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1 Description Method and system for maintaining consistency of a cache
memory accessible by multiple independelnt processes 5 TECHNICAL
SCOPE OF THE INVENTION This invention relates to software
engineering in general and describes more 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 10
technology environment requiring permanent availability of this data and
guaranteeing short access times to them. STATE OF THE ART 15
Although the calculating power of computers and their central processing
unit (CU or CPU, i.e. 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 20
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 2 must be possible to consult these data
continuously from innumerable travel agents and sales points, and to
update them through airlines throughout the world on a 24-7 basis. 5
Whatever the configurations, computer networks and IT solutions used to
obtain this result, the expected per AR particular short access
time to the infdiTiRs D an daystdmalvayRinvalid @ HSRIh & BEN Ve

hierarchy. The information sought must |
memory accessible by multiple independent processes

TECHNICAL SCOPE OF THE INVENTION

This invention relates to software engineering in general and describes more
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



in fact be fed into a memory which the central units can access sufficiently
quickly, even if such a memory may not then contain all the information
likely to be sought. 10 This type of memory is called a cache memory or
bulk storage. The cache memory serves to store the data a system most
frequently accesses at a given time, thus enabling the wait conditions of
the central units and computer processors to be reduced. 15 The
necessarily limited size of a cache memory must be able to be shared

amgpg;the p%e‘é%f’e”{d %%%@%&%p&ﬁﬁe&%ﬁﬁl%@uét beiﬁg&%eecri R ¢ravel agents

) TOI1
simultaneously in the central units. Moreover, n tI9|ey are workingon

corfitfloitlaaneitie Anditiplepine teavd shiotablke dhws|thpregbrabithbevabitbon a 24-7
to d@.$0 without having to duplicate these data. 20 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
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between ggcocesses, this is a method which seriously impacts on the
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to gbtain, exclusively 30 and temporarily, the right of access to the share
10 JatitHuRbRIMRG Yl §diecachamasprorcystatkncagem IBtaesiche memory
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it may also itself have to wait for another process to release the data it

al ST DG heeveibvistdijane el dhe irertr el cndviserepier rassseors to be
pres@sa@s are interlocked, one waiting for the other to finish, and vice

versa. The

18 The necessarily limited size of a cache memory must be able to be shared among the
different independent processes that must be carried out simultaneously in the central
units. Moreover, when they are working on common data, the multiple independent

tasks should preferably be able to do so without having to duplicate these data.

20 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

25  achieved by the exchange of messages between processes, this is a method which
sericusly 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

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



5 tasks which theses processes must execute do not progress and there

is blockage. It is of course possible to hav§ as many cache memories as
processes. There is therefore replication of the common data in the cache
memory, which is to be avoided largely to ensure that better use is made

of the available memory space and 10 again poses the problem of

consistency of the replications within the same. Moreover, a cache

memory does not merely contain working data used by the processes
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of data. This working data is all potentially accessible ne processes a
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then become partially corrupted. Although the application software is
generally designed to be tolerant to breakdowns and errors to prevent

patiafEBittptioiishfoMemaningora apbordatemeisniheirsiveudnitatord by the
in proysiem whiek:Rs, 86 AReKabengltaynd g clackintbe Jongde Mamory is

de%rades the performances and the 30 effiCiency of the cache memory In
Y

aftiaiERRARE oM bray By e titsHef L dhe dftg present in a slower, low cost but

very large memory located in the backplane, typically, of the batteries of magnetic
discs capable of storing terabytes (10'? bytes) of data. This working data is all
potentially accessible by the processes at a given time after their transfer to the
shared cache memory. The organisational data of the cache memory must therefore
make it possible to maintain the consistency between the working data actually
present at a given time in the cache memory and their correspondence in the
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 to 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



the memory that can actually be used, which no longer enables sufficient

working data that can be shared by all th%processes that must pg

executed at a given time to respond to the multiple requests deriving from
computers that must have access to large databases such as_those

containing the information on world air traffic or the 5 reservations of Iqrge

hotel chains. The size of a cache memory that can be used effectively is
therefore a key parameter of its operation. It must be filled to the optimum
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5longaLRAHPALY ExeaUiRd.the.Gache memory quickly becomes unusable

because it is filled with out of date data. Moreover, the 15_ basic task
cannot generally release data corrupted by a process which has not been
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clock and which is therefore’ never restarted, its reliability mus
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to remedy some of the weaknesses of the prior art, which” have bee
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particular mechanism for releasing space n a cache'thatis a
Thiigkiehersracaiapablsdeerusesivimnfiinérmvith out of date data. Moreover, the

basic task cannot generally release data corrupted by a process which has not been

fully or normally executed.

