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rarely WO %&%lﬁ%é%é%%%t typical queries are of the form: "find all sales by

region and quarter" or "find stores that sell the greatest volume of sportswear

15 per month" or "select the top 5 stores for each product category for the last
year". Such queries must typically access large sets of rows in data tables. The
query processing challenge is to process these queries without doing a linear
scan of all or most of the database.

Five main approaches have been proposed to attack this problem: (i)

20 multidimensional arrays; (ii) special indexes; (iii) table caching; (iv) optimized

foreign key joins; and (v) approximation.

(i) Multidimensional arrays (i.e. matrices).
This strategy consists of implementing the data warehouse as a
multidimensional array or matrix. Examples may be found in U.S. Patents No.
25 5,359,724 and No. 5,864,857. Each dimension corresponds to an attribute of
the data. For example, a sales table can be viewed as a matrix with
coordinates: store location, product type, customer id, and so on. A particular
sale can be identified by specifying all of these attributes. The strategy works
well for small databases or very dense ones. By dense, we mean that the
30 Cartesian product of possible values should all be meaningful, e.g., every
customer is likely to buy every product from every store. Since this is rarely



-2 true, this scheme nust be nodified to deal with sparse values. This can
be done by defining a notion of sparse attributes and dense ones. So, for
exanpl e, wov2/mioght be that every store carries every prodeCl/IK®@/dBRSe

rel ationship that can be stored in a matrix), but only some of these
conbi nations are valid for any 5 given gustonmer. So, a conventional i ndex
woul d be used whenever custoner sales @re involved, but a dense one for
gueries involving store-wi de or product- wi de sales. (ii) Special indexes.
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The bitmap vector corresponding to Monday would have a 1 at position i if
record i contains "Monday" in the day-of-week attribute. This single value-
based approach is called a Value-List index. Other techniques (e.g. U.S. Patent
No. 5,761,652) associate bit vectors with ranges of values, so there could, for a

20 salary attribute, be a vector for the range 0 to 20,000 Euros, 20,000.01 to
35,000 Euros, and so on. Still others associate each bit vector with a bit value
(a 1 or a 0) in a given position. So, if the attribute holds n bit numbers, then
there would be 2n bit vectors (position 1, bit value 1; position 1, bit value O;
position 2 bit value 1; ...).

25 The benefit of bit vectors is that it is easy to use multiple bit vectors to
answer a single query. Consider a query on several predicates, each of which
is indexed. Most conventional database management systems would use just
one of the indexes (the one that is most “selective” so returns the fewest rows),
though some systems might attempt to intersect the record identifiers of

30 multiple indexes.

Bitmaps work better, because they are more compact and intersecting

several bitmaps is much faster than intersecting several collections of record



-3 identifiers. In the best case, the inprovenent is proportional to the
word size of the machine. For exanple, suppose the word size is 32 bits.
Then two Wwdb2/449ext ors can be intersected 32 bits at a tineCT/Haah2®et of 32
bits corresponds to 32 record identifiers being intersected. That best
case occurs when each 5 predicate is unsel ective (i.e. many records nmatch
each predicate value), but all the predicates together are quite

sel ective. Consider for exanple the query: "Find people who have brown
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Indexes like this work well for spatial data (where they are used to find the
20 points contained in latitude-longitude quadrants). This alternative is little
explored in the commercial arena except for geographical queries, however,
because these schemes do not scale well with increasing dimensionality and

commercial systems typically have far more than three dimensions.

(iii) Table Caching.

25 If one doesn't have the luxury to design new indexes on top of a
database system (because one is not the implementer of that system) one can
pre-compute a large number of anticipated aggregate queries and put them in
tables. For example, if a large retailer frequently asks queries that sum the
total sales across multiple stores or multiple products, one may store such

30 information in special tables. The main cost of such a strategy is maintaining
these tables in the face of updates. (Disk space is no longer a major factor.) In

the example, every sale of item | at store S would have to update the total



-4 product sales table for | and the total store sales table for S. So,
this strategy is worthwhile if there are few updates between queries. The
strategy waonet43 worthwhile if there are many. (iv) OptinPer@B@Eoe®2gn Key
Joins. 5 Most queries in nultidinmensional tables entail joins between a
central "fact table" (e.g. sales detailg.and a set of dinension tables
(e.g. store description, product description, custoner description). These
are known as "foreign key joins" since the custoner identifier in the
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15 (b) create bidirectional pointers between fact table records and dimension
table rows - this is what “object-oriented” databases do;
(c) replace the customer record identifiers in the fact table by offsets into the
dimension tables.
Choice (a) is the most independent of changes in the physical
20  organization of the tables and therefore is best for heavily updated systems,
because changes to the dimension table can be reflected in the index to that
table alone. Choice (b) is the least flexible to physical reorganization, because
reorganizing a dimension table would entail updating the fact table. Choice (c)
is a compromise of the two in that certain physical reorganizations can be done
25  to the dimension tables (e.g. changing its position on disk) without changing the
fact table. Examples of join optimization may be found in U.S. Patents No.
5,548,754, No. 5,671,403, No. 5,724,568, No. 5,752,017, No. 5,761,657 and

No. 5,822,747.

(v) Approximating the Result

30 Since most people use data warehouses to get strategic aggregate
information, many would be happy with a fast approximation as long as it has
error bounds. Typical work in this area is illustrated by U.S. Patent No.



-5 5,870, 752, which shows how to estimate aggregate results in data
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15  of organizing a database management system, which enables an efficient

query processing.

SUMMARY OF THE INVENTION

The invention proposes methods of organizing information and of

processing queries in a database system, as set out in the appended claims 1

20 through 248. The invention further proposes a database system for managing
information from a collection of data, comprising means arranged and
programmed to implement a such method, as well as computer program

products having instructions for carrying out such method.

Another aspect of the present invention relates to methods of handling

25  integer lists in computer systems. In a non-limiting manner, this aspect of the

invention is applicable in the RDBMS field, where the integer lists may
represent identifiers of records in various tables.

It is well known that, in computer systems, integer lists may

equivalently be stored and handled in the explicit form of integer lists or in the

30 form of bitmap vectors. A bitmap vector has binary components each indicating

whether an integer corresponding to the rank of the component belongs (1) or



does not belong (0) to the list. The dinension of the vector has to be at

| east equal to the largest integer of the list. The bitmap representation
i S converwent/4dexause a variety of rmanipul ati ons can be perdirmmer2on the
coded lists by subjecting the binary 5 conponents of the vectors to

Bool ean operations, which are the nost asic operations in the usual
processors. For exanple integer lists are readily intersected by neans of
t he Bool ean AND operation, nmerged by neans of the Boolean OR operation,

conpl ement eghcyndEsdleng (0} f@t@%teﬁﬂemengwr@ﬂr@”ve&& ha%QoWbth [d28t
integers of the lists are potentially big, the dinmension of the bitmap

vectors becamuedtd ﬁlede[geatlmtageroﬂ'tberhetmry space required to store the

lists in that for bet(): robl em Stt are scarcel fllho
with integers o NenaoEngs . dneseplon, | coivarnip R hetetsras + Gy
compact: a méhlfﬁhlaﬁ‘bng ¢dit eaepsrformddienrthedsoddd 1ig@2by ruMijedteg theXbipdnpi ts

vs. 232 4.3 billion bits in the bitmap format. Bitmap conpression
met hods® ha\i-‘@nm@@"rﬁm éﬁdbéoVQCéOF@v@r Bealeanhoreralions.t whichnaeg thenenestt bagic

repr esent at th n f ors
whose corrpodrp%g?téorfw]5 'g ceﬁg@ ?8&4 %ré I;!apge?a eng%léjrnirs‘n‘{g i%ereggw
boundari es ipferéévie@ byagieans ofTH‘ne BroelwnnANg) opgiation, aisrgee b&%eede@false
bitmap segnents. An appreciable gain is achieved when very | arge constant
regi ons ar 3G, OB(dP@W@%'OBf coreplementag Ronpeadsi oh Hhe rderiear N
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Bitmap compression methods have been proposed to overcome this
limitation of the bitmap representation. These methods consist in locating
regions of the vectors whose components have a constant value, so as to
encode only the boundaries of those regions. The remaining regions can be
20 coded as bitmap segments. An appreciable gain is achieved when very large
constant regions are found. Examples of such bitmap compression methods as
disclosed in US Patents No. 5,363,098 and 5,907,297.
This type of bitmap compression optimizes the storage of the encoded
integer lists, but not their handling. Multiple comparisons are required to detect
25 overlapping bitmap segments when performing basic Boolean operation on the
bitmaps (see US Patent No. 6,141,656). This is not computationally efficient. In
addition, when the coding data of the constant regions and bitmap segments
are stored in memory devices such as hard drives (i.e. not in RAM), numerous
disc read operations are normally required, which is detrimental to the

30 processing speed.

An object of this aspect of the present invention is to propose

alternative methods of encoding and/or combining integer lists, whereby lists of



potentially | arge dinmension can be efficiently handl ed. Accordingly, the

I nvention proposes nethods of encoding and conbining integer lists in a
conmput er wger/emm3 as set out in the appended clainms 249 theDimgh/0282. The

i nvention further proposes a conputer system 5 conprising nmeans arranged
and programed to inplenment a such nmethgd, as well as conputer program
products having instructions for carrying out such nethod. BRI EF

DESCRI PTI ON OF THE DRAW NGS Fi gures 1-3 show an exanple of data structure
as typi cal Ippteraffllylifrgd dikeneRhVedH boR#cidrtlyidrned. database system Figure
4 is a diagramrepresenting a data table tree in the exanple of figures
1- 3. Figures 5-7 Aacerdinglyr athe singantien r peapasesv eneiiodsgrafpienceding: rard ed

fat tine omoting Hforn isB R A dGabder shrielt S 8t ol du 2Pl Halrds 31 s
a link tablmoshHsigph 12080 TeRLAfVERIh Ghrthbe propestsoa. commuteessys@®mid show

the contents of thesauruses corresponding to the data tables of figures
1- 3. Fi jur @omArking means@riawechand PreAr3pead e dnplemerln suemmathedsas 20 of

t he t hesaur, o) ' , : | o Fl 15-16
illustrate vy%gﬁaaéoarﬁétggﬁ Z’goéﬁﬂi\ pdrég%:g{rhq'g?%gg‘ tﬁtfﬁ:‘ﬁ%@%ﬁf%é‘étﬁ wwgvmb?ﬁggﬁé

t hesaur useametholdi gures 14A, 14G and 14H. Figure 17 shows anot her possible
structure of the thesaurus of figures 1 OA-14A. 25 Figure 18 is a bl ock

di agram of a conputer | e for i -i- enent i.ne e invention.
Figure 19 is a flow cha& ot H aEoH—pFocedure in
accordance wth an enbodi nent the invention. Figgrure 20 is a il ow chart

showi ng a proceddrigumgsplid-anpw amexample obdatassirgeture @g ypicglly tisgdriBsa 21

ggd \2,\%1@5?@&?{?’“@@%‘?@@%%@%%@&g%*éﬁ‘s applicable in step 136 of figure

Figure 4 is a diagram representing a data table tree in the example of

i
wa v vy, o

figures 1-3.
Figures 5-7 are diagrams showing respective data graphs constructed
with the tree of figure 4 and the data of figures 1-3.
15 Figure 8 is a flat file representation of the data tables of figures 1-3.
Figure 9 shows a link table as used in an embodiment' of the invention.
Figures 10A-H show the contents of thesauruses corresponding to the
data tables of figures 1-3.
Figures 11A-14A, 11G-14G and 11H-14H show other representations
20  of the thesauruses of figures 10A, 10G and 10H, respectively.
Figures 15-16 illustrate the data stored in a data container in
connection with the thesauruses of figures 14A, 14G and 14H.
Figure 17 shows another possible structure of the thesaurus of figures
10A-14A.
25 Figure 18 is a block diagram of a computer system suitable for
implementing the invention.
Figure 19 is a flow chart showing a data graph creation procedure in
accordance with an embodiment the inyention.
Figure 20 is a flow chart showing a procedure applicable in stage 124
30 of figure 19.
Figures 21 and 22 are flow charts showing procedures applicable in
step 136 of figure 20.



Figures 23 and 24 are flow charts showi ng another procedure applicable in
step 136 of figure 20 in two successive coding |ayers. Figures 25-32 are

t abl es shvwowngoas way of storing thesauruses constructed PeDmBaile7eexanpl e
of figures 1-3. 5 Figure 33 is a flow chart show ng an alternative way of
executing steps 135 and 136 of figure_8Q when the thesauruses are stored
as shown in figure 17. Figures 34A and 34B are tables show ng an
alternative enbodi ment of the tables of figures 31-32. 10 Figures 34C and

34D h ' f bl f ' :
are_anot her Fﬁﬁfré§eﬂﬁabh8”22 a;rl@eﬂé\ﬁ charts shf)!irvg'lé{)eén&ﬂér aprdcedie

Figure 35 is a flow chart showi ng a procedure applicable in the management
of tabl es appli¢able ympsetephiBbnof figure Glriedwasaicaassisd Bodipgdayers3é i s a gener al

fl h f ' ' d i th
crbodi ment of ¢ nEUNBREPaR. 266 giAbIe S Fnuind da, SRy S EORRG selfis. o

query treechpEidteAIrdrd the BRarpRGH fRyupés ilgures 1-3. Figure 38 is another
di agram show ng an expanded query tree obtai ned by anal yzing the query

tree ofS figure 37igure 33 igu Bowghast shawing ashaliematsawiay of gxesetna steRs
analyzi ng g At de otfirf@%r%lip%ﬁgn e 1 uscs R Q‘forf’&]ﬁi a@y%r%vﬁ?'irpﬁgﬂkgur ©

40A above figure | ow' chaft Of a recursive function reférred in
the procedyre of figure 39. Figure 41 is the flow chart procedure for
identifying matching data 25 graphs based on an expanded query tree as
illustrated in fidHEs3¢A @P%Qa@ are tables showing raay &l fo‘aﬁvﬁ*g Ignt Bhct i on
FNODE cal | i ] rQaceslure of figure 41. Figures 43-45 are flow
charts illus ﬁé;btléﬂgfﬁﬁ%rgg ur%% executed in steps 262, 264 and 265 of
figurei®2, respefigweby34GOanid 342 d¢ iamotherl mpresentatismood the dables of
alternati vg enbo, Z'Mrent of the procedure of step 265 of figure 42. Figure
47 is a f1 GBI EROMAR) another alternative embodi ment of the procedure

of step 265 of firgyir8 48, is3eRoWh@hbRESAIMIRE S PrcadRbedppiicatfie O3/ 943
PCT/ 1B01/ 02792
management of tables of the type shown in figures 34A and 34B.
Figure 36 is a general flow chart of a query processing procedure in
15  accordance with an embodiment of the invention. »
Figure 37 is a diagram showing an example of query tree referring to
the example of figures 1-3.
Figure 38 is another diagram showing an expanded query tree
obtained by analyzing the query tree of figure 37.
20 Figure 39 is a flow chart showing a procedure of analyzing the query
tree.
Figure 40, which is obtained by placing figure 40A above figure 40B, is
a flow chart of a recursive function referred in the procedure of figure 39.
Figure 41 is the flow chart procedure for identifying matching data
25 graphs based on an expanded query tree as illustrated in figure 38.
Figure 42 is a flow chart of a recursive function FNODE called to in the
procedure of figure 41.
Figures 43-45 are flow charts illustrating procedures executed in steps
262, 264 and 265 of figure 42, respectively.
30 Figure 46 is a flow chart showing an alternative embodiment of the
procedure of step 265 of figure 42.
Figure 47 is a flow chart showing another alternative embodiment of

the procedure of step 265 of figure 42, when the thesauruses are stored as



-9- illustrated in figures 34A and 34B. Figure 48 is a flow chart of a
recursive function FILT called in the procedure of figure 47. Figure 49 is
a flow chvedv2/¢esM Nng anot her alternative enbodi nent of 5Spe¢h@Bqoomedure of
step 265 of figure 42, when the thesauruses are stored as illustrated in
figure 17. Figure 50 is a flow chart of ga variant of a |eaf processing used
in the function of figure 42. Figure 51 is a flow chart show ng a
procedure applicable for scanning 10 the thesaurus relating to a given

attribute ijfushiaf®d inffRyures B4@vaend Bgpattribute values relevant to a database
query. Figure 52 is a flow chart of a function FINTER referred to in the

procedure of fi gligure148 s qarfloav Ehagsofhergoussive Hanetors Hdil neglisdote tht es
executed in_steps iﬁ 355 7357 and 358 of figure 52, respectively. Figure
56 is a flcﬂﬁp%@?o qu@ an alternative procedure applicable for

scanni ng the thesaglires49 e af flow Eard stbwity ahbihebulerhativey éaibddimest of eve
the attribute values relevant to a database g when t he thesauruses

uery,
are st obed thaprpeedigereft slgpi 263 iof figeise F2a v m%h%ﬁquﬁ%ﬁ arepteredaag | ow

chart of a. RYASH {4 on FFILT called in the procedure of figure 56.
Fi gures 58-"&%%5&%%*}% ggﬂ\i\hi ch may be stored to cooperate with the tables

of figures 25-34Figurgus® i$2a flowahkrtovf avariant bbai legf precessing used g the
procedure which mafy 25 be used prior to a thesaurus scanning simlar to
that of fidupeiomoffiguigde. 63 is a flow chart showing a part of a thesaurus

scanni ng procedy; cepEdi } iod, : I nt a
pre-filtering a(L:F(ré r |ﬁg'€3rﬁﬁgpéhéﬁéﬁoﬁ’ﬁ'ﬁ l?rg‘q%%Higga EBPP%%ﬁgtgcﬁﬁgﬁjng an
al t er naoi vaherthesaunus egdpling 40l @ gdiven 30tribute iB58def tbi tpirieves 2he vittributdie

t hesauruses are s o%g@ as tllustrated in figure 17. Figure 65 is a flow
chart showiLes IHO@NK @ dpP7Se e Yi n step 335 of figure 51.

Figure 52 is a flow chart of a function FINTER referred to in the
procedure of figure 51.

Figures 53-55 are flow charts showing procedures executed in steps

15 355, 357 and 358 of figure 52, respectively.

Figure 56 is a flow chart showing an alternative procedure applicable
for scanning the thesaurus relating to a given attribute in order to retrieve the
attribute values relevant to a database query, when the thesauruses are stored
as illustrated in figures 34A and 34B.

20 Figure 57 is a flow chart of a recursive function FFILT called in the
procedure of figure 56.

Figures 58-61 show tables which may be stored to cooperate with the
tables of figures 25-34.

Figure 62 is a flow chart showing a pre-filtering procedure which may

25  be used prior to a thesaurus scanning similar to that of figure 51.

Figure 63 is a flow chart showing a part of a thesaurus scanning
procedure according to figure 51, adapted to take into account a pre-filtering
according to figure 62.

Figure 64 is a flow chart showing an alternative procedure applicable in

30 step 358 of figure 52, when the thesauruses are stored as illustrated in figure
17.
Figure 65 is a flow chart showing a procedure applicable in step 335 of

figure 51.



WO 02/ 44943 PCT/ 1B01/ 02792 -10 Figures 66 and 67 show the contents of an
exenpl ary output table wused to provide a query response. Figure 68 is a
di agram iwboz#49at i ng anot her possible structure of the opcpiBoitoatske. 5
Figures 69 and 70 are flow charts showi ng procedures applicable in step
335 of figure 51 to construct an outputqable of the type shown in figure
68. Figure 71 is a flow chart show ng a procedure applicable in step 335
of figure 51 to perform conputations in a database system by neans of a
conput ation tabl FigdesFeEWMR 62 down thé Qfdﬁtéht@gdifaﬁhoéxe&ﬁpghgibu bRY
systemsuitable for inplenmenting the invention. DESCRI PTI PREFERRED
EMBODI VENTSSeqItRPUpYidpATUeTRASSEDTSEgur es 1-3 il lustrate a col |l ection of

arranged for runniaySs Babi areipdrnt MREEa-RIBhe ESRREE Sl PLORESD o

wll be refotpgtdable.in the follow ng description to give an illustration
of the principles_and enbodi nents of the invention where appropriate.

Fi gur es® 1- 3 showFi9WEs@h@EaNenaP arg flovhchars Shavwagi preceduresnapplicebleyift abase
tem Theyd I t keal

?%gur ance %é%ggétompg% ?rg?éagg?ég}po iagisoedsiel?tgtra B{%t @@?i%ﬁ?éﬁm’f’ﬂﬁmggf‘é aeg'r e

organi zed i n thrddgurabl i a dbatchayt sfiowing & promedsire ppplicabds irastbpa8®s dént s

as shown in fi 1-3, respectively. From,a | ogical point of view, each
dat a tabl e QYR 1 200 PEHOMIEODRUBIANS JToRaFaIRREPPXSYSIPT, BYofeans of

corr espondiddgnplati@s asiél ve records in the table and colums corresponding
to respective data attributes of the records or structural features of the
dat abad@ (the | atfiguret Ypds af blook diagragppt andihes momputsr systenesuitalglalfor ecor d
i dentificat.]i kevs or foreign keys designating records in a target
table). 30 'W?’FW%{“Q% r%?p'BV%’&' ‘ed, however, that for |arge databases the
actual WO 02/ 44943 PCT/ 1B01/ 02792 -11

DESCRIPTION OF PREFERRED EMBODIMENTS

VIRTUAL DATA GRAPHS

Figures 1-3 illustrate a collection of data which can be stored in a
15  computer memory coupled with a processor arranged for running relational
database management programs. This example will be referred to in the
following description to give an illustration of the principles and embodiments of
the invention where appropriate.
Figures 1-3 show a conventional type of data organization in a
20 database system. The illustrated system handles data relevant to a
hypothetical insurance company which manages policies for its clients. The
data are organized in three tables relating to the clients, policies and accidents
as shown in figures 1-3, respectively.
From a logical point of view, each data table consists of a two-
25 dimensional matrix, with rows corresponding to respective records in the table
and columns corresponding to respective data attributes of the records or
structural features of the database (the latter type of column typically contains
either local record identification keys or foreign keys designating records in a
target table).
30 It will be appreciated, however, that for large databases the actual



storage of the data in a nenory nedium e.g. a magnetic disc, is frequently
performed otherw se: each row typically has a nenory address where the
correspomvdd nz4@ui ri bute val ues or keys are stored in the peTaBo1ob79%2he
colums and separated by predeterm ned synbols such as the encoded
character "\". 5 In our sinplified examphe given to facilitate the

expl anation of the proposed data structures, the tables are of nbdest
size. In practice, there are wusually nore tables and nore attributes

(col umms) Fél‘?érn%%bbﬁh@&ét‘é{' ﬁ1h§trﬁé‘ﬂbﬂgm?d§gﬁég g%&gﬁélﬁ! g cﬁ%’e'ﬁ% %Eﬁﬁ%have

a single co reover he da lenerafly 1nc
records, uppetrtmrn'haaﬂusttmd\mser gachl ramgypicallyl dasoasmeepeydaddress where the

I t I t hat he d b f ttri t
G2t 1 but edorasPENAIGeATIRS yeliiss E kEre 2 ainthy RRESER P el hED) s
Each attri HLsdirated a?%tér%nﬁ@@s?ﬁb@léﬁ%fﬁa@ﬂfééﬁm &arbetdrts,

sub-group. The client a table (figure 1) has three attributes, i.e.
client dane, birtlh geasirplfiege sdemplerigivers tpolacidijataathe mplaeslabt)nf D@lﬁh% 2

h b f f
ate. "and DRSS et Stry@Ores Yos XEeS fiof Rbaedi iz b paRiles et ol o
figure 3 hagyaw bl tdEsLand imére g@futes (86ltndity)tperndb wutnétandm@ages

incurred in a given currency, and a link colum to the policy table. Tn a
gi ven dat a Qnsbloge reaish tahles couIcb @lseabave umisiise i apynn).| Moreodre the datao to

25 2 row | Qpl SeAgRil ih6iRhe SLER TRGNK Seddlol Bp RIS BN S Hhe e

record is s onversron be stored as

an idepti frbmtdeyed@mg omtige applivationf the data table for the pur poses of
unique row identification, but this is not corrpul sory. In our exarrplg t he
row-1D s are intlBglat example; t@?aﬁ’ﬁt?hQSQ Poeiorey Bf FSYeréé’étﬁ'bélﬁsadtsgﬁ?LEe and

th h

tabl o ar e Mo 26F ub i@ torfecnondicl & MR Bptcl GBI Baftn cbfiBRThat 1°,
and 3. Two & abluem armeohlatadablp darrde@dndhgoumetsoa&utb Igetmp( Slder cl'feruajaltze)ableas a
i nk col um ro d far ng. forgei gn _keys si gnat record

tlhe ot helrJ dfigu Vi’igaﬁ ﬂHBPe")‘ éﬁ'ﬁb@ecﬁéﬁe?@'ﬁ k I’% I (fcgre gﬁhza

l'i nks, (5ef | gqicytdifa %tﬂé@maur@masqmaé&rmwm éprth? t;ﬁ@ ftcaarwl"ﬂdus@’)t he
rel ati onal dat abase system In our exanple, each acci dealt with by

the insurarifd polipyasffestdate] anea link eolupur taathe pliant dgbleaihigearadent data
conpany, heggR, tHeRRL' 5Ynhd iR QhribLRY 8.6 dXR B/ detRdkht 54 LERGLRP 612
damages incurred in a given currency, and a link column to the policy table.

In a given data table, each record/row has a unique identifier, referred

20 to as a row-ID. This identifier corresponds to the memory address where the
record is stored, usually through a conversion table. It may be stored as an
identification key in a column of the data table for the purposes of unique row
identification, but this is not compulsory. In our example, the row-ID's are
integer indexes starting from zero for each data table, and they are not stored

25  explicitly in a column of the table.

Some of the tables are linked together, as indicated in the last column
of figures 2 and 3. Two tables are directly linked if one of them (source table)
has a link column provided for containing foreign keys designating records of
the other one (target table).

30 Those foreign keys, hereafter called links, reflect the hierarchy and
organization of the data handled in the relational database system. In our
example, each accident dealt with by the insurance company is related to a

certain policy managed by the company, hence the policy links of figure 3.



