses at a given tine, thus enabling
the wait conditions of the central units and conputer
processors to be reduced. 15 The necessarily linmted
size of a cache nmenory nust be able to be shared anong
t henustibe fpessibit to nuieqn&rtﬂaetdamr aneasaslt frah ifHehelaBle travel agents
carrl % out. si tan ous nt central _units

P8 JaPS POl nand e Pirig Wﬂgng e@mﬂugawathetwmld on a 24-7
nulbtaglp_l e mdependent tasks should preferably be able
to do so without having to duplicate these data. 20
The managenent of a cache nennry accessi bl e by

0gesses is th ere husi ness. Lo

°In par%l culCar™ g'llraF%n g%‘BPH e%tVBr ﬁrilr{ft?ﬁ)’j“{lﬂ@ used 16 obtain this
 CORSuk| e (E)(E@:iedt Pefohdbices Clﬁ"ﬁﬁ?t‘ibu'lé? sﬁ@t‘f Qb&ss Bﬁﬂ:ctgstﬁg tnformation
If one of themhas to nodify the said data, It
ext? 1w ansgBYal ehtherise oba Gtﬁrfé?rry prevareleys The m@rrahﬂlcm aomght must

f. | et el
ant] BoCHR R il R PHn 68 B L B e SR ey auickdy,
bee$ ifisithermembyy inlay? neXthea kaetadf al NS SABARaRA NS to be sought.

10 pr,P 2ses this is a nmethod which seriously inpacts
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JBeIBPTYAS caled 2 gadhrimerarny or dwk steragheThe m@he memory
r eﬁwe@eca dibre 18X
currently used cqgﬂdglgs étgﬁnﬁg%t:l% nﬂg\%%%%%gsggeé Fiven time, thus
‘olngbling thecivaiti comtlition8@fathel ceatoylondtsi dnd, céputti @Rice®brs to be
acc(g s.to the shared data, thus bl ocking access by the
Cﬁg‘r processes, which nust wait. However, once a
process has obtalned such an exclusive right of
access, ‘y also itself have to wait for another
pr%me$mlwé ngiteslesizet dfer cebamiemony msﬂ‘l&salﬂ@tdﬁﬁshared among the
there are therefore cases where two or
g@%@%%@tééd%%&% PSSR B! MYNDSaPRed AP iUl REows i the central
t @nfts. NMSRove hh BRyVRE %rkﬁl; @nTohfRdSdik Jﬁ@ﬁﬁ gﬁlg%dependent

processes nust execute do no progress an
bitaskx shyaild prefarably be gblite do po sithbhichavingtiadeplistenhose data.
cache nenori es as processes. There is

The management of a cache memory accessible by multiple processes is therefore a

- complex business. In particular, it is essential to maintain the consistency of the data

common to several processes. If one of them has to modify the said data, it is
extremely important for another process to be able to use them before they have been
completely modified and updated. Although it is well known that this may be
achieved by the exchange of messages between processes, this is a method which
seriously impacts on the speed of access to this data due to the time required to

exchange the messages.

Another method currently used consists in enabling a process to obtain, exclusively

and temporarily, the right of access to the shared data, thus blocking access by the



therefore replication of the conmon data in the cache
menory, which is to be avoide% | argely to ensure that
better use is made of the available nmenory space and
10 agai n poses the problem of consistency of the
replications within the same. Mreover, a cache nenory
does not nerely contain working data used by the
processes thensel ves, but it nust be strictly
organi sed. In fact a cache nenory is always a
parothealprodesgph) whityinandt ovaii, devadver|dnck hepdaéss Hak @befded such an
in a.sl.ower, |ow cost but 15 very |large nenory | ocated
i n FHBSTBRERM ofdcoestyimaw plsq itself havgdo mautfar anoghesprocess to release
ma it8 it 4l b teQL {

GRedds it A5 88 LARR! bgvﬁ"%lg Lgérb% Hﬁ}:{*ﬁ?ﬁé &Sesl %'Bgléltrvy or more

bytes) of data. This wor ata 1s a pot en

- .acPeasssses erchintarlockerl, ene swatsng forahgioden toifinishafahévice versa. The

10

t hej fer to the shared cach . Th
5 or gkt YHERTGFS Be-Gim s B hiel T abnerowaad Urels loskage.

make it possible to maintain the consistency between

the working data actually 20 present at a given tine

i nltterfceniree prssibley tahave ke imang sackss pendeics @siprotdsses. There is
ba Iy ver. if racess.i s _interrypted
be%@g‘ﬁ?ﬁs‘?ﬂﬁ%ﬁél of g el ﬂ‘éiﬁg‘( B, CoSALh TBemEYsyRich 1s to be
beaaidsd largebpereatne thabeperamB sy of Hedvaaitlé nRmory space and
request) or if it is executed incorrectly due to weak

pr&ﬂ hidie problera of gonsiggnsy of the relicatipes witlin shaweapysen

that the organi sational data of the cache nenory is

not fully 25 updated or it is updated incorrectly. The
covpreolver abtaheanamaiyndog hét merlyadhmal worldhg dhed @sed by the
then becop rei II% corrupted. Although the ]
P TEEE Brm S ool maus bR ity Oreamstdh e dadt & enshe memory is
t AlIREAY pdrRal RIBAK ARSI ANEw F R R dffa Bfe@f\ﬁﬁ"ﬂ]i a?l‘%g\{e#,%w cost but

corruptions from Hhaving najor conseqtiences,

15 ac g ingmoiy) lavay sh éhe binikphinbatypicallipeof thp bawdries Rlmagnetic

rognd the.clock in the | ong term degrades the . .

SRS oI o ot eyt FhoL ey 6F Gbie Thisnerkinsroptp is al

i fikll il - ' S|

 OERCHRE Mok 9 0 PRAHE L NG IR et o e
| shiyed ceshgshemowuThe orgamisationdkidag ofdhe aadhieahernany est therefore

o R Bhas o BalR T Srilan baedh ot eriune data Sonuatly

20 derdswitng &r@uRit QiR UL ile Chée MeRor)aNE BERCSirelfondence in the
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backplane memory. However, if a process is interrupted before its normal
termination (for example, simply because an operator has prematurely terminated a
request) or if it is executed incorrectly due to weak programming of the software, it
may therefore happen that the organisational data of the cache memory is not fully
updated or it is updated incorrectly. The control tables containing this organisational
data then become partially corrupted. Although the application software is generally
designed fo be tolerant to breakdowns and errors to prevent partial corruptions from
having major consequences, their accumulation in a system which has to be
operational round the clock in the long term, degrades the performances and the

efficiency of the cache memory in particular in the long term by reducing the size of