In a system which has to operate round the clock and which is therefore never
restarted, its reliability must be based on the correct operation of typically a single

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

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



necessary after a certain time of use in a system which has never been
restarted, and 5 in which successive requests tend constantly to
accumulate data in the cache memory. Embodiments of the invention
generally seek to remedy the weaknesses of the prior art and to make
improvements in the management of.a cache memory by preventing any
locking of the processes in order, in particular, to release space when the
memory has to accommodate new data. SUMMARY OF THE

in JAAEVELOIND Rgerange A (S ARERL AR EPRRI NN HORory.
there is provided a method for maintaining the consistency of at least ohe
cache memory accessible by a plurality of independent processes that
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simultaneous search operations for said data, followed optionally by the
andsfh BlpkeeMmBIRISBITISeRiche TPeRRERAA! S5l S TBRISVEY Afierenting any
lockise iR OperRiaasnReing, exhatstively exeruied pncathay thaveeRReN has to

|n|t|ated by sai Iurallty of independent processes, mutually excluding
acCHMMRABMHAT WS operating on said common data, and each fully

reversible, a method in which: said search operations, followed optionally

by one of said operations of supply, removal or insertion of said data, are

of flnlte or Ilmlted duration of execution. 5a In particular, the insertion

OFHIdhEaWIBNEdES S stage of releasing an input when a

partltlon of the cache memory is full, if it requires browsing through the

entire partition in order to make a selection, may be interrupted, however,
In deehalanagimitne Browshegttirngiisireaatadventihis duse itheronoktisuithed for
malRRHETOM amaeg the inuts jalteady brevised may heselaased, mﬁum lity of

inputs of the partition'may be browsed exhaustively, which may result
mdgRsRAeo rgcaEra it srig kY Wothesscortiepakifioprid plurality of processes

carrying out simuitaneous search operations for said data, followed optionally by the

supply, removal or insertion of said data, said search, removal and insertion operations
being exhaustively executed once they have been initiated by said plurality of
independent processes, mutually excluding one another when operating on said common
data, and each fully reversible, a method in which: said search operations, followed
optionally by one of said operations of supply, removal or insertion of said data, are of

finite or limited duration of execution.



after each release. In accordance with a second aspect of the present
invention, there is provided a system, in particular a cache memory, used
for making available a plurality of central processing units for processing
the data stored in a mass memory, said system comprising means
adapted to implement the method dggcribed in the first aspect. In
accordance with a third aspect of the present invention, there is provided
a medium that can be read by a computer, containing the instructions of a
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sharing of a CLE (cache,logic entity) by, independe rocesses, EIGURE.
o5 LSRN DS Eto A Sl I nr il B RRSSt he Wion
aftqpractssésisd0 FIGURE 4 describes the structure of the data tables of a

CLE. FIGURE 5 describes the control table associated with the data

tables. FIGURE 6 gives an example of the content of a partition of the
In seatdinebisihRIGURE Zsdegcribds thesstiuisturetionthectabiebs idettiogstem,
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FIGURE 9 describes the method of searching for data in'a CLE. FIGURE
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adapted to implement the method described in the first aspect.
In accordance with a third aspect of the present invention, there is provided a medium

that can be read by a computer, containing the instructions of a program executable by

said computer, said program implementing the method according to the first aspect.

BRIEF DESCRIPTION OF THE FIGURES
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inserting data in a CLE. FIGURE 11 describes the method for releasing an

input in a full data table. FIGURE 12 descgibes the stages of the execution

of a process serving to maintain the 20 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 25 access storage means (120). However limited in size,

the shared memory (SM) may itself access one or more mass memaories

(MM) located in the backplane and generally consisting of batteries of
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operative system, therefore enables one or more cache logic entities

(CEEBYRE sedgediess. the sifretitly disbaskealtihldsepa@hFaph on the state
o MeeituBueRosndl tERsAReIEmAleR ol ,Ip BRANE ©

supply to a rapid access memory, t ared memory rom the 10

mads R 68t (¢8eY, ehemide0b thobictieite frdpwtitidentthocesses table.
INIHARGRRY TS CEHUAMS Qo FALSTRF ARG IQiigrK at a given time.

FIGURE 8 describes the structure and addressing of the hash table.

FIGURE 9 describes the method of searching for data in a CLE.

FIGURE 10 describes the methods for making available 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.