-12 Each policy is for a particular client of the conpany, hence the client
links of figure 2. It will be noted that sone |inks nmay be optional. For
exanpl e, wonp449axci dents nmay involve third parties and ifPrPChesm/e®2a
separate table for third parties, then each record of the accident table
may have a link to the third party 5t 2I e. Each link typically consists
of arowlIDin the target data table. Fof = instance, the accident stored as
row-1D = 0 in the accident table of figure 3, which took place on Cctober

3, 1998 for f S i L i.nt.i t |k c
Stored as e BOBNLls 2 pafuSoRab s Y chlanyPSefbe dHejhehbTpBPLECY |
a car pol l q&gtﬁféltBSQf Wﬁde%t&ﬂh@tﬂmﬁegmkéwgy by ditioredl Eot exatble,rsomé D = 1
in the client table of figure 1, i.e. Andre, a man born in 1976. If the

target tablacdidentsiray inveive tbird mesties andeihtthenec st poseRarpte tabie fex dhind e
s . . ! SR
cooh 0 keyPetieS thER extRroBoRoriRS wRPRiER; BHERES naREGIAIAS thoffild padf! DY

parti cukar ,tablee |inked data tables have a directed acyclic graph structure
such as a hierarchical tree organi,zatimo"n illystrated in figgi ﬁ éroot
table i s defined Bacth linkitypically Eongists Qhidc FPW P ohie et 0518 datigs Fof nks
pointing to.i o] L dent= ot idid I r
hords. "3 r anpiahohy e, sRUlenfSidrod AE W= 0if A8, Sccidet Ebietol MR 5T

tabl e i s defhichdoek placaba @ctbber @i 1898 dord amlancatnimf, 1,600 tassa tpedicy dihk ent
table of figure 1. Ln other words, a |eaf table does constitute a
source tapPANtRG {0, the POUGFIOTEH a5 T9Ms 60{ I 8?"%u€a%ﬁ?18?rﬁp%e 2t Foctur e
of the {habl @fatefBY A2 PBllc AhisscriBel Son ISepiBNbBANETYAR HietHeACerftawRA t hat
a gr oup1toof r‘:egalxgt e)élS dat a I!twab es 2%' _exhiToi t.e circul ar Iinksb(y‘(efor exanpl e, the
client tablrwd) =hhiethe tlent tablewhfigusethéd.e. Andréeatmaratern dbN876olfithei cat e

the first, ,or last,, accid u o) a ] I case,
the tree ortﬂégl?tzz?%n?'gf ?ﬂierdiéjrgﬁstgaﬁferge\f?rg ?@?rgﬁlcrbgg{%kgﬁg E?{CE%%C (lgng
one |ink ofcdhipoend Rbgs, aNichdyi dlko slesighdtda taryet eddard assidentified by sagh t he

semantics of the database (in the above exanple, the link fromthe client
30 tabl e tc@KB¥ accident table will naturally be cancelled). Paths are

e oo b 2T PRI ST ReEIS' R B s paighar B e
the root t aifkedpdatattablgs thaveredirectéd aaptle graphistrustsnecsuetsaoa higrardhical
col ums vi atree organization illustrated in figure 4. A root table is defined as a data table for
which no other data table has links pointing to its rows, such as the accident
table of figure 3. In other words, a root table does not constitute a target table.
20 Likewise, a leaf table is defined as a data table with no link column, such as the
client table of figure 1. In other words, a leaf table does not constitute a source
table. Figure 4 shows only one root table, but the tree structure of the tables
may have multiple roots.
It may happen in certain cases that a group of related data tables
25  exhibit circular links (for example, the client table may have a link column to the
accident data table to indicate the first, or last, accident undergone by each
client). In such a case, the tree organization of the data tables is first restored
by canceling one link of the circle. Which link should be cancelled is dictated by
the semantics of the database (in the above example, the link from the client
30 table to the accident table will naturally be cancelled).
Paths are defined in the data table tree from the root table(s) to the leaf
tables. Each path from a root table to a leaf table is defined by a link column of

the root table pointing to the leaf table, or by a succession of link columns via



WO 02/ 44943 PCT/ 1B01/ 02792 -13- one or several internediate tables. In
figure 4, two | eaf tables have been added (dashed lines) to showa tree
struct ur avow/omal ti pl e branching (the sinplified exanpl epof/iBaigares 1-3
provides a tree with a single path shown with a solid line). The added | eaf
5 tables are a third party table as nenjaoned previously and a broker table
which 1is a target table fromthe policy table, to contain data about the
brokers who comercialize the policies. The data table records that are

| i nked t og@hB&r &3Brd16ntetBB8dtd thfes S M | ar tree representation (figures
5-7). The record tree of flgure 5 shows that 10 the accident #6 was

rel ated to policynfiguledr iwelgafdableschave beeradded ( dﬁi&h%md!m%htoosmwt& oker

A N e e R e
further shewsvidedld treeChith ta WiHdié pal sl dvithnat SlidakseyleTHe Taabbé lebf h a
link to rowID =2 in the policy table, for the 15 reason that, as

apparent f tahies @ee laalbirdqes bl as mnt@nsd neviguslycend arbrekentable MWhictunder

Peory o alod RLACRDLHoE| Y botd, (40)1d byl ob 3Eby: lhdier i

record sta |ts a va ues are
defaul t valcoamméndidlize, thefpolitieseans no val ue". The purpose of inserting
such dummy records in the present schene is to make sure that an 20 valid

record in any datl&e dBieetafle Jegerdsothat aredlitkeghiogelherr gap ke VIgWe M f r om
d of
a recora ol 'Iléerot?vxi ﬁ@eseﬁlfa'tlaHéﬁ? taﬁ?@.‘“ﬂe Fé‘&d? drdBRYf ﬁgﬁt‘é @%hBW%StﬁEE i n

each data ta a tar or at east 0 'l nk colum of a
sour ce1a abltike avhidenh#bomaielated wopoliny #@ &targ shhscnilzed by ailignt ¥2y(Arianehe

corresponding |in ol ugp, the record tree incl udi.ng,.t hat row i

(are) corrplt@%’é’ghmﬁfﬁ(eé ’EIEI pand; inyplyed otturd; B(F]F%fggai & aﬁoﬂiat hne;salgpgres?ﬁfs

situation Qé%ﬁcfilvfa%k’éWl%n?[r%éétattéble% dfﬂlghP@s 2@@1@1’3 e illustrated in figure

6. To represent this, a default val ue Ng h can be witten in the link
er sne

colum of the soJﬁ@eFQQﬂﬁﬂetreQ\Mrf@yetﬁéu werd Nyl irgpeidc mhigh praent
e Lo A BTl SRS, AR L2 O BRSO BR R e
| eaf taple r@és@raltldatpwapp@retnhefrquhet|abi eolumre.of digpuread dhy adtidergunas 4.
When exam ni ng one source/ta

occurred under policy #2 %subscrlbed by client #4 (Max) for his house).

A Null, or dummy, record stands for the absence of data. All its attribute
values are default values (Null), which means “no value”. The purpose of
inserting such dummy records in the present scheme is to make sure that any

20 valid record in any data table belongs to at least one record tree stemming from
a record of a root table (figure 4).

A Null record may also be present in each data table which is a target
table for at least one link column of a source table. When a row of the source
table has no foreign key in the corresponding link column, the record tree(s)

25 including that row is (are) completed with a Null at the location of said target
table. This situation occurs for the broker table in the example illustrated in
figure 6. To represent this, a default value (e.g. —1) can be written in the link
column of the source table, whereby the Null record is implicitly present in the
target table.

30 The Null records are inserted where appropriate in a process of
scanning every single path in the data table tree from the leaf table of said path
to the root table, i.e. downwardly in figure 4. When examining one source/target

table pair in the scanning of a path, the target table row-ID values that do not



table pair in the scanning of a path, the target table row I D val ues that

do not WO 02/44943 PCT/ 1B01/02792 -14 occur in the relevant |ink colum of
t he sourceovabies are first listed, and then for each m sBChBmearRD val ue
of the list, a new Null record is generated in the source table with said
mssing row1D value in said link columy _If a Null record is thus inserted
In a data table having several link 5 colums, the Null record receives

the default value (-1) in any link colunmm other that the one pertaining to
the path b?‘cﬂgr ﬁ%@ﬂ%%vah?hmgﬁélﬁ oft RdlsduiGe t6 a8S AR disted, ! n'a“thﬁﬁ féo a

Nul | record 1n the target I's situation occurs or Ird party
table in tleecbxmrqsirtg rd>Wd§tvaiUecbf|thefllsguae1€6N Ndaredard |Bt’@nma'@dt mbthe tr ee

fromthe | eaves t roo erW| NuI | records
cont ai ni ng SPHA&! Héta' '?S'QQ&WEQVPW%'WSQ%BFKPQ m ght be
over| ooked. An e’ﬁtaHpN@ll'r%céfH)W ths ﬁﬁél#fe%i in \Hﬂdﬁﬁa Wé’shé\nﬁgcﬁv@ralt lie

relating to client #0 (Oscar) who has no (nore) ﬁ& the accident table
cont ai rﬁs acntumn$ ether BIUﬂorenordwge@e)vgmcﬂnmiefawt va of angdinkotelggnn abl e

be 't ne Atr neB e chel Befisinil i e i ERo, Soapie RO MHGAE Al S T

a conventi %@ﬂesd@h@hgamkqsqarn NiIlll '@@oms irs trmarget tdodelr Bhis Isiatibh@ccurk
keys are provided to optimze the mam)ril usage. To illustrate this,
H

ref erence rf@ryth@ethwa@@r%ablﬁénfth%xamp@ stiatedrinffigyte 8. 8, whi ch has exactly
th f d |

e Sare nf o il G e Ul A0 e Beh A6 oy
file has a Qtbeowisef Nullerecbrdsneornémﬁdgahms to btlteesl\l(//l:oécwrds)mca‘ tdarpet tathde a

tables. For e cord tree that can_be cgns cted with t
data tabl o BE b8 PURIGOkET nfmme'%s S FafioRre é@Hasfmw RGN
contains, ifpd ﬁ%atur{ge{&\éﬁ%ﬁtof@'t(ﬁg&‘% W P?gtﬁd QH V;?dlk‘ ﬁéé|beﬁﬂ1%bﬁc$00r ds

of saldtree e rows e ar erre ereln as data
graphs. Eadontiins agNal[bheccsd paiiging foi @lmbtbgr AIuV/Iracoﬁd ofethleop@llclsb tah@/\whlch t he

| eft - hand portlon of f| rdtres of fi reg rrpact
r epr esent at' JAHL. HOMLH O ?ﬁt gpa&‘? %%\/—?(E?r tgee &%ﬂ‘g ibe 0tHELPP veI y.
Al t hough thacé.baﬁt)ftéﬂ)lé |fftﬁ6rp%ﬁﬁ§‘%?é §Barhﬁec$9|ﬁﬁétdms referred to the 30
literature, it is'of little practical interest for databases of significant

size. The reasonniacopwntianal glgtabase espepization asshawanieyfiguresht3dihe
storage. link keys are provided to optimize the memory usage. To illustrate this,

reference may be made to the flat file shown in figure 8, which has exactly the
same informational content as the three data tables of figures 1-3 (the third
20 party and broker tables are ignored in the sequet).

A flat file has a column for each one of the attributes (columns) of the
data tables. For each complete record tree that can be constructed with the
data table tree structure of figure 4, the flat file has a row which contains, in the
relevant columns, the attribute values of all the records of said tree. The rows

25 of the flat file are referred to herein as data graphs. Each data graph is
identified by a flat file row-ID shown in the left-hand portion of figure 8. The
record trees of figures 5-7 are compact representations of the data graphs at
row-ID’s 6, 9 and 11, respectively.

Although the flat file representation is sometimes referred to the

30 literature, it is of little practical interest for databases of significant size. The
reason is that it requires excessive redundancy in the data storage.

For example, in our small-sized case, André’s birth year and gender, as

well as the details of his car policy are written three times in the flat file
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The row of the link table corresponding to a given data graph contains

a default value (—1) in the column corresponding to any data table having a Null
20 record in the record tree representing said data graph.

The data table row-ID’'s found in one row of the link table enable the
retrieval of linked data from the data table, i.e. a data graph or part of it. All the
links are represented in the link table. If one replaces the row-ID’s stored in the
columns of the link table of figure 9 by the attribute values stored in the

25 identified rows of the respective data tables of figures 1-3, one recovers the flat
file of figure 8.
The proposed system further uses word thesauruses (figure 10A-G)
each associated with a respective column of one of the data tables, i.e. with
- one of the attributes.
30 In a preferred embodiment, there is one word thesaurus for each
attribute used in the database system. However, if some attributes are known
to be never or almost never used in the query criteria, then it is possible to

dispense with the thesaurus for such attribute.
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20 as many digits on the right as in the value having the longest decimal part in
the column.

The Null value is at one end (e.g. at the beginning) of each sorted
thesaurus.
Each entry E(W) for a word W in a thesaurus associated with a column

25 C(T) of a data table T contains information for identifying every row of the flat
file which has the attribute value W in the column corresponding to C(T). When
the flat file is stored virtually in the form of a link table, the information
contained in entry E(W) is used for identifying every row of the link table which,
in the column corresponding to the data table T, has a link pointing to a row

30  having the value W in column C(T).

In other words, with the contents of the entry E(W) in the thesaurus
associated with column C(T), we can retrieve all the data graphs whose

corresponding attribute has the value W.
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The VDG structure provides a powerful tool for efficiently processing
queries in the database.

The virtual flat file is a reference table which defines a unified algebraic
framework for the entries of all the thesauruses. The query criteria are

20 examined with reference to the relevant thesauruses to obtain a flat file row-1D
list (or bitmap vector) which represents all data graphs matching the query
criteria, if any. The results can then be delivered by accessing the link table
rows pointed to in that row-ID list to read the links which appear in part or all of
the columns in order to retrieve attributes values as desired for the result

25  presentation. \)

The processing with reference to the thesauruses mainly consists in
logical operations performed on the row-ID lists to which they point. If they are
represented as integer lists, such operations can be reduced to basic merge,
intersect and/or complement operations, which respectively correspond to

30 Boolean OR, AND, NOT operations in the bitmap representation.

The VDG structure also provides an efficient tool for accessing the

contents of the database, which does not require accesses to the data tables.

This tool is well suited to queries having special result presentation features



I ntersect and/or conpl enent operations, which respectively correspond to
30 Bool ean OR, AND, NOT operations in the bitmap representation. The VDG
struct ur avabzops ovi des an efficient tool for accessing ther/ganemats of

t he dat abase, which does not require accesses to the data tables. This
tool is well suited to queries having §Q§Qia| result presentation features
WO 02/ 44943 PCT/ 1B01/ 02792 -18 such as SORT, COUNT, DI STI NCT, ORDER BY,
GROUP BY, etc. clauses, and also for carrying out any type of calculation
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the entries of the client name thesaurus (figure 10A) are read sequentially and
when there is a non-empty intersection between the result list and the row-ID
list identified in the client name thesaurus entry, the link table rows having their
row-ID’s in that intersection are read to retrieve the desired attribute values. In

20 our case, the output would be: André [accident dates 1998 10 03 (#0) and
1999 06 12 (#3)], Ariane [accident date 1999 12 09 (#6)] and Laure [accident
date 1999 12 08 (#5)].

The above type of processing is applicable to any kind of query. The

response is prepared by referring only to the sorted thesauruses, which

25 implicitly refer to the flat file framework. Once an output flat file row-ID list is
obtained, the link table or the thesauruses can be used for retrieving the data of

interest.

Example 2:
To further illustrate the outstanding performance of the VDG scheme,

30 let us consider the query which consists in identifying any client who has had a

car accident before the beginning of the civil year of his or her 35t birthday. In
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suitable order and with the help of the computer cache memory. However, the

tip would not apply to other similar queries (e.g., assuming an additional

20  column in the policy table for containing excess amounts, the identification of all

accidents for which the damage amount was more than ten times the excess
amount would raise the same problems).

With the VDG scheme, the above illustrative query can be dealt with in

a very efficient manner. By means of the client birth year thesaurus (figure 10B)

25 and the accident date thesaurus (figure 10G), the computer identifies the {client

birth year, accident date} word pairs which satisfy the date criterion, i.e.

accident date earlier than beginning of client's birth year + 35. This is done

without worrying about whether the accident was undergone by the client. Such

identification is relatively easy for any possible pair of attributes since any

30 attribute likely to be referred to in queries has a sorted thesaurus. For each

identified word pair, the intersection of the two flat file row-ID lists of the

thesaurus entries is obtained. The resulting integer lists are merged. Then the

computer intersects the row-ID list of the entry relating to the value “car” in the



identification is relatively easy for any possible pair of attributes since
any 30 attribute likely to be referred to in queries has a sorted
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in a data table column. It enables to quickly retrieve attribute values which
occur in a given flat file row without requiring the use of the original data tables.
For certain attributes, it may be interesting to store the explicit attribute
20 values in the link table, i.e. like in the flat file. In particular, this may be
interesting for numerical fields (usually of smaller size than character strings)
whose values are very dispersed and which are often requested among the
output attributes of a query response (e.g. money amounts). If those values are
explicitly written in the link table, there can be an appreciable gain in the disc
25 accesses required for fetching the output data, at the cost of a moderate
increase in the needed disc space.
In the foregoing explanations, the link table is a sort of skeleton of the
flat file, which is stored to facilitate the data retrieval once the list of flat file row-
ID’'s matching the query has been determined by means of the sorted
30 thesauruses.
Notwithstanding, storing a link table or any form of table reflecting the

flat file structure is not strictly necessary. In an advantageous embodiment, the
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co-exist wth thedgaba abI es in their original form 20 Changes in the
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original data tatgwrs ifTBi fnk Talie isNsRFES!T itNGalepé UadvdrRag é&ﬁarsmmna‘m nd it
i nportant to keep their data in the form of conventional tables, because

t hey do notquedies, tte mirievs thepaltriure valuas v sopsning dhe btbeawelsfeﬁéyaﬁeed
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thesaur usesslow interface between the query processor and the data tables, e.g. an ODBC
interface (“Open DataBase Connectivity”).

Another advantage of the VDG scheme is that it provides a query

processing engine which can co-exist with the data tables in their original form.

20 Changes in the thesaurus entries are then done in response to corresponding

changes in the original data tables. This is an interesting feature for users who

find it important to keep their data in the form of conventional tables, because

they do not want to be too dependent on a new system or because they need

to access their tables through a conventional interface for other applications.

25 MACROWORDS

The above-described VDG's are advantageously completed with prefix
thesauruses also referred to as macroword thesauruses.
Like the above-described word thesauruses, each macroword
thesaurus is associated with one attribute, i.e. one column of one data table. In
30  addition, it has a prefix length (or truncation length) parameter.
Each entry of the macroword thesaurus relates to a range of attribute

values, and contains or points to data for identifying all the flat file rows having,



Li ke the above-descri bed word thesauruses, each macroword thesaurus is
associated with one attribute, i.e. one colum of one data table. In 30
addi ti onwov2/h@ass a prefix length (or truncation |ength) pereammtu®e7o2Each
entry of the macroword thesaurus relates to a range of attribute val ues,
and contains or points to data for idenphfying all the flat file rows

havi ng, WO 02/ 44943 PCT/ 1B01/ 02792 -22"Tn the columm corresponding to said
attribute, an attribute value which falls wthin said range. The range
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terms of disc accesses and
which can be assigned to attribute AT in the relevant data table record. It has a

respective entry for each subset including at least one word assigned to

attribute AT, this entry being associated with a flat file row-ID list including any

20 1D of a flat file row having a word of the subset assigned to attribute AT. In the

case of a macroword thesaurus, the partition is such that each subset consists

of words beginning by a common prefix. In the case of a word thesaurus, the
partition is such that each subset consists of only one word.

As an example, figure 10H shows the accident amount macroword

25 thesaurus for a truncation length of 3 characters. It is not necessary to repeat

the Null entry, which is already in the word thesaurus. Such a macroword

thesaurus provides substantial economy in terms of disc accesses and flat file

row-ID list mergers. For example, for obtaining information about the accidents

that had an amount between 1,000 and 1,999, one access to the macroword

30 thesaurus of figure 10H is enough to obtain the relevant list of flat file row-ID’s

{0, 3, 6}, whereas it would require two thesaurus accesses and one merge

operation with the non-truncated accident amount thesaurus of figure 10G. The



row-1D list nergers. For exanple, for obtaining informtion about the
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t hesaurus of figure 10G The WD 02/44943 PCT/ 1B01/ 02792 -23 gain can be
quite substantial for |arge databases and attributes of high cardinality,
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r epr esent atitselfi to Baonwbaieet sracvalvor thiesauruSarieraachhy speaki ng, for an
attribute of high cardinality, such as the date 20 or anount attributes

(figures 10E-G, the flat file ;mm;mcarcely filled, so that
the explicit integer list repre ' factory in terns of nenory
requi renent, whilg.the bit representatigon can be prohibitive for, | arge
frat fites G ndithite VDl BehemBesessmbed st o PeyRediny shact rediradn
gender or @glthéxr\eéamesme?sris%t9ptimizw_exarmle (figures 10C-D), whereby

the bitmap 25 representation is well suited, while the integer |ist
represent ation i dhenfewdPsbbeing integersptypicallyecededdvth Fobiteadhatweehur us

2 P geentarl o, weh e BRAGEGIANS HIHAIHRS ANRLLE, 387 Buoble t0

needed to explicitly encode its flat file row-ID lists. If the flat file has N rows

max

(for example millions of rows), N, bits are needed for each entry in the

bitmap representation, for whatever value of n.
Generally speaking, for an attribute of high cardinality, such as the date
20 or amount attributes (figures 10E-G), the flat file row-ID lists are scarcely filled,
so that the explicit integer list representation is satisfactory in terms of memory
requirement, while the bitmap representation can be prohibitive for large flat
files. Other attributes have a low cardinality, such as the client gender or policy
type attribute in our example (figures 10C-D), whereby the bitmap
25 representation is well suited, while the integer list representation is unfavorable.
It is possible to adopt for each thesaurus a representation which is
believed to be the most appropriate in order to reduce the needed memory
space. However, this requires an a priori knowledge of how the attribute values
will be distributed. Many attributes can be ambiguous in this respect, and the
30 optimization may also be difficult for different macroword sizes relating to a

given attribute.



space. However, this requires an a priori knowl edge of how the attribute
values w il be distributed. Many attributes can be anbiguous in this
respect, vamdz/a49e3 30 optim zation nmay al so be difficult fopCcOiBdi®zmat
macroword sizes relating to a given attribute. WO 02/ 44943 PCT/ 1B01/ 02792
-24 Bitmap conpression nethods as knownoyn the art (e.g. US Patent No.
5,363,098 or No. 5,907,297) nmay al so be used. A problemis that those
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processi ng speed.Bitfap nyiressieAtrRgthods e RN TR aft (eeglugSPARAPNG. 5
space may be counterbal anced by the disadvantage of |onger response tines
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h flat fi t f
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"subsets" as consecutive Intervals [ D1 xD1-1[, avi ng
the sdffe |@’r¢@erﬂabillwr®wfla lists éh tmmgtesauwsaselsmw@ ol toy dmudlrtmerrabge

produced ve i npl Eucl i,dean Vi $1,0 For. _an sitive punbers x and
y, We note @gﬁe?'tnﬂe %ﬂ efoﬁdﬂﬁl Qtfoﬂber fiz tn#@%ll e, ?MBg&éw%?co cﬁ']’gt Eﬂe

i nteger eq dtatbrﬁfne tteat. efhernbsaeh ﬁat filedrowc | DDt Yof B thesaulds/ éntr is

Eucl i dean IVISIOI’] 1 is erforrred or each rowID N of the input |ist.

The quot i ergncygded IﬂPJa ift losatiag in HBG matterafeachesulset @f the gange nghich
I nt | i t t
r epr esent s i@g'{)‘%?%tt 858 % Dot 1Y IR it ST PslbBRol;,

The deasdi ngadhsintdgear of ¢hey rew-illist Mthmmrtyﬂeutﬁmmhiw@cdtﬁca QL and Rl for an

item of the coded_list, fhe row—|D| N xD1
OIThe row-| b range [0, max[ is selegtled to be equal to or larger than the

number of rows in the flat file. The “predetermined pattern” conveniently defines
the “subsets” as consecutive intervals [0, D1-1[, [D1, 2xD1-1][, etc., having the
same length D1 within said range.

20 The coding data can then be produced very simply by Euclidean
division. For any positive numbers x and y, we note | x] the integer equal to or
immediately below x, [x] the integer equal to or immediately above x, and
x mody = x —|x/y]. A Euclidean division by D1 is performed for each row-ID N
of the input list. The quotient Q1 =|N/D1] indicates the rank of the

25 corresponding interval in the pattern (Q1>0), while the remainder
R1 =N mod D1 represents the position of the row-ID within the interval
(0 <R1 <D1). The decoding is also very simple: from the encoding data Q1
and R1 for an item of the coded list, the row-ID is N = Q1xD1 + R1.

Advantageously, the interval length is a whole power of 2, so that the

30 Euclidean divisions are performed by straightforward bit shift operations. A

typical length is D1 = 27 = 128.

The encoding method can be expressed equivalently by referring to the



Advant ageously, the interval length is a whole power of 2, so that the 3o
Eucl i dean divisions are perforned by straightforward bit shift operations.
A typicavobemgih is D1 = 27 = 128. The encodi ng nmet hod cepar/@idzpressed
equivalently by referring to the WO 02/ 44943 PCT/ 1B01/ 02792 -25 bitmap
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According to a preferred embodiment of the invention, a similar type of
encoding can be applied to those rank lists. The encoding process may be
iterated several times, with the same encoding pattern or different ones. In
particular, the interval lengths could vary from one iteration to the next one.

20  They are preferably whole powers of 2.

The ranks and bitmap segments obtained in the first iteration with the
interval length D1 are called layer 1 (or L1) ranks and layer 1 segments (figures
11A, 11G and 11H). Those obtained in the second iteration, with an interval
length noted D2, are called layer 2 (or L2) ranks and layer 2 segments (figures

25 12A, 12G and 12H), and so forth.
In the following, n denotes the number of encoding layers numbered k

with 1 <k<n, layer k having a divisor parameter Dk, and the product

k=1
Ak = H Dk' being the number of flat file row-ID’s encompassed by one bit of a
k'=1

layer k bitmap segment (A1 = 1).
30 In the simplified case illustrated in figures 12A, 12G and 12H, n = 2 and
the second encoding layer uses D2 = 2. The columns labeled “L1 Bitmap” are a



Ak = LI Dk' being the nunber of flat file rowID s enconpassed by one bit
of a k'=1 layer k bitmap segnent (Al = 1). 30 In the sinplified case

i 11 ustratveolo2zmofid gures 12A, 12G and 12H, n = 2 and the sepcDmbisamadi ng

| ayer uses D2 = 2. The columms | abeled "L1 Bitmap" are a WO 02/ 44943

PCT/ 1B01/ 02792 -26 bitmap representatigg.of the layer 1 rank lists, with
bl anks to highlight the further bitmap segnentation |leading to the |ayer 2
data shown in the last two colums. The layer 1 and |ayer 2 coding data
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further on Such storage sonewhat sinplifies the query processing in
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possi bl e way of storing the information contained in the thesauruses of
figures 13A¥ Vi'BC?ear?d’pi&'@teﬂokU%hO’éﬁ%tdﬁH@ sterAge, semewhad ssipliieeibe| es
are associ ] Chd | r lm~na data contai ner
(figure 15%%}%@%@?@;%&{@%r%g?dldgﬁpgfptslg&gé@éﬁﬁg[ uding a rank file
and a bbbt map segnEm sémeekindaf rencedimgdmiay kiehasédfer aky omekof theewbdd sndk s
n) 20 has a field f h recei vig_g a ran .val ue (b t\/\ﬁen 0 azc% hlkrraz 1}@,and a
field for MaE@ATdherAUilisFeddodever. fis plseassib for semeithem  refain

def aul t val gigohverittfanse ofdddtiessstis bt s
that the re_co(r)d i s tﬁegﬁ_pasqt one o%ﬁs_t s{tcﬂ"g@g&%%ﬂh%ﬂ%g%?‘? gngp&ségﬁn%%/e?ﬁ%m

(ri ght - hand-&dr £9. dn prariiguars the explicitl Bifeger lishdepresentation may rearain wegllher as

t he associ 2 I Le. Lo r for 25 layer k, its has a bitmap
field of Dié"ﬁ%fisfgpg?éﬂrcé@eq'%?'Rg%mgegﬁﬁ'l&gsssegrrent associated with the rank
stored1gn the corFigersndins srowransthet PossiBRK Way ef stéringvithé iRRrmation
appreci ated that the rank val ues and next record addresses could al so

contained in the thesauruses of figures 13A, 13G and 13H. For each encoding

layer, the thesaurus entries are associated with respective chains of records in

a data container (figure 15 for layer 1 and figure 16 for layer 2) including a rank

file and a bitmap segment file. Each record in the layer k rank file (1 <k <n)

20  has a field for receiving a rank value (between 0 and Nk,,.—1) and a field for

receiving an address of a next record in the rank file. A default value in the next
address field (0 in the example shown) means that the record is the last one of
the chain. The bitmap segment file (right-hand parts of figures 15 and 16) is
addressed in the same manner as the associated rank file. In each record for

25 layer k, its has a bitmap field of Dk bits for receiving the bitmap segment
associated with the rank stored in the corresponding record of the rank file. It
will be appreciated that the rank values and next record addresses could also
be stored in two separated files having a common addressing rather than in two
fields of the same file.