| ar ge dat abases such as those containing the
information on world air traffi¢c or the 5
reservations of large hotel chafns. The size of a
cache nmenory that can be used effectively is therefore
a key paraneter of its operation. It nust be filled
to the opti mum degree. In particular, a process nust
al ways be able to supply new working data to respond
to new client requests, even if 10 the cache nenory is
al rtﬁa(ﬁ)errfdiy lthat Tah ?acﬁl 88 hited) VG hE \I&‘I’geplénﬁtﬁéseﬁﬁﬁagnt working
spa and therefore renDV|ng the menory the
%t&afd%?rlaber shared| byad) tiw Peodgescs hat sagt boexdchied atlatgiven time to
mhr date or too .ol
SpirCibohd S UEHUINR YogBlths BrIRE FroB Rl dhat iy v access to
t hdargasihtbises ISuct}SamthoteOdStgﬁmlﬁg rth@ bd fyrmetRe Weorld BE traffic or the
5cache menor qui ckly becomes unusabl e because it is
fi FEsEyafiPRhofdaige bptelghansiat a. Moreover, the 15 basic
task cannot generally rel ease data corrupted by a
process which has not been fully or normally
ex dbewsizd of Hwa‘éhesmsnem thdticah bhascd effwfieclgtiethefuiote atles parameter
and whi fore never restarted |ts
??Q%PP‘?%P%&PH% be %%@ao B pHEupydesses npatigulpn nepeess must
t y Bk b¥ aBle$h By néP wOrGHE ﬁﬁta% rds E@ncpﬁysﬂ&v El?e?l'f)rbequests even if

descri bed above, as is often the ca

0 neBreamrkmmenaty isalrgadst ﬁlllr Ehsd:pn sohpbeodchidved \hgaklnmmgspace and

15 hohasicetask tajdegarerdlhy @RIBsePadth icetthted

. of A ri
nateiTo by tonBing e m&ﬂﬁ&t 3 b o e &0 Do e, or the
Arr&rta edric Rt EvdctiGEI i e of rdatéSRTtQO (duni 1189 sShBbR %rgs@ﬁtg the serious
Trademark O'fice), 25 under nunber 2003/0195866
Prdé’ﬁetagewané teybaskcteslois e longes normalyt éxeated, the cache memory

" T far r ol
et ey o bR SRS i QRGP oRER! e dpteeroover the
'!S?Cd"'ﬁl'&bés@\fflﬁéh has not been
re asin ace in a cache that i1s ready full. This
Rer B IH?’ y&xeapetation that is very often
necessary after a certain tine of use in a system
whi ch has never been restarted, and 5 in which
sUscesgiten wlaith dmb sot@efht@ egidathie! slodlo af€ GtiTel ¥ EheflefbR never

in
restar?ed ats rghab[ﬁy must be based on the correct operation of typically a single

20  element of the basic task described above, as is often the case, however.

25

A mechanism that tends to remedy some of the weaknesses of the prior art, which
have been described above, has been proposed in a patent application made to the
American Patent Office or USPTO (United States Patent and Trademark Office),
under number 2003/0195866. Published on 16 October 2003 under the title
“Transaction-aware caching for access control metadata”, this patent application
makes no attempt, however, to describe any particular mechanism for releasing space
in a cache that is already full. This is therefore an operation that is very often

‘necessary after a certain time of use in a system which has never been restarted, and
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The object of the invention is therefore generally to
remedy the weaknesses of the 5 prior art and to nake

i nprovenents in the nanagenent Yof a cache nenory by
preventing any | ocking of the processes in order, in
particular, to rel ease space when the nenory has to
accommodat e new data. 10 SUMVARY OF THE | NVENTI ON The

i nvention describes a nechani smfor maintaining the

consi stency of a cache nenory that is accessible by

| NG RAREE RhcREHPEE $8R2sts Rfd ROAGEREL S0 MRYuriti@fe datq© cache
data. The processes perform sinmul ttaneous data searc
opE¥&E%HBNns foll owed 15 optionally by making avail abl e

the data to the processes, renoval of the sanme or

insertion of new data. The search, renoval and

i nThe bbjetx GPBE dihvedfion X hefERS WHehbhallF ATREROBNhE UPdaknesses of the
once they have been initiated t he i ndependent

or R ¥ ¢nd #A dyakea Haprex ementdn A (RARRgErSOE lafsh vedhy memory by
wh 0 . dat Th enpoval

or PRl P it GEE B QB SRR ERh eyt o r &P Yk when
r ethe meniyirg had to abboramodatt aw dafae 20 i nventi on provi des

that the operations for naking avail able, renoving or
inserting the data are of finite or limted duration

of execution to prevent any |ocking. In particular,

the insertion operation, which includes a stage of

r MM ARYZOF PIBIINMRINTI@Npar titi on of the cache

menory is full, if it requires browsing through the

entire partition in order to nmake a sel ection, may be

| MY fhv@itRe, ddRe4es mecharliftf IR YiaMEhAE Bk %giggng gfn a cache

is reached. In this case the nost suitable iInput fr
arfgory hidat i geesssibler byudypddpendwne droeessas| dhseprocd¥ses may share
re br austive

wiptiorlh  heRFblestes GRS B e e e ediions followed
Ofoptitueallyaliyt ifakinp Bfail@ble @RS Matal 8! B8 Pocedes BRIVl of the same or
DESCR| PTI ON OF THE FI GURES 6 The objectives, objects,

adnsgRion efsnev, dlatae dthgr searchn ieraavahand gessrtisin. pperations are executed
PP b BRI BOTRRACAGHEH ks ey
are executed mutually exclusively when they have to operate on common data. The
removal or insertion operations are each completely reversible. In this context the
invention provides that the operations for making available, removing or inserting
the data are of finite or limited duration of execution to prevent any locking. In
particular, the insertion operation, which includes a stage of releasing an input when
a partition of the cache memuory is full, if it requires browsing through the entire
partition in order to make a selection, may be interrupted, however, if the maximum
browsing time is reached. In this case the most suitable input from among the inputs
already browsed is released. The inputs of the partition are browsed exhaustively,
which results from storing the last consulted address of the partition after each

release.

BRIEF DESCRIPTION OF THE FIGURES




latter, which is illustrated by the foll ow ng
acconpanyi ng drawings in which:;. 5 FIGURE 1 descri bes
the environment in which the ifvention is i mpl enment ed.
FI GQURE 2 shows the sharing of a CLE (cache |ogic
entity) by independent processes. FIGURE 3 descri bes
the case in which several CLE s are accessed by

i ndependent processes. 10 FI GURE 4 describes the

"structure of the data tables of a CLE. FIGURE 5
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descri bes the control table associated with the data
tables. FIGJRE 6 gives an exanple of the content of a
parlhp obiativss, eljects o twadl ast the featurear@UiTaiitagessafrthb ésvention, will

th C f the tabl f rtitions. .FI GURE 8.

o2 IR Bopl B DERIR SoonPEarl bl Bl Soiment of the
t abitter, whidh i iiGREQ bgieﬁaoilmmdgt ffﬂ:@orﬂg @hwiRA it WhRG:

foigI data in a ,CLE. FIGURE 10 describes the nethods for

ma

GYREV aleserics thesmyirpprgentiie phichi the inyeution is dmplemegted.
da ITREa F . Cki he e,rethod for .
o BgREe Selbws ek I ACGLBC Rl 108} )y independent
depoceshess t he stages of the execution of a process

seLvi o.mai.ntajn the 20 consistency of the tables.
el kTUIER (eSas Thessaser MRCH RETER (G ASH facqsed Rpdaacpendent
diggeammtically in Figure 1, the invention relates to

a system (100) which conprises one or nore central
urf I3 JRICY dgderibes thesputteresf(thd dgta tbbesiofig GLE. api d = 25

. Ho limted in size,
© BRI £ deRERer R nyolrae pr-oared mittub dgAcs o &
NEGURE® &ives aft MAmple 6ptREohnt &% NGk Shie ééhgrol table.

gener al Ii consisting of batteries of magnetic discs
( ¥I61REhAdessribessibp streaturstod ithe tableywf phitiges.quant i ti es of

d £ t f le th
oty B Sl B AR SATlhs BRI
t IRIGURIDY HescHBesVhE hnfdtiabdch\WBirehing &b daed indl ¢LEhe 30

information on world air traffic or reservati on

s tAEHEES 19 desoribes g msthads Hor aakisigadvaglable removing, replacing and
inserting data in a CLE,

FIGURE 11 describes the method for releasing an input in a full data table.
FIGURE 12 describes the stages of the execution of a process serving to maintain the

consistency of the tables.