Figure 2 describes in greater detail a new aspect of the invention which

enables independent processes (200), in71his example referenced form |

to 5, to share an 15 entity of common data (210) after only one of these
processes, that denoted by number 3 in this example, has had to find data

in the mass memory (230) and carry out the formatting and calculations

required (220) for their effective use by all the processes likely to have to

work on these data at a given time. This procedure substantially reduces
the-storage requirements in the cache memories contained in 20 the
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IVFH HE \ .
a data table. As the name suggests, a data table fserves malnl_y to
store the user data as well as the unique or identifying code associated

Wity B?mza'a@s&%@sf‘lﬁt%&%a‘é&%@&?ﬂénn@ﬁ E%III)%\(/:\@Q% tﬁ.@%n@é‘ﬁ‘g{gﬁj Which enables

number of data tables that may
independent processes (200), in this example referenced form 1 to 5, to share an
entity of common data (210) after only one of these processes, that denoted by
number 3 in this example, has had to find data in the mass memory (230} and carry
out the formatting and calculations required (220) for their effective use by all the
processes likely to have to work on these data at a given time. This procedure
substantially reduces the storage requirements in the cache memories contained 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



be present in a CLE can be set during the configuration of the system. For
example, 10 the creation of a hundred data tables may be authorised.

Moreover, each of these tables may include a variable number of inputs

(410), four in this example, themselves being of a size that can be

specified at the time of configuration so that the tables can be better

adapted to the user data they have to accommodate in a particular

application of the invention. The format of each of the inputs of a data 15

table | es qur-fields containing: - the sjze.of t ode (420), - the size | .
of sy i ay e R adh SRtD Gl be Sained in
Typi¢diiyAthis code is a field of several tens of bytes, including sufficient
information to identity the type of 20 associated data, - the user data itself

(450). For example, it may be prices charged by an airline for a given
dedilrativdlvaimidigiven ¢esriobc Riguliéf& dedehbasutiod bentiOl Blnefinvhicld update
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unysed siihatcaghcfisld 9 hasa nﬁrHE‘EPCHP"hﬁB%@ﬁ?Qﬂ?)?: B this example,
indicating the absence of a reference to an Iinput.
themselves being of a size that can be specified at the time of configuration so that
the tables can be better adapted to the user data they have to accommodate in a
particular application of the invention. The format of each of the inputs of a data
table includes our fields containing:
- the size of the code (420),
- 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 5 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
inputs 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,
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Each input in the control table includes the following information: - The
hash value of the code associated with thg data - The date of insertion of
the data 10 - The date of expiration of thé data - The size of the data
stored at the corresponding input of the data table. - The next input in the
chained list of inputs (free or used) of the control and data tables, or the
value O if there is no other chained input. - The preceding chained input or
value O if there is no other chained input. 15 - The corresponding input of
the {Qasl_kgrt? & hich is.descrtibed.with Féggt#'e 8, or value Q in the case of

the chained Tist f??)énepllﬁsplﬁgs.
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table. - The utilisation meter (to determine which of the inputs has been

the least recently 20 used) - Various parameters, including in particular a

bindiry it dicatatefothirtdigatiigathdic shelders espiondingropt is ftee et May 0 has a

interests of clarity the parameters in the above list do not all appear in the

table, i FIgu S Onl LR IEHIPIS AU 2 20 4 2te T (600), They are
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s

free input, 2 (620).

The inputs useé, 1 and 3, belong here to the same
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15

20

25

The size of the data stored at the corresponding input of the data table.

The next input in the chained list of inputs (free or used) of the control and data
tables, or the value 0 if there is no other chained input.

The preceding chained input or value 0 if there is no other chained input.

The corresponding input of the hash table, which is described with Figure 8, or
value 0 in the case 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
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

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



5 resolve collisions resulting from the identical hashing of codes that are
nevertheless different. They reference a&articular input of the hash table
(630), input 123. The hash table and the hashing of the identification
codes are discussed in detail in Figure 8 below. like the list of free inputs,
the list for resolving the collisions is also double chained: input |
references the next input used (640), 3, which itself references the 10
preceding input (650) in the list, 1. As already discussed the zero values

of the input' and previous,input' columns make no reference to any
inpmpélr{:gﬁl}éer{%?rgnﬁfagrc Sited ‘iis‘{?&%“f-@.d&Pé‘% eeliBed tive piiste igferences  the
panittcedi {2 Apits hanie)suggests, the partition table serves to store

the information required to determine how the control and data tables are

organised and partitioned. Therefore there are as many inputs (710) in the
partitionnaiiie wsdhdreate3ddtddaplbsrd. @ tivo kuthe axangleishawiinis used to
the ing _figures. Each input,in the partition,table that references the
> cofr%%ﬁp%gn%nir%s@%rfasg%%#{&% ﬁlr%f?r?ﬁﬁf ar&e?éar%lﬁgéso 2B JPe" 3y gy ertheless
onylifiehgdesTiney fotiswinee paparnetdss inphich forethastateblef @a0ityilg@no3. The
all ¢ h in the diggram.of t artition tables.in Figure 7. - The
e L e e R S o e

index i

e control table e firs Input o

(7206w T thedistor treclaghifm i 7B0or Freohumperabifipidssitsthiso double
Pa{:ﬂg%d? -igr%%ts 'lz?e?érgh%ég ésnlgxmlr?g,?g ]H: Itel nﬁ6_ @?cg%rgﬁgbgeﬁﬁgferences the

inputs - Th

rst input in the chained ree’inp

10 papitiendingkipylifeitatorthe list, 1.
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As already discussed the zero values of the ‘next input’ and previous input’ columns

make no reference to any input and start or end a chained list.