30 For each VDG coding layer k, an entry in a thesaurus has a head
address field for containing an address in the layer k rank file where a first rank

record concerning the entry is stored. From there, the relevant rank chain can



be stored in two separated files having a conmon addressing rather than in
two fields of the sane file. 30 For each VDG coding |ayer k, an entry in a
t hesaur usvbdaz4mshead address field for containing an addeewrsBain2ide | ayer
k rank file where a first rank record concerning the entry is stored. From
there, the relevant rank chain can WO 03844943 PCT/ 1B01/ 02792 -27 be
retrieved. For exanple, Max's layer 1 ranks 0, 2 and 3 (figure 13A) are
retrieved by accessing the rank file of figure 15 at the address 29
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(bypassing the potentially |on al on chain) to wite the address
(32) of thdh ﬁéﬂ@%@@ofmﬂwlay@él@akmr Miaénwnhtaocqrr@qurmilmg ayer dditmae| d of

can be. dot e e IRl prbREen 3ol 3Rt isthodtt Bk A FebSrfendIfi Betod o1 ec
previ ously (hddreslsaG@emeiadﬂfestSO(%) fdund in ttheektyegord Sidregpfiek b@@m‘ﬁ@é

then the | ayer rank is a new one for, the word; otherw se the |ayer
rank is al % P%%é?ftt?‘r?n“%xffgelfﬁ(}%frd ehaignReadisthe,rpeards -at @‘éd'l?éss%%nned

ngllelr . S?f[ qielszéi%é the MaWKidyer O in'the rARK FieR, fhERINRI-6Ehih WA gEDS G4 itAG

next address field and the new bitmap segment in the segment field,

respectively; the address obtained in the tail address field of Max’s thesaurus

20 entry (15) is accessed directly (bypassing the potentially long path along the

chain) to write the address (32) of the new data, which is also written into the

tail address field of Max’s thesaurus entry. The fact that the layer 1 rank is a

new one for Max can be determined from the layer 2 data: if the layer 2

updating performed previously has changed a “0” to a “1” in the layer 2 bitmap

25 segment, then the layer 1 rank is a new one for the word; otherwise the layer 1

rank is already present in Max’s layer 1 rank list which has to be scanned until

said layer 1 rank is found. If there are more than two encoding layers, it is

possible to provide a layer k tail address field in the thesaurus entries for k > 1

and to proceed in the same manner for new layer k ranks as determined from

30 the layer k+1 data. However the main gain in doing so lies in layer 1 which has
the longest chains.

In figures 15 and 16, the coding data coming from three heterogeneous

thesauruses (client name thesaurus, accident amount word thesaurus and



possible to provide a layer k tail address field in the thesaurus entries
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rank / bitmap segne arr for

20 seens apepm;uanews RAM wadneg opagsol bf Enysléaltyocdﬁtig‘abde rée@@@ar\ebétank and
bitmap segnment  fi Iqef\zhaor the different thesaurus entries. This re UI res a

hi gher nuntBEaYHioR; RRtMizakey aerting. Which Eaauikes EB§tm‘|”iarle§U§rJ-!FP
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optim zation sorting operat It al so I m nates t'he nee for or|ng
head ané tajntma@iwescwsemagm ng to record chains: the thesaurus entrl es
sinply designate I(rj\acgr er gthCIPteEStr\{\l@ cgpetllmlzatlon & is preferable to use separate
data containers for different thesauruses, rather than common files. This
reduces the amount of data to be sorted each time. In particular, using one
rank / bitmap segment file pair for each thesaurus and each coding layer
20 seems appropriate.

A further possibility is to provide separate rank and bitmap segment
files for the different thesaurus entries. This requires a higher number of file
declarations in the memory. But it is optimal in terms of processing speed
without requiring the above-mentioned optimization sorting operation. It also

25 eliminates the need for storing head and tail addresses pointing to record
chains: the thesaurus entries simply designate data containers where the rank
and bitmap segment data are stored.

Figure 17 illustrates how the data of the client name thesaurus may be
arranged in the latter case. The thesaurus has an index register where the

30 thesaurus words are kept sorted. For each word and each coding layer k, two
files are provided in the system memory, one for containing the rank data
(noted NOKk), and one for containing the bitmap segments (noted HPk). The

attribute value (André, Ariane and so on) can be used to name the



and bitmap segnment data are stored. Figure 17 illustrates how the data of
the client name thesaurus nay be arranged in the |atter case. The
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sorted. For each word and each coding |ayer k, two files are provided in
the system nenory, one for containing thg.rank data (noted NCk), and one
for containing the bitmap segnents (noted HPk). The attribute val ue
(Andre, Ariane and so on) can be used to nanme the WO 02/ 44943
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encodi ng - netumerops indidigsabfileslis haha ipadblanc Otheatisenit i possibledogyryup the

processing. The cessing is fjrst perfor in the higher |ayer, and the
results ar éaﬁﬁﬁgﬁgﬁ?‘@pt ?Fegqpﬁ%f”leﬁa tng @ngﬁéé@i‘tné“@%rﬁ ‘g@rd&r YRR 1)
common st I ufiffereft filsalilRese Bt indigatell et Nesauruses in each layer,
inmprinted by the original structure 15 Inparted by the virtual flat file.

Accor diltigl y, col llecaddition tgiephanope datd @omprbesionethe mwtidayeri mivelDdist
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executi ng tihe PioaessiAy eIt beMor@BEIRthLAGhER IdyaY SindiheMiistils afdpassas the

processing effici enCé& particularly for milti-attribute query criteria. 20
Thi s enhanderfeadower [xees. yThe eeding seheme prgisepiast @ s@nuramsteicturei fonthes  t oo

smal | . Consgj € N 3 Slpd. ' [ nts..for _an_.appunt
of 1,300 ﬁrﬁrzérsétoltfsalf;g#és%\y&%g%frﬂ%%%b I(i’ify?gcw%ﬁ?aﬁfﬁﬁgc%ri%%%gsﬁgmﬁ[)e r ead
and desodémphetedebgvé Jiyar flat Cf&é.aAd@orcﬂbg!'?/l dellb@ti\kétlﬁgmave@ﬁé?éﬁo@sf t he
words "Max" and "1,300" in the thesauruses of figures 10A and 10G and to

conput e 25 betEerpgnteger Aits o7 Pit@apRooHgInAERE erh of Eferantathaspurysessar ki nd
of processigisible in the various layers. The results obtained in a layer k+1 provide a sort
of filter for executing the minimum number of operations in layer k, which
enhances the processing efficiency, particularly for multi-attribute query criteria.
20 This enhancement is hardly visible on our simplified example, which is
too small. Consider the following request: find Max’s accidents for an amount of
1,300 (there is no response). The direct layer 1 processing is to read and
decode the relevant layer 1 data to rebuild the bitmap vectors of the words
“‘Max” and “1,300” in the thesauruses of figures 10A and 10G, and to compute
25  the logical AND of the two bitmap vectors. Exactly the same kind of processing
in layer 2 requires fewer read operations since there are fewer layer 2 records,
and avoids any layer 1 processing because there is no overlap between the
two layer 1 rank lists for the words “Max” and “1,300" (2™ column of figures
13A and 13G). If the same request is made with the amount value 10,000
30 instead of 1,300, the layer 2 results may reduce the layer 1 processing to
loading the two layer 1 bitmap segments corresponding to rank O (the other
ranks are filtered out) and computing the AND between those segments.
With more representative values of D1 and D2 (e.g. D1 =D2 = 128)



in layer 2 requires fewer read operations since there are fewer |ayer 2
records, and avoids any |ayer 1 processing because there is no overlap

bet ween tW@o02/44m3 | ayer 1 rank lists for the words "Max" ardr/iH) 130032 (2nd
colum of figures 13A and 13G. If the same request is nade with the
amount val ue 10,000 30 instead of 1,3003pt.he layer 2 results may reduce the
| ayer 1 processing to loading the two |ayer 1 bitmap segnents .
corresponding to rank O (the other ranks are filtered out) and computing
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achi eved i naybpy@ayadr k+ayer k+1). 5 VDG CREATI ON AND MANAGEMENT Figure 18
shows an exenplary | ayout of a conputer systemsuitable for formng the
hardware platformof a systemin accordance with the invention. That

har dwar @ pl at form nmay be ¥PG G&REATIGN2ANG, MANAGEMENT bus 100 for
exchanging digital signals between a plurality of units including: 10 - a
central processi mkjourd 18 stpwp aroaxemplary keydubol § computer $yRGAMN sLiAbfeofor

t ai ni ' e [\ instructions of the CPU - ar om access
menory (Raprss (RBANPSs: METOEM s kieNg e bt accpiianc g grvertion
dynam cal | yTiestnhaidwidig pIaBefm Tapie W [dapRenterhl &peVa hab! §%J@ﬁ§b%r by
the CPU, - a man-nmachine interface 104 which conprises circuitry for

control | i ngEXCchRBgNg digital sigrals betwean agiurality oftunits irclndingt devi _cefs for
del i ver,jyng inf | J . l\zcuitry for inputting information
to the1bcorrput e?‘;g?@k%:h@?%%%gﬁ%é@?%ﬁloaew ces such as a keyboard, nouse,
20 digital pen, d awtad eordgr ammogudROMNt €02 afe, cBhtaining Q)é%&ﬁsoﬁér@ﬁﬁ%e
device for stori.n de%ta and c uter prograns to be |oaded into RAM103.
In the typical éQ%FHﬁ @"§w{5)me Yigure 18, the mass storage device

SO 1% T "o gt ke WA Pyt BRSLs BNORAAS ohcs
for the CPU 101, dynamically containing program instructions and
15 variables handled by the CPU;

- a man-machine interface 104 which comprises circuitry for controlling
one or more display devices (or other kind of devices for delivering
information to humans) and circuitry for inputting information to the
computer system from acquisition devices such as a keyboard, mouse,

20 digital pen, tactile screen, audio interface, etc.;

- a mass storage device for storing data and computer programs to be
loaded into RAM 103. In the typical example shown in figure 18, the
mass storage device comprises a hard drive 105 for storing data on a
set of magnetic discs 106. It will be appreciated that any kind of mass

25 storage device, magnetic or optical, may be used in implementing the
invention.

For implementing the present invention, the hard drive unit 105 is used
for storing data structures as described in the foregoing and programs
described in more detail herebelow. The program instructions and the useful

30 data are loaded into the dynamic storage RAM 103 for processing by CPU 101.
The query results are stored in the hard drive and/or delivered to a user

through the man-machine interface 104 or through a network interface (not



25 storage device, magnetic or optical, nmay be used in inplenenting the

I nvention. For inplenenting the present invention, the hard drive unit 105
is used Won2zsoaesi ng data structures as described in the Por/egaionty2and
prograns described in nore detail herebelow. The programinstructions and
t he useful 30 data are | oaded into the_gynam c storage RAM 103 for
processing by CPU 101. The query results are stored in the hard drive
and/ or delivered to a user through the man-machine interface 104 or

t hrough a nstiower Kini the @abaef a(refiotd\Gcledsd4943 PCT/ 1B01/ 02792 -31 shown) in
the case of a renpte access. The mass storage device 105 is suitable for

the storage of |af® MaapUHPERGS: dgwice, 18Btiswsyitade fac dbesstarage of large
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wor kstation or a mainfrane conputer. 15 cou er hardware
pl at f or'fis niQyamenge dbe fdataisiplageeondganizatine suohetitat dhose rdaparhelang 4o thé hose
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means of degstoeassifgltiggs.cal circuits or coprocessors. Furthernore, parallel
conputation is very natural in this system 20 The process of creating the
VDG dat a st ruct ur €'¢ $YSM ddfstigunsed8uinal be & dessenalt eompyiero(PQ) of dhei nput

data tabl esdégq’(it(ggg}n B &5&#&;&?9@%&% 5 Bk Setiont ot a Pﬁ@}angﬁé Péﬂ]%g??fzﬁ

usual data repr tion. reation process Ist Sul

creating the VDG @t caursar ethier tiardvegrecylatiatnad asssbe Esemfbh'rmplafﬁenua?ahé ng
o)

rul es descr.ibed. further on, it wll derstood that VDG s may a
invention. fn i slgl(?eéj rlln the art will appreciate th)ét many

particular, those
calculations performed on the bitmap segments and vectors lend themselves to
efficient implementation by means of dedicated logical circuits or coprocessors.
Furthermore, parallel computation is very natural in this system.

20 The process of creating the VDG data structure is now described with
reference to figure 19 from input data tables being in the form shown in figures
1-3, which is the most usual data representation. That creation process is thus
suitable for creating the VDG structure from legacy databases. From the VDG
updating rules described further on, it will be understood that VDG's may also

25  be created directly from brand new data.

In certain databases, the data tables have their rows characterized by
compound keys rather than row-ID’s as in figures 1-3. A compound key is the
concatenation of the contents of several key fields of a data table. In a source
data table, the records include foreign keys which designate the compound

30 keys of records of a target table. If such a legacy databases is handled, the first
stage of the VDG creation procedure is to translate the compound keys into
single keys such as the row-ID’s shown in figures 1-3. This (optional) first stage
is illustrated in box 120 in figure 19.



25 be created directly frombrand new data. In certain databases, the data
tabl es have their rows characterized by conpound keys rather than rowID s
as in fi jwoex44048. A conpound key is the concatenation oPCT/mimomeents of
several key fields of a data table. In a source data table, the records

I nclude foreign keys which designate thg2conpound 30 keys of records of a
target table. If such a | egacy databases is handled, the first stage of
the VDG creation procedure is to translate the conmpound keys into single

keys such as the TheseBbrd stemen12h cohgistseid dorplefihg she ofzita easlby with slu/st age
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processing each hlock. The VDG creation procedure then proceeds to a stage
123 of deci BENEMAREG, AINGSA'E mectesBRtEd OPriesatidie aies Ands e Qetes wi ||
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block.
The VDG creation procedure then proceeds to a stage 123 ‘of deciding
the relevant macroword formats. Some word thesauruses will not give rise to
20 macroword thesauruses (for example, the client gender thesaurus of figure 10C
needs no macrowords). In contrast, other thesauruses, for example
corresponding to date or amount attributes, will give rise to several macroword
thesauruses having different truncation lengths. If the values found in an
attribute column include characters strings beginning by most letters of the
25 alphabet, it is convenient to create a macroword thesaurus with a prefix length
of one character. The decision about the suitable macroword hierarchy may be
made by a database manager and input through the man-machine interface
104. It may also be an automatic process, based on the attribute type and/or
the distribution of the words in the thesaurus. In stage 123, the macroword
30 thesauruses are also created, directly in sorted form, by applying the truncation
to the words of the corresponding word thesauruses and deleting the repeated
macrowords.

Each entry of a macroword thesaurus preferably indicates the first word



attribute colum include characters strings beginning by nost |etters of
the 25 al phabet, it is convenient to create a macroword thesaurus with a
prefix | amgobh449af one character. The deci sion about the seCt/agli®2macr oword
hi erarchy may be nmade by a dat abase nmanager and input through the

man- machine interface 104. It may al sQgae an automatic process, based on
the attribute type and/or the distribution of the words in the thesaurus.
In stage 123, the macroword 30 thesauruses are also created, directly in
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data containers ofn.theerhbe@nfehesviliusttafddin RRIrdS 28182, 16s d8umeptHat @aeRdi ng
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- a column for containing the address, noted AT_Fk(WI), of a first record
concerning the thesaurus word of index WI in the coding data container
relating to layer k;
20 - a column for containing the address, noted AT_Lk(W1), of the last record
of the chain for thesaurus word of index WI in the data container; as
indicated before, the latter column may be present only for layer 1.
As mentioned previously, the data container for a given coding layer
may be shared between all or part of the thesauruses, or it may be associated
25  with each individual thesaurus. A record at address AD (= 1) in the layer k
container (here assumed to be common to all thesauruses) comprises a first
field NOK(AD) for containing the rank data as an integer ranging from 0 to
Dk-1, a second field for containing the address NXk(AD) of the next record of
the chain (this address is 0 if there is no further address), and a third field for
30 containing the corresponding bitmap segment HPk(AD). The layer k container
has a free record chain whose first record address is noted Hk.
It is noted that the auxiliary table could also be shared by several

thesauruses containing distinct word indexes to access such common auxiliary



As mentioned previously, the data container for a given coding |ayer nmay
be shared between all or part of the thesauruses, or it may be associ ated
25 wi th ewohiq4ds vi dual thesaurus. A record at address ADPCHIBU1)2im t he

| ayer k container (here assumed to be common to all thesauruses) conprises
a first field NOk(AD) for containing thg rank data as an integer ranging
fromO to Dk-1, a second field for containing the address NXk(AD) of the
next record of the chain (this address is O if there is no further
address), am@iea third field for 30 containing the correspondi ng bitmap
segnent HPK(AD). The | ayer k container has a free record chain whose first
record address i sBeforedtage 124, iad ﬁh\@tE&tOtdSitOftthe dafai container abbectinéd al so

be shared Ve es e contaln | wor.d...i pndexes, to
access sucﬁ % Brend, %el P aa?@ % 65’/“339%?9 "B!%% 'Lgési@ﬁe m@g&qcﬁwt@ abef or e
stage 124, adrb ddymemeomde ddiurhhe AdRtRk m@t/sa{r N& oR&R tESJuRRiEry 1468 Bgs and
free, and the bitnap s%%‘ments HPK(AD) are initialized with all zero

segmant§ THeo ytiglizes ¥#He BT Lk of all the auxiliary tables are

also initialized v he
Eucl i dean di vi si Oﬁﬁ%%ubﬁ?nt f% "?heo rerﬁ%&d%%%g %E%gge%gs gg[&\ﬁig fhagtfg%

and R1. Forrosatih biyuDt feze rbay@cm\/ely>ndted K amﬂRRk Froﬁeammtﬁuvmbv Ia%&iﬂq{iﬂ 1t he
quot i ent a(s re nder of the Eucl i dean division of Qé % . At the
initializat®brd R& respestively glanete dhe ustient agerremaigdes o me Ecgz:hdﬂanRz
are set to e f one
or bl ock &VISUP‘ %{?ﬁnﬁtq‘}; Bﬁalr\ ther %@%Ihgé@n sf’&g) %‘? ec?gg%oggaﬁ‘&qggeﬁn step
131. The r@ttoRdsQRfand"lBanrbesetdnﬂa tabl es which are linked with the
selected root ta

e ro rere t 32. This rowdes a dat raph
of the type illugh?eaf%"&gvo th%soﬁgﬁb@@) may Py e B4 ‘afie;by phe 91 RSk of
those data By BRIk, fromethet R8rd 8M<7é I?OS ke %Bﬁecﬂ'@& %nteaﬂl%?ve A @te WEEAR:

into
the rel evant” columms of the link table (figure 9) at” row D xDl +HGF€
(step 133).repprdshef the ethes datal«tablablvehlcbtaip lirdedi wntbuhpmlectézbrroohtabde:r rent

134). 1o VRMEIAF HepChid b Pofiled oS RRR ¢ Elneyy PRl i T '

di chot asi ¢ cpapadt form imfigg@srsgpondi ng thesaurus, and its word index W is

]

The links of those data graphs, i.e. the row-ID’s in the data tables, are
written into the relevant columns of the link table (figure 9) at row-ID
Q1xD1 + R1 (step 133). If there is no link table, step 133 is skipped.

For the current data graph, the different attributes AT are successively

20 selected (step 134). The value of the selected attribute AT is located by means
of a dichotomic search in the corresponding thesaurus, and its word index WI is
read in step 135. Step 136, which will be detailed hereafter with reference to
figures 21-24, consists in updating the auxiliary table and data containers with
respect to the AT thesaurus entry for the word index WI. This updating

25  corresponds to the insertion of the current flat file row-ID Q1 x D1 + R1 into the
integer list relating to the thesaurus word index WI.

When all the attributes have been thus handled (test 137), the layer 1
remainder index R1 is incremented by one unit in step 138. If the incremented
R1 is equal to D1 (test 139), then the index R1 is reset to 0, and the layer 1

30 quotient index Q1 and layer 2 remainder index R2 are each incremented by
one unit in step 140. If the incremented R2 is equal to D2 (test 141), then the
index R2 is reset to 0, and the layer 2 quotient Q2 is incremented by one unit in
step 142. After step 142, or when R1 < D1 in step 139 or R2 < D2 in step 141,



read in step 135. Step 136, which will be detailed hereafter with reference
to figures 21-24, consists in updating the auxiliary table and data

cont ai neveOW2/44943 respect to the AT thesaurus entry for thecwowd/oersdex W .
Thi s updating 25 corresponds to the insertion of the current flat file
row-1D QL x DL + RL into the integer l-i3@-relating to the thesaurus word

I ndex W. Wien all the attributes have been thus handled (test 137), the

|l ayer 1 renainder index RL is incremented by one unit in step 138. If the
i ncrenent eda test 143 égpeiformedio (etesmirk3@hethdreall thieerowsdexalRihe fodtasaslest o 0,
and the layer 1 30 quotient index and | ayer 2 remminder index R2 are
each i ncrerrﬁﬂ‘(eéaeﬁg) OBﬁ'(ge[ﬁﬂ'tIPri"Plt' E?%Brofﬁéwgwmﬁﬁ bagkte sigr 41 te seleckgual
to D2 (testpd@dbotidpdfie index R2 is reset to O, and the layer 2
gquotient @ is increnmented by one unit in step 142. After step 142, or
when Rl < D1 in sOagemdidherostabledows have petn lcondldeded 4¢tada 1RETHfRlire02792

-35 a test 3.1s performed to determ et her all he rows or.  all the
root ta Ies+éh'§v8v%éeﬂn%(r}ﬁ§i Baramgeters (ﬂﬁt MHt h&ipﬁ'age r 8¢ JRERORZER Y step
131 to sel eglibsequeptindtifiod 8PPBssiB nEWCGata! fecbRf, ERRhtIAR! thd AlFndig\s been

consi dered, stage 124 of figure 5 19 Is over, and the paraneters , R1,
@ and R2 afwvsientheividdalfflet filesalgiapuenQ1i xBdr+ Rdn of possi bl e new dat a
records. Eventual h unbe f I in e virtual flat fjle is given
by QL x DL + RL. J&Yeeaé&r St,het ggo%'dg'é%dﬂfg's ef%@u‘rse r?@é}ﬁ’s extenfiad, texeh ed to
n > 2 encoghcgtihgy®yers, by initlizired bl iQw afll! Rpapafe@fs @@roaﬂiﬁét@PS13cPa9d' n
step 130 and 10 by devel opin ste&? 138-142 (which are equivalent to

i ncr endft i By dsvewping S@qpépihfigﬂﬂat high are mauivatent toinarementjng rthe gdates .
Figure 21 s rpereld - record chains in the data
cont ai ner a%\b?]tﬁggﬁ?g@u?t@ aﬁ)lq’?gré;ﬁ@ggn%ﬁs'l ayer k > 1 for a word
index W in the Figesa@lshows|haw the pogramaddrr mantge Afle rddmrdfchais isttag 150
is to | oad e 15 val ue stored in the auxiliary table into the

address var {38l (‘é)nA@ne[pné}ﬁgiﬁ%g%qrggtauﬁigﬂ tabein laves oz d fenaiwomhindes be
et Peusr ai A AR 198l (ftn ABLEAT. 1A BEISER Wipth her
152. | f15t hevaluedsT efl(@l) ptaredendhe ahdliamy ftablet into theesddress vavisbie WD(AD > 0
gto egt 11:5§_St V’%Bl-—) 0 (Eehs? 1r56Jlr)],kth|§9Ké 'rAéDc)orclj Schla?na gg t(l) %teoinﬁtg?izég rf]cl)(r %aerslaglpt}sein%e;(n
WI, so that the head address Hk of the free record chain in the data container is
assigned to AT_Fk(WI) in step 152.
If there was already a record chain for the thesaurus index WI (AD > 0
20 attest 151), the rank NOk(AD) is loaded into the rank variable q in step 153. If
the following test 154 shows that q is different from the quotient variable Qk,
the address variable AD’ receives the address of the next record of the chain,
i.e. NXk(AD), in step 155. If AD’ is still different from 0 (test 156), the process
comes back to step 153 for examining the next rank variable of the record
25 chain, after substituting AD’ for AD in step 157. When AD =0 in test 156, a
data container record has to be appended to the chain for thesaurus index WI,
so that the head address Hk of the free record chain, in written into the next
record field NXk(AD) in step 158.
After step 152 or 158, the head address Hk of the free record chain is
30 loaded into the address variable AD in step 159. Step 160 is then executed to
update the auxiliary table and data container. This update operation 160

consists in:



the follow ng test 154 shows that q is different fromthe quotient variable
Xk, the address variable AD receives the address of the next record of

t he chai wo0 02/4943 NXK(AD), in step 155. If AD is still dipéprmnto2foeom O
(test 156), the process cones back to step 153 for exam ning the next rank
vari able of the record 25 chain, after_gghstituting AD for AD in step 157.
Wen AD = 0 in test 156, a data container record has to be appended to the
chain for thesaurus index W, so that the head address Hk of the free

record chain, 4 neplacirigthe M bheraRe ik b&Qﬁ@rn@xf bébﬁés%kﬁ@)%wft%%el%
After step 152 or 158, the head address Hk of the free record chainis 30

| oaded into the @@itess variable AD in step 159. Step 160 is then executed

160 "Gonsi st s i i G5l *aRR ol ReBREs e AR RGBT R0REF Rl "
address Hk by -t heritirexQkasly @sespbtival), inthd h@ld&rN!@k%ND?aﬁd NXRIADY ioféhd he
current value of the address variable AD into AT Lk and - witing QK

and 0, Pespect i Aty contpiRgie fi el ds NC1<(AD) and NXk(AD) of the 5 data
container. After ﬁéﬁ%&?A fg(Pror"‘@ﬁ %ﬁea |n s Q?g?@?r‘(@nt 'fé@fq&le?ﬁe 154

the bitmp segnent 'S up |ng he "d

at bit podiitmam sBgment M(Aﬁbgmﬁdatémn‘f B@pr E612(by wtltuh@?m@emit tOnat bier ed
that both the lar('ﬁk Qﬁ?d | ayer 10 coding data are updated in step 136.
Thi s means RAFHO f "61‘ figure 20 is executed once for k = 1 and

once for k = 2. Aqdidies 20058has Iekbk d&sﬁ&re§%ﬁ§PBStH fheO gceﬁoéné‘ Ia;hejr%and

to generate the layer 2 codi ng data subsequently, ssing t ayer
1 rank 18at £ogingida atenusdat@é im2step 1136 § hmmaanﬁdhahywe lpmcemea of figure

tial 15 d th k
data O apptal® ExEte, oh8d P Cetatpe e KRS vkt FRESTRIS: S 155"
of figure %aecut@:m@hd,u fo8lky= 1i Bné 30 @@ﬁérehé €hé %y@\zfcodihg Qfété %ub@e\ﬁd@nryecor d

chain tail, i.e. to take AD = AT W) instead I N step
150. In t hiby Rrgsessiag &g L@a'srﬂsra@k@@ prpdiiceddn isiagend2d. Qk > qin test 154,

ther eby avoi di ng i he SEARThMNEfinb{'WHSHF hilafilIAl "the SV s2AaRPL 4o gBE) 1S

illustrated in flgur
15  database as in figure 20, the rank data Qk appear in an increasing order (we

always have q < Qk in test 154 of figure 21). Accordingly, it is possible to move
directly to the record chain tail, i.e. to take AD=AT_Lk(WI) instead of
AD = AT_Fk(WI) in step 150. In this case, step 158 is executed directly when
Qk > q in test 154, thereby avoiding the scanning of the record chain. Such

20 embodiment is illustrated in figure 22.

In the latter embodiment, once the VDG initialization is over, the layer k
tail address fields AT_Lk with k > 1 may be discarded. However, if the VDG
management is such that any new VDG likely to be inserted has a flat file row-
ID equal to or greater than all the flat file row-1D’s of the existing VDG'’s (i.e. the

25 flat file row of any deleted VDG will not be used any more), then it is
advantageous to keep all the tail address fields AT_Lk in order to perform any
subsequent update in accordance with the embodiment of figure 22.