DETAILED DESCRIPTION OF THE INVENTION

As illustrated diagrammatically in Figure 1, the invention relates to a system (100)

which comprises one or more central units (CU’s) of computers (110) sharing a rapid
access storage means (120). However limited in size, the shared memory (SM) may
itself access one or more mass memories (MM) located in the backplane and
generally consisting of batteries of magnetic discs (130) that are able to store very
large quantities of data. In particular, data bases, for example those which have to be
consulted by travel agencies throughout the world and which collect all the

information on world air traffic or reservation statuses of international hotel chains.
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7 The central units operate under the control of an
operative system For exanple, _ UNNX is a frequently

used operative system because it not only enabl es

numerous users (140) to be processed sinultaneously,

but it is also able to generate a |large nunber of

tasks of processes which operate independently at the

same time. In the 5 shared system conprising a control
mechani sm (125), the operative system directly or by

e dhe Wen@@ldidils AjRtats Qh4MehEe LAY SF hﬁ‘%g%ﬁ@@ I B& example
operative system therefore enables onhe or re cache ’
| oM Xeistd {iequentlyiused pparatitvesydtsin hewuseAs mak pebognables numerous

di iR the paragraph on the state of the art,

£ SRR b e R R HRR N Bl T5 8155 bl o Bipetate a targe
abhember Gﬂ«tﬁﬂis)bﬂ[ﬂo@sie@ﬁﬂﬁc}ﬁﬁﬁ&ﬁt‘é iﬂ@éﬁéﬁ&'@nﬂgm@ th @ time. In the
menory (120), fromthe 10 mass menory (130), the data

onSRAEFE Sy SteRb comprasiaga epntirq) merchawias (129 theatpethtilig system, directly

ce ' (. MWork at a qgiyven
CERSEA A L Ryl 5 SR e
aspebles ohe bhmoraweeht lagic whitieh (EDBBR) esbe defilepeAdaiféady discussed

processes (200),. in this exanple referenced form1l to )
5, ttge B?F&B%P’gﬁh thesstatfiof he b tsopmrpesecrdithese sache memeries (150) is
0 3

i loas 8 e PEAREIHES iy SRRLEC RaiPRPI0 S e
menasym¢nay) (1301 thadaty onowhich ke frmlepatdeningroadsdes, initiated by the

cal culatio equi red, (220) for their effective use by
al ﬁen#?ileumtﬁ :E]Zlcoé’s‘g'é%%f:iak]élt?/ B AAEVERURSr k on t hese
data at a given tine. This procedure substantially

reduces the storage requirenents in the cache nmenories
c dfiguren? dlepgribey in tpmeatdvadatall rarenr yspioyt oh theeinsentipni which enables

ef:fici o.the .deqree and eat | rel.ievin
ARG et e T it B SRp B e P11 b1 share an
aredtitynby ce@fonedht® (2 10)Yafter IR 0RE Q)“—fsthg@n?ﬁo@éiss@s\{ M Poted by
3in_this exanple. Figure 3 is intended to show

EF 3 tith ghig gxanplerhas hiad do find dgtscdnghy mekmmenogn(?3§) and carry

2 CL . CLE
ot D2, 585532 5 e Uiap oo FRF A o Rl By an
alpswesses Uikely tohhivd ke worlowaseRse dah0kt 41@ivattime. This procedure

ne essaré}l{y@ﬂgve access to all the CLE's. In this o
p&Fstaniply Tedusesthe storage ssqpitemepisdadhe cachanemenesseontained in

the shared memory by increasing its efficiency to the same degree and greatly

relieving the central units, since the formatting calculations are only carried out by

- the process denoted by number 3 in this example.

Figure 3 is intended to show whether the data can be advantageously shared among
the processes of the same CLE. Where several CLE’s coexist (300) in the shared
memory, the invention also ensures that the processes (310) do not necessarily have
access to all the CLE’s. In this particular example, therefore, process 1 has access to
CLE’s A and C, whilst process 2 has access to CLE’s B and C. Only the data present

in CLE C is therefore common to processes 1 and 2, which may be considered

useful, for example, for preventing process 2 from altering the data which only




CLE's A and C, whilst process 2 has access to CLE's B

and C. Only the data present in CLE Cis therefore

common to processes 1 and 2, whii ch may be consi dered

30 useful, for exanple, for preventing process 2 from

altering the data which only 8 process 1 is

aut horised to nodify, data which will then preferably

be contained in CLE A The follow ng figures describe

the different tables used by a CLE to find and update

5 tphscedial 3s abAdad Ridif), @hﬁée@hﬁ:h Wl tHed Pleef&?l?lp%e ontained in
r Figure 4 describés th organi satfon o data

takﬂlé%/ AAs the name suggests, a data table (44) serves

mainly to store the user data as well as the unique

or identifying code associated with them and

paﬂamw\mgl €igarck dedtribb @ ffbRht AWicd Gsedbiea TRH t@ﬁﬁd and update

nu of data tables that may be present in a

5ca %@até epnigined 7§ 2 ger dimta Juthet ¢ashe aiendrg. Eggsurerﬁ dﬁ@nbes the

0 t d
beﬁg@&bﬁatl(;n 0 th%gaggv I‘é‘? %@Barﬁ %@F# e&ja% %Bf 3?4){%6‘3/I'VCS mainly to
I netbredibe aser alaiacs veelinshetnighic oniduitiying Lode adsoeibtel ﬁ)v1th them and
this exa A;S, . the el ves being of a size that can
spB%fF“PF‘ég‘P crifpd 19 ¢ OB?W%n?h‘“gmam% nggberfidata tﬁhles that may
t ald s Rerrel e RUARS th'é%oﬁﬁgurrgﬁcﬁ{ ?fjﬁ%@ §t@rﬁy]f:or example,

have to accommpdate in a cat

10 t hibejomeatinnicdra, hiildeed datatabled magdie alfthdri‘sedl Moueto@e@feadl of these

5 e, 3R B e bt S5 BT D s e

( %&hselvestﬁéﬂlguélf £159¢ 04 %aﬁ de @f)écflﬂédn& th'& %ﬂoﬁﬁé@aﬂon so that

ically this code is a fiel several tens
ytgééablfpm@amm P@gtt@Lﬁdap‘@de‘ntthe rufscxr dait ithey haovel emdcbtynodate in a

i L c%ﬁﬁ)a(er fg’B 1c.:a B, %Ztgglﬂé‘%eg‘ 108 a{"lﬁqa@rgsgp f %czlsofgﬁlgrlgglgs w a data

15 artablk iddtles bor fields @nv@fingest i nation and a gi ven
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ure 5 describés the control table, which is

peri od. FI@%
u§edthﬂ3<§mr@ theGode k4289, t he user data
- the size of the user data (430),

- the unique code identifying the data (440). Typically this code is a field of
several tens of bytes, including sufficient information to identity the type of
associated data,

- the user data itself (450). For example, it may be prices charged by an airline for

a given destination and a given period.