Figure 7 describes the table of partitions (700). As its name suggests, the partition

table serves to store the information required to determine how the control and data

tables are organised and partitioned. Therefore there are as maﬁy mnputs (710) in the

partition table as there are data tables, i.e. two in the example shown in the preceding

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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- The index in the control table from which the next search for an input

likely to be removed will commence. Figure 8 describes the hash table

(800), which is the starting point for any search in 5 the CLE. The starting

point in the hash table (810) is the value resulting from hashing the data
identification code, which is a unique code associated with the data and

which is described in the previous figures. For the reasons already

mentioned, input 0 must 10 remain unused and the hash function must

return between 1 the upper .addressing limit of the hash .

tabie, Tha hech tole o el B L S P gty o be
inventiomelosswibtassmerethe use of a particular hash function. To

attempt to obtain a minimum of collisions, the ultimate objective of any

hash function, possibly dependent on the structure of the codes, it will be
poddfineet8 deteubestbpndwhothde (Fabke whinkeroubhashiynptions@nthy search in
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

in i in:Fi ! .20 identification.code (840), .

e B e 1 T R R Sy e
obtégtE valise withm whisk 5f 64mitycfopdxansplaatatesits tocinlsheand which is
follQwi -Hlint] nce ﬁjg nnet in practice .
iné%%@él %%ajl?nkggtg}%f ggggﬁ r}\%a%hﬂ?é%g)go Eﬁ??wlt% ?sggaarﬁetaegllﬂ]tofbe(cf’biﬁr? tao must
taBfE B0 Ponstdaahis dask sursionanm etyouanaluwahbadwedutetkdehe upper

field atEaRItA IR Oh o3 18pRUSTHE: ARRr%yRORR0F INDyYLs (218)

The advan'%lage of proceeding to a double has%ﬁ(t?s tha&??’s pgssaléfén the system

obtaiHiaumzEentabie dveriéondors sioeanine Alowirgahe reotivplmidorshinfanction.

fieid, Qeft!%‘ﬁ?p@% Qﬂﬁ)iilib%t ﬁﬁﬂiﬁ%ﬂ@&@lﬁw_ﬁgly&% S‘Iﬁxrr?%s Ogalﬁvgrd rany hash

to remove doubts in the event of a collision in the hash table. Tact,

caf@giion, possibly dependent on the structure of the codes, it will be possible to select
one or other of the numerous 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 Hfint] 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 proceeding 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,



5

choice of the first hash function allows an almost zero probability of
collision, even 30 though the collisions W%be more numerous after an
additional reduction to 18 bits, 12 for example. A full comparison of the
codes, comprising 50 to 100 bytes, will therefore never have to be carried
out more than once, as discussed above in connection with Figure 9. 5
Referring again to Figure 6, it is therefore the intermediate hash value
H[int], comprising 64 bits in the above example, that is present in the

congrol e {66Q) will be. mainly used to accelerate. the comparisons. .
The flpngg?ﬁag%'vgu%q(%ﬁﬁngfi fﬁg%gge%%s%)ggfed: WHQHQ%G?% &) Eél’—t]yl?s’ will
usdbeasf@® cevsulttive Hashdalsieicihewomespomnding itpytasonisiosstide above in
following.i tien: - AjJocking indicator (V) of the input to enable only
ongxpﬁ%%céisgsgg?} gl tﬁ’}%%éopmodify the chained list (820), starting with that
input in the hash table. This aspect of the invention is discussed later in
thegdesgrintian, ~ The first input, in the, control table, of the chained, list :
used tglqjé{sgo(l%%‘it%e{&pgé%% %’51({:10 is%%%gi}t?)ergu?ﬁlﬁgi ?g%n (%atceog@%agﬁi.“@fmmt}’
cowsapising %tsits@méma@nmeaawimhamqgesamdﬂimmml_tabie (660) and
parfigylar inpy le, the corresponding chained list will be
reducetgc{tg%} s%%lg}é]r%gegﬁ'}% Fee,tzgrcé) values in the hash table (830) do
not reference any input in the control table. None of the data codes gives
a M gliie 197 $BdNRYH)20 HIgws:R deseribes e Metnod AhACERRS i used to
or da d

(900) to the data in the CLE. The searc aina commenct

10 wittphadhihg biinalblsd €19 tojraspmslate dopithcireadiat ahe Goldhwifipin fatuetion:
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the corresponding input is zero, the search may immediately be declare
modify the chained list (820), starting with that input in the hash table. This
aspect of the invention is discussed later in the description.