In the form depicted in figure 21, the update procedure is applicable
independently of any hypothesis on the rank values Qk.

30 Figures 23 and 24 show an alternative method of updating the auxiliary
table and data containers with respect to the AT thesauru's entry for the word
index WI in step 136, which takes advantage of the tail address field AT _L1 of
the auxiliary table in layer 1 (with n = 2 coding layers). Figure 23 illustrates the



In the latter enbodi ment, once the VDG initialization is over, the |layer k
tail address fields AT Lk with k > 1 may be di scarded. However, if the VDG
managenemonz4duxh t hat any new VDG |likely to be insertedromsBmE/oRisat file
row IDequal to or greater than all the flat file rowID s of the existing
VDG s (i.e. the 25 flat file row of any 3jel eted VDG wi ||l not be used any
nore), then it is advantageous to keep all the tail address fields AT_Lk
in order to performany subsequent update in accordance with the

enmbodi nent  tayef |2;pr®e3§mglwhtchasfpyrmmheﬁltﬁéf@rb the fayerrieprdoesting Wr@
ran

procedure i e I ndependent|y of any hypothesis on the val ues
k. 30 Fi gu?%s%t Qﬁg‘ezﬁt%d% figyreg ?ér%a@rev‘éerbhﬁ"ﬁlﬂﬁr ¥ stgpsafifigyre R4, so
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address field AT T Tmedayert :Eue)racseshngaoyﬂgartel 23iis esagnrtially the sdme as thatasti ng

| ayers Fi gur LI I he. WD,02/ 44943 PCT/ 1B01/ 02792 -37 |ayer 2
prgces)m ng r%hffll Fﬁé@eplpmrgggﬁ‘érqwér 1 processing of figure 24.
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so that correspondi ng ref erence nuneral s have been us
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setting to "1" tmeedinrdmln/%lat@ﬁ@thbhor‘dhh@ék wreans that the current |ayer
1 rank data QL does not belong to the | ayer record chain relating to the

word index W ;- 19hengsRintesp 154, @fé@he'l%!&t 1§ﬁ0$ meade tas detesmines whathert o

det er mi ne whet h | e nt

contains the valettr?e BI %O'Qi;tlbsnﬁg% dféﬁgflo Omggﬁ]éy??f?ﬁ%@) gg@?'%'_ﬁ' %e
negative; - if t“é§tsté64lﬁ1sfobm$tohl5&ftHdheesiumeﬁtndg@lﬂeé 1 rank data QA

al ready bel ongs to the word i ndex W,

t g er. 1 record chaln rel ating

2o that the 15 kst Bfds phSlive, ceriie enbslals 1 pleagapelongs to
rocessi ng of f| r RN 0 or
D T Ll = 0, step® §F PI6LAY Bhaf! Rlathl] 1 Vinkieh @q”d%qu %\?)L‘lh%? dfieq o
the |ayér 1 auxivar@able tabligsettodOt hiestapldﬁéss vari abl e AD and a | oop

153-155 is executﬁ,ge tlgyécr' qdp}o%eesgﬁléaof?garaé Qﬁr bS‘S%rse%F step V\1’r]7% %y testing
whether LL1 is 0 or 1. If LL1 =0, step 150 is executed to load the value
AT_F1(WI) stored in the layer 1 auxiliary table into the address variable AD,
and a loop 153-155 is executed to find the data container address AD where

20 the data relating to the rank Q1 are stored. Steps 153 and 154 are the same as
in figure 21, and in step 155 the\ next address NX1(AD) is directly loaded into
the address variable AD (AD is never 0 because LL1=0). The program
proceeds to step 161 when g = Q1 in test 154.

If LL1 =1 in test 170, step 171 is executed to load the value AT_L1(WI)

25  stored in the layer 1 auxiliary table into the address variable AD. If AD = 0 (test
172), the sequence of steps 152, 159-161 is executed as in figure 21 (however,
it is not necessary to deal with next address fields NX1(AD) in step 160). If
AD = 1in test 172, the sequence of steps 158-161 is executed as in figure 21.

The procedure of figures 23-24 avoids the scanning of the layer 1

30  record chains when the rank data Q1 are not in such chains, without any
hypothesis on the rank values.

After all the coding data for the individual word thesauruses have been

generated, the next stage 125 of the procedure shown in figure 19 is to



20 the data relating to the rank QL are stored. Steps 153 and 154 are the
sane as in figure 21, and in step 155 the next address NX1(AD) is directly
| oaded i W@ o02/449¢3 addr ess variable AD (AD i s never 0 becauBer/imoi/o2799). The
program proceeds to step 161 when g = QL in test 154. If LL1 = 1 in test
170, step 171 is executed to |oad the vague AT L1 (W) 25 stored in the

| ayer 1 auxiliary table into the address variable AD. If AD = 0 (test

172), the sequence of steps 152, 159-161 is executed as in figure 21

(however , ﬁeiarriatngBOtheW%tm’edaC()thh% dtaal AY ildicst pRdTREYy, T i 48 JORE(AD) in
step 160). If AD =1 in test 17 t he sequence of steps '158-161 i s
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next stage 125 of the, rocedure shown in figure 19 is to WO 02/44943
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contai ners. at@?abb%%@%lgﬁn&)’@ﬁ%t@d @fteP@Qéh Qﬁfté%p‘éréhdw glp g?&@eéd?ﬁ ggch of
them the coding data pointed to in the auxilrary t are

sequent!f al Itheanextc tisisadrusnwerd iadexwvitet, anewnpainters A%t Li(WidddhBsd A

nasaur s, Vo OUED WAL, &% BRSRINGET andrSRefar S thed sy wRbly +1) =

AD are det gkfeérnalll thedosing agita f&d@rdmavé%e%mﬁusafead aRberewrifleheintsilthe t he
codi ng data records have been thus read and rewitten into the new data

cont ai ner, ayedsiaicepieiner.dhe it dataerntainger endraudliasy table @reidiscardrst. Such
| 1
r ear r angement CarSl%f?]t P@éﬁr@ﬁﬁeﬁt‘ae hahe ﬁ&hﬁ%&g%%épgmr éa!:liy d’ddk%g

there are several a cont ers or d| Feron saurdses rn

| ayer, 15 heyayank.al so be reordered separ atel y. As indicated before, the

rearrangement st thh%a%eS a.ré5 sg\llésr%Fgata contalners for different thesauruses in a coding
layer, they may also be reordered separately.

As indicated before, the rearrangement step 125 is dispensed with
when the thesauruses are organized in the manner illustrated by figure 17,

20  since the coding data files naturally fulfil the grouping condition with respect to
the thesaurus words.

In the following stage 126 of the procedure shown in figure 19, the
macroword thesaurus entries are generated. For each macroword and each
layer, this is done simply by merging the rank coding data Q1, Q2 of the words

25  (or lower level macrowords) covered by the macroword, and by obtaining the
corresponding bitmap segments by a logical OR of those relating to the words
(or lower level macrowords). If the coding data have been rearranged for the
word thesauruses as indicated in stage 125, the same grouping of the coding

data will automatically be achieved for the macroword thesauruses.
30 In stage 127, the now useless link columns of the original data tables
(figures 1-3) can be deleted. The Null records which have been added in stage
" 121 can also be deleted, their occurrence being indicated by the default value

—1 in the link table (figure 9).



when the thesauruses are organized in the manner illustrated by figure 17,
20 since the coding data files naturally fulfil the grouping condition with
respect two 0¥/im43 hesaurus words. In the foll ow ng stage 1Pér/asoitobm2
procedure shown in figure 19, the macroword thesaurus entries are
generated. For each macroword and each-3bayer, this is done sinply by
nmerging the rank coding data QL, Q2 of the words 25 (or |ower |evel

macr owor ds) covered by the macroword, and by obtaining the corresponding

bi t map segrrent S bE/mally apeasiemeRtoto bbateredeihathienigardod ivie 108riAhe (aboveower
| evel macro % | f the coding data have been rearranged for the word
t hesaur us esIgSCriDRA; eabeAIment 8f®%ge 125, the same grouping of the coding

data ui L}, aut omainbcabloytdhfoaoll S n SrEBor 81 althol R IRRYHS . |

stage 127, the now usel ess |nk Mms o ori g1 nal

(figures 1- 3) caﬁﬁartameietsed@‘mlng'tm ﬁbﬂaltabbc@eeistrmbﬁucélohagard)é@meattﬁ‘ed in n
stage 121 can al so %? deI d, H]elr occurrence being indicated by the
def aul t °val ue -ASOF'QIRE VY' té &8 (flgure 9). WD 02/ 44943 PCT/ 1B01/ 02792

39 Rnally. thanelimRuabie dsiibdrabaiffighie g;ne hard drive 105 in the above-
descri bed enbodi nent are: - the data t Ies as illustrated in figures 1-3,

wi t hout the |inkheosertat thesemrasest eompdisingnangintbe registet abtean raailiary
structure of fi are,stored in associ a he tables;, - the
link table as il F’h%t é’éte@&h <$1esf|reéiu§tg|@ﬁe E@Hée%éb%d%ﬂ‘é{stbﬁr'ﬂg% rRYMSS si ng
an index registebrahé aftriutesl lﬂ#CNanﬁeﬁtOhaﬁ%’»’k" slesi Apd ARL T "é?)éfo%nt

Fi gures 25-26 show the index registers for the attributes AT = CN ("client

name") 8nd AT = amok’”tabclrheﬁw 18irapfifiedt "gxampleur Figuresi f2&@9exshaw e the

Fi gures 28-29 show r auxiliary tables; - the macroword
t hesaur uses organi ZS%%PdE@ ggét\n/fgdual wor d thesauruses wth a

specified tr uncaheonnacrowmtﬁl Xhémubes Thegarigex likegitisé el’mdlf/ldaéphword
nmacr owor d thesaL{[]us further tBas an &dltlonal colum 15 containing, fo
each macroword, 'PREAYHRES-DWIN, 2t fReGiHRR tryncgtionepr direfindengtheshig usd @F

Coveroa by he EIBIERTER A il ol 4R aod P B
15 containing, for each macroword, the row-ID, in the index register of the
thesaurus of' lower level for the same attribute, of the first word (or
macroword) covered by the macroword. Figures 27 and 30 show the
index register and auxiliary table for the attribute AT =CN and the

truncation length 3; _

20 - the coding data container(s) for each coding layer, each having a
variable head address for its free record chain. Figures 31 and 32 show
layer 1 and layer 2 data containers shared by the thesauruses of figures
24-29 (free record chain head addresses 31 and 27, respectively);

- optionally, one or more thesauruses stored in a “low density” format

25 suitable for attributes of high cardinality. In the low density format, n =0
and the flat file row-ID’s are stored as explicit (short) integer lists, for
example by means of record chains. If the coding data for layers 1
through n are needed, they are easily calculated by performing n
successive Euclidean divisions from each stored integer of the list. For a

30 given high cardinality attribute, it may be appropriate to provide an
individual word thesaurus in the low density format and one or more
macroword thesauruses in the “normal” encoded format.

The data containers of figures 31 and 32 are derived from those shown



i ndex register and auxiliary table for the attribute AT = CN and the
truncation length 3; 20 - the coding data container(s) for each coding
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need not be accessed to produce the output data requested in the query.

Likewise, some elementary operations performed in the query
processing require only coding data for one layer, so that it is advantageous to
20  separate the information concerning each layer in the auxiliary tables to
accelerate the processing. Other operations imply the rank data and the bitmap
segment data independently, so that it is advantageous to separate those data

in the data containers as shown in figures 31 and 32.
In an alternative way of storing a thesaurus, the word index register
25  and the auxiliary table are merged in a single table with a Huffman type of
indexing: each row of that table contains a value of attribute AT, the AT_Fk and
AT_Lk data, a next row pointer (the next row contains the next value of the

attribute in the sorted thesaurus) and optionally a preceding row pointer.

In an embodiment, the maintenance of VDG's created as described
30  hereabove may involve the following operations:

1/ Record insertion

A new virtual data graph, i.e. a new row in the fiat file, is generally
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flat file row and its corresponding thesaurus entries may be generated as in
steps 133-142 of figure 20. Any higher level macroword thesaurus is updated
accordingly.

20 2/ Record attribute modification

Changing or adding an attribute value in an already existing data table
record has no effect on the link table which does not reflect the table contents
but the link structure. Adding is a particular case of changing when the
preceding attribute value was Null. Likewise, deleting an attribute value from a

25 record is a particular case of changing when the new attribute value is Null.

If the new attribute value requires a new thesaurus entry, such entry is
initialized (AT_Fk=AT_Lk=0). The list L of the link table row-ID's
corresponding to flat file records comprising the data record to be amended is
obtained by placing a suitable query. The latter list L is merged (bitmap OR

30 operation) with the flat file row-ID list L' of the new attribute value, and the

coding data of the merged list L v L’ are assigned to the new attribute value.

The complement L of list L is also determined (bitmap NOT operation) to be



flat file row and its corresponding thesaurus entries may be generated as
in steps 133-142 of figure 20. Any higher |evel macroword thesaurus is
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link structure. Adding is a particular case of changing when the preceding
attribute value was Null. Likew se, deleting an attribute value froma 25
record is airfarsected éA\NDad} voth theafigi file miveiDtlise LNes tabt pideetimgy atttsutes
Null. If the new F\ttri bute val ue requires a new thesaurus entry, such entry
is initial V2§ (fatherresulting inkersedtjon fiste LI4 k't isLneff empty, | itskodiab| datacavel D sd
correspondi ; I [ I | sing. the data .record o be anende
o ont ai ned npnel Bithe preddiid sHARGREPLE Hflis MRy At e e gt
(bitmap OR 8baiopef ahé @n)maviet Hataheorithinkrd récdra®thathrevdusty belongBa tee
attribute value, and the coding data of the nerged list L v L are

assi gned t o"RGREd rh@?ﬁqclﬁj?‘éwtgltU@.pfemn@@Hﬂbéﬁﬁe\fﬁluQ I6the intersiciion bstso
det er mi ned {5 operation) to . be WO 02/44943 PCT/ 1B01/ 02792 -42

i nt er sect edt?%k&?%)ewy hﬂl%grqqeﬁng !aFtQBFW? He ey be dsretererometieayarg
attribute wwdsaerud.fTHd 8afRSMtdrb8&idMbRH iﬁfddt@%ebuéﬁ%ﬁs 'perﬂo?m@ﬁ%fﬁ?@ﬁ%’

its coding data are assigned to the preceding attribute value. 'S y

transfer tohigherieveémascavard thraawrusi one or nore data containers records
that previously belonged to the 5 record chain associated wth the

precedi ng a8k ri hReeondlinkemotfficatien i nt er section list L AL" is errpty,h t he
receding attribu val ue . be deleted fr its word thesaurus. The same
it or sdd i Oetay ble

i nt ersecti on and Y09 YU R SPUTGseris iRRle Ieads da pormesgradingeshanges
macrowor d tiesesy WecufbnBeePtE linllh ROk &did Ofhel fstE8PHd 8oRcdrhBl 1R

a
source data table | eads to corresponding changes In every occurrence of
the |ink intabierawsran gpidetermised bytprocessinghe stitablerqueatyl i nk  tabl e rows

be det i ned ' | tabl uery.. ILf the target table
Fecord poi nt ed o' Bie FESFBHIE ecbrbai8io TERE formet VB S Hymidte Bk
(its row | Cpaintisg rtheretedlits miwyDodaes Aot ecaprdngs prdli iRthel 2ofr@spaRdiAG t he
link table after tlf"leihm)di fication), a new VDG is generated. Downstream of
t

the nodPfi ePIHMK O the Jinks{@ fiets then anagdifieationnt @nhews DKe is generated.

Downstream of the modified link, this new VDG has the same content as the

one(s) which is (are) being aménded. Upstream of the modified link, it consists

of Null records. The new virtual flat file row and its corresponding thesaurus

entries may be generated as in steps 133-142 of figure 20. Any higher level
20  macroword thesaurus is updated accordingly.

After that, a procedure similar to the one described in the preceding
section can be performed for each attribute of the target table: /a/ the list L is
merged with the flat file row-ID list L' of the new attribute value (the value
occurring in the target table record pointed to by the new link); /b/ the coding

25 data of the merged list L v L’ are assigned to the new attribute value; /c/ the
complement L of list L is intersected with the flat file row-ID list L” of the
preceding attribute value (the value occurring in the target table record pointed
to by the former link); /d/ the coding data of the resulting intersection list L A L"
are assigned to the preceding attribute value; and /e/ the same intersection and

30  update sequence is performed for any higher level macroword thesaurus.

If the first target table (for the modified link) has a link column to a

second target table, the link value stored in the column of the link table



one(s) which is (are) being amended. Upstreamof the nodified link, it
consists of Null records. The new virtual flat file rowand its
correspomwdd ng4mesaurus entries may be generated as in spPepsBii®379242 of
figure 20. Any higher level 20 nacroword thesaurus is updated accordingly.
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row #12 is added including the values 2, 4 and -1, respectively, with
corr espondiﬂﬁg—bﬁ%&@&ﬁﬂé@he t hesauruses. 4/ Record cancel |l ation
Canceling a record from a root table involves deleting the row(s) of the
flat file containing that record. The corresponding flat file row-ID’s are removed
from the lists encoded in the thesauruses, i.e. zeroes are written at the
20  associated locations of the bitmap vectors. These flat file row-ID’s may be
made available for further VDG insertion, for example pursuant to section 1/ or
3/ hereabove. They may also remain as blank rows if the virtual flat file size is
not a major concern. Likewise, canceling a record from a target table which has
no link pointing thereto in the corresponding source table involves deleting the
25  row(s) of the flat file containing that record (these row were representing data
graphs with Null records upstream of the cancelled record).
If the cancelled record belongs to a target table for a compulsory link
(e.g. the client or policy table in our example), any flat file row containing that
record is also deleted. If the cancelled record belongs to a target table for an
30  optional link (e.g. the third party or broker table in the example of figure 4), the
cancellation comprises a link modification whereby any link pointing to that
record is replaced by a link to a Null record (link value = —1). Such modification
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A more efficient method is to update the record chains in the data
container, so that the auxiliary table has AT_Fk(WI) = AT_Lk(WI) =0 for the

entry WI of the cancelled word. In such a case, the word index WI can be

released, a default value (e.g. —1) being written into the word index column for
20  the cancelled word in the thesaurus index register.

The creation of a new word thesaurus entry can be done as illustrated
in figures 21-24 (AD =0 in test 151 or 172). The word index WI is obtained by
incrementing a counter representing the number of thesaurus entries, or by
selecting an available word index (e.g. which has been released previously

25  when canceling another word). In this process, a (useful) row is added to the
auxiliary table of the corresponding attribute, with row-1D = WI.

Similar procedures can be applied for updating the macroword
thesauruses. A macroword index WI may be released when canceling a
macroword (all its constituent words have been cancelled). In the case of a

30 word creation, it is first checked whether the macroword already exists, in
which case its macroword index WI is recovered; otherwise, a macroword is
also created.
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word range, the range boundaries are searched, by dichotomy, in both the

primary and secondary index registers to determine the relevant word indexes

which are then used in the usual way to address the common auxiliary table

20 and data containers.

From time to time, when the CPU 101 is available, a batch task is run
to merge the primary and secondary index registers while deleting their rows
having the default value in the word index column. This is a straightforward
external sorting operation since both registers are already sorted. The resulting

25  merged register is saved to replace the primary register, and the secondary
register is cancelled.

If the secondary word index register becomes too big (i.e. its sorting
requires a too long time every time an entry is added) before such merge
operation is carried out, it is possible to create a further, tertiary index register

30 to receive the new thesaurus entries, and so forth.

6/ Data container optimization

This is useful if the thesaurus organization is of the type shown in
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15 not performed (it is an advantage of the file organization to dispense with such

sorting when the VDG’s are created and maintained). In figure 20, the
dichotomy search 135 and the thesaurus update of step 136 may be replaced
by the procedure illustrated in figure 33.
In this procedure, imax(AT, W, k) designates the current number of
20 layer k records in the coding data file relating to thesaurus AT and word W.
These parameters are set to zero for all values of AT, W and k at the
initialization step 130.
The value in the current data graph of the attribute AT selected in step
134 of figure 20 is allocated to the variable W in step 175 of figure 33, and the
25  coding layer index K is initialized to 1. The integer i, which points to the records
of the coding data file is first set to zero in step 176. If i = imax(AT, W, k) in the
following test 177, a record AT_W_NOK(i) having the value Qk is appended to
the layer k rank file pertaining to word W and a record AT_W_HPk(i) having the
all-zero value is appended to the corresponding bitmap segment file. This is
30 done in step 178, where imax(AT, W, k) is also incremented by one unit. If
i <imax(AT, W, k) in test 177, the rank AT_W_NOKk(i) is loaded into the rank
variable q in step 179. If the following test 180 shows that q is different from the
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Another option which can be used in the thesauruses is to include in
each entry relating to a word an indication of the representation format of the
flat file row-ID list. Indeed, the format (e.g. low or normal density) can be

20  chosen word by word depending on the number of data graphs including the
word under consideration. This is illustrated in broken lines in the right part of
figures 25-27 in the case where there are only two formats, i.e. low density (0)
and normal density with n=2 coding layers (1). In the example, all the
thesaurus entries are in the normal density format. There could be more than

25  two formats; for example, the format data in the thesaurus could specify the
number of coding layers for each word. When the flat file row-ID Iist are
represented by data stored in data containers common to one or more
thesauruses, distinct containers are provided for the different coding formats.

When the above option is used, the format for each thesaurus entry

30  can be modified as the database lives, in order to optimize the storage. This is
a low priority task since the query engine can work with any format. For

example, when thesaurus entries are being updated, it is possible to mark any
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address F(n-1)(AD) = F1(AD) of a record chain in the data container of the
lower layer n—1 = 1. The latter data container (figure 34B) has one record chain
for each layer n rank pertaining to each thesaurus entry covered by the data

20  container. Each record of a layer k < n data container comprises a first field for
containing the address NXk(AD) of the next record of the chain (this address is
0 if there is no further address), and a second field for containinAg the
corresponding bitmap segment HPk(AD). The layer k < n chain is ordered in
accordance with the non-zero bits of the bitmap segment HP(k+1) stored in the
25 record of the upper layer data container which contains the head address of the
chain. If 1 <k < n (not shown), the record further has a third field for containing
the head address of a record chain in the data container of the lower layer k-1

(and so forth until k = 1).
The procedure for retrieving a flat file row-ID list from a thesaurus
30  pointing to data containers of figures 34A-B may be as follows. The word index
W1 is used to obtain the address of the first relevant record in the layer 2 data

container. For this address (and then for each address of the chain defined by
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row-1Ds for the ThfegadeSd@atfrlgs Ilmah&:ﬂlmggdmsa&u\#&esanlbejstefaie&d))n a
figures S4ABHER siRfiaF t63h&H aB¥crbed with reference to figures 19-21. All the HPk
and F(k—1) fields are initialized with zeroes before stage 124. The procedure of
figure 21 is executed only for k = n, with step 161 replaced by the loop depicted

20  in figure 35 in which the coding layer index k decreases from n to 1.

The first step 450 of this loop consists in writing the digit “1” at bit
position Rk of the bitmap segment HPk(AD). If the coding layer k is greater
than 1 (test 451), it is decremented by one unit in step 452, and the first
address M = Fk(AD) is read in the layer (k+1) coding data container (step 453).

25 If M is zero (test 454), the head address Hk of the free record chain in
the layer k coding data container is written into the first address field Fk(AD) of
the layer (k+1) coding data container (step 455), to create a new chain. The
value of AD is then replaced by Hk (step 456), and the record chains are
updated in the layer k coding data container (steps 457-458): Hk is replaced by

30  NXk(AD) before NXk(AD) is set to 0. After step 458, the process loops back to
step 450.

If M >0 in test 454, the index R is set to 0 in step 460 to initialize the
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in step 471he anutess loops back to step 450.
If HP(R) =0 in test 470, the value of AD is replaced by the head
address Hk of the free record chain (step 472), and the Huffman-type record
20  chains are updated in the layer k coding data container (steps 473-474): Hk is
replaced by NXk(AD) before NXk(AD) is set to M. After step 474, the process
loops back to step 450.
The loop of figure 35 is over when k = 1 in test 451.
Figures 34C and 34D show tables whose contents are equivalent to
25  those of figures 34A and 34B, and in which the bitmap segments HPk for k > 1
are not explicitly stored. The layer n coding data container (figure 34C) is
identical to that described with reference to figure 34A, but without the HPn
column. Each layer k coding data container for k < n (figure 34D) is identical to
that described with reference to figure 34B, with an additional column R(k+1)
30  containing layer k+1 remainders. The presence of a remainder value R(k+1) in
a record to the layer k coding data container means that there is a “1” at
position R(k+1) in the non-stored higher layer bitmap segment HP(k+1).
It will be appreciated that the scheme of figure 17, i.e. distinct coding
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15  the International Standard Organization (ISO) and the American National
Standard Institute (ANSI).
A general flow chart of the query processing procedure is shown in
figure 36. '
The query criteria, contained in the SQL “WHERE” clause, are
20 converted into a request tree in stage 190 of figure 36. The query criteria are
analyzed and structured according to a tree in which the leaves correspond to
ranges for respective attributes values as defined in the SQL query and the
nodes correspond to logical operations to be performed from those leaves. The
leaves are also referred to as “BETWEEN clauses” of the SQL query. An
25 individual attribute value defined in the SQL query is a BETWEEN clause

covering a single word.

Example 3:
An example of such a tree is shown in figure 37 in the illustrative case

of a query which consists in finding all data graphs relating to accidents
30 undergone by client André or client Max and having a damage amount AA such
that 500 < AA <5000. That tree has three leaves, indicated by broken lines,
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acci dent amount gil l'i}r‘e@“&@co&ﬁ@sriﬁcﬁr‘??s %lof%nztﬂlsene e %%%eﬁawﬂgetpfaoﬁwlri]ﬁﬁ&ﬁ;

operation between't eria, an the roo or t
oper ati on wiunbérhef ncﬁ:ie%ﬂlscptrefeeablpsele‘étmj tree deconposition is not uni que
The one having t m ni

_ m{ gﬁ er of nodes.is f er abl sele({ éil
next stage 191 is/N¢ PP¥SIALH %'%ﬁtFPe?d%XFW‘%FH ana <G ARG A 'tt"ﬂ%e
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This is done fromthe tree obtained in step O, With reference to the
sor t ed 10 heskus is depedramdthesicee wbtained dexstép |1@§ agtiorefarentenia the herted

ttribut d t The, | d h
et ned 1 n tHESarvbaaiCn i SidkpuOf IR e PO R Ale B g ey, L8RET s
associ at ed jnWHeh atrhel Biver, ah8 Lpper doimesmpsdddhotafde tdsfineangse anto
sub-ranges, 15 whereby each sub-range is al so defined as a BETWEEN cl ause

in a word CBET‘ME,ENV@@@SQ REe sampared with the words of the thesaurus associated
with the attribute, to find a decomposition of the range into sub-ranges,

15  whereby each sub-range is also defihed as a BETWEEN clause in a word or
macroword thesaurus.

In a preferred embodiment, the decomposition is optimized to make
maximum use of the macrowords. This optimization consists in retaining the
lowest possible number of words or macrowords to form the sub-ranges to be

20 mapped onto the range defined in the BETWEEN clause. The system selects
the highest level macrowords that are included in the interval, and repeats the
same process in the remaining parts of the range until the atomic word level is
attained or the words of the range are exhausted.

In the expanded tree produced in stage 191, the BETWEEN leaves

25  which have been split are replaced by sub-trees made of OR nodes and leaves
associated with the sub-ranges. Those leaves are also in the form of
BETWEEN clauses, covering thesaurus entries relevant to the query. The
expanded tree defines a combination of the relevant thesaurus entries for the
subsequent processing.