Figure § describes the control table, which is used to keep track of the user data
present at a given time in a CLE. There is one to one correspondence between the
mputs of the control table (500) and the data tables (510, 520). The number of inputs
in the control table is therefore the same as the maximum number of data tables
specified at the time of configuration, multiplied by the number of inputs in each of

these tables. In the simple example in Figure 5, which only shows two data tables,



25 present at a given tinme in a CLE. There is one to

one correspondence between the inputs of the contro
tabl e (500) and the data t abl ed (510, 520). The nunber

of inputs in the control table is therefore the sane

as the maxi mum nunber of data tables specified at the
time of configuration, multiplied by the nunber of

inputs in each of these tables. In the sinple exanple
in Figure 5 which only shows two data tables, 9 the
finsd HIGLOL Bsmphis s it ;
(530) Five, Of R ahd fouHbus A BRI RRGRY the associted
t hepetrdieble (W0 thereforetingledes aftotgl ot} actizeiimpu s. 1t wil |

be noted that input O of these tables is always unused
so that each field O has a 5 particular significance:

t hatt widf bd mdedCehbi MPuit (6f BERaAKIEs B falvays @hB{@NS8hit@ad field 0 has a
i nput. Each input in the control table includes the

5t oPrgaRaEsiERifisanegt thate! indicating theghsene ofa refererive te argimput.
associated with the data - The date of insertion of
the data 10 - The date of expiration of the data -
ThEadh ipputdfi themnttal mbktineladesahe follewdiy i&sR@AGM:NY | nput
- The next_ inpput in the chained

of t ata tabl n
|i st %?ﬂ’pwﬁ‘ée‘(fﬁl"%‘éo‘j&rasﬁ%@éﬁd %?tgﬂ}?éiaéaont rol and data
t abl g% de JriReMANYE aR 4k, there is no other chained

i nput. - The preceding chained input or value O if
10 t her éh¢ dateof expimtionwéiteatita nput . 15 - The

corr ondi in of the hash table, which.is
s SE of e dalrtnred af e porroRpRanETPHY gHBe daig s
the ghans&dnpitsh i clféﬁrﬁa_@ IihsF tgﬁhﬁ)uts'(fr-gtg Br PH‘{HE OF 1 cdnliBl and data

data table associated wt I'S Input o e contro
t abl tables, orthevalve P ébtheneds ngothapcltained inhe. data table. -

i I D .

15 par ameé esrBespbifihg tiphd of thediish it8ble, Ak hieh i BakYbéd dithatiQire 8, or
for indicating that the corresponding input is free
and Yalye B theease of the chained list of free inputs.
- The number of the data table associated with this input of the control table.
- = The corresponding input in the data table.
- The utilisation meter (to determine which of the inputs has been the least recently
20 used)
- Various parameters, including in particular a binary indicator for indicating that

the corresponding input is free and may be used.

Figure 6 gives an example of what the partition of the control table corresponding to
25  data table 1 in Figure 5 could contain. In the interests of clarity the parameters in the
-above list do not all appear in the table in Figure 6. |

In this example inputs 2 and 4 are free (600). They are double chained so that they

can browse the list in both directions, and they could be used to store user data. Free




Figure 6 gives an exanple of what the partition of the
control table corresponding to 25 data table I in
Figure 5 could contain. In thel@ nterests of clarity
the paraneters in the above Iist do not all appear in
the table in Figure 6. In this exanple inputs 2 and 4
are free (600). They are doubl e chained so that they
can browse the list in both directions, and they could
be used to store user data. Free 10 input 2 therefore
r el BRueNCRRrdhie RfkercbE e ﬁ'é?uﬁ'ee i (19 ]rplézl 0} 216% %{Fﬁ references the
references the preceding free | put ‘6

i npteceding fd¢ inpug @d623)). bel ong here to the same chai ned
list which is used to 5 resolve collisions resulting
fromthe identical hashing of codes that are

neThe ke ssed, di 4ddes ehdloneT HEY thhesEME ThainR@ st WHI i
i nput IE)I%ﬂthe ash tabl eer% 30), |np3t QmBﬁ st %Hlﬂ{ls used to
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S SRR, SRS, 4 PFLH Sy Sy e iz 1

| shahsxblﬂmd:)ihe haﬂh@g oftle ideRpfitatibn Bl ey 26 ﬁ@@us%&ﬁmﬂ;%ﬂ in Figure
which itself references the

éa?vﬁﬁ% dtst eé@eg inpHts; te list S resplving thel qollisiiyns is also double
d' cHaltred eﬂlph{]? réf@feﬁré@at}ny %@xtq'&%ﬁtqﬁed g&ﬁlj,e%fggﬁtch 1 ng references the

previ ous [ nput no r

i rmmedmginpute(ﬁﬁo)onﬂmrl(ktal chained list. 15 Figure 7
describes the table of partitions (700). As its nane
suggests, the partition table serves to store the

' %Qél%ﬁ%ﬁ[bcﬁs%%‘ tHeCRrd %l@(%t g& xR u{ I%ﬁg %Pc{#r%&ﬁll AR9columns

dat a | es are organi se partitione erefore
t aake marrefesencagmanyi inpuitasd (s%Hr end atcheinegdistt i ti on tabl e
as there are data tables, i.e. two in the exanple
shown in the preceding fi gures. Each input in the

P &ifirlel DdedcABLELHeNA1e LEHEHRIARE 8700 EAS Us fn%ﬁﬁ%gg&%éggé Bhrtition

table 20 (the first input referenCes table no
s dabde yerverctoters thinférolationireqyirsd tadetcensie howi thie,cofiyol and data
however

IS ol P oot e SRS S o) e
| paitioh ablé8s G Arolath aY1&, {.rtwbhie td &@inpldWdlvnGh thdfreceding
corresponding partition

figures. Each input in the partition table that references the corresponding data table

(the first input references table no. 1 and so on) includes the following parameters

which, for the sake of clarity, do not all appear however in the diagram of the

partition tables in Figure 7:

- The index in the control table for the first input of the corresponding partition

(720)

-~ The index for the last input {730)

- The number of inputs in this partition

- The size of the inputs in this partition

- The number of free inputs

-~ The first input in the chained list of free inputs (740)

- A partition locking indicator
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(720) 25 - The index for the last input (730) - The
nunmber of inputs in this partifjon - The size of the
inputs in this partition - The nunber of free inputs
- The first input in the chained list of free inputs
(740) 30 - A partition locking indicator 11 The
index in the control table fromwhich the next search
for an input likely to be renoved will comrence.
Figure 8 describes the hash table (800), which is the

st ar tTHGndR! if thd @ntrBNMbRERI Whidh the néi&edrbirfor Bi8nput likely to be
starting point in the hash table (810) is the val%e

r esulteinAvediwiliraonuedricag t he data identification code,

which is a uni que code associated with the data and

which is described in the previous figures. For the

r eRipmire Sales@bay theetizkh QbRA(R00Y) Retictis TS starkihgRIRIBr any search in
unysed and the hash function nust return a val ue of

be ‘1 and the upper addressing limt of the hash

tabl e. The hash table may be set during the system
configuration. The invention does not assune the use

of Tle pating puinain thadiasH wablet(B00). is thkovahid :emiting Gropliahingahe data

m .ni of collisi.ons, the ultimte objective of any |
haSFaHen o > YHYE i s ivde REsosHiqdn wite 1the detgrasidowhich is
t NRs&RstaSn the pwd S§l ' I

ot hgr' of t rfe ﬁ#ﬁgﬁ%ﬁsﬁbfgﬁéﬁgﬁﬁ agﬁ%)#g? l%g)glg& tRaE 0 must
hav@alpeunsgt aplobe dashrfunttivm mbstretant a valodof betiveen 1 and the upper

it t.ure. j bj ect . wever,. the hash function
iSRS JarL of die neh Bl ot DGl e mn e o5 (T FIE system
alcoafigurgtied. MRAnvéntiog dRELLEY 486me Me@ﬁ E%}{icﬁlﬁehash function.