~  The first input, in the control table, of the chained list used to resolve the possible

collisions resulting from the code hash. Of course, if the data code hashing does
not impose a collision on a particular input of the hash table, the corresponding
chained list will be reduced to a single element.

The zero values in the hash table (830) do not reference any input in the control

table. None of the data codes gives a hash value for this input.

Figure % describes the method of access (900) to the data in the CLE. The search for
data in a 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,



25 unsuccessful (932). This result is indicated immediately (940) to the
process searching for the data in order tq 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 30 the input referenced by
the hash table (950). This input contains the first element, 13 possibly the
only element, of a chained list of inputs likely to contain the information
sought. This consultation of the control table will not take place

im [ ever, if the .5 corresponding input js locked by another :
orgeese Gy T SR SRR R R R rgprmaion
inperughtontinue. The process in progress, if it is likely to involve a

modification of the tales (removal or insertion), in turn locks the input of

the hash table (947). 10 A first comparison of the hash code values is

carfield eensg@seioi.ef the smitielohbihe will dethatkippsoughcil aempjaredver, if the

€ necessary 1o wal

5 reIE BRGNP 10AceMBhE: pR ARt NI b hccessary to

e Invention, comparison i1s ‘'ma

intarpediatdh datey duenHipit]thsinpiicty difieii(974] therseasshmmrsgress, if it is
confiae by RoNIng e ehained et (9BLI f SoNVAINS mors than.one

eIe_me}r#t?. If there is only one element, or%%th(gﬁmw% ment i I%ﬁ%é H%?‘(@é%cm the
haépeepf idadhsk tahle §¢4fth must be declared unsuccessful (940).

However, if the hash values are identical (972), the code sought has

possibly been 20 found. However, no matter what hash function is able to

ast element in

10 retirfittsoatgisanteisthekaske sodamihecfronvadifedenttd9663, thigmustue of the
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beyeufi Of : i € T ontrol table. Asg
: 969\8?% rl]ﬁgs}rlere ;gr{)glg}{? RNY AOMRLNG, i 609RS ”é%&%%?ed‘ RS ﬁot'ﬁ;]é’acre ol table. A

sofiigrEsset de doawsarsdwnreibaedtonrbiinissidatdhable ¢atithe the comparison is

embodiment of the invention the size of the co

made on an intermediate hash value H[int].

If they differ (974), the search must continue by browsing the chained list (98) if it
contains more than one element. If there is only one element, or if the last element in

the list (982) has been reached, the search must be declared unsuccessful (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



input corresponding to that of the control table), in order to accelerate the
25 comparison. If the codes are of differen éazes they cannot be identical
and the search must continue (994), as p

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. 30 If the codes are
effectively identical (992), the search is successful. The data sought 14 is
present |n the ta table t odes differ, the search must continue as
beforg rov%glngafﬁe cl:)ha:#zt a {6

corhpamsog tfethieaooddss(from 50 to 100 bytes) will 5 in most cases be
necessary when the data have actually been found. The probability of

having to carry out more than one full comparison of the codes depends

on theiBfiectivedelsst afsﬁhgiﬁrﬂﬂhashﬁaﬁmbh@nﬁm&brdmmwhe 100 bytes) will

viously, by browsing the

OfetFiReh glgﬁt,@fglfmpc as before by

I bed_in F ly d d, t hability
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theoddtaveemtohcia @Ltﬁnmeathaascas: mﬁhe@e@mrsm wistiecasifiuldépends on the
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successfu
comgiitiigetBe Antdictuly dtaiis el titdctpa bebiti thésdatatiaklly ang supplied
to the process initiating the search (1010). If the search is successful and

has been initiated by a process for the purpose of 20 removing (1020) the

een |n| ate

and y a process
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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
inputsll Apseppiiths stidusiymemosssdul ghe thre aisaimédhlistecthu sedrithpigta formed

by JE8R03IGEHRO. If

If the search is successful and has been initiated by a process for the purpose of
consulting the data, the data is extracted from the data table and supplied to the
process initiating the search (1010).

If the search 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
modified (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.



necessary, the chained list by modifying the 'next' and “previous' input
fields, as 25 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 30
the free inputs from the data tables can be used. 15 If the search was
unsuccessful, the insertion will then depend on knowing whether there is
at least one free space of an adequate size remaining to accommodate
the new data. If this is the case (1042), a free input is selected (1060) and
thelingertiendf & ihemewcdatilsthartindraoh (LT Qhewhightinchidradheng whether
mo&jligl%altigog)t q&d tcg%gtiggeog chai gl Iisé? in the control tahle. If there is n%
free Space of adequate Size (104%) 1t & HER Hetadah8 P dggegpmmodate the
space ifatheCLE (3 050y 4ee hiOdeRh itk thpunsertion¢dQTA)OTheimethed tion of
for,;10 ing.a space is {bed,in greater. detail in Figure.11. If the |
> seé]g’lghr{\}%fsa %l?géegs%%? t gtﬁggﬂfb%%%lslg r}gg v rcegjeorﬁ%%ﬂiﬂl}sané creation of

necbsaigmd/lists modifyctmérafatdleontained in the data table. This then
necessitates knowing whether there is sufficient space to store the new
data in the same input. If the answer is yes 15 (1046), the insertion can be
pré€dbeediwith firemepiately (AB7ORtH oiwe(éHHf tha sizehds netsuitable release a
(1 it; i , sfg)efore to release an input [? %e te
2 oeD) e e o B R R T g o