30 All the leaves of the expanded tree are associated with respective word
or macroword (sub-)ranges. Such range may be defined by its bounds in terms

of word or macroword row-ID’s in the thesaurus index file.
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t hesauruses of figures 26 and 27 leads to splitting the range ~ -
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opti mal J@hggr “For° V{DB% @Atﬁaﬁ“” Yglug sleaf qan og ir SIQ;PE IbIN® gure
36. 1t is mmttm@tleém ﬁﬁlﬁéﬂ"@?teﬁﬂbR h@ageoﬂeaéafrwrthItﬁéluhkﬂeudhaewwI
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Q the level 0 designating the individual word

leve parameter g with 1 <q < Q, the level g = 0 designating the individual word

thesaurus. For a level q thesaurus, the prefix length (e.g. number of ASCII

characters) is noted P(q), with P(0) > P(1) > ... > P(Q). P(0) is the individual

word length. In figures 39-40, x,,,,, designates the number of non-Null words in

20 thesaurus O, Wq(x) designates the (macro)word stored at row-ID = x in the level

q thesaurus, and [W]P(q) designates the macroword obtained by truncating a

word W to keep its prefix of length P(q), forq > 1.
In the initial step 200 of the procedure of figure 39, the program selects
the word thesaurus row-ID’'s a and b such that Wy(a) and Wy(b) are

25 respectively the lowest and highest thesaurus words included in the range
defined for the leaf being processed. The integers a and b are readily selected
by dichotomic searches in the word thesaurus based on the range bounds. If
the search shows that the range covers no thesaurus word, the procedure is
terminated by specifying that the leaf output will be an empty flat file row-ID list.

30 If Wy(a) is the lowest word of the thesaurus (a=1 in test 201), the

binary variable XL is initialized as XL = 0 in step 202. Otherwise, it is initialized
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t hesaugus a of the |owest and hi ghest AT words in the range
of int L?est@%hgs%%aggg(v%-defi ned 15 variables XL and XR After step 210,
it is determ nedAfteetshep 2t 0pittih eetarmised ewsdthgrathenthesaurus leselzparanidtest

211). |If 0, t d_t ' I ' d b
) g q>is ierovﬁesqaf{ 13Y\ﬁrq > (P S%ur%%%rorv%\rd tgegagrusar%w-PD’saar’eand b are
selected in step 212, such that Wq(a’) = [Wo(a)]P(q) and Wq(b’) = [Wo(b)]P(q)'
This is done by simple dichotomic searches in the level q thesaurus after

20 truncating the words Wy(a) and W (b).

In the following test 213, the variable XL is evaluated. If XL =1, it is
determined in test 214 whether the consecutive words Wy(a-1) and Wy(a)

share the same level @ macroword, i.e. whether [Wq(a—1 )]P(q) = Wq(a’). If so,
the integer &’ is increased by one unit in step 215. If [Wo(a—1)]p(q) < Wq(a') in

25 test 214, the value of XL is changed to 0 in step 216 since the lower bound of
the range under consideration is aligned with a level q macroword boundary.
After step 215 or 216, or when XL = 0 in test 213, the variable XR is evaluated
(test 217). If XR =1, it is determined in test 218 whether the consecutive words
Wy(b) and Wqy(b+1) share the same level q macroword, i.e. whether

30 [Wo(b+1)]p(q) = Wq(b’). If so, the integer b’ is decreased by one unit in step
219. If [Wo(b+1)]P(q) > Wq(b’) in test 218, the value of XR is changed to 0 in
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called recursively in step 226, to deal with the addltlonal lower range. After step

226, or when XL = 0 in test 224, the variable XR is evaluated again in step 227.

If XR =1, another range has to be considered, above the sub-range generated

~in step 223. In step 228, the row-ID a” of the lower bound of that upper range is

20  determined: the corresponding word Wy(a") is the lowest of the AT thesaurus

such that [Wo(a”)]P(q) > Wq(b’). The function FUNC(AT, g-1, a”, b, 0, 1) is then

called recursively in step 229, to deal with the additional upper range.

When g =0 in test 211, a sub-range of b—a+1 words is generated for

insertion into the expanded query tree (step 230). This sub-range covers the
25 individual word row-ID’s from AT_x =ato AT_x= b.

After step 229 or 230, or when XR = 0 in test 227, the execution of the
function FUNC is terminated in step 231 by returning the data describing the
sub-tree, which have been generated in step 223 or 230 and/or which have
been returned by the function recursively called in steps 226 and/or 229.

30 Once the stage 191 of analyzing and expanding the query tree is
completed, the expanded tree is processed in stage 192 of figure 36, starting
from the highest coding layer n. If n>1, the processing is performed
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t
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k-1 processing if k > 1. so (test t he i ndex I's decremented by

one unit isAvVed@p tQQFY@d‘mlﬂ% fﬁébt't Rleay@stem Zf&%stgutmgus@d 1 thet subsequanst ep
241. layer k—1 processing if k > 1. If so (test 244), the index k is decremented by one

unit in step 245, and the next layer processing is started from step 241.
For k = 1, Res is the bitmap representation of the desired flat file row-
20 ID list, output in step 246.

A flow chart of function FNODE is shown in figure 42. The bitmap
vector WZ is considered there as a succession of segments of Dk bits. The
segment of rank N of vector WZ (i.e. the (N+1)-th segment with N > 0) is noted
WZIN]. The bit of rank N of vector WZ (i.e. the (N+1)-th bit with N > 0) is noted

25  WZ(N). After the function is started (step 248), a working zone is reserved in
RAM 103 for containing the bitmap vector WZ (step 249).

In test 250, it is first determined whether ND designates a preset node.
A preset node (not illustrated in the example of figure 38) is a node for which a
flat file row-ID list has already been determined. Typically, that list has been

30 produced as a matching data graph identifier list in the processing of a previous
query (output of step 192). It may also be a combination of such matching
identifier lists. One or more preset nodes can be defined in the conversion step
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obtain the bitmap vector WZ2 corresponding to node ND2.
In step 257, the bitmap vectors WZ1 and WZ2 are combined bitwise to
form the bitmap vector WZ. The combination (WZ(N) = WZ1(N) ® WZ(N) for

any N) is in accordance with the Boolean operator ® described in the

20 parameters of node ND, e.g. AND, OR, Exclusive OR, etc. operation. It is
essentially a superposition of bitmap vectors, which is performed very quickly
since both operand vectors are stored in RAM 103. In step 258, the RAM space
which has been allocated to working zones WZ1 and WZ2 is released. In figure
42, the case where the operator node has two child nodes is only considered.

25 Clearly it can be extended to the case where there are more than two
operands. Moreover, some operations may involve a single operand, such as
the NOT operation, so that the function FNODE may be call only once.

When node ND is a leaf (test 252), all the bits of the working zone WZ
are set to zero in the initialization step 260. In addition, the thesaurus pointer x

30 s initialized to the value x1 of the first row-ID of the BETWEEN range defined

for node ND.

If node ND relates to an attribute AT and macroword index q for which
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there are #mg ethbbadruses éi@n%rdafiﬁsthébeo@PV@énSI@‘)rf%rrﬁ@?r@ééto281fm}hé nygl ve a
si ngl e operand, such as NOT operation, soO that the function FNODE ma
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i gure a3 [ pBBiesEE) < RUAEE %S 2R RGN BER 0E Il 2655 Pr oThe *°

t hesaur us forrrat After 'step 281, 258282, 764 (bﬁwzﬁfprtbewecutijorﬁlet)ﬁlmlomFNmBEﬁer
er,_that is k = n (test

t he program S |nt oI0|caII first la
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of figure 45|f , the
execution of funlgtorggp(aﬁé%gtﬁé?wg?h%ﬁ% g%(%l%r?agtl gg%uﬁggpéﬁgﬁ?%&ﬁtgﬁe

bi t map1¥ecthe tBauFes storpyaiatsmakies usenotimcerd yahpmcdatwitmﬂgsamns hasware in

f 43 th 10 .tk St | k d _chai ns:
the't hesaul IO HE SiimIEr \OI805 BE Adhis 2527 duaSonteR siped Siow Bohe
wor d i ndex b@ﬁrﬁ]ﬂdte@t A‘I'OWI D) andosn Raximahethotd 2Abitedsedapyl thé wastdi ihlidées t abl e

addr essed by e word Tndexes and containing the addresses AT F(W) in a
dat a cont aiah@rcasttaining ther addreisaes 1’AT_§(W|))W« ADfata siontaiver ot traificshdlansile | n

Frar ive 1olPR DGR Repahinalit: dn: S eedlrbe efbfoc AR R u I o *©

poi nt enstoObhaami@qiasaddéeamo%/éD)at@ﬁe tdw»lrne@meiNmAD) a hegt agd@iss f‘eﬁj | has
NX(AD) = 0. Alternatively, the |lowdensity |lists could be stored in

i ndi vi dual for certaining @apfintRs te e W’ftaﬁqqm‘%% NX(Gd)epfrthe record chain. The
chain tail has NX(AD) = 0. Alternatively, the low density lists could be stored in

individual files for each word (similarly to figure17).
The low density processing of figure 43 has a loop in which the words
20 of the BETWEEN range are successively handled. In each iteration, the
program first obtains the word index WI = AT_WI(x) in step 270, and then the
head address AD = AT_F(WI) in step 271 to initiate the scanning of the record
chain. If AD > 0 (test 272), there remains at least one item to be examined in
the record chain, so that the flat file row-ID value NO(AD) and the next address

25 NX(AD) are read as variables N and M, respectively, in step 273. The

k-1
Euclidean division of N by Ak = HDk’ (A1 =1) is made in step 274 to obtain

k'=1
the layer k—1 quotient (rank) N’. For k =1, N' = N. For k > 1, this operation 274
k=1
is simply a deletion of the Z 8k' least significant bits of N (remainder) if the
k'=1

layer k' divisors Dk’ are 25K with 8k’ integer (1 <k’ <k). A “1” is then written
30 into bit WZ(N’) of the bitmap vector WZ (step 275). The next address M is



The | ow density processing of figure 43 has a loop in which the words 20
of the BETWEEN range are successively handled. In each iteration, the
program fWo st/4omt ai ns the word i ndex W = AT _W (x) in stepCcPTéhi/oarnd t hen
the head address AD = AT-F(W) in step 271 to initiate the scanning of the
record chain. If AD > 0 (test 272), theye remains at |east one itemto be
examned in the record chain, so that the flat file rowID val ue NO AD)
and the next address 25 NX(AD) are read as variables N and M respectively,

in step 273ubdthatedkfot /Ethlsi@@mél tyéféré)ﬁoﬁfnd\'bb}tk% thekst 279, Whkh the made
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I f AD > O Gctamhing&t)thetRebr] EREMI ISABL> De@sdt 2819, thér@mehﬁanh@aemmm in
the record chain, so that the | ayer n rank value NOn(AD), the next address
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15  segment HPn(AD) are read as variables N, M and H, respectively, in step 283.
The bitmap segment H is then superimposed, by an Boolean OR operation,
onto the segment WZ[N] of bitmap vector WZ (step 284), and M is substituted
for AD in step 285 before coming back to test 282. When the record chain has
been completely examined (AD =0 in test 282), it is determined whether the

20  current word x is the last one x2 of the BETWEEN range (test 286). If x < x2,
the thesaurus pointer x is incremented by one unit in step 287 for the next
iteration of the loop. The loop is over when x = x2 in test 286, and the program
proceeds to step 266 of figure 42.

The layer k < n normal density processing is detailed in figure 45 in the

25 case where the thesauruses are arranged as illustrated in figures 25-32. It
takes advantage of the fact that, even where NOk(AD) belongs to a layer k rank
list associated with a word or macroword of the BETWEEN range, it is useless
to access the bitmap segment HPk(AD) if there is a zero in the bit of rank
NOK(AD) of the bitmap vector Res obtained in the preceding layer k+1.

30 The procedure of figure 45 is comparable to that of figure 44. Steps
280-282 and 285-287 are the same with k substituted for n. However, when a
record chain is to be examined (AD > 0 in test 282), only the layer k rank value
NOk(AD) and the next address NXk(AD) are read as variables N and M in step



onto the segnent WZ[N] of bitmap vector WZ (step 284), and Mis substituted
for AD in step 285 before com ng back to test 282. Wen the record chain
has beewa@ompivet ely exanmined (AD = 0 in test 282), it ispdeimmm2TRd

whet her the 20 current word x is the |ast one x2 of the BETWEEN range (test
286). If x < x2, the thesaurus pointergx-is increnmented by one unit in
step 287 for the next iteration of the |oop. The loop is over when x = x2
in test 286, and the program proceeds to step 266 of figure 42. The | ayer

k < n nor nBBOJENe ibityRes (D) @ shertayies kddtraslieditimap’ Regiethen évaluded irdestase
where the thesauruses are arranged as illustrated in figures 25-32. It
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of rank Nokfodprodeddieg tv steprR84ect or Res obtained in the preceding |ayer
k+1. 30 The procedure of fig;%]e 45 i s conparable to that of figure 44.

Steps 280-282 aMythiw sgangementof dagdhgpawrug anths crdgedatert i NpiSdever

when a re b BB fi ' ; I F‘ef-He I | ayer
k rank val ﬁgéﬁ@?éﬁ biﬁ%&%&ﬁéﬁ?%%é@%ﬁ?ﬂ%l@f are rea gé’l@vﬁaéra}ﬂa IesyN
and M i n soépoitigussidegia TardHiNeBsodds ¢teps @B32801 290k HucauRe s(adh wdrdt he

Res.i s ,t he | uat ed i 291.

| k+1 t . Di t est f = 0,
el kol B B hES s Fetile ettt ot Ghs Uiy E0iessas AD ip s bt
(Res(N) = &dntdidest, bad nRdll R0 ROSt dBkEERAtiVies wrad bh the eBEAVREERETEhge.
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be execut e@%ﬂ?ﬂ%‘?kﬂ@‘lay"‘@%@bﬁaﬂW(ﬁi@d’@@gg@ ste &/ 3 ebRgwierttt records by
means of the COMpUfgihef otk ?omdtyis 55‘5’{“%9{)"5{@3@@{'%%%% h‘Sﬂ‘ghf gendtyroer

of di sc accesses. e sa consideration a ow density “dat a
NQ( AD) 15and photiesBingr sremivin in Bguap 45/ vhith 1S made ofIwoAuicoessiee loops. dherfasst | s
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table noted TNO, which is used to handle the bitmap segments in the second
loop. Table TNO has a number of addresses which is at least equal to the
number of addresses ADmax of the data container in which the layer k coding

20 data of the current thesaurus (AT, q) are stored. Each entry TNO(AD) of
address AD in the rank table TNO is for containing an integer representing the
rank NOk(AD) if it is useful to access the bitmap segment HPk(AD), or else a
default value (-1).
In the initialization step 279, all entries of the rank table TNO are set to
25 the default value —1. The first loop is comparable to that of figure 45. When
Res(N) =1 in test 291, the rank N is written at address AD into table TNO in
step 295 before substituting M for AD in step 285.
When the first loop is over (x = x2 in test 286), the program proceeds to
the second loop which is initialized with AD = 1 in step 301. In each iteration of
30 the second loop, the contents N of the rank table TNO at address AD, read in
step 302, are compared with the default value in test 303. If N is a valid rank
value (#-1), the bitmap segment HPKk(AD) is read (step 304) and

superimposed, by a bitwise Boolean OR operation, onto the segment WZ[N] of



| oop, indexed by the thesaurus pointer x, is for determning a tenporary
rank table noted TNO, which is used to handle the bitnmap segnents in the
second Iwop2/44babl e TNO has a nunber of addresses whi ch i BCHBdI®2a®2 equal
to the nunber of addresses ADnmax of the data container in which the |ayer
k coding 20 data of the current thesaurgig_(AT, ) are stored. Each entry
TNO(AD) of address ADin the rank table TNO is for containing an integer
representing the rank NOK(AD) if it is useful to access the bitnmap segnent

HPk(AD), oth&lbittnap veefor N(ésaéples@ 1) AD< tABmbR d(&ésal 30! 'tﬁ’@ réhﬁptaB@ all

entries of the rank table T are set to 25 the fault ‘'val ue -
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subst | tut | Age g seKahHoEs B0 BENARR LD A AbRaR B5Ea0 Ans Bie B
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306), the SsARaMsiata béaaﬁégbthsaaaﬂerqsrsc/h@ne#ﬁré Oﬂyndhe smond InoB}- e3HED7

bef t 2 i
tgs?rgogom ﬂglﬁf)rdebéfg dp??‘%c‘é"gd@%ﬁ@?fd;p u& @pa‘[ S‘?’l gurew\ﬁ?Bﬁer]Egddl ;(I :)2
to filteri mgngmt whee thiet ik dileg e reventifliyAR)ad latthar secootd Iomrtrhb rmada ng,
th du Ittdbf' 46, to th Kk t

ar oups. he SRRBRE HACBrRSeenHe s SBAWARG Agonkaels, 7S ReBnuH

segnent dafoRaBRATRO. tikes @k@éeﬁéx.ﬁel-‘anﬁ %Heanfa% éﬂ}hb%@&ﬁ@@%cbeeé)}o trﬁ“Ch

grouping is not only done word by word but for all words of the BETWEEN 10
range: wheliRkéleq@nds proyides awvent significant advantageebegaisedthedoper layersr e

wition |+ AeboeERY YRR SRRMLPE IR A b b e Foter oS ek i

access18 o loperatidis thefedn. and provides a very significant advantage because

the lower |ayers,  especially layer 1, inply the largest HPk files and the
hi ghest nunbers Figyrezly shows how the procedure of figure 45 can be adapted when

the coding data containers are stored as illustrated in figures 25-30 and 34A-B.
The loop has a similar structure. However, since the coding data are accessed
from the highest layer n, the address AD read in step 281 is the head address

20  AT_P(q)_Fn(WI) of the record chain in the layer n data container, and when
AD > 0 in step 282, the rank value NOn(AD) and next address NXn(AD) read
as variables N and M in step 296 also relate to layer n. After step 296, a
filtering function FILT is called in step 297 before substituting M for AD in step
285.

25 A flow chart of this function FILT is shown in figure 48. lts arguments,
input when starting its execution in step 500, are as follows (in addition to the
attribute name and macroword level which are implicit in figures 47-48):

- a first coding layer index k, corresponding to the first argument of the
function FNODE called in step 242 of figure 41;
30 - a second coding layer index k' > k, with k’ = n when the function FILT is
called in step 297 of figure 47;



15 operations therein. Figure 47 shows how the procedure of figure 45 can
be adapted when the coding data containers are stored as illustrated in
figures 260804aml 34A-B. The |oop has a simlar structurkCT/Hoa®YB2, Since
the coding data are accessed fromthe highest |ayer n, the address AD read
in step 281 is the head address 20 AT_R{m)) _Fn(W) of the record chain in
the layer n data container, and when AD > 0 in step 282, the rank val ue
NOn( AD) and next address NXn(AD) read as variables N and Min step 296

al so relate to kakeithap AbERFs RTe%E 2 %es 3% fi Rfe%F' ekl Rl Oﬁis"_thlaTa*esr
called in step 297 before substit Tlng Kr4or" AD Kn step 2 25 AT ow

chart of this fumét qoeryFiréduli Reﬁlomﬂk’imkii,glﬂéskil?,-...t Resy/ GSTERES bitmiapput
when starting its execution in step 500, are as follows (in addition to the
attribute name sadtonsmobtaed ih ate 248 i0€ figaree4 1 iy Encodding Reginrtte Mghet8) © -
a first coding |ayer index k, corresponding to the first argunent of the
function FNODE &Me®d in step 242 of figure 41; 30 - a second coding | ayer
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Resk+2, ..., Restep 2®eptfiRasld7t is the | ayer k+1 query result Res. If k' >
k+1, Resk+2, .. Resk .the bhi tal yo | t, 243 of

i gure a1, by" eHBEPHERIEING RGRe RRBFRS® A 35 B Pver K getecghntaiir i N
with N = NOn( ADjharbmabRRclerWiiechid-Being Gibigd N step 297 of figure

47, - the corresponding record address AD"in the layer k' data container;
and - the bitma& vest 601t vshidetermined i wigether dbeatNt1)-thn segmensaf, thet i s

det er nj ned h N+1) - t,.h t of t 1Q .bi t vector, Resk, is
ol mdicC BB FEbF Ry o) RERTER efled 1P 5o 8 18 ] TRakSSoR el Bt o0 ng
data rel at|i : ' ChLi
foneti oni 2N9 Sbfnb Codi Slard oS oM faler & rBAE ATt Bk Bhecttiéfyof |
t he segnentheResictiphlis tamirateddastepofE2 by tetumihgthe bﬂﬂnacyi:i\kmgzt@i Wrp segnent
HPk' (AD) is read segnent yari Hin step 503, .and ¢ 15 |
i nt e§ section segllfg%@ ﬁfggmenh k’m ﬁ?% aé:)ﬁ?ﬁ‘agﬁﬁ i'n 19 d&Bt §§1h the bitmap
segment HPK'(AD) is read as segment variable H in step 503, and the
15  intersection segment H AND Res[N] is evaluated in test 504. If this

intersection segment is only made of zeroes, it is also useless to read any
further coding data, and the program directly proceeds to step 502.
If test 504 reveals that H AND Res.[N] has at least one “17, it is

necessary to get into the lower layer record chain. Its head address F(k'-1)(AD)
20 is read as variable AD’ in step 505, while the layer k' remainder R is initialized
to 0 and the layer k'-1 rank N’ is initialized to N x Dk’. The bitmap segment
H = HPK’(AD) is scanned in a loop in which its bits H(R) are successively
examined (test 506) to ascertain whether the rank N’ = N x Dk’ + R should be
regarded. If H(R) = 0, the rank N’ is not in the layer k’ coding data of the current
25 thesaurus entry, so that it is disregarded: R is incremented by one unit in step
507 and if the new R is still smaller than Dk’ (test 508), N’ is also incremented

by one unit in step 509 before proceeding to the next iteration from test 506.
If H(R) = 1 in test 506, the (N'+1)-th bit of the vector Res,. is examined

in test 510 to determine whether the layer k’-1 rank N’ has been filtered out in
30 the higher layer processing. If so (Res(N’) = 0), the program jumps to the next

position in the layer k’-1 record chain by replacing AD’ by the next address



I ntersection segnent is only made of zeroes, it is also useless to read any
further coding data, and the programdirectly proceeds to step 502. If test
504 reveav@ov/h@u3 H AND Resk,[N] has at least one "1 ", itPCHIBm@e®2sary to
get into the lower |ayer record chain. Its head address F(k'-1)(AD) 20 is
read as variable AD in step 505, whileg4he layer k' remainder Ris
initialized to 0 and the layer k'-1 rank N is initialized to N x Dk'. The
bitmap segment H = HPk' (AD) is scanned in a loop in which its bits H(R)
are succes L a

x Dk' + R Nr?(cl)(ﬁlg)(ﬁa@?r ega?d%%ﬁﬁqé%%%% %F@Réoﬁrrgnﬁﬁﬁfclélﬁgsﬁgﬁhé %B%e Iayer
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After step 51 e program proceeds es
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Iayer k' is imrediately above k (test 512). If k' = k+1, the bitmap 5
segnent HPItlQeADrggraEn preadeds tethesdld)veadesainear step &ddd, by a bitwi se Bool ean

OR t th f the bjt W (st 514).
T ORUREN L el SSaSTATR ABELOuhaR' pelBeRbTEHRTARE 7 alSH s o
with the & guem fedfs508 The upaaked bltmaP,veBRﬁW\lzls then redinednd s 56?“ar
step 514 or 515, the program proceeds to the above-described step 51 10

The scanni ng of wlaerbtfnemgpd@egnﬂﬁtathntamamar(%@)range@\aerullumatedFm flngeS in

test 508. p e When
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t he scanni my to’e stchanln@y@frthb laert keenetgderstinithe lreegrdSéH=im @9 the Id&lﬁlkaced by
t he scanni ggg he |l ayer k' remainders in the record chain of the |ayer

k-1 1% ¢ f£08 P%ﬁ ner. The procedure of figures 47-48 has the
advant age t hat t il SYOBEALIRYSS figures 47-48 has the advantage that the lower layer

record chains are accessed only when it is strictly necessary. In particular, it is

noted that the loop 282-285 of figure 45 requires the reading of all the layer k
ranks (step 290) relating to the current thesaurus entry while it may be already

20 known from the k+1 processing that some ranks will be disregarded
(Res(N)=10 in test 291). When this occurs in figures 47-48, the rank N is not
read in the hard drive (it is not even stored). This advantage is very significant
since the lower layers, particularly layer 1, have the largest coding data
containers, so that plenty of useless read operation are avoided.

25 It is noted that the use of a rank table TNO according to figure 46 is
quite compatible with the procedure of figures 47-48. The first loop 280-287 of
figure 46 is simply replaced by that of figure 47, and steps 513-514 of figure 48
are replaced by writing N’ into TNO(AD’).

It is noted that the loops of figures 43-47 may cover not only a

30 BETWEEN range in a thesaurus, but generally words and/or macrowords
whose coding data are stored in the same data container, and which are
combined in an OR type of operation. Instead of running the loops from x = x1
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46. It is also noted that, when encoding the leaves of the expanded query
tree, it is possible to use the word indexes AT_P(q) WI(x) instead of the
thesaurus row-1D’s x. A list of word indexes is then encoded for each leaf of the

20 expanded query tree. Accordingly, the tree expansion procedure 191 is carried
out with reference to the thesaurus word index files, whereas they are not used
in the processing of stage 192, which directly calls the record chain head
addresses by means of the word indexes. This is useful when the word indexes
do not coincide with the thesaurus row-ID’s (contrary to figures 25-27), which

25  will normally happen as the database lives.

In the preferred case where separate coding data files are used for
each thesaurus word, as in figure 17, the layer n processing of step 264 is
similar to that shown in figure 44. The loop is not performed in a common data
container (with the loop index AD), but in the individual coding data files

30 AT_P(q)_W_NOk and AT_P(q)_W_HPk (with a loop index i as in figure 33).
Optimal disc access is ensured without any thesaurus sorting. The layer k <n
processing of step 265 does not need two loops as in figure 46. It may be in
accordance with figure 49.
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When the relevant coding -data have been completely examined
(i =imax(AT, q, W, k) in test 311), it is determined whether the current word x is
the last one x2 of the BETWEEN range (test 317). If x < x2, the thesaurus

20  pointer x is incremented by one unit in step 318 before coming back to step 310
for the next iteration of the loop. The loop is over when x = x2 in test 317.

Figure 50 shows an alternative way of performing the leaf processing of
figure 42 (when test 252 is positive), in the case where the coding format of the
flat file row-ID lists is specified in the thesaurus index registers, as shown in the

25  right part of figures 25-27.