i nvention, shown in Figure 8, the uniqg

i denatitempd 4o dbtpis sdmiigwo) of wpllisions, \the edtitate obipslive of 50y hash

t byt.e. e es.a first sh (850) . obt ai n

a Tkt W Bty FARRIGP B R kbt o 7 e oLyt B SRSl seteet

r @helor ethet f the nifrous hash functions and methods that have been proposed in
the abundant technical literature on this subject. However, the hash function must be

selected, or adapted, so that the value 0 is always excluded.

In a preferred embodiment of the invention, shown in Figure 8, the unique
identification code (840), which typically requires 50 to 100 bytes, undergoes a first
hash (850) to obtain a value within a field of 64 bits, for example, referred to in the
following as H[int]. However, since the hash table cannot in practice include 2%
inputs, a second hash (860) of H[int] is carried out to obtain a table (80) of
reasonable size. For example, you may want to reduce the field of 64 bits to a field of
18 bits, i.e. approx. 256,000 inputs (2'%). The advantage of procceding to a double
hash is that it is possible to obtain a hash table of reasonable size whilst allowing the
comparison in a field of bits (64 bits) that can be handled quickly by a processor in
order to remove doubts in the event of a collision in the hash table. In fact, careful
choice of the first hash function allows an almost zero probability of collision, even

though the collisions will be more numerous after an additional reduction to 18 bits,




following as Hint]. However, since the hash table

cannot in practice include 264 _inputs, a second hash

(860) of Hint] is carried out’ 0 obtain a table (80)

of reasonabl e size. For exanple, you nmay want to

reduce the field of 64 bits to a field of 25 18 bits,

i.e. approx. 256,000 inputs (218). The advantage of
proceeding to a double hash is that it is possible to
obtain a hash table of reasonable size whilst allow ng
thefor eRIRAE.1 ACRII Borfipdrish bfahe RblS, (cBth Hbitng) 50 B@t106WYtes, will
be handl ed qui ckly by a processor iIn rder to renov
dotlsreforennevee heverip lf carried| ditsinore thant dreehas hiscakded. above in
In . C ul hoi ce of the first hash function
a|F%@§£%%T§Fﬁ§§¥“%§TO probability of collision, even

30 though the collisions will be nore nunerous after
an_additional reduction to 18 bits, 12 for exanple. A

5t uRelcsang g8 dR Biure d, dbde therdforepthesintrgmsdiateo hashovalue Hint],

by < A £ her .carrie
movaprhe b1 b RL Bl R, A0S biesBR i e copita e oo and
Fi gull be aindy Refl¢s aéoelpratg diervohpafisaigre 6, it is

therefore the internedi ate hash value Hint],

conprising 64 bits in the above exanple, that is

PreRenhali sk PAué %‘Itd? QF e ral(sési)gg%?da&ﬂlé tPTMi Jri]%atfl kf‘ﬁggﬁ'lﬁﬁ] iYused to

used to accel erate the conpa

10 v agonsulf SedpstotablehEhe aateespesiing mpetccontains thé foltbatiag information:

HCLEF] is used to 10 _.consult the hash table. The :

cor 1 BolSHREBEFHBE VESLE AP e TEHE GbhGRe Droces a a time to
| nf omwaify QRe chaiffed ek (829), fisdkiaatwith (Mt iRfuttiienk MM tdle. This
enabl e on%y one process at a tine to nodify the

chai awgctiafshe ingation is diseusserylater iththe Wescriptiput i n t he

5 oPPEREE npbliad R Rabete, B PSR 1 B toimSRIRS bosive

15 cont églisib@blesultigd fFohethehdt® Bekhl OFlcohRE T Eﬁé ﬂﬁ% %%@hzﬁﬂﬁig does
asn.
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possible 15 collisions resulting fromthe code

O cRinBposq g cellisiog pnaa patienlaninpithel tedwsh table, ithpoareesponding
col | 1si icul.ar i nput, of the hash table, the

cor r%@&%ﬁéﬁ%ﬁl@%&l HES P 2SIElS PBY- r educed to a

siTihglzeree haloenin thEhigask aitsle (830)edo hét fdi@emasSihyt @PL€in the control

(8%?) 0 n?t reference any_input in the contro
tabl€. None of the data codes gives a hash value for this input.

Figure 9 describes the method of access (900) to the data in the CLE. The search for
data in 2 CLE commences with hashing of the code (910) associated with the data
sought. The value obtained is used to address the hash table previously described
(920). If the corresponding input is zero, the search may immediately be declared
unsuccessful (932). This result is indicated immediately (940) to the process
searching for the data in order to inform it that the data is not present in the CLE

interrogated.

If the input addressed is not zero (934), the control table of the CLE must be read at
the input referenced by the hash table (950). This input contains the first element,
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tabl e. None of the data codes gives a hash value for
this input. 20 Figure 9 descripes the nethod of access
(900) to the data in the CLE e search for data in
a CLE commences with hashing of the code (910)
associated with the data sought. The val ue obtai ned

-is used to address the hash table previously described
(920). If the corresponding input is zero, the search

may i nmedi ately be declared 25 unsuccessful (932).

Thipsssitap tetonlpeleMehiC 8t £ehdinaamet af Bbts (REQto kOnthiMhe information
process searching for the data in order to informit

t h&®ughhe data is not present in the CLE interrogated.
If the input addressed is not zero (934), the contro
tabl e of the CLE nust be read at 30 the input

r eThiseoaadiatiyn e bastiol ttsbdd 9/11( 26t Q)ke ﬂh&e&mﬂiﬁdﬁtel however if the
contains fthe first elenent, possi bl

el E9FETIPOndiE inpuhisilneed |hy5%n08rer mf&f@r%(%ﬁ{ d Vﬂ% Bieedmrwpessary to
tNQaft B fnofh'gq t'té}rlo P he %QﬂtﬁHJe Q‘hé g?oeﬁ%s N Srogress, if it is

control table WI| not take p ace | nme
holikale tg invblveemodificationesiithe dileg(rempwit] oir snsieﬂnine,dnhym locks the

angt her It will then be necessary to
wai'Pu ?fog?}f??éﬁ%é)t‘éégd‘%o unl ock the input to continue.
The process in progress, if it is likely to involve a

nodi fication of the tales (removal or insertion), in
t ui dirstowknpariban of the diastotodehaluvashcaredbd eu( $49), 1. eltheAralue of the

oufo0% SERTREIsoBEM, R oot in; e oGl oheioh i Sisighable. As

I sdisousgedrif (Flg\dré |8 hh@feftﬁi@dréﬁﬁcﬁlﬁnéﬁt% th® enveRAd, the comparison is
table. As discussed in ure 8, in preferred

eﬁﬁ%ﬁ%ﬁﬁ%ﬂnﬁﬁnﬁhgemﬁ@Eﬁﬂu [intthe conparison is nade
on an internedi ate hash value Hint]. 15 If they
differ (974), the search nust continue by browsing the

c Hatrgdliffers@974 ) Be sdardht mustQdhehShyTBFRysitiathe QRgined list (98) if it
elenent. If there is only one elenent, or if the | ast

eICEREIS more thageonejelement g theraiis anbepne demprtdor if e last element in
SR 5 (9845 haPBecd GEA AEE It BRYGSEES bYlaeiB4Dunsuccessful (940).