10 (1odBysing akpedsavelechotavipestyrditabed s Sthge is equivalent to
that already described above and which consists in removing data from
the CLE (1020). 20 Finally, regarding Figure 10 it will be noted that at the
ent dicareapbratssupsesiingthe code sought is already present and it is necessary to

modify the data contained in the data table. This then necessitates knowing whether
there is sufficient space to store the new data in the same input. If the answer is yes
15 (1040), the insertion can be proceeded with immediately (1070). However, if the size
1s not suitable (1048), it will be necessary, as before, to release an input of adequate
size (1050). The input whose size is considered insufficient to be re-used (1045) will
also have been previously released. This stage is equivalent to that already described

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

20
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.

25

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

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



a modification of the tables, i.e. the removal (1025) or insertion (1070)
operations, the corresponding input of th{aahash table must be unlocked
because the operation has ended. 25 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 30 size to accommogate the new data, all used. For the
e A B B W P e mechamsm e
undepstagdinig of the insertion mechanism are represented. In this

example the partition, which references data table no. 1 (1110) and inputs

0-7 5 (1120), comprises 3 chained lists (1130), commencing with

addnebsesxtmplariticSpartiti@), 3vhih 2dfupensaedprctivbbyn ol He( Staus afdheputs 0-7

chaj e selv. ddressed e hash table already, described
S R SRR B e e A AP AESe ) s v

thel, E0 e Gy setsspeatiforimafion paesent ihdhbadontnl thbdeselEhaditiessed by

(hqﬂg/ggstﬁ)tﬁ)tlgvgi[%%rg% é/s%!ril%i%ﬁ_of the data associated with the input will

expire (1140). This time must be compared with the current time in order
to determine, by browsing all the inputs of the partition, whether one of

e L s SaB Rl i, of e
10 wHeHanengaetsefitifpmmborppisest iMTfe effectl@bise of the inputs
(1150%11%%%%&1%9%9S%%m%eﬁa@’mﬁ?dﬁ‘yp %tf the data associated with the input
will expire (1140). This time must be compared with the current time in order to
determine, by browsing all the inputs of the partition, whether one of the mputs
has already expired and can be removed. In practice this time, as shown, takes the
15 form of a value which a simple counter must reach when the data validity time
expires.
- The effective use of the inputs (1150), enabling it to be determined which input
has remained unused for the longest time (least recently used or ‘LRU”, in the
English technical literature on these subjects). In the example in Figure 11 the
20 highest value of the ‘use’ field indicates the input that has remained unused for
the longest time, i.e. 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
25  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

30 quickly a threshold may be established to take account of this last parameter. It may
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has remained unused for the longest time (least recently used or 'LRU', in
the English technical literature on these iybjects). In the example in
Figure 11 the 20 highest value of the "use"field indicates the input that has
remained unused for the longest time, i.e. 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

rs consists first in

differently. Normal use of these 25 parame o .
ot el AL alp AR ONADSS Pl B RcPA R an il
at lpastdnainphitthatsatibfies! foisthhiteriont ibis thefisst@recdawndnias fall-back
example, when browsing, through.all the inputs (1160), that is selected. If =
no ﬁ%]ﬁz?glgﬁhguggp?rsetg%}a\?ah it Wﬂ'&ﬁlean‘ 5%%356@% 18R6 Ve G thite e« piration
hasmremaineldsmugesfibi¢he bagasttimiend 155). However, to avoid

removing data too 30 quickly a threshold may be established to take

account of this last parameter. It may 17 then happen that the criteria for
reffiovel deamieguhatrefrbe meentidrindansinitialagsernieds ipavitichcagghtht of using

algori ust. provide a less constraining.fall-back . strategy, such as that
wﬁ%%%ﬁ%“éeﬁg Sle an nput fo Blépélgelét‘eg gvﬁ)c?sg é&%i%ﬁgéntﬁ’ﬁsé‘?%pé@n that an
clospusypdstiviestddne aundnt fnemmbideil hewdted ithateit:tehdnvention

does not assume a particular method of using these parameters to

release an input, it will make the explicit assumption that an input will

alWays panpleaséictyattenmodatimhsncdats: iouthectictehakG Fakie of 16, input

example ir&!:r{ [e H@:"‘E nes that since the current time has a value of :
16, inputf3 2 ofgt%e %ontr%%%%lreerggr\{ 8e'Br"ﬁecr?11%)5\%%J gé}élu%%% & Hﬁ%ﬁ%’ﬂﬁ%ﬁ at time
inpét sdpdlegrateiaeit12] 4Midipretede S ifiidbpaBinte impircd fonndd list must
PAE %@d‘f@@dnﬁq }:'E}atg'c? t!hsét &%Enput, which only comprises one element, inserted

(1132). The new status of the partition is therefore as indicated in the bottom table

(1105).