The initialization step 260A is similar to that 260 of figure 42, except
that the rank table TNO is initialized to the default value at the same time. In
step 280A, the word index WI = AT_P(q)_WI(x) and the corresponding format
F = AT_P(q)_FORMAT(x) are read from the AT level q thesaurus index

30 register. If F designates “low density” (test 261A), the loop 271-276 depicted in
figure 43 is executed in step 262A. Otherwise (F designates “normal density”
with n coding layers), the head address AD = AT_P(q)_Fk(WI) is read in step
281A to initiate the scanning of a record chain. If we are in the first coding layer
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query, with FROM specifying the relevant data tables and SELECT specifying

the relevant columns in those tables).
When a link table of the type shown in figure 9 is stored, the columns of
that link table corresponding to the listed attributes are read in the matching
20 rows, identified in the bitmap vector Res output in step 246 of figure 41, in order
to obtain the links pointing to the relevant data tables. The attribute values are
then retrieved from the data tables for display.
Another possibility is to scan the thesaurus relating to such attribute
and to compute the bitwise Boolean AND between the result bitmap vector Res
25 and each encoded bitmap vector of the thesaurus. Every time there is a hit
between those vectors (a “1” in the AND output vector), the corresponding
thesaurus word will be displayed or otherwise processed. This permits the
attribute values of the response to be retrieved without using any link or data
table.
30 The AND operations may be performed directly in layer 1. They can
also be performed as previously, by decrementing the layer index from k = n to
k = 1. This requires the layer k results which can be calculated from the layer 1
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corresponding to the listed attributes g@fe read in the matching 20 rows,
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order to obtain the links pointing to the relevant data tables. The
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par anmet er st gnating the 1ndividua rus, whose. prefix
| ength correspod®s is an integer with 0 < QA < Q representing a degree of accuracy

expected in the query result; QA is set to 0 for maximum accuracy;

- the thesaurus pointer x, is a row-ID in the AT thesaurus index register of

q
level q;

20 - forq>QA, WZ1q is a bitmap vector which represents a layer q target list

of data graph identifiers which match the query criteria and should be

examined in connection with the level q thesaurus word Xq- In the

initialization step 320, the result bitmap vector Res, output in step 246 of
figure 41, is assigned to the vector WZ14 which thus represents the flat

25 file row-1D’s matching the query criteria;
- fork>1, Wqu designates a bitmap vector in which each bit of rank N

(i.e. the (N+1)-th bit) indicates whether the (N+1)-th segment of D(k-1)
bits of WZ(k—1)q includes at least one “1”, in accordance with the VDG

compression scheme (0 <q<Q). Wqu is referred to as a layer k and

30 level q filtering list for QA <g<Q and 1 <k <n. Working zones are



15 the attribute word length. In the notations of figure 45: - QA is an
integer wwth 0<_ QA s Qrepresenting a degree of accuracy expected in the
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15 The bitmap vector WX output by the function FINTER called in step
323 is tested in step 324 to determine whether at least one of its bits is “1”. If

not, the (macro)word pointed to by Xq does not cover any attribute value

relevant to the query, so that the thesaurus pointer x_ is incremented by one

q
unit in step 325, and the program comes back to step 322 to examine the next

20  (macro)word of the level q thesaurus.
If the bitmap vector WX has at least one “1” and if k > 1 (following test
326), the layer index k is decremented by one unit in step 327. The next layer
processing is then started from step 323.
When k =1 in test 326, WX = 0 is the bitmap representation of the list
25  of flat file row-ID’s which are represented both in the result bitmap vector Res

and in the coding data of the current (macro)word Xg-
If @ > QA (test 330), this bitmap vector WX is saved as WZ1q_1 in step
331. The row-ID AT_P(q)_FW(xq) of the first “child” of macroword Xq in the

lower level thesaurus is then read in the level q thesaurus and assigned as a

30 starting value of the thesaurus pointer Xg-1 (step 332). The thesaurus level q is



not, the (macro)word pointed to by xq does not cover any attribute val ue
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has at least one "1" and if k > 1 (follgying test 326), the layer index k
I s decrenented by one unit in step 327. The next |ayer processing is then
started fromstep 323. Wen k = 1 in test 326, WK # 0 is the bitmap
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15  therefore, no other word will have a hit with it, so that it can be removed. To

initialize the update, the index q is taken equal to Q in step 336. In step 337,
the Boolean operation WZ1qAND NOT WX is performed bit by bit, and the

result becomes the updated WZ1q. If the resulting bitmap vector WZ1q has at

least one “1" remaining (test 338), the thesaurus level index q is decremented
20 by one unitin step 339, and step 337 is repeated.
If wWz1 q consists only of zeroes in test 338, it is not necessary to

continue the update in the lower levels. If g < Q (test 340), the (macro)word

pointed to by Xq does not cover any more attribute value relevant to the query:

the thesaurus pointer x, is incremented in step 341, and the program comes

q
25  back to step 321 to examine the next (macro)word of the level q thesaurus.

The scanning of the thesauruses for attribute AT is over when q=Q in
test 340.
This function FINTER called in step 323 may be in accordance with the
flow chart shown in figure 52 when the thesauruses are stored as shown in
30 figures 25-32. It is started in step 350 by loading the above-mentioned input
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(0) in tei)rt‘:?éJ ?%gcwqﬁﬁgn@q%%tEmége'ﬁaﬁzﬁ@ﬁ%t% éﬁssﬁte%é?&l Pérﬁeﬁg”ﬁ‘@ am ned
in the rebindpohedtor Wo that the flat file rowID value NOCAD) and the
next address NX(AD) are read as variables N and M respectively, in step

361. The Euclidd8f W idsnsily drosessyngnofi iouredesi has@efpapein whighteadh t he
| i‘}’eir S{(S vvrli ?t@reéélb?ltntﬁd?ﬁ? tf)p%h)pamlng tht 259 AD With thd BRdIdIham PQub]s) 363 2
test 360. If AD >0, there remains at least one item to be examined in the
record chain, so that the flat file row-ID value NO(AD) and the next address
NX(AD) are read as variables N and M, respectively, in step 361. The
Euclidean division of N by Ak is made in step 362 to obtain the layer k—1
20 quotient (rank) N'. If WZ(N’) = 1 in the following test 363, a “1” is written into bit
WX(N’) of the bitmap vector WX (step 364). After step 364, or if WZ(N') =0 in
test 363, the variable M is substituted for AD in step 365 before coming back to
test 360. The low density processing for the current (macro)word is over when
the record chain has been completely examined (AD = 0 in test 360), and the
25  program proceeds to step 359 of figure 52.

The layer n normal density processing of figure 54 has a similar loop in
which each iteration begins, in step 370, by comparing the address AD with the
end-of-chain value (0). If AD > 0, the layer n rank value NOn(AD) and the next
address NXn(AD) are read as variables N and M, respectively, in step 371. If

30 the segment of rank N in the bitmap vector WZ has at least one “1” (WZ[N] = 0
in the following test 372), the bitmap segment HPn(AD) is read (step 373) and
combined with the bitmap segment WZ[N] in a bitwise Boolean AND operation



WK(N ) of the bitmap vector WK (step 364). After step 364, or if W(N) =0
in test 363, the variable Mis substituted for ADin step 365 before

com ng bawdor/e943 est 360. The | ow density processing for pOPIEUMORZEAL
(macro)word is over when the record chain has been conpl etely exam ned (AD
= 0 in test 360), and the 25 program pypceeds to step 359 of figure 52.

The layer n normal density processing of figure 54 has a simlar loop in
whi ch each iteration begins, in step 370, by conparing the address AD with
t he end- of i I e and
t he next é%g{ag\gge\é%% ﬁ@a{}rtewr LWPOPt%vgﬁrﬁggl@gﬁl\rl A ?é'ﬂdép\rlazlsf1 e{:\ﬁ%g}%@

step 371 IX7430r ifWZ g?r@nln tegt I72nikhe\vanablad lig sulmqjltutedtforA\mmstepaCﬂSI east

one " n st 372 the bi.tmap segnent HPn( AD)
is read (%Egrgﬁmlgﬂgbacg ﬁeﬁ{egm ?ﬂ F%efm P}’r%al (ged?‘ﬁé%p']\?ﬂﬁ Rﬁngﬁorh twise
Bool ean ANRuerie@t aimavio Worl2is4 4948 viltar 4RO L3 Zhairf 1hdd B icdm |é1@|
segnent WK[N] of the bitmap vector WK (step 374). After step 37 | f
W[N] =50 iefafrured 64D = @ fir tesd 3740 @nqk/th%pmﬁ@mmm@adsmsm 3&99fégu@75
before com back to test 370. The layer n normal density processing for
the current” (nmacro)word is over when the record chain has been conpletely

5 exani ned (AD =Thel Iayéekk B Adrmakdensibe procegsing ieratheptsgdcusty eradebef of
figure 52. The |ayer < n normal_density processing is advantageously

made of tmosﬁa@éég%v%oqnﬁoﬁguw iohr Ehediyst Icm@ is forsgeteppining af igmporary
d
et er m ni nga gy LATROF ,yxvé{@g*(;sppe?a qomdlé}q@egpg@aggr ESmER ANl SE QP! T P

segnents in the secon ke 1nt escr previously
with rederdoupre like i the @rdcﬁeduriadﬂ@rﬂﬁud) prasioastyuwitbr rebéremddr s figgredbeh i s

| | nb d ADma f th i i
ahi chthe. 114pl TRCEBRs Aghaaber”of adiEsSER RIS Bl dsrst gl KrihesoaPer 8 or ed.
Each entry ahirddah AJlﬁrn%QQ:FfQFné d%li%a 'cand"ﬁer ihaHich ahd Pa BNR ?&?lﬁ?rda?é)@? G ng

an integer representing the rank NCk(AD) 1f it 15 | use 0 access the
bi t map seg@EentiesADIYsS (oM dl)swe steretlakach eatryel NO(]AD) ofaddress s n the

w th the cOPTeR ARR7ds B sty oF itefet BREpacuii e b NERTRRL TS

segments of ig as&fuNik 6AE)sd thd bmbptmmqﬂlek AW&) or Wl aldefhilt Vakie (—1).

initialization step 380, all entries ank table TNO are set to 20
the def aul SUFAI ﬁ%CQSi; ispasaless di HQ"&ﬁDéfdQ%e“‘P‘i pelongolepthsedaves k rark é'ﬁt 381
by associated with the current (macro)word Xq: OF if there are only zeroes in the

segment of rank NOK(AD) in the bitmap vector WZ = Wqu+1

In the initialization step 380, all entries of the rank table TNO are set to

20 the default value —1. Each iteration of the first loop begins in step 381 by

comparing the address AD with the end-of-chain value (0). If AD > 0, the layer

k rank value NOk(AD) and the next address NXk(AD) are read as variables N

and M, respectively, in step 382. The segment WZ[N] of rank N in the bitmap

vector WZ is examined in test 383. If that segment WZ[N] has at least one “1”

25 (WZ[N] # 0 in test 383), the rank N is written at address AD into table TNO in

step 384 before substituting M for AD in step 385 and coming back to test 381

to examine the next record of the chain. Otherwise (WZ[N] = 0), the rank N is
filtered out by jumping directly to step 385.

The first loop is over when the record chain has been completely

30 examined (AD =0 in test 381). The program then proceeds to the second loop

386-391. In each iteration of the second loop, the contents N of the rank table

TNO at address AD, read in step 387 after having incremented AD in step 386,



conparing the address AD with the end-of-chain value (0). If AD > 0, the

| ayer k rank value NOK(AD) and the next address NXk(AD) are read as

vari abl esvoloz/ave3 M respectively, in step 382. The segnenpcixavo2sk rank N
in the bitmap vector WZ is examned in test 383. If that segment WZ[N] has
at least one "1" 25 (WZ[N] # O in test_383), the rank Nis witten at
address ADinto table TNOin step 384 before substituting Mfor AD in step
385 and com ng back to test 381 to exam ne the next record of the chain.

O herw se @f&[cNnpar8d withteddtkultNvarRe if irt]é§t958‘8d IWQ%QWdIiﬂggﬁlgga@ier(Qc y to

b 4
step 385. The first loop is over when the record chain een corrpl)’etely

30 examni nedh¢ AdmappsegmerisHPBEAD) isTiead(stegr 389 ) &rech cpniireestiwith ahé itnsac ond
I 386- it i . f the ond | oop, the contents N of the
rank ¢ abl e SR 2T ik 8 GhyiS dSop bR S0 SerelleR up mavidRgiencrument ed AD
in step 38VXIM) SRaAk N H METHikRA3 AR IVX-(SRA8S0\C ARBICADMDN tbfedigf aul t
value in test 388. If Nis a valid rank value the bitmap segnment HPk(AD) is

read (s?ep tR8sgniginble sagiassd\Wiis inargrmeptadiby one amitsntstaZBRP Whernastairting se

Bool ean AN Lan to i t e rank N i he bi t map
vector wk (FEEEhbRony THERECRR106n RETE R AD AP el B Liiss D
i s i ncremenhegrdyrannproceets itd skipePcB8Ofigwrersst arting the next iteration.
The second | oop i_.s over when AD = ADmax in test 391, and the program

proceeds to step IRSSGENNNGAF hedhesapaises asrexpipioed with teferengedediguses
expl ai ned \@'1t_185 ﬁ%fst%rr?}:r}ﬁﬁeft@&giéﬁi%gﬁt ad’ix%'n?a;’%&as a nunber of significant
-

advant ages: 1 oes no equire any céss to the original data

t abl es10 Ther ef-oriteddds net requirecanypatcassytot thenmigali dath heblkdst Therfbresit iin
menory. Even when, the are stored, they will often be accessible through a
relatively |ow é‘&f%@'sqrxﬂ%m@a in §'&%Iﬁ’aﬁt“€§fﬁﬁ'ﬁ W@Warﬁ%eﬁgwh%’ﬂ foy
advant ageously b KEdtEYE Win%tfteh"ﬁéaééé’é‘ﬁ;iflé%rbugﬁ a feléfﬁféﬁp fvl %gft\‘ﬁ/QFe ' n
ternms of disc accesses, beCause It takes advantag of the Tecord grouping
in the coding danterfeeet suchr .asTHeDBCG c diher escanhing i methex] SadvEmtageously
respectively simlar to, t e of figures 43, 44 and 46 regarding the disc
accesses, and t?é’f/”%‘?’SﬁTso‘E'ngée%%e- descri bed advantages in this respect;

f2?| : e'; !ﬂﬁgpr ocedutrie vefry Effitigt iblefnss af 8RcVaicessés | e Ritfsedtdl@st Sviditage
of the record grouping in the coding data container. The procedures of
figures 53-55 are respectively similar to those of figures 43, 44 and 46
regarding the disc accesses, and they provide the above-described
advantages in this respect;
20 - the procedure of figure 51 is also very efficient owing to the filtering

achieved by the updating of the bitmap vectors WZ1 q (loop 336-339)

This filtering takes advantage of the fact that each flat file row has a

unique value (possibly Null) for each attribute. It avoids plenty of useless

operations to read coding data pertaining to subsequent thesaurus

25 words and macrowords which would not provide hits in the lowest layer

(because the hit in the higher layer would be due to a flat file row-ID
corresponding to an already considered thesaurus word).

Figure 56 shows how the procedure of figure 51 can be adapted when

the coding data containers are stored as illustrated in figures 25-30 and 34A-B.

30 The above-described function FINTER is replaced by a recursive function

FFILT illustrated by figure 57. Accordingly, the loop 322-327 is replaced by a

loop 590-593 after executing steps 351-353 as in figure 52 (with k = n). If the



achi eved by the updating of the bitmap vectors WZ1 q (|l oop 336-339) This
filtering takes advantage of the fact that each flat file row has a unique
val ue (powgoblapaNul | ) for each attribute. It avoi ds pl ent pcoiBugetseess
operations to read codi ng data pertaining to subsequent thesaurus 25 words
and macrowords which woul d not provide-pgts in the | owest |ayer (because
the hit in the higher layer would be due to a flat file rowID
corresponding to an al ready consi dered thesaurus word). Figure 56 shows how
t he procedvesultiig fingursectoh bimape \\axaigt ghdehen zdrb@scd?ﬂ‘yr(ﬂasiﬂaéﬂ)cgﬁtﬁé ners
are stored as illustrated in figures 25-30 and 34A-B

above- descindrecheintex t inostep I\$E|5Rbe$oneera:baﬂﬁgl bscla tbetstﬁpslwﬂ ffunqheoneﬂ:l LT
illustrated by fiqure (5€7 Accor di nP the | oop 322-327 is replaced by a

| oop 590- 5&8aLFQIord of the icHieat leye Qéﬁe%ﬁuaganaef'ifé{MXé\@a*(Iﬁ@ﬁhorke ). If
the WD 02/ F44TH K [ S
made of zeﬁggésgqonl yt%i@g%é}gw roc;zéés 152 rﬁz?grgmdns?& (?ﬁ’%tsjt%go%Z?’fEB%

comi ng haclkhe pregesiurgsi figaie Gthis the>same( aad:tnai)cvfmgdre)ﬁﬁ he current |evel

th h t test 324, th

proceeds t o st op E558 esefidn i ingaih aPBe5 eeeiot Wy EBmeain, %%%%%%?5 of
figure 56 ivsﬁthtfrfé eAdRfahaimghluef (%na%gt 880. lﬁfaAb 3 DeRI I &er! M rhfie vhRféO

590- 593 begi ns by conparing the address h the end-of -chai n val ue (0)

in test 59NONARDandothe; Rext agdress NMADal are redeh @aDyatakles HY arek tM,

address NX a SpyAri respecti vel ste 591
After\/\/ards%ﬁ};@d@éﬁ/t e'ﬁl %tge%an%? ﬁ‘ﬁgi@% r ﬁg Mecr{qgoﬁ%%olnﬁ%sﬁﬁqrg%%t

step 592 bEFOLE isudslledt nf istep BOP abefBR2 isubstieming It fFhAD FPRRY FoROMHY the
intersection list WK for the current (macro)word is over when the |layer n

record chapﬁmamﬁféﬂﬁﬁﬂﬁrﬁﬁﬂo@xhﬁ Wy fPAIﬂ‘& @irrentt (@acrolyewyl, isaguet he
Punct on Fl P e ByEEH reteft Efiah it BpEH IERIAY Bxaftjucd (ABIEDlifest ™ °
starting i 6§0¢>aafwmeanogramtpeqnceﬁim todest 334 ésllﬁmMBa-he%e@mhmg | ayer index
k, with k = n when_the functjon FELLT alled in step 592 of flgure 56;

- k bitmap vect o?%ﬂ }'Jt\/@zthlsr}unctlor‘/@ka_'lggs SR i figute 3F.dfs arumegntss i gure

56; 2015 aidfHhdn ét%ﬂ'lhd\ks i dutiinTn NEY 66D, 4eess fdiBwkunction FFILT is

called in

a coding layer index k, with k = n when the function FFILT is called in
step 592 of figure 56;
- k bitmap vectors WZ1q, W22q, Wqu as obtained in step 321 of

figure 56;
20 - alayer k rank N, with N = NOn(AD) when the function FFILT is called in
step 592 of figure 56;
- the corresponding record address AD in the layer k data container; and
- the intersection bitmap vector WX which is being calculated.
In test 601, it is determined whether the segment of rank N of the

25  bitmap vector Wqu is only made of zeroes. If so, it is not necessary to read

any further coding data relating to the layer k rank N, so that the execution of
the function is terminated in step 602 by returning the bitmap vector WX.
If the segment Wqu[N] has at least one “1” in test 601, the bitmap

segment HPK(AD) is read as segment variable H in step 603, and the
30 intersection segment H AND Wqu[N] is evaluated in test 604. If this

intersection segment is only made of zeroes, it is also useless to read any
further coding data, and the program directly proceeds to step 602.



step 592 of figure 56; - the corresponding record address AD in the |ayer k
data container; and - the intersection bitmap vector WK which is being

cal cul at edo o2/mosest 601, it is determ ned whet her the segremBwmfo2r9ank N of
the 25 bitmap vector WZkg is only made of zeroes. If so, it is not
necessary to read any further coding daga relating to the layer k rank N,
so that the execution of the function is termnated in step 602 by
returning the bitmap vector WK. |If the segnent WZkq[ N] has at | east one "1"

in test 601, theifbidsreg04 segwastthbPH{ ARD Wzmﬁgr@% aega@stt oN@ritablteisH in
step 603, and the 30 intersection segment HAND WZkq[N] is eval uated in

test 604. hecessaryitoiget o thebvwardapsttrecordohainniislaeall ateiressE(kt1)(AD)al so
usel ess to read any  further coding data, and the programdirectly e((igroceeds

to step 6018 Tead %ﬁzyam%%m step10 wmile thedayer k eapaipder Rdgdnifializashio H AND

WZk ha I s , r ayer

recgggu chagngh?tfsﬁ%h aa%?gﬁ(]j“r éggﬁ 'Sli}?ﬁ%f‘%al go ?\fe)acgiﬁé W%O‘P gi'ﬁ?% %?Jﬁt gt ep
605, WE | eH AHPIAD) is smerddm Rlosp nmlwrmahnz@cbltts,OHéRLmd $ureeksively k-1

rank N |S|n|t|aI|zedtoNka The bitmap segnent = HPk(AD) is

scanned i ne¥amygs (tlesthvAPEhto @seertain wigthpr éh% f%mi&é‘éssteDV + B)@)ﬁu!ré@e( t est

HR) = o [aeBel MERRIE o8 RARKL 1 gLl the v CoddPl SreBrudCpbeny

t hesaur us #msayrusentriaso ithati mmIcmsreg@w@ueoR |B|m(ﬁ'em¢¢ﬂteﬁﬂb9tcﬁfé ot anstepni t i n
step 607 agflf the new Ris sti snal | er than ((Ntest 608), N is also

i ncr enent e8 (?"tﬂ/'fdh% new R 'ﬁrﬁt@tséﬁa@wh%@f% deph 8RRk dN iy alsp t'WéefﬁéMe
i teratjpn Bp@ﬁetlﬁﬁflnaeﬁ% 605 HdibPe %rféeé%'iné%rthéﬂgxt it S Qh ?ro @bBN of the

vector WZkq'is exam ne In test eterm ne ayer k-1
rank N is in th# @) 1 in test 606f theobit of KEHGINTthe \Aé):tortWZkﬁnsngxanmnamps to
the next position in the layer k-1 record chain by replacing AD by the
next addr e#stask@lO1ip(gatenming whethewthe lapet b1=1 sarele' issincthe, resskilé lipt. dfnaim

ot ocessi notWERallid ) SREBHGPSRENTR B e by oot Teblabt krJ vabote 1
conti ned wFTRN RSB AR, bATe gt Aifess NG TINA Tl S8 a3, gkl o

oper ation 691 pthevprdgrarhrecgstzto t&labveideserilsedistép6@P. t he bit map vect or
WK (step 614). If_ k > 2 in test 612, the recursive function
If Wqu(N )=1in test 610, the processing depends on whether the

coding layer k is immediately above 1 (test 612). If k = 2, the bitmap segment
HP1(AD’) is read (step 613) and combined with the bitmap segment WZ1q[N’]

in a bitwise Boolean AND operation to provide the segment WX[N'] of rank N’ in
20 the bitmap vector WX (step 614). If k> 2 in test 612, the recursive function
FFILT is called in step 615 with the arguments Kk, WZ1q, ey WZ(k—1 )q, N’, AD’

and WX. After step 614 or 615, the program proceeds to the above-described
step 611.
The scanning of the bitmap segment H = HPk(AD) is over when R = Dk
25 intest 608. The updated bitmap vector WX is then returned in step 602.
It is noted that the use of a layer 1 rank table TNO (as in figure 55) is
quite compatible with the procedure of figures 56-57. The records of the table
TNO are initialized with the default value in step 351; steps 613-614 of figure
57 are replaced by writing N’ into TNO(AD’); and when AD = 0 in test 590, table
30 TNO is scanned as in loop 386-391 of figure 55.
A further optimization of the procedure of figure 51 or 56 can be

achieved when the stored thesaurus data include files organized as illustrated



FFILT is called in step 615 with the arguments k, Wiqg, ..., WZ(k-1)g, N,
AD and WK. After step 614 or 615, the program proceeds to the
above- dewwo bbe43 step 611. The scanning of the bitmp segremMBa0z79Pk( AD)
is over when R = Dk 25 in test 608. The updated bitmap vector WK i s then
returned in step 602. It is noted that-THhe use of a layer 1 rank table TNO
(as in figure 55) is quite conpatible with the procedure of figures 56-57.
The records of the table TNO are initialized with the default value in
step 351; i GgeresXB-614F of eddhytivesaufis, artablecpll thedgpdghowntindiguies 5860
TNO(AD ); and when AD = 0. |n test 590, tahle 30 TNO is scanned as_in |oop
386- 391 of '§ isgmeé, K asg0figle ﬁ@Fﬁo%QﬁsﬂP'ﬁa\qu% Cgft%?hg()?ﬁ?&éﬁﬂd? N withy@r e 51
or 56 can P@coracéﬂa@rv@]@agﬁwda b€ FSIngY 64 g oS TdhoGR |
organi zed as illustrate V\Dr02/ 44943 P@/%ﬁﬁﬁéﬁdﬁb%??;@?@ "E8- 61.
For each t figeeeublisThe latidrl datefcantainey pentainsvihei sarhe dayersn b&rGp segmentor ed,
to associate, e posshbl e..val ye. of e | r.n rank Lth_a record
chain h addglf’lj?gs]% '33%331 Wagﬁ#j@d'ﬁ hgn%rl g%gt QUE{;W[ Eﬁ\l{%ﬁl)&ﬁé d?ﬂB?v_rYe?Wd
figure 61. chams! dhidH péain aBNHE RAIME ABYEH RS rAMe rafiE® 1ML to Nthil %Eﬁ%
segnent 5 data HP'2 = HP2 as that of flgure 32 or 34A, but the links NX 2
I

defi ne recHhesauguspRYwhhe Hatseeentriner of figures@iis thugeobtainedriiy sertingrthathan to

by “sort 1 ng Ol RGRHY 8 AN basdf ofth BRLBUNE. Bristhd3hg aiarn RXzoe Pl "t he.
NO2, NX2 aedlufins, @vidiadding argbladdiNNX 230 @ohtaim thénéxt #ddresséd i theeebewt

addresses ip the record a)gschai ns based on NO2 and a further colum PTR
where the CHa¥S diqulidsand adrign ealumpd TR vdiare fbe thesaurys indexesx.  For

each rank WogHidteiieatordersm R wide FEALSCH FarleRieS? ARAnkAd BaaR4d0P2)
Before starting the procedure of figure 51 or , Or after every itefation
of step 321he chainps endmotizad ingF tABENR)t shown in figure 62 is applied to

mark 15 thesaurps.entries at w t he, reason _that their

t | . not. be read f
layer n ranks ar BSIBE §4 'Pﬂetn?eﬂ}'QFeqPrgonif%é"?ig’t%aoro%'tqeaﬁtﬁa’t%‘ﬁm&eﬁa&t% gr aph
I dentifiergki e Fingrif tepl; iL@r
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poi nt et5 xqthemavses pntries that will notdee tead fonthe reasondhat tNeir INger mranks are
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marking is done by means of a table Tq for a macroword level q, which has one
bit Tq(xq) for each level q thesaurus pointer Xq- Those bits, as well as the layer

n rank N = NOn are initialized to zero in step 620 of figure 62. If the segment of
20 rank N of Wan is only made of zeroes (test 621), test 622 is performed to

determine whether the highest possible layer n rank NOn has been

max

reached. If not, N is incremented in step 623 and test 621 is repeated. When
Wan[N] # 0 in test 621, the head address F_AD’'(N) is read as variable AD’ in

step 624 and compared to the end-of-chain value (0) in test 625. If AD’ = 0, the
25  program proceeds to step 622. Otherwise, the bitmap segment HP’n(AD’) and
the corresponding next address value NX'n(AD’) are read as variables H' and

M’, respectively, in step 626. If H' and Wan[N] have no “1” in common (test

627), M’ is substituted for AD’ in step 628, and the next iteration is started from
test 625. If there is at least one “1” in the bitwise Boolean AND combination of
30 H' and Wan[N] in test 627, the thesaurus pointer Xq = PTR(AD’) is read in the

last column of figure 61, and a “1” is written in the corresponding location of



determ ne whet her the hi ghest possible |layer n rank NOhnmax has been
reached. If not, Nis increnented in step 623 and test 621 is repeated.
VWhen WZvgpbl/44943 0 in test 621, the head address F_AD (N) PCHIBEAATRS
variable AD in step 624 and conpared to the end-of-chain value (0) in
test 625. If AD = 0, the 25 program pr@eeeds to step 622. O herw se, the
bi tmap segnent HP' n(AD ) and the correspondi ng next address val ue
NX' n(AD ) are read as variables H and M, respectively, in step 626. If
H and WZndpble 'F@beformpi‘ddeedmg:tumtep g28est 627), M is substituted for AD
in step 628, and the next iteration is started from test 625. If there is
at | east one "1" Aftertthat, laistshiosvn Bofig .za B 3ANR loopt822 82D f fijuRkn5H whee a

ter xq = P is read in the
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I n test 640 t he program proceeds to qep 322 as descri bed before