However, if the hash values are identical (972), the code sought has possibly been
found. However, no matter what hash function is able to return two identical hash
values, starting from different codes, this must be verified. To remove any doubt the
 codes must then be compared (990). In a preferred embodiment of the invention the
size of the code sought is first compared with that stored in the data table (at the
input 'corresponding to that of the control table), in order to accelerate the
comparison. If the codes are of different sizes they cannot be identical and the search
must continue (994}, as previously, by browsing the chained list, if it contains more

than one element. If not, the search must be declared unsuccessful (940).

If the sizes of the codes are the same, a full comparison of these is finally carried out.

If the codes are effectively identical (992), the search is successful. The data sought




However, if the hash values are identical (972), the

code sought has possibly been 20 found. However, no

matter what hash function is abfe to return two

i dentical hash values, starting fromdifferent codes,

this nmust be verified. To renove any doubt the codes

must then be conpared (990). In a preferred enbodi nent

of the invention the size of the code sought is first
conpared with that stored in the data table (at the

| NR4IpreSAt e BRI HABle 17 tlﬁ@é"&de@fbffe‘? i Qéhrré %@&Inﬁéue 4dbefore by
order to accel erate the 25 conpari son. e Cco

ar &roysieg theehained Bitzes t hey cannot be i dent i cal and

the search must continue (994), as previously, by

browsing the chained list, if it contains nore than

onét willkeb®ivted thbt Hehgletrng c&ﬁmnw&te RAeHGFInRE68% 100 bytes) will
unsuccessful (940). If the sizes of the codes are the

5 saffemost Fages becrsepsaiyswherthe datachave S!C‘fuﬁﬂmbbqn foand.i B probability
ou t|veI (

Chef havifl 16 okif oGOHGR, B ok F SntBurtiqhit 1 S depadas on the
pr eEfemltvemess i hedisphdsaltigctiohfustd & ﬁﬂﬁiﬁﬁsdﬂl& fcBhisionkleas described

sear st c (i“;e as before by  browsi t he
chi gﬂr & alrpadyflisqusssd. thastrrababilify 1sprartinsils zewgt |
conparison of the codes (from50 to 100 bytes) will 5

i n nost cases be necessary when the data have actually

10 pekigurolthdesciibes the diffebdnt attyons dliat fislldw thetdatacarcl i® W ICLE.

nore than one full conparison of the codes depends on

the effectiveness of the first hash function used to

M Tl A1 @€es{ o€ YatdhSik QRSccARMARRE Pfo*%@éi 1n1't19t11'1:$ hd rs@zr:éh is'fformed
al r eady di scussed, this probabilfty Is practical
ze¥fahis{00®).gure 10 describes the different actlons

that follow the data search in a CLE. In all cases, if

the search is unsuccessful, the process initiating the

15 sdéikdséasch B QlcbBGful @hd tHak fbeéﬂ- @A8Ated Jo@ 3 Hbrd g ﬁﬁ"’lﬁg Burpose of
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I's successful and has been initiated (%g? process for
W@nf}l!‘iﬂﬁﬁaél'@ data, thordata 15 exracted framathetdatn thbieand supplied to the

5c%§§1%ﬂ1 ltqlgalﬁ#eslge 3@5;@150@“' e and supplied to the

0Cess arch (1010). If the search is
successful and has been initiated by a process for the

plﬂ: E‘loesseealqcfh is successful and has been initiated by a process for the purpose of
removing {1020) the corresponding data in the CLE, the control table must be
meodified (1025). The corresponding input of the partition must be removed from the
chained list of inputs used in this partition and added to the list of free inputs. An
input is obviously removed from the chained list of used inputs by reconstituting, if
necessary, the chained list by modifying the ‘next’ and ‘previous’ input fields, as

indicated in Figure 6.

If the process of inserting new data (1030) in a CLE depends mainly on whether or
not the code is already present in it, the insertion always requires that the size
necessary to be able to insert this data is first calculated (1035) to determine which of

the free inputs from the data tables can be used.




20 renoving (1020) the corresponding data in the CLE
the control table nust be nodified (1025). The
correspondi ng i nput of the parf?tion nust be renoved
fromthe chained list of inputs used in this
partition and added to the list of free inputs. An

i nput is obviously renoved fromthe chained |ist of
used inputs by reconstituting, if necessary, t he
chained list by nodifying the “next' and °previous'

in @ﬂﬁccftﬁ@#)ﬁ ess@Sare BP finftd H 181‘ij %ggﬁngi%deasefag tggﬁereauestmg the

process of inserting new

rrairﬂbqseoof avh énpivé rbyo browsatg tl’reec@mrbda tatsle adré e:adgermdeaﬁ)nbermanent
% t he %ﬂse{tlon al ways requires that the size

ne& lngay BKeRlatk e to insert this data is first

caI culated (1035) to determ ne which of 30 the free

%uts fromthe data tables can be used. 19 Since the
5, pr §éaed3 expleinsfthe ¢ase pEprpaesaes which must rormialty alier @800)ahe tables

as re the .r.elease of an input by

br 8‘3’2&%“%%@35 h}egﬁoufsgks)lfeheérree‘e 0%r ned, no per manent

Iocklng may take place. 5 Figure 12 explalns t he case
ﬁrocesses whi ch nmust norrmally alter (1200) the

t a“S 1§ds f%ﬂﬂrt&P Icpiey with che imsertiaeofcren slétaoﬁntqﬁeraﬁlon described in

of Tty SapnicSalfes Ty Aekichl o Afentoh O e BT is "

10 whi ch reqU|res the creatlon or nDdlflcatlon of the

chained lists. 10 A process which has to nodify
C o) BOCSSF Ehich 55 4GP N Pop BLE. Bt gold not be

m’e%tm}ﬂéﬂed | ﬁﬂ¥te bt ‘f'eakr@qgestab@%e il neg’sa?tteﬁtmsta% %ﬁ example by

for exanple by stur Sts
colistarbing tengieindelilts cwxlslehi aooldme |lyngenmticcbrowsedi Indrthaltk which

t he iated inputs of th at a .t abl The

i n‘@%‘ﬂ? ??ﬁi( @F 6’9%08@5%( lﬂa‘c‘tstqféﬁagata& Et i §F|n§/ Veatipg eFides that the
15 PIif@wsRy dabSdrosaMRctdies fREL % tﬁé chi@xd @Phﬁ%ﬁl%@%f’)m) before

before they are executed, 1.e hey must store

t Hhey areoexequtedni.¢.cthay mewst tsmrballaﬂhb gnfoomati@s tauired te be able to

e ){gs\é%r{%gge S}%?\Flslllso%a‘%eh Ic la%lseslltf tﬁe@e%e},\ée ¥1§t tnu?lty I:)yelclut\éd, or if an
. anomaly was detected in the course of execution.