In this example it was implicitly assumed that the new input also corresponded to a
new input in the hash table, and that there is therefore no collision. It will be
understood, of course, that 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



be modified (1134) and the new input, which only comprises one element,
inserted (1132). The new status of the pqﬁtition Is therefore as indicated in
the bottom table 15 (1105). In this example it was implicitly assumed that
the new input also corresponded to a new input in the hash table, and
that there is therefore no collision. It will be understood, of course, that
the new input could correspond to a hash value which has 20 already
been used. In this case it should be added to the corresponding chained

list instead of forming an additipnal list comprising only. one element for

T ST T L
the petisonssikillétbincthe, ateranddg hotahearaforeideseiibetshelonsR2As CLE as
already discussed.in the course of the description, the procgsses are free

to useéggrglfﬁécﬁﬁ%ﬂ?%ﬁ E/’?l{érlﬁly V(?/gl Erlgéttr?% i%ng)%lﬁp%‘g }6891%?%?68363 from the
processtfrotmsisingdatéomaopdratjonsottifielsing anotbéifiprioasst tiAstables, are not

already indicated in Figure 8, each input,of the hash table includes a . .
> Iockir?g Oi’n%i%%%g??g?epgéVeﬁg H%gt{ﬁ%u%{?g}c%%‘gg§ Fr%%()é%g}r%t ?nsﬁ%eﬁ?ba lists.
aninplbottheal30 ClElsinguitdiaously. tAs isipaweroii thegataitdetadbie described in
stage m Eigure 9, accass. 18 is blocked if a process.that has to . -
oy T e SR SRS G FaSe. DU O Do ained s o
there fresyibeutsthranydsipauitarigouscaste seasktoga CHHE senthpaside, would like
differgpt inputs i .Only the multiple accesses. from the .
O L L Y S IS S B e
10 not 5 pesiple becanssiaiey (1645, réBUI0N drayiiy 1o dorkibadhe stimee 10 and

chainggi ul Is alsg ing.indi tor i? he inputs of the
partition !égé%g ge%%%iqbed?#n %:?gﬁr&g% .g?'ﬁglgl%rgé}sethgf %ﬁlst@é&ais to protect
the updating of the chained lists of free inputs that independent

Pfﬁ%?él%%e,"\fﬂéké'ﬁgrﬁkﬂ}% %ﬁ@a‘%eﬂ%ptb%cggggs!qrwf(&vmg a modification of the data

tables are always executed exhaustively before the inputs can be re-used by another
15 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
20 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
25  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.
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to modify. The inputs of the partition table are locked particularly when

space is 10 released, i.e. in stages (1045), (1050) or (1025) described in

Figure 10 and unlocked under the same %nditions 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 15 process in the course of

modification. The processes that must work on common inputs of the

conjrol tables mutually exclude themselves during their execution. As ]
ST FRGERE Ve IS TEADE B 1St o SRR reauesting the
algerithse afsumiegihatyabriswsingayehaveiol besaleaseddncarfitl CoRtrebmanent
tab{gél?nd this {a@le 20 will then have to be browsed (1160) to select the

most sﬁ?l%m%yinapﬁ. g%revent a process from locking an input for too

long a time, the invention process that this browsing can be limited, for

ex le by, specifying a maximum number of consecutive readings of the
oIS SR 6 TS PR B ETSb A LT Sh200) e tables
inchedésidpanabidian itk speeityrfghbie painitikam which the search for 25

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.gl e firstamputth&inalty whis grablestalhtid mputddm benbspwaddadescribed in
clomaneh SRMID R foplacad, 18 SINER e Rrofassas sre grnie

duration or ar as r1ar as those requesltin

10 by browsing the control table are concerned, no permanent locking may

15

20

25

30

o B e SR TR BB ot v
exeeupditedhimistmainlyethe chisetalitbsthie inseitiomefsnew data, dor example by
Op&r&gx%qn%eﬁ%i%ﬁgihned lists which could no longer be browsed normally, which
would lock the associated inputs of the data tables. The invention provides that the
potentially dangerous processes must save the context of the tables (1210) before
they are executed, i.e. they must store all the information required to be able to

restore the previous state of the tables if they were not fully executed, or if an

anomaly was detected in the course of execution.