Ta(Xq) = 0,thetebyramididg the lcemﬁuyatimw sﬂamlnw’éectldmﬁtw mwomll B@ etﬂtﬁy
conput ation of an.inter sect ion list WKt

filtering step 640'%$@MBd! fﬁélﬂgoﬁtﬁié@‘*gémrfée 9?69"'3%@ heﬁorﬁ. sjape’%msa flgyoe The
function FI§IER illustrated in figures 52-55 is readily adapted to the
case where separate coding data files are used for each thesaurus word, as
in figdPe 17. St el BERLBBFINTHR dlirstrated & figuegsl 825 sy reduily addapted iton of

th I ' d the initial t f
the 1oop  IaSeSE Wiers. Sepdiai Rplindciadiies e 2B5ahy ogenoPepads et ne
| ayer n noragin fﬂgﬁjréarrsﬁtefpmsz%sy M|gifre$12&é?re3réﬁla%’é%§)fﬁé allodafioh 748 Shown
in figures 53 and 54. The loop is not performed in conmon dat a cont ai ner

(with the I\ AldddaXe) to the,ward arigbich WY.vaad dly &@damigalaatugnqungg loopth a
Lg?pn'egge?\/{gd%?b{d;zéﬂsog"\*h% B deﬂ%@ o?:¥§§|n oEs'?qpﬁ@%e%}ddﬁ%C%@ﬁfbﬁquﬁﬁﬁ does

64. 201bn tdmmsﬁycme@bgsmgsbbmpl 367 awsnmlﬁﬁxo tHgessidbn wagare% waﬁerszted as
Long a8 N OB i€ ot performed i & common data Gontainet (Wit the oo indes AD).
of Iayer pis notp a common (with the loop index AD)
but in the individual coding data files (with a loop index i as in figure 33). The
layer k < n processing of step 358 does not need two loops as in figure 55. It
may be in accordance with figure 64.
20 In the procedure shown in figure 64, steps 395-399 are performed as
long as the loop index i is lower than the total number imax(AT, q, W, k) of layer
k records in the coding data file relating to thesaurus AT, macroword level q
and word W (test 394). In step 395, the rank AT_P(q)_W_NOKk(i) is assigned to
the integer variable N. In the following step 396, the segment WZ[N] of rank N
25  in the bitmap vector WZ is tested. If WZ|[N] has at least one “1” (WZ[N] = 0), the
bitmap segment AT_P(q)_W_HPk(i) is read (step 397) and combined with the
bitmap segment WZ[N] in a bitwise Boolean AND operation to provide the
segment WX[N] of rank N in the bitmap vector WX (step 398). In step 399,
performed after step 398 or when WZ[N] =0 in test 396, the loop index i is
30 incremented by one unit before coming back to test 394. The loop is over when
the relevant coding data have been completely examined, i.e. when
i =imax(AT, g, W, k) in test 394.



k records in the coding data file relating to thesaurus AT, macroword | evel
g and word W(test 394). In step 395, the rank AT _P(q) WNGCk(i) is

assi gned woo02/449e3 i nteger variable N. In the foll ow ng stepCcBa@i/oetve segnent
WZ[N] of rank N 25 in the bitrmap vector WZ is tested. If WZ[N] has at | east
one "1" (WZ[N] # 0), the bitmap segnent7AT P(gq) WHPk(i) is read (step
397) and conbined with the bitmap segnent WZ[N] in a bitw se Bool ean AND
operation to provide the segnment WK[N] of rank N in the bitmap vector WX

(step 828). I n slde émﬂld ,e-dem:ribggrp&dc@dmrerma%ag/&%dtfferadﬂetgp%&!ibf\ﬂacﬁolﬂid nb ’
test 396, the p.l.ndex_ji i I ncrenent e one unit before com ng bac
to test 39§?ep|-h§§|0589u5'e35£9536v\md ?%@&tHT@\mﬁhe%‘-ﬂg‘e&éta have been
conpl etely exam ned, bupea 4 , | :

02/ 44943 PCT/ 1B0 W%ﬁl éaztﬁ'e!%ﬁ{mee{yé’t?od\’/@(é& relrg’e%Y%tr é%\é%ﬁ?éeﬁfrggé bt

di fferent fgypaguired @cg.i memerall dieafs WB6 méet certain chitertw). Fbsudaaarhsenthe
features of the S uery. In relatively sjinple type of query, a list
of val uds éFaBWQQ%ft&QlHGt@ Oirs5%r SRR Pﬁl.ynﬁ‘a%@ é\qsaéqui%)sr%@%t
certain crigygrd a , i : i S
per f or med ct)iﬁﬂﬁyétiﬁ)nbuttdﬁfg,v ?ﬁ%urﬁ?ggpéﬁflgﬁiﬁgﬁgﬁﬁ ya%lt | E?Z&“\?\néct’ QA =
0, and t he wardiAh(Xg) WhidhpissBEposijors kyph thé éndividuabwordhéhesaurds Af(fec), ifvhi ch
is in position x0 in the individual word thesaurus (in fact, if the coding
data are sthe eading dataarersiered amillustgated in figuréd 7wbredwamd AJ)xfaw@steasn r ead
j ust before) émd to wite this word AT(XO}\ into an output table, or print
it 10 out. "eadiusthpfare)cand kuwritedhigoverd AZ{xq) Haloedy qutpituteble. ias print it
automat j cal | orted, in  t ascendjng order. If the reverse order is
requi r &, toHé If [SesFved ﬁ%ﬁ}qg%woé_ é‘ﬁk@%rq’w PIRAUSEAJS AUt TBRYGA iSORted) N t he
SQL query hgs a%c@h@fﬁb'\'é?ﬁéf.emédre'v@fréé‘%roﬁﬁ'—ﬁg’éptﬁ_}gl%ﬁs‘i‘he rtﬁ@@étﬂgggn’é??oe 15

attribute AT, there i's one output of the wor X0} 1n step
not, or if SCABNSEIMEDE eprasite diegstione keyword ALL, there may be one out put

bi ts . al s bdf U5 REE B BN RSB B S SELEEERNE wor g
AT(x0) in ré{@rdmg the attrilslae AT teeesis drle ddtpuv et theswefd A’fﬂg(éﬁiiﬁ Bicpud 35 af e

required with a reduced accuracy, the 20 thesaurus may scanned as shown

in figuse mbtooribtheBEREQH elalse hhetkdkeyword ALLYthereonhay decgrsestpubopbt ai n

I rrel evant details omthe |evel
the word A'onm‘or each non-zgro bit of WX in step 335. Those non-zero bits

may also be counted to provide the number of occurrences of the word AT(x)

in the matching data graphs.
If the values of the attribute are required with a reduced accuracy, the

20 thesaurus may be scanned as shown in figure 51 or 56 with QA > 0, thereby
avoiding memory accesses to obtain irrelevant details from the level q
thesauruses with q < QA. For example, if a date attribute is required expressed
in years, the scanning of figure 51 or 56 may be stopped at the level QA
corresponding to a truncation length of 4.

25 The SQL query frequently requires several attributes in the SELECT
and FROM clauses. In order to maintain the connections between the attribute
values belonging to the same data graph, some form of indexing is needed. A
possibility is to reserve in RAM 103 a working zone for containing an output
table having as many rows as in the virtual flat file and respective columns for

30 receiving the attribute values of the result lists. The memory locations of the

output table are initialized with a default value. The above-mentioned attribute



thesauruses with q < QA. For exanple, if a date attribute is required
expressed in years, the scanning of figure 51 or 56 may be stopped at the
| evel QAWwW@ors#msponding to a truncation |length of 4. 25 Ther/Bfu/ogivery
frequently requires several attributes in the SELECT and FROM cl auses. In
order to maintain the connections betweeg.the attribute values bel onging
to the sane data graph, sone formof indexing is needed. A possibility is
to reserve in RAM 103 a working zone for containing an output table having
as many rowalas AT(xJ)eovithidiuprefidest AT(X &) anQA eIpere iwettaPlintenthef SUtpdo
receiving the attribute val ues of the result lists. The nmenory IocaP| ons of
t he out puttablabire theer @ccuiréneads Décttem t335asti@\i/auhtﬂgwbus1 orh86 alSu¢h- wetd | oned
attribute WO 0 44943 p\(}\%’é%BOl/O 79 - 78 val ?% or, their prefixes
AT(xQA) M%&r@ QA Iyple 1M 6“‘?@@3’6%9 q%q tut%b'?HBd@étﬁﬂr ¥rices of
step 335 shpo h

madg I nto any %%r\?v %# 91»@2 éoﬂ?%yététg exl -rl;}éécat ec}Qgﬁé%rré %gﬁb@g?g%go@%d t he
bi t map ¥ectyreliminatihg theiteppty dawa feona the evutpaat! tlaplep(tbelmowd thabsgtiletomtaimat i ng

the enmpty the output table (the rows that still contain the
def aul t valtﬁ%)de{‘qi‘ﬁg]m"ée)% shows how step 335 is devel oped in such a case,

to wite the m@g%%ﬂ“@ﬁd@ho%éﬁ%Bﬁé@lébél@abéd'lﬁ‘sheﬁa%&éé”ib QTneAFhé)f the

output table. The row pointer j is initialized to zero in step 400, and
t he word WWwerdI\Wawiéd (Xg4) Wherecaprropriate indba delifron €T _ AL of $he Dtm)utl‘h@mblt
WK(j) is 1 _(test 401), the word Wis witten into row | and columm AT of
t he out put 't OéVPQ'Pé?JM@Eytlall“Fﬁé te @gro i $teprd00; and thﬁé\/Qfdr‘p?daﬁiéwde@ (iftit
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Exanpl e 4: vhittesoiméo cew j ehe oouﬂmy ACTr of thiel eutplit Eobmrpdtep aoam.dr e gawrpoiritat t he

attributes requested for di are accident date, client nanme and policy
date. In BSARECONPYLdLQd H‘ "'PH"T M?'é'PeJHE%‘ t’btqqtgﬁﬂ%@@.?n%r@mqmédﬂftnap
of the matehhps ( )

1011000010 On 20 as 6m42£h@ﬁe i ?gﬁ‘r?%e%.“ﬁ\eofac ?rg%g)e(%cé 3éj@flgure 66

shows the ¢&imaxtis test 4Ghe out put tabl e as described hereabove. The
above-nenti oned output table may be too big to be conveniently

15 Example 4:
We consider the query criteria of Example 3 and assume that the

attributes requested for display are accident date, client name and policy date.
In Example 3, discussed with reference to figures 37-38, the bitmap of the
matching data graphs (output in step 246 of figure 41) is Res = 101100001000,
20 as may be checked in figure 8. In this example, figure 66 shows the contents of

the output table as described hereabove.

The above-mentioned output table may be too big to be conveniently
reserved in RAM 103. In real databases, the number of rows in the virtual flat
file is relatively high (e.g. millions) and if there are too many characters in one

25  row of the output table (because there are too many attributes to be included or
because some of them use a relatively high number of characters), the output
table may become prohibitively big. There are several solutions to deal with this
potential problem.

One of them is to write the thesaurus row-ID’s xq, (integers) into the
30 output table instead of the (macro)words AT(xqy,) in step 402 of figure 65.

Once all the relevant thesauruses have been scanned, the non-empty output



reserved in RAM 103. In real databases, the nunber of rows in the virtual
flat file is relatively high (e.g. mllions) and if there are too many
char act eveo br4ome 25 row of the output table (because therer/aBm/oede Many
attributes to be included or because sonme of themuse a relatively high
nunmber of characters), the output tablegoay beconme prohibitively big.
There are several solutions to deal with this potential problem One of
themis to wite the thesaurus rowID s XQA (integers) into the 30 output

tabl e i nst ealeqbwshare(SBISEt0H WO TEFicHE (HEXtribOteS T aRed IdrRfthd kIBYRIrGS rowOnce
all the rel evant thesauruses have been scanned, the non-enpty output WO

02/ 44943 P@/Slé@lfs nggfzes it breaqlth efothe splumns ef thel autputetablesinaehthe
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d t d fr, dex wh
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i nt egelip adqi&swheh sdahfing! tReifisihe8tiRie), it APhRoHISH athéw ada’ﬁéésl%talm ch
has a reduced number of fows where the attribute values or 15 prefixes

AT(xQA), obYtiReramentingaareesintesnTinis add@ss iarretrigviedt fspm thleemden vetm yhe r ows

are consec e h n e c e, Si gni f i

reduced. T#agé{c esfsase éd'tquteg@fi] WE‘ W%nt{f%%);]q?egp S&@ghgy t he
results. FitigesaurG§(eshohist incegrrnaddress dé = vow-IDnitesnaddtpat/tabie stakdein 20
cont ai ni ng in the case of Exanple 4. Figures 69 and 70

show how 3@3@ ‘éh'rﬂgm\;liﬁlsg?éﬁdmn%’!ﬁﬂﬁmd"‘{"ﬁé"’h‘?'ﬁr@ﬁ atyiage Mauemar t he
subsequent gtrysﬁésumgw or 'Er?e?Pﬂ*Fééan?ué’romPB Sk Sar‘éoﬁlrlﬂeﬁo*ﬂegf{eﬁ': ~eftipty

i ndi cat ed the sa eference nunerals are idenfica
rows are consecutive and hence the total number of rows can be significantly

reduced. This compressed output table is eventually read out to dispiay the
results.
Figure 68 shows the contents of such index and output table,
20  containing thesaurus row-ID’s, in the case of Example 4.
Figures 69 and 70 show how step 335 is developed when scanning the
first thesaurus and the subsequent thesaurus(es), respectively. The stéps 400,
401, 403, 404 indicated by the same reference numerals are identical to those
of figure 65. In figure 69, when the bit WX(j) is 1, the counter value m (initialized
25 to 0 in step 320 of figure 51 or 56) is allocated to the index IND(j) for row j (step
410), the thesaurus pointer xq, (or word W = AT(xq,)) is written into rowjand

column AT of the output table (step 411), and the counter value m is
incremented (step 412). When the scanning the first thesaurus is over, m
represents the number of matching data graphs. In figure 70, when the bit
30 WX(j) is 1, the index IND(j) for row j is retrieved as pointer m’ (step 413) and
the thesaurus pointer xqa (or word W) is written into row m’ and column AT of

the output table (step 414).



of figure 65. In figure 69, when the bit WK(j) is 1, the counter value m
(initialized 25 to O in step 320 of figure 51 or 56) is allocated to the

i ndex | N@Qp2d40u3row | (step 410), the thesaurus poi nterpPXdBoioe7920rd W =
AT(xQA)) is witten into row | and colum AT of the output table (step
411), and the counter value mis increggented (step 412). Wen the scanning
the first thesaurus is over, m represents the nunber of matching data
graphs. In figure 70, when the bit 30 WK(j) is 1, the index IND(j) for row

j is retrieved aFhpajutper table (sSegdilyldoieblsed d@ theesamers FatNESUmAA (or
word W is witten_into row nm and colum AT of the outgut table (step

414) . WO o¥hemothe 5@#/ gueny bas PPROUR) BiheORRERBY 200 similar ckaises. Suched
based on tlhgy ? Hfméi%esgél’fgm%d &chi&%ug%u%’é‘ffe}‘ergb% towpﬁﬁg

ORDER BY or si ar c ause sorting operation nay
hi er ar chi caf Iz;»ttnhutd!s r dher emast  signidicphiurattriblte iof thet thiefanttes .is Tﬂil%féf@ﬁty

signi ficant ute in the hierarchy is preferably 5 subjected to t
fi grgst thes §H {escgté’ntﬁ‘farf stibesaus qcﬁnginguﬁse?smwﬁﬂ“ Hguee,5t ﬁé§6tsﬁéha? ihtest

sorting cr f.tsqrgdi’ﬂ'hd\'bhfer% @H’lt%h{o‘?ﬁét!]déll? Y %é’l‘hean%ﬂfbiﬁwb:’tgé dﬂﬂ%LtJWI Chin

output table. The sorting based on emal ning attributes
each porti tableofhe lsertmgx ipaged amkhe tdmalnh'@satd:rmmesn iy dboie svithir eaﬁepprtmnl ous

attri but e( n articular S e when th ms of the
out put tab?%thelgﬁggﬁ '%%%i?:%&oﬂgmpﬂ\ﬁa"'}/% fg%preé/éoqsha “E}ﬁ? )68, because
it only invol ves F bbhitg isPapiiady Sindple MihdtetheP&AlmnRbraft Hithaitape t hat
for certain attributes, in particular nunerical fields, the explicit
attribift e eaniaithaspupes wiRE Xqp, @sdn fighke Babbecquse it ohlyripvolyes sbitirig

table). The output table of the type illustrated in figure 66, 67 or 15 68
need not hHURIS i&s$.urm for such attribute. If the attribute is to be

di splayed or ot hepui s&EXHApLdEd: dbéfbfg Yﬁ%t”?osr a|Rea{tfr‘t§]l5etle§¥ ﬁ p‘;am’éq%‘g )

link table in the rows ~correspon avin
t he non- enpusericatfieldst tee empliquuattriblma @a(desgqubéi@tcﬁé)j inrthé hiek tabled(if

pointers i the outpu bl figure 68 ueries _may al so
reqw re caﬂ@]?d? aong‘ E%’t]%e d‘?—:“ BH %W??Pf)m Pz?a'I"H a@ﬂ 'ﬂl’f@%tﬁ@n ¢°'dat a
recordgs paBlricad qét anéﬁa%qlﬁnw%ﬁa%!ﬁém%utépmtgﬁ%&fr Ufe istéChe aﬁﬂi HL}Je%t | ons
can be perfornmed fromthe data of an out put e type | trated
in figure 66oth@rwise &mloited, its values can be retrieved from the I|nk table in the rows
corresponding to (i.e. having the same row-ID as) the non-empty rows of the
output table (figures 66-67) or the valid pointers in the output table index (figure
68).
20 SQL queries may also require calculations to be made on attribute
values of the matching data records, particularly in data warehousing
applications. Such calculations can be performed from the data of an output

table of the type illustrated in figure 66, 67 or 68.

Example 5:
25 From Example 4, we assume that the (arithmetic) mean value of the

time difference between the accident date and the policy date is requested,
expressed as a number of days. For each non-empty row of the output table,
the program computes the difference, in number of days, between the first and
third column. Those differences are accumulated and the result is divided by

30 the number of non-empty rows (4) to obtain the desired mean value.
In fact, this mean value can be computed with an output table reduced
to only one memory location: when scanning the accident date thesaurus, the



Exanpl e 5: 25 From Exanple 4, we assune that the (arithnetic) nean val ue of
the tinme difference between the accident date and the policy date is
request edyo omxpnessed as a nunber of days. For each non- eprpryBmoersef the
output table, the program conputes the difference, in nunber of days,
between the first and third colum. Thg$e differences are accunul ated and
the result is divided by 30 the nunber of non-enpty rows (4) to obtain the
desired nean value. In fact, this nean value can be conputed with an out put

tabl e reducstlibute valleyeXxpiessaTas ¥ hafBel 6NdayRBrsaaHIb ey Rifersfdedesy date
t hesaurus, the WO 02/44943 PCT/ 1B01/ 02792 -81 attribute val ue expressed as
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merory | ocdbé omenfory Hecatihuoédheutputed ahitput tdide, themenwB6emEtaRgirgh thed
policy date thesaurus, the ahtritr%gte val ue expressed as a nunper of days
from the é’Qﬁt’ﬁy %Hé@ﬁ?é"‘é%ﬁ P Stlhduts yelueXpyesIRd AuRRYMBEr Abdayefremi t s
In WKIN - SheRaAid réRfbriutbian s RbfdIRE NG i AbfBer 3P nchlAdb! dits B in

d by t u It map

resulting V is divide e nunber of” non-zero bits in the res

Res to prowter 3Bhandesibteagtedfram Van step 385;Hnally ethe resuttingpuis divided by
conputatio ing _nmore than one nory lagcation is often useful in
RAM 103 fo?h% ﬁﬂ{rﬁg%r?& Sgn'czﬁr%&'tét o€, rqstrfl’ﬁ B’%?P%?%#Oimozf'&@e ewHesIEEY he
desired quanéan yalug. not linear with respect to the attribute values (e.g.
I f the quadratic or geonetric, rather than arithnetic, mean value is

requested in Exanple 5). 15 A conputation table is a particular case of
out put 19 abl e, andiGWeVfis an Qitpulctalir eompriatign tablenhavieg mmereothautoneabl e

o o0 PR atih, BNGRBoRR mBAM BERIHl shof palighsn ' ©
associ at ed pairtidulamin cates wherd treabesiced habntity isirgtriee@B with respeyt & s have
mermor y | 0cAVBHE HAHRS d6iuihinG R PE CAHIRGITEBiF. FRBEE 12 M longoRaN ng
o o1y RSB Bk 88 20 8L 0L 10 D T DD, e
nmost c#ses one cd campwtdtionbtableifs acpanticular case of output table, and it has a
structure similar to that of the output table described hereabove. It may have as
many rows as in the virtual flat file (as the output tables of figures 66-67).
Alternatively, it may be associated with an index identical to that of figure 68. It
may also have only one row, as in the above example of the output table
20 having one memory location. Each column of the computation table is for
containing values of an operand used in the calculation to be made. Depending
on the complexity of the calculation, one or more columns may be needed, but
in most cases one column will be sufficient.
The attribute whose values are involved in the calculation have their
25 thesauruses scanned successively, as described with reference to figure 51 or
56. Step 335 may be developed as shown in figure 71 in the casé of a
computation table CT having a single column and as many rows as in the
virtual flat file (when there is an index, it can be handled as in figures 69-70). In
figure 71, steps 400, 401, 403 and 404 are identical to those of figure 65. When
30 the bit WX(j) is 1 in step 401, the contents CT(j) of the computation table in row
j is allocated to the operand Y in step 416, and then a function f of the operand

Y and of the current (macro)word W = AT(xqp) is calculated and saved as the
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FLAT FI LE Rathte) ﬁk@)&bh@l&statlbmaefmarm adtlliariaﬂ cafdutationdy ant ageous tO
it flat file into several portions or block

tit th
Bonsi sting of a dBEdAFTMSTHE A AcYpNaRRsS THEGR ighng Splsuiatan but ed
into the blQclgash %CQ%CQWE'IB ?@éﬁ fthz?(réﬁora@d(syj fHe Hdl\ﬁ "‘(ivb%sséf at

Pref erably, each esauru I nto correspondi esa
secti ofs, \Mast@lny @abelaﬁsbuteenn‘#mgedant ri es whose fI at f| I e rovv-I D lists are

included in the corresponding virtual flat file block. The conplete flat
file rowlD VIRTUAL FLAT FILE PARTITIONING

For large systems, it is often advantageous to partition the virtual flat
file into several portions or blocks each consisting of a determined number of
rows. The data graphs are distributed into the blocks based on their identifiers

20  (flat file row-ID’s).

Preferably, each thesaurus is divided into corresponding thesaurus
sections, whereby each section has entries whose flat file row-ID lists are
included in the corresponding virtual flat file block. The complete flat file row-1D
list associated with one word assigned to an attribute is the union of the lists

25 represented in the entries of the corresponding thesaurus sections for that
word. Accordingly the complete flat file row-ID lists of the thesaurus entries are
subjected to the same partitioning as the virtual flat file: they are split into sub-
lists corresponding to the thesaurus sections.

The thesaurus index file for an attribute may be common to all the

30 sections. A separate index file may also be provided for each section.

For each one of the blocks, steps 191-193 of the processing of a SQL

query (figure 36) are performed as described hereabove with reference to



i st associated with one word assigned to an attribute is the union of the
lists 25 represented in the entries of the correspondi ng thesaurus sections
for that wowr/do4Accordingly the conplete flat file row | DpCT/sBE/00TI2t he
thesaurus entries are subjected to the sane partitioning as the virtual
flat file: they are split into sub- |isg83-corresponding to the thesaurus
sections. The thesaurus index file for an attribute nay be conmon to al

the 30 sections. A separate index file may al so be provided for each

section. FdiguescB8-areToe rebetdthaskbiainte pse hitrgdd3o afspidethier eepspsarg of a
SQL query (figure 36) are performed as descri bed hereabove with reference
to WO 02/ 44943 PCTRIBOELSSING of thesguenyguitha sespgcy 1o themdiffegent) bleckshmay &1t ai ned

are nerged dleO?lﬂn-%P:cs%UEhﬁ%l’%%@@rb%z?" | The processing of the query with

respect to the different e performed sequentially or in
parallel. In a sdouerdeqaientialopessissing, M eaailatiityi for dptimappraedssing
processing 5 speed cap be effectively controlled. Even though the cost of
RAM of reui S09FS Cﬁ&?be ellectiy ¥ ortRledqEven thepgthe ¢ostof|RAYM dicyis isBehi ne
has a cert gi,RreRfP Wan i i | 1 bSeadBaift drhgl jon to
reserve RAM spa([:lg forS m;eﬁ%@\tgb%%gbg%ﬁ%q @%ﬁgﬁ%‘%ﬂf} Qgpé%gn%%r?aa{ iéodrqlgﬂf'g%wes.
Wien t he | iavatlakledRAMs capaeityyand thisds enbmitatien ¢ repenvei RAMispgce ier ther t ual

flat file djrect r.educes the size pof. tho t abl es. U i.n figures 65
b 60, 79) SoREEekhERY Stnl G B FuBliph BBBs Ineidng TeiEsonus keBI T ne

i nvention pai édcolintdratiepbhitioiihgi the virtudl TR filet dirdctlyTebllBe O HRCKZ8 Iof thosEne
virtual flat file blocks are dinensioned based on the selected size

par anel@r, tafias (iraxbriicspeRaiang 69-Résaur us sections are constructed one
section after t h%c%tb%%@ftﬂé"%& B 20 Mt har jn?aéhgri? &%%%ﬁrgf@%sthﬁgﬁyé@tz 126 of

figure 19. Such dinensi ng of the query proce Yo use

opti mal al gull didiate the etdice bhgmax vihat & theobldtk gideh T HaegittubPfISVWEE blocks
i nt er medi arﬁ dat a between RAM 103 and hard drive 105. A further _
accel er at i G€ CUMERFIPRGE HagRd PpheAalested sFeRARMEPs anskine correspeadiiger y

P o | oo ol SRR R G BRI P ol Al vifl |
engi ne1d s referenge @t stdps 224 A6 of fiuirei19. t he particul ar case where all
bl ocks have the Hh dimensioning of the query processing engine enables to use
optimal algorithms at all stages while avoiding the need to swap intermediary
data between RAM 103 and hard drive 105.

A further acceleration is achieved when parallel processing is used.