20  Each process has a unique identifier (ID) and uses a dedicated working memory area
- in which this information is stored throughout its execution. For example, if a lock is
created in the hash table, the identifier of the process is registered together with the
reference of the input of the corresponding hash table. Similarly, the links of a
chained list that is to be modified by a process are also registered. If the process

25 encounters a problem (1232), a function associated with the processes is called upon
to restore the previous state (1240). In the above examples the lock of the hash table
is released and the links of the chained list restored. During its execution (1220),
each process establishes not only statistics, which are used among other things to
measure the efficiency of the cache memory, but also a completion status which is

30 used (1230) to determine whether the process has been completed normally (1234).




anomaly was detected in the course of execution. 20
Each process has a unique identifier (I1D) and uses a
dedi cated working menory area 23 n which this
information is stored throughout its execution. For
exanple, if alock is created in the hash table, the
identifier of the process is registered together with
the reference of the input of the correspondi ng hash
table. Simlarly, the links of a chained list that is
to be nodified by a process are also registered. If
‘the process 25 encounters a problem (1232), a function
as Jbe savimgiand restotahien pf the esstest dfthe@bles,chs s th®establishment of

restore.the previo state 24 In the bove

exAnpRle S8 SMplS olofhey W@C?%asﬁ fs?& rgauire, MoshayEy peslior to the
t henvehtittS A tH@edidad RRf droSih fothk %Bﬁ@are@ﬁ@ﬁ&nh%% ecialists for
execution (1220), each process establishes not F

st Heplempriing suph stechanismusad likelyrtg betusedt anchimgst th@refore described
me [, the efficiency of the cache nenory, but also a
conpletion status which is 30 used (1230) to determ ne

whet her the process has been conpleted normally

(1234). 20 The saving and restoration of the context

of the tables, as well as the establishnent of a

conpl etion status of the process, do not require

mechani sms peculiar to the invention. Al the nethods

wel | known to the software engi neering specialists for

5 inpl ementing such nechanisns are likely to be used

and are not therefore described further. 21 dains

5 1. A nethod for naintaining the consistency of at

| east one cache nenory (150) accessible by a plurality

of i ndependent processes (20) that are able to share

comon data (210), said plurality of processes

carrying out sinmultaneous search operations (900) for

said data, followed optionally by the supply (1010),

renmoval (1020) or insertion (1030) of said data, said
search, renoval and insertion operations being 10
exhaustively executed once they have been initiated by

said plurality of independent
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processes, nutually excludi ng one anot her when
operating on said common data,_and each fully
reversible, a nethod in which:2%aid search oper at i ons,
foll owed optionally by one of said operations of
supply, renoval or insertion of said data, are of
finite or limted duration of execution. 15 2. The
nmet hod according to Claiml1, in which said insertion
operation includes a stage of releasing (1050) an
input in a partition of said control table if said
partition is full, said nethod consisting in:
browsing (1160) said partition in order to make a
choi ce, said browsing being EE§SIb|y interrupted if a
maxi mum browsing tine is 20 sel ecting the
nost suitable input (1145) from anong the inputs
browsed; releasing said input (1050). 3.The nethod

5 acofdngod dormaimisiingi the whpssiensai of Yelest tano rpashf‘ag@mory (150)

CORSESHe LTI RRHORER DRl 0L 35 romon

t hdatm € (ljmﬂi pluralfthef I}ﬁb(fb@:d:s aﬁﬁ'fj)i’n@ A siBulédn@bi® geardhNoperations
stage (1160) is characterised in

B0 b oA trlovsn Spaegalpapy ths swriy 8 amob(1020) o
brigysash ( ?(%0?1 ¥ shACAIR! ﬁ?)d ?%?&'qb (30t agldqngé ai’oglé%n%%s being

whi ch the exhaustivity rowsing 1s
st @hﬁmﬁgvémﬁcmﬁeoﬂl@%e)ammen mmaadl be da1dflihﬁ‘a11@'6:(fhndependent

LS50 o iy A SB35 - e e, o
C etk alllyPeP&SDR, A9ndRid & V(rﬂié:ﬂl) sald¥e; Q@@ﬁiﬁbﬁg tb aiatgﬁonally :

stored i'n a mass nenory (130), sai stem conpri Si
wéa{rglead apideperationnpl wpphyt retnitm/ahext inoettice o€ sdifh detaj are of ﬁmte or

edi ng clains. 7. A nediumthat can be
%39%&%‘5%&0&%{{%?“ Bont ai ni ng the instructions of a
10 program execut abl e by said conputer, said program

Ienentln the method according to any of Clains 1
ghe method according to Claim 1, in which said insertion operation includes a

stage of releasing (1050) an input in a partition of said control table if said partition
is full, said method consisting in: browsing (1160) said partition in order to make a
choice, said browsing being possibly interrupted if a maximum browsing time is
reached; selecting the most suitable input (1145) from among the inputs browsed;

releasing said input (1050).

3.The method according to Claim 2, in which said selection stage consists in
selecting unconditionally the last of the browsed inputs of a sufficient size to

accommodate the new data.

4. The method according to Claim 2, in which said browsing stage (1160) is

characterised in that all the inputs of said partition are exhaustively browsed.




15 If the search was unsuccessful, the insertion wll
t hen depend on knowi ng whether there is at |east one
free space of an adequate S|zé§}ena|n|ng to
accommodate the new data. If this is the case (1042),
a free input is selected (1060) and the insertion of 5
the new data is carried out (1070), which includes the
nodi fication and creation of chained lists in the
control table. If there is no free space of adequate
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' mgnmﬁﬁaﬁﬂﬂ nggrding Figure 10 it will be

noted t hat at the end of an operation involving a

nodi fication of the tables, i.e. the renoval (1025) or

insertion (1070) operations, the corresponding i nput

of the hash table nust be unl ocked because the

operation has ended. 25 Figure 11 describes nore

particularly the stage (1050) of Figure 10 which

consists in searching for the best input to be

rel eased when there is no free space for

~accommodating the new data to be inserted. The nmet hod
i s.described using an




exanpl e of a partition of the control table (1100)
conprising 8 inputs of sufficient 30 size to
accommpdat e the new data, all #3ed. For the sake of
clarity, only the fields in 16 the control table
required for an understanding of the insertion

mechani smare represented. In this exanple the
partition, which references data table no. 1 (1110)
and inputs 0-7 5 (1120), conprises 3 chained lists
(1130), commencing with addresses 1, 4 and 5 and 3, 3
and 2 inputs respectively. The starts of the chains
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t| th the current tine in order
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red and can be renmoved. In practice this tine, as
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unused for the longest tinme (least recently used or
"LRU, in the English technical literature on these
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criteria for choosing to renobve one |ﬁﬁg ngﬁgg ?hﬁfhemze
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‘also have been previously released. This stage is equivalent to that already described

above and which consists in removing data from the CLE (1020).

Finally, regarding Figure 10 it will be noted that at the end of an operation involving
a modification of the tables, i.e. the removal (1025) or insertion (1070) operations,
the corresponding input of the hash table must be unlocked because the operation has

ended.