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
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

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



Figure 10, which requires the creation or modification of the chained lists.

10 A process which has to modify the taéI s of a CLE, and which would

not be completed, must not leave the tables in an inconsistent state, for
example by disturbing the chained lists which could no longer be browsed
normally, which would lock the associated inputs of the data tables. The
invention provides that the 15 potentially dangerous processes must save

the context of the tables (1210) before they are executed, i.e. they must

store all the information required to be able to restore the previous state

of the tables if they were not fully executed, or if an anomaly was

detEbtedt vinthendousse afexetliion ik Eatih @ IosRs S ascl BOiBYRstablishruent of
|dent|(1;|0enr]é$ lancsitgtses afq dicated wodé< memo area_in which this
information is stored thfougfiobt 18 Ex Cﬁ F—Q&D 2P spI§ cRagiliar to the
cr@amhmmhaﬂa&h talbldptheviddntifier oftthehprectssiis @gﬁ&t&ﬁeﬁg spec1ahsts for

rW|t the refere ce of the in tofth corr ha, ht
g ?ﬂe]}fﬁﬁs ofnale?r:]ﬁaaﬁhgqug ISt Eg 1?% Po gio‘#?g fi/%e‘i’ %ﬁé’mbed

alsﬁlréxgrstered. If the process 25 encounters a problem (1232), a functlon
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). 20 The saving and restoration of the
context of the tables, as well as the establishment of a completion status
of the process, do not require mechanisms peculiar to the invention. All
the methods well known to the software engineering specialists for



5 implementing such mechanisms are likely to be used and are not
therefore described further. 21 Claims 1. A method for maintaining the
consistency of at least one cache memory accessible by a plurality of
independent processes that are able to share common data, said plurality
of processes carrying out simultanequs search operations for said data,
followed optionally by the supply, removal or insertion of said data, said
search, removal and insertion operations being exhaustively executed
once they have been initiated by gajgd plurality of independent processes,
mutually excluding one another when operating on said common data,
and each fully reversible, a method in which: said search operations,

1. Aoliewisd roptianaiy Ry areof Saidopsratians: AfhsURRhL FRMeMAL QI ssible by a
insertion of said data, are of finite or limited duration of execution, 2. The

PlupRlinOd HOEBAASH S eIaTNT 1L WIS AR 8 IR) Thes SO BRBratian SHEIndual XY of

prostage ehrraleasinganinpetin spanitasafsaidsanimliiablelsaid optionally
partition |s full, said method consistin browsing said artltl n in order

by B SRES cHERRE 4o BRSNS ey e b P4 arEon

opdadiﬁw&rb@rﬂ@&l&ui@ta@mdasak&smngcﬁwelmcbﬁtvswtaablemmmﬁ fromidmRgdity of
the mguts browsed; relg?5|n)%§%|ld ut. 3. n%ethod acco dlngaﬂ%CIaim

independ OCCS3CS 11 ne ano h en operaing on OINmon
%‘) inw I&I:I saldes’e ection” S age COI%SIS S Inh se ec ing ncon(ﬁtlon fhe

datdastndf Haehbfcm\;sedvmpbts of alstiﬂ:d:le:mt\sizehtosamb@nambdata*&henneﬁm owed
opt AT BE T %’o 'r?ggo‘?Ps é@ﬁ?‘ £udfb Wiigh said Broyysing %taatge 8 of
chardc ST aid

terised | |n tha e Inputs partition are exhaustivel y
ﬁmm@wbe"dtegziusa:tme)ﬁ%m@umcormng to Claim 4, in which the
exhaustivity of the browsing is

2. The method according to Claim 1. in which said insertion operation includes a stage of
releasing an input in a partition of said control table if said partition 1s full, said method
consisting in: browsing said partition in order to make a choice, said browsing being
possibly interrupted if a maximum browsing time is reached; selecting the most suitabie

input from among the inputs browsed; releasing said input.

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 is characterised in that

all the inputs of said partition are exhaustively browsed.



obtained by storing the last address consulted after each release. 6. A
system, in particular a cache memory, used for making available a
plurality of central processing units for processing the data stored in a
mass memory, said system comprising means adapted to implement the
method described in any of the preceding claims. 7. A medium that can
be read by a computer, containing {H& instructions of a program
executable by said computer, said program implementing the method

S. %ﬁgoﬁ%ﬁ%éoa%g&&%gclgir&?afln{[oé‘r?'in which the exhaustivity of the browsing is

obtained by storing the last address consulted after each release.

6. A system, in particular a cache memory, used for making available a phirality of
central processing units for processing the data stored in a mass memory, said system
comprising means adapted to implement the method described in any of the preceding

claims.

7. A medium that can be read by a computer, containing the instructions of a program
executable by said computer, said program implementing the method according to any of

Claims 1 to 5.