Figure 11 describes more particularly the stage (1050) of Figure 10 which consists in
- searching for the best input to be released when there is no free space for
accommodating the new data to be inserted. The method is described using an
example of a partition of the control table (1100) comprising 8 inputs of sufficient

size to accommodate the new data, all used. For the sake of clarity, only the fields in




expired. If there is at |east one input that satisfies
this criterion, it is the flrst one found, for
exanpl e, when bromslng t hr ough 1811 the i nputs (1160),
that is selected. If no input has expired data it
wi Il then be possible to renove the input that has
remai ned unused for the |ongest tine (1155). However,
to avoid renoving data too 30 quickly a threshold nay
be established to take account of this |ast paraneter.
I't KR ¥orkrol l%ﬂl%nreﬁﬁiﬁ’&? fort Bt h&@taﬁ&&%%ﬂ fﬁef lesel{igﬁngf}{@éhanism are
of an input are not net wthin an raitial” "perrod, in
whiregicsenied. t he al gorithm nust provide a |ess
constraining fall-back strategy, such as that which
woul d enabl e an input to be sel ected whose expiration
t I !iEtH1§eJ@ﬁ1ﬁIé 05 PafRionOWaich St et EatL b1, 11(1 MR) ard Inliputs 0-7
be noted that if the invention does not ‘assune
5 pa( kllzehlcampﬁﬁﬂ?o%hamedds‘;m@ 13@)hewnmpnringwitbrasldtesses 1, 4 and 5 and

reke Wi licit ass n

ot 350 2P Kepocdvalh the SR ot Gl e IncBbnhBhacEossed by
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assunmes that since the current time has a val ue of 16,

input 2 of the control table can be renoved because
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been used. In this case it should be adde
cor r@@pf@ﬁdl ng chal ned list instead of form ng an

20 OO S SEIR A PO  BE b Senich i
- pr adiak Ci*ema‘ﬁbcﬂ ukDANfol ehd [HRgRR [t BedK irbdeBly Bed B 1AW, in the
English technical literature on these subjects). In thé example in Figure 11 the
highest value of the ‘use’ field indicates the input that has remained unused for
the longest time, i.c. that of an address 7 in the control table (1155). It is this
input that would therefore be likely to be replaced.
Depending on the type of use of the invention, the criteria for choosing to remove
one input rather than another may be set very differently. Normal use of these
parameters consists first in determining whether there is an input whose data has
expired. If there is at least one input that satisfies this criterion, it is the first one
- found, for example, when browsing through all the inputs (1160), that is selected..If
no input has expired data it will then be possible to remove the input that has
remained unused for the longest time (1155). However, to avoid removing data too

quickly a threshold may be established to take account of this last parameter. It may
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and is not therefore described bel ow. 25 As already

di scussed in the course of the description, the

processes are free to use a concurrently. Only

two restrictions apply to prevent a process from using

data not fully nodified by another process. As

al ready indicated in Figure 8, each input of the hash

tabl e includes a | ocking indicator for preventing two
processes fromattenpting to nodify an i nput of the
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accesses fromthe sane hash value, for operations

involving a nodification of the tables, are not 5
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| nthiesapaamicters Rerdlepelbs igput] tewhBidaké itk ex@RitCassumption that an
descriqu in Figure 7. The purpose of this lock is to
prigPRcYLk slwaysheaeicapdde aceranmaedataeer ats i theicacte ee

i nputs that independent processes, working in the sane
partition, would like to nodify. The inputs of the

pafhd ¢xaopld mdliguran @ abmaies dhapainice thd cafent thhie hasspadee 68516, input

1 d, i.e. in st 1045), (1050) or. (1025 _
deEF ST tebig s be ramso Hrhpoe herl4ih derhisHiand aeired at time
condinhi fre@ed B @151@;552[)3 iﬁ&r%n SNeotabd fart §}I“§ glfﬁagu%%t}tﬁgnst must

operations initiated by processes In
o hpdidied Ghl3d) and ehedatva inpug bivieish anly aimyaisss eneeletredt, inserted

e tively before.the inputs can.be re-used .b
o DRHE THE b 3B R Pertos ASS0P w IR LA IR SHe beam table
propEyses that nmust work on conmon inputs of the

control tables nutually exclude thensel ves during
their execution. As indicated in Figure 11, it wl|

B S et h 0 BBl ponded 1o 5
f ubl @96t (10kthd BlhEtabB)Ginll hihat tRlbd & tRDefbid hotdgiﬁlfbié}é‘\ﬂ@ will be

to be browsed (1160) to select the nost suitable
i Hpdarstoqd, of cayisptthat the new input could correspond to a hash value which has

already been used. In this case it should be added to the corresponding chained list
- instead of forming an additional list comprising only one element for the time being.
'The handling of chained lists is a practice well known to the persons skilled in the art

and is not therefore described below.

As already discussed in the course of the description, the processes are free to use a

CLE concurrently. Only two restrictions apply to prevent a process from using data

not fully modified by another process.

- As already indicated in Figure 8, each input of the hash table includes a locking
indicator for preventing two processes from attempting to modify an input of the

CLE simultaneously. As shown in greater detail in stage (945) in Figure 9, access
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process fromlocking an input for too long a time, the
i nvention process that this browsing can be |imted,
for exanple by specifying a nmax?¥ num nunber of
consecutive readings of the control table. This is why
the partition table described in Figure 7 also

i ncl udes a paraneter for specifying the point from

whi ch the search for 25 an i nput nust resume whenever
this nmechanismis actuated. This is to prevent the

CSPHIQ 'bledcﬁéﬁ tﬁa‘;ﬂr&%@rss;‘{th‘ﬁ?%a% ut§ ?ﬂd@lgfly ﬂfﬁ? ?ab{[]el,rsggrgltrﬁ %%Q&lted from

gl | tthat lngq@tutbwmefp@hdw m%sdxfb andargst klnmrl;tamb aoéestdsetma CLE as

to bqther(e ea?e gﬁ%rent inputs in the hash table. Only the multiple accesses from the
same hash value, for operations involving a modification of the tables, are not
possible because they would result in having to work on the same chained lists.

- There is also a locking indicator in the inputs of the partition table described in
Figure 7. The purpose of this lock is to protect the updating of the chained lists of
free inputs that independent processes, working in the same partition, would like
to modify. The inputs of the partition table are locked particularly when space is
released, i.e. in stages (1045), (1050) or (1025) described in Figure 10 and

unlocked under the same conditions as those of the hash table.

Therefore, the operations initiated by processes involving a modification of the data
tables are always executed exhaustively before the inputs can be re-used by another
process in the course of modification. The processes that must work on common

inputs of the control tables mutually exclude themselves during their execution.

As indicated in Figure 11, it will also have been noted that the insertion algorithm
assumes that an input may have to be released in a full control table, and this table
will then have to be browsed (1160) to select the most suitable input. To prevent a
process from locking an input for too long a time, the invention process that this
browsing can be limited, for example by specifying a maximum number of
consecutive readings of the control table. This is why the partition table described in
Figure 7 also includes a parameter for specifying the point from which the search for
an input must resume whenever this mechanism is actuated. This is to prevent the
control table from always being browsed from the same point, e.g. the first input.
Finally, this enables all the inputs to be browsed and allows each of them to be

replaced.