20 The query processing is distributed between several processors, one for each
virtual fiat file block.

A possible architecture of the parallel query processing engine is
iflustrated in figure 72, in the particular case where all blocks have the same
size jmax. A number M of matching units 700 are connected to a query server

25 701 through a communication network 702. Each matching unit 700 may be a
processor system of the type shown in figure 18. It has a storage device 703
such as a hard drive for storing the thesaurus sections associated with the
block. If a link table of the type shown in figure 9 is used, it is partitioned into
blocks in the same manner as the virtual flat file, and each block is stored in the

30 corresponding matching unit. The server 701 provides the man-machine
interface. It translates the query criteria of the SQL WHERE clause into trees of
the type shown in figure 37, which are provided to the M matching units 700

along with a description of the desired output. Each of the units 700 does its



size jmax. A nunber M of matching units 700 are connected to a query server
25 701 through a conmuni cation network 702. Each matching unit 700 nay be a
processow@ymisoms of the type shown in figure 18. It has aper/mBE@e7sdevi ce
703 such as a hard drive for storing the thesaurus sections associ ated
with the block. If alink table of theggype shown in figure 9 is used, it
is partitioned into blocks in the sane manner as the virtual flat file,
and each block is stored in the 30 correspondi ng matching unit. The server

701 provi demart bbthesjobremcbidieg to stepst tle 198 tof figars Betael idhernguRrresponder i a
of the SQL V\HtFRE cIau;Sréiﬁ‘o trees of the type shown in figure 37, which
are provi dd8 1§ s§7%eiw Bt LRe dattemrerapiie theyresigtswirem thegdifleren: matching t he

desired out . i e ifS ' 0 4 702792
U84 part o\ 0480 P oustel eSaBneRaD. sk uph  F SIS BRI (e s
response tanalysis obstepr1 g0 eachmeatchingarnit J0PiUses itshthesasuistsectionsn t he

different matchi units t rovide the overall response to the user. In
order t performr}%}?énagé‘f?}"yg?‘g Behes Phithe augey Griedd ¢Rplanbe exaruleds its

thesaurus se@tlafiPsby Thél éeﬂﬁléﬁtfo"‘lebzn{eléﬁsaaﬁg‘{ I ﬁfeshnﬁjs%'éeréégﬁr bldBal 2
could be executed <centrally by the server 7 y neans of gl obal
t hesaur usedhesaigns dreibgicommes daralk thee{macoy)wonts odahaving eV (colemad vior ds

and havi ng for ont ai-ni n ginters to.identifje up-lists, in
the st or SoutahirEaPeb s 7 gt bRt g MibseieoR blseroF oAt the it

poi nters arcf theldnansiristage! the reRivaint BBintYst sre airé§bd & tHdhRhtchii@aHid on of
steps 192-193. An update server 704, which nay be the sane machine as the

query 1Ser V&0 fapiheif exegulionof strra 892183t he network 702 to create and
intain th VI fl h if c 1t i th
Changes made i n (o Setdet 204 Fn{erL B vt S5 rieonTRE S 368 ufBtiar o

commands t senver 701 tis d160 cobhettedotodttie hotwarke7(0zh e RESHS SEIY nediftageshdé N t he
t hesaur us jons.. The aboye- de i pbed parallel systemis readily extended
when t he m&rezqt'r@aﬁoatﬁﬁr %@f?nﬁébﬁﬁés" AIYYOrs $hq fhangss eadedathendata m x

j max in theaplekldfthé Ho®) ' 4G ' | e a
further mat_?:hi ng unit tomsgé%(? Ir(\S/h\,iﬂté tli&%]aeuv(/ugi 9&%‘5%@?3#%%?@%%&@”7 ose
si ze mhY bén préerdarmaks ther neessafy ehangesfindhe thessures seatons. ocks, and a

econtt Qur et o0 el BBol @Y bR AL bt RS RY STRC R
previously reimisdr STHaR PAPHIAEYMEs cIb88H6 % Burrent maximum (M x jmax in the
illustration of figure 72). This requires the addition of a further matching unit to
deal with a new virtual flat file block, whose size may be the same as or
20  different from the previous blocks, and a reconfiguration of the routing and
result compilation functions in the servers 701, 704. The reconfiguration is
completely transparent to the previously existing matching units. Therefore,
increasing the system capacity can be done at a minimum cost. It does not

even require to shut down the system.



i ncreasing the systemcapacity can be done at a mninmumcost. It does not
even require to shut down the system WD 02/44943 PCT/ 1B01/ 02792 -85
CLAIMS WwoA/meshod of organizing information in a dat abaBer/smatoersye wher ei n
a group of attributes is defined and words of a collection of data are
assigned to said attributes, wherein tig group of attributes is divided
into a plurality of sub 5 groups each associated with a respective data
tabl e, each data table having a colum for each attribute of the

associ ated sub-group and rows for containing data table records conprising
at | east one word assigned to an attCilbb&EM® the associated sub-group,
wherein |inks are defi ned between the data tables records, each link
having a target table apnd a corres ond our.ce e 10 having a link

col umm cont &i ni ng | {'R® u%fsorgae'ﬁ odﬁﬁi'f)ﬂdné é%@b?ﬁeéb’sgeé“dg herginyat
table, merﬁh)ﬂ;ﬁ@ﬁé‘ttﬁﬁuté@'léjdéﬁﬁé‘d éﬁb%ﬁﬁdé%?raeécﬂl&ﬁoﬁdf' a%?é%ggépgﬂg? he

record of the source table including said |ink value and the re
target tabPeldilibytes, e@afylrsmedgnoupkofmlrlb@;ea isedividerddta erphuriatitynof sute

st eps of C n eldentlfle t.o _dat a erei n_each
data gr aph g%gjpg %%é@sg#tm?$§§ g’Haa[?f‘P?cﬁWFe LG F@gﬁé%??%m%ér?%ﬁed to
the attri butelsmroforssrich gttribile ofes QisBodiatdy adi- Pr&jﬂ andalows o c@nﬁh'#ﬁlﬁggr aph
is either a default value or a word of said collection of data, and

wher ei n t hed@§r @ble rcosds Roapriaingr afpRast eng word laspigagddatan tatatbb@ter@‘dbeds -
|
storing a pé (?(!létgbﬂ g%%y?&\ﬁlj%t Wﬁ%@ UL raﬁép(?é:f e b\ét\ﬁégﬁ); h%lt ggg t%ﬁl&g ‘o

attributes sa| erern or eac assi gne
an attribut Eeaomds heaaﬂollllnkcha\ungod tafed, tablee awdr @ ¢dressponding souedeataslew t h

said attribute has ct|v entr ta|n|n aid word; and - storing
data reft esBAYNESF H'Slf Fon ngl%érVq et eap s‘fﬁ?&ﬂqq}ggya rgeQrecpfas@id with

the word th@gémm@%é Sh& ef @af&‘aﬁnlg%ﬂle@r%&ges@rﬁs 4Rk dﬁét%eh'tﬁé

associated w a thesau entry relating t rd assi gne
attribute iresoidie tfmyourd:ertabta iecludirigosaid dinktwalae datdhgrrapard bfathientgrasti d
cordi |laim1l, wherein

vord 255! SR BeSHhsR Y iR AL S RO SERRe G2 Sbg Aoy ey
group are sortedalRRaifg8spéttive IMemlels taatDgrbHsO widir€indddH 84taSgraph
15 represents related attribute values respectively assigned to the attributes
of said group, wherein each attribute value of a data graph is either a
default value or a word of said collection of data, and wherein the words
of each data graph are from linked data table records;
- storing a plurality of word thesauruses respectively associated with
20 attributes of said group, wherein for each word assigned at least once to
an attribute in the collection of data, the word thesaurus associated with
said attribute has a respective entry containing said word; and
- storing data representing data graph identifier lists respectively
associated with the word thesaurus entries, wherein the data graph
25 identifier list associated with a thesaurus entry relating to a word
assigned to an attribute includes any identifier allocated to a data graph
having said word assigned to said attribute.

2. A method according to claim 1, wherein the entries of each word
thesaurus associated with an attribute of said group are sorted based on the
30 words assigned to said attribute.



WO 02/ 44943 PCT/ 1B01/ 02792 -86 3. A nethod according to claim1l1 or 2,
further conprising the step of storing a link table having a plurality of
rows respe@ivr/¥mhy associated with the data graphs and a ptoamdiiozyp20f
colums respectively associated with the attribute sub-groups, wherein
each row of the link table contains, in ggch one of the 5 colums, either a
val ue indicating that each attribute value represented in the data graph
associated with said row and assigned to an attri bute of the sub- group

associ ated @i th sai 4 wethaf abdﬁtﬂdﬁ%‘ WBRirh St ar deffathér YempRisiply el dtak ofal ue
for retrieving at |east one stored word of the collection of "data

r epr esent edSiahingt & dink dableghaying 4 plcality rWhr%aediveiwa@?aciﬁm witbdheo an
ib -~ kO ' YL ' . 4.
A ot hod acaiteptS antis BLLARy B SOGCRelfebll 7 s attetwil fr BTG

wher ei n eachubignbupsy| wiereimieaichadw of tihe linkltabie 6bntalies, lihdadhabhé of the
associated with an tribute sub- rouF conprises data for identifying a row

of the Yat OHIBIS: gbéi vAlee nfieating hat aaghgaiyifyite Malee represemied indber di ng
toclaim s htalgrafheaeididtes it Sal?Rive didcaigne S an BRrRLUINASGRE! at ed
with a sub-group consisting of one attribute, ®ac I'T nkval'ue  contained in
sai d col umgmsipngssooiaied witssajdemet of thaiadlwnes & ardefatievalue driwlimioValast i on
of data. 6. hod accordi ng to claim3, wherein.the_|link table has at

| east 20 oﬁ@ %ﬁf%‘?}q QEE‘%?&?QP dstwchwg.rg&g_tgﬁa&g eelinmy pggppﬁgrqgre%@ted In
attribute, ﬂ\%cdjbtblg?gﬂh\é%‘sé@amﬁ‘h BERH oy 87d As§ighEdto %ﬁlé‘t&ib@téefn{;eéug-o an
entry of the word thesaurus associated wth sai'd one attribute. 7.

met hod HtcodfuR@ssocigigd with ssfid ppe ofthe edlumpsc! ai ns, wherein each word

t hesaurus associated with an attribute of the group to which the

25
default val ye is asgi [ . t e, of hs further has an
entry for tﬁ'e def auﬂfﬂ%%&ébo@\)}%b@ﬁé C(')éry(i1 %‘f Wgépﬁn ggiidé{ag%ﬁ?qsd@rﬁ %’}Pr"e‘f
lists is assdcwherdnweach slinkd viahes asontsinedt iny ther colamriedfatig Ikl ggbland
i ncl udes an% id‘%ntif.h‘er allgcated to a data graph having said default
val ue assi gfietPq ed i g 3triile SUbWHOR/CoMRIBESCHAteEOL identiving -3 708 of A
met hod accofd diftaltable! RlsBlibtedWth¥afl sids:ghd§p of al | ocating

15 5. A method according to claim 3 or 4, wherein the link table has at
least one column associated with a sub-group consisting of one attribute, each
link value contained in said column being a word assigned to said one attribute
in the collection of data.

6. A method according to claim 3, wherein the link table has at least

20 one column associated with a sub-group consisting of one attribute, each link
value contained in said column being a pointer to an entry of the word
thesaurus associated with said one attribute.

7. A method according to any one of the preceding claims, wherein
each word thesaurus associated with an attribute of the group to which the

25  default value is assigned in at least one of the data graphs further has an entry
for the default value, whereby one of said data graph identifier lists is
associated with said thesaurus entry for the default value and includes any
identifier allocated to a data graph having said default value assigned to said
attribute.



identifiers to the data graphs conprises: - for any target table record
which is not designated in the link colum of the correspondi ng source
tabl e, ims@nri4egs a dunmy record in an 5 additional row oPCwaB/03Ar Ce
table, having a link value designating said target table rowin the link
colum and a default value in each attriggute colum, such insertion of
dummy records being repeated until any record of any target table is
designated in the Iink colum of the corresponding source table; 10 -

initializirg the dad ameeyEaRobidiey dat alaghaph wiisrelr fther stebSbs, alfoRating
represent enpty lists; and - RFOCGSSJng the records of at |east one root
tabl e whi cHdeRrtifiess te e datag@raphs 8BMPrises: any |ink, the processing of each

root table recor L S RO~ t Ie

Consi sting of o aprEATRelEt Mbie-rsEORPMOIT s T U aRAGh N U AR BB of g o
correspondi ng rtheocdaesponding osbercedaatslel ahberinguecefmhivg! Yeetrtieinr agd on
the basis of the I@ﬂrﬁagnts of the link colums in said records; -

al | ocat Png an av%ﬂ_ PWeRt§3id sputes tahigy '?Pé’c'%g gr lipnvalyn fesignating said
attribute, seleqbiqid thbR W Vi |iﬁﬂ1€o@ﬁﬁ?§hgt§@emltdva|§9 ug'é%%ﬁgét ute

relating to the value assigned to said attribute In sal ata graph and
updat i ng the datcolumpr extisht insgrtidre od ademgryapacorddebeinigi eepéated astioangt ed

with the selecte ngry to add th i dentifier, allocated to said data graph

to said |ist. 9.%385{%%03"%38@%%5'? dscé%?'gr?%t,e%\/\ﬂbﬁgﬁnﬁ'i‘méw&”ﬁ%@ itﬁ@ of

each root 25 t alrRegpending Solredeableonpri ses: - generating a row in a link

table having a plurality of columns respectivel é associated with the data
il

t abl es,10wher ein iBéiRtizing\the sfata Heprasektingisiata gsaphiidentifien listss Hooepresent
associated with én @aﬂs?s't | e, either a value indicating that the data
graph has 30 been RINST f%d froma dummy record with respect to said

data tabl e or -a prooéssiag tiee desirgsaffiatdedstrong rdotabke Wailch isaidten¥@aft44943
PCT/ 1B01/ 02792 -88 where the attribute values represented in the data
graph are st or dgble forany link, the processing of each root table record comprising:
- constructing a respective data graph consisting of related
15 attribute values of said root table record and of corresponding
records of the other data tables successively determined on the
basis of the contents of the link columns in said records;
- allocating an available identifier to said data graph; and
- for each attribute, selecting the entry of the associated word
20 thesaurus relating to the value assigned to said attribute in said
data graph and updating the data representing the data graph
identifier list associated with the selected entry to add the

identifier allocated to said data graph to said list.

9. A method according to claim 8, wherein the processing of each root
25 table record further comprises:
- generating a row in a link table having a plurality of columns
respectively associated with the data tables, wherein said row
of the link table contains, in each column associated with a
data table, either a value indicating that the data graph has
30 been constructed from a dummy record with respect to said

data table or a link value designating a row of said data table



said link table being used for retrieving fromthe data tables words of the
collection of data represented in the data graphs. 5 10. A nethod according
to cl ai mveQ of/wdther conprising the step of deleting the BomBoiemerds from
the data tables. 11. A nmethod according to claim9 or 10, further
conprising the step of deleting the IiL@ggcolums fromthe data tables. 12.
A net hod according to any one of the preceding clainms, further 10
conprising the step of storing at | east one macroword thesaurus associ ated

with an attribute of saiiterer epatitlitelvdlugs Pegldssntern i e ldatd graphane a
word length of said attribute, having a respective entry for each prefix

val ue having said prefﬁtﬂrqdength and matching a correspondi ng prefix of at

| east one 4 -aSsl : St~.0 : ' tr ' callLection
of dat a, s;%@éﬁrﬁd%%%@ hdesggatorro%ﬁ%\;'ﬁglzﬁ:%rﬂrﬁfse glg%ggg!sego%{;gseg# vtvlﬁ h a
dat a graph ¢allentiori bEdata represemtédiihi thg detalyraptesiti fier allocated to a data
graph having, assigned to said attribute, a word whose correspondi ng

prefix tches said, prefix, val ue, 13. met ho cording.to claim12,
wher ei n%gt ﬂgast o_r{'é ’é?teiffqdmﬁc&o?%%g 40 aal'ﬂ‘api ?fyﬂépr [P IRG hgwstep of
t hesaur usesjeleGmPHAdGAMY fdtofld EMaAE dat&tdbles 20 | engths. 14. A net hod
according to claim 12 or 13, wherein the entries of each macroword

thesaurus associated with an attribute are sorted based on the prefix
val ues, andl'the enthiregthed acserding do chimadons! Gasedbencemprising theistep of

A et hod s T ICoainfE AP b BBRIC one attribute has o

stored macroword thesauruses associated with respective prefix |engths

shorter that.a wor dAlmstiicd atcerdiny & tariypohe, oQtheiprgcedingselhinvg fuitheger
each of said ,macrﬁword t hesauruses having a thesaurus |evel paraneter q
such t H&t CP'QB'%\"Q:_t QSt?ﬂé) pHEfng atéﬁﬁtho'ﬁ)%irﬂﬁcré?“ﬂ%@rt88§?lﬂfg'sf@.ﬁﬁ§lcl&§ﬁd of
the | evel i t Sftri 0 4 4027 o Gy us
associ at ednelviﬂ?h%sgftﬁwa?tet §{ %éit%e&hdgjﬁ élf:]r@a He)\%’e??egg(r %%g?ﬂershgaﬂeg@%%\ %er ern
each macr oviengtht dlesaid rattrithiei mayirg laerespeptiven eatrg fog each prefionakienisaving each

entry provided for | evel refix val ue, data designafi the entry of

the level ¢4 t%g{éﬁi?r@ﬁvﬂﬁcgHP%SP'Pgsicﬁ%rseSPBngﬁg P@Xg‘s?} af]??ﬁ%r%& WOl oy el
q- 1 nacr owcigdigiied/at fbashopee a8/ Ii$ RAABURIIMRS bylldliophssdsRl dalruflry of
15 the macroword thesaurus being associated with a data graph identifier list
including each identifier allocated to a data graph having, assigned to said

attribute, a word whose corresponding prefix matches said prefix value.

13. A method according to claim 12, wherein at least one attribute has a
plurality of stored macroword thesauruses, associated with different prefix
20 lengths.

14. A method according to claim 12 or 13, wherein the entries of each
macroword thesaurus associated with an attribute are sorted based on the
prefix values, and the entries of the word thesaurus associated with said
attribute are sorted based on the words assigned to said attribute.

25 15. A method according to claim 14, wherein at least one attribute has Q
stored macroword thesauruses associated with respective prefix lengths
shorter than a word length of said attribute, Q being a positive integer, each of
said Q macroword thesauruses having a thesaurus level parameter q such that

1<q<Q, the prefix length being a decreasing function of the level parameter



prefix value. 16. A nethod according to any one of the preceding clains,
wherein at | east one thesaurus entry conprises data for pointing to at

| east onavoempmy3d regi on where coding data representing ther/datiazyraph
identifier list associated 10 with said entry are stored. 17. A nethod
according to claim 16, wherein said nea@oy- region conprises a file
individually allocated to said thesaurus entry. 18. A nethod according to
claim17, wherein said data for pointing to at |east one nenory region

conpri se thgp thetwoluthesealuscadsuciatedokits shidl attdisater hvind = RVl paidineter
provided, said attribute val ue bei n(% gart of a respective file nanme used
for accessithg ®kaWherain cagh &ragreword tsasauruseBavingsaelevel patameerngthbd

according t Al i j regien onpri.ses a rti,on of a
ot e contai s i cactt Gty BRoREed oS Riykl 6 el vafl B RIAsS SR BrBRhG heo
field, saicentoy bf tire heiedf-detrigdedras whidre eBfrdspoidd th the abWedO of Kighest
contai ner, the chai ns bei r(;gwdefl ned by neans of the next address fields,

and wheei €%l & luaagrowerdyen werdhyhose gornespendipgeprafixongtchesisaid levedi se a
respecti veﬁgﬁ%ggﬁjeof a first record of a chain in said data container. 20.
A nethod according to claim19, further conprising the step of grouping
the records stored in the data container so that the records of each 25
chai n have tnti gudusnettidd exserding 1o aAyrmtehofittec podiditg thairs awhedsin @t 20,
wherein sai d data contai ner hr; i ndi.vid al located to a thesaurus. 22.

. ||
A net hod adEBrid?y AL ANYY GmBises frRIrSOR POINNG G at [esst sngenemory
shared by &e ldﬁrthFé/c@cﬂinb%‘ifﬁlig %@nti?{%)t@@/dﬁflagéaﬂﬁpﬂéﬁﬂ%fe ﬁth%gsocTa?Qd 23. A

met hod according to any one o ai ns to 22, erein t saur us
associ dtled With Raigrerdey aretsioeedof sai d group has an index register where the
t hesaurus entries are sorted based on the words assigned to said

attribute, ch entg y.i j d .jadex f L Nt | Q. a row of an
auxi liary Sﬁta'labl e, én@b&}ﬁgﬁgcﬁgre@%ﬁoow%ﬂ ﬁﬁeq&lng%"?aé%}gt é’l?lnéorgomgé?'ﬁs an
address i n admepristst afiledntizidually elloeatedits tsaicethesdunlis entejai n. 24. A net hod
according to any one of clainms 19 to 23, wherein said data for pointing to

at | east Offg Memor yA que%é’é‘ a%ggptfirgés ?o %Iafrﬁ%pf%rilevrginaggaedsasta%r Sointing to at
least one memory region comprise the attribute value for which said thesaurus
15 entry is provided, said attribute value being part of a respective file name used

for accessing each file allocated to said thesaurus entry.

19. A method according to claim 16, wherein said memory region
comprises a portion of a data container having a plurality of records each
having a next address field, said portion being defined as a record chain in said

20 data container, the chains being defined by means of the next address fields,
and wherein said data for pointing to at least one memory region comprise a
respective address of a first record of a chain in said data container.

20. A method according to claim 19, further comprising the step of
grouping the records stored in the data container so that the records of each
25 chain have contiguous addresses.

21. A method according to claim 19 or 20, wherein said data container is
individually allocated to a thesaurus.

22. A method according to claim 19 or 20, wherein said data container is
shared by a plurality of thesauruses.



| ast record of a chain in said data container. 10 25. A nethod according to
any one of clains 16 to 24, wherein said coding data representing a data
graph i demoof/iu3 | i st conprises integers respectively eqeal/goa/oete
identifiers of said list. 26. A nmethod according to any one of the
preceding clains, wherein a plurality -d®0formats are provided for
representing the data graph identifier lists, 15 and wherein each

t hesaurus entry contains an indication of the format used for representing
t he data gréph i denhimethod ascorairap o sargd onbeofevlairns ¥ to 22rewvherkimaher di ng

to any one of the preceding clains, er ei sgid data representing data
graphyi dentﬁ‘FﬁéPfﬂﬁpé‘F?% rwgg,a'f‘cﬁtr Ut?éﬁﬁa'an%rouphsg%t rhé”‘if?ﬁ rS9ist€hdi ng

data obt ai ngHeky tie GRiatus IR HRYESted bB4EE &HS the wildS AdERGebAYeESd 1
bei ng a nunber at |east equal to 1, each layer having a predeterm ne

pattern foralyitutgi egchaentiyidrcladingrd wyrd indeyefios pointiag toreomw lof sin adxilissgi d

| ayer into e Ld identifier. list being.the input |ist of the first
| ayer fg% ts%g’lp% %'ﬁ%@%kﬂg 5y (PW \?Aﬁé?%i%xﬁ'gfy %Rle|cgyg$n§,me?dqrﬁ§ﬁ 'f‘ﬁ@el ast
| ayer, an iddtagntaihesdf 4 Gt ee6sHidia élwnposition, in the pattern of said

| ayer, of each subset 25 containing at |east one integer of the input |ist
forms the ipput list for the next |ayer, and wherein said coding data

conprise, 6t each f&yNodagcarting .88y oned Mlaims 1taa23. whereinaaidi datager

of the inpufyrldohiti - ' : ! I, nt t he
Cnput 11 ot or FioTing 88 8 1GBRY 6R€ SRR ity SRl oM YRS GLe

| ayer, dat aastaoesédnf achatrhie said dateoconthineai d subset in the pattern of said
30 layer. WO 02/44943 PCT/1B01/02792 -91 28. A nethod according to claim

27, wheyei he codjn ata are stored in a plurality of .files including
files _r@spg%’%'i vel y |’ﬁ‘a@‘&deac‘i%dmaﬁ%&ws%%P?ifi%'ms ié.t_oAzﬁel"Eﬁée'Hp%gdi ng
to clai m 27cading8dataheepiciehtify Caddath dghphaldentifibOr R b@rngrigéé”??ﬁégtéfso‘c
files including at |east one file allocated to a respective 5 thesaurus,

for cont ai mesgeetiely. savaldodae ideniifigrs absaid lishe entries of said thesaurus.
30. A nethod according to any one of clains 27 to 29, wherein the coding

data are stgged in t g t . Iy 1 f .

thesaurusesé;)é' for c%trw%@g?nag&?ﬁdelﬁgotgi%y §§1€§?S%%g%r?%egd'ﬁéacﬁ{é%e&wﬁrgg Bt

sai d pl ur al plusality of idynidtesseipusdded for representing the data graph identifier lists,
15 and wherein each thesaurus entry contains an indication of the format used for

representing the data graph identifier list associated therewith.

27. A method according to any one of the preceding claims, wherein
said data representing data graph identifier lists comprise, for at least one
thesaurus entry, coding data obtained by a coding scheme having n successive
20 coding layers, n being a number at least equal to 1, each layer having a
predetermined pattern for dividing a range covering integers of an input list of
said layer into subsets, said identifier list being the input list of the first layer for
said thesaurus entry, wherein for any layer other than the last layer, an integer
list representing the position, in the pattern of said layer, of each subset
25 containing at least one integer of the input list forms the input list for the next
layer, and wherein said coding data comprise, for each layer and each subset
containing at least one integer of the input list, data representing the position of
each integer of the input list within said subset and, at least if said layer is the
last layer, data representing the position of said subset in the pattern of said
30 layer.



31. A nethod according to any one of clains 27 to 30, wherein the pattern
of each layer is such that the integer subsets are consecutive intervals
consi sti mgoot/4me same nunber of integers. 32. A nethod aecDIgliieg7920 cl aim
31, wherein said nunber of integers is 15 a whole power of 2 for each

| ayer. 33. A nethod according to any onegpf clains 27 to 32, wherein the
data representing the position of each integer of the input list of each

| ayer within a subset consist of a bitmap segnent in which each bit is

associ ated 28th a Aenphodi agtordihgyeiclaiin 2hewssresethd Bodifgidad aralesrbar
said integer belongs to the 20 input list of said |ayer. 34. A nethod
accordi ng t'§ &R f%'ﬂ)é 06?"9@@P'Hﬁmgfll%r@@,e%@lvallﬁcem togbesauryn eptriesach
subset in the layer n pattern is represented by an integer rank which is

i ncl uded i nog he cod; InPdi hatd i " S i t he
posi tion ofz?'he [ ntég@?gﬁgﬁaﬁdﬁgdlﬁﬁggtcdlﬂﬁs??o% ?%yéﬁaﬁ%&ﬁﬁﬁ&égi@éuﬁget.
25 35. A nestheetl dtemldiality obfilesyindodingf atcleashena7ile @lld8atedher @ irespdutive

iti f t.in the patt f. h, | n t ed
Poteger > raBsaHEn fos eHifEy PR ehungotrie, THERSr & Be: aMisper! 40

associ at i ontheshtirdshe data representing the position of the integers of the
input list of said |layer within said subset. WD 02/44943 PCT/ 1B01/ 02792
-92 36. A hod according to any one of clainms 27 to 35, wherein n >_ 2
and |ayer R0data cAnhethad acerginhiviany anpl o glaimg 2F tep 2% r wheegie the

provided i ”c@din%%%éﬁar s@?é@fr%’%tggémstg?]ne;filfﬁ aﬁcgkeoeﬁcg Llﬁgﬁ}g%g%%%,d(g@%%’i X

data contai ner belng assocla ayer I nte ng
t he positi dior ofordamirigs ehei nodinghdalaayelatikg pit ttiee nentdied vheyaid rplesdlity rgfcor d
of a layer k data container associated wth a |layer k rank representing
the posi®i oHESAUNSEShset in the |ayer k pattern has a first field for
containing data for retrieving the position within said subset of any

nteger of 31 ayer K ahdd bS] ¥ 'dHy biie Solaing BPlto SEMEIGH 1mbi St

wher eby a conbi nation of said |ayer any position retrie le 1
from t he dapatterorafaatbdayer isssuthf thet the indégerdsubsets aes canseguivekintervalak

w th which A ective record of the |ayer k-1 data container is

associ at ed ?qan%s‘?@%l& th%&aghe nV@Qﬁf P# 'ing?g% "said data graph identifier |ist
if k =1. 37. A nethod according to claim 36, wherein, for 1 s k _<n, said
dat a 32. A method according to claim 31, wherein said number of integers is

15 a whole power of 2 for each layer.

33. A method according to any one of claims 27 to 32, wherein the data

representing the position of each integer of the input list of each layer within a

subset consist of a bitmap segment in which each bit is associated with a

respective integer of the subset to indicate whether said integer belongs to the
20 input list of said layer.

34. A method according to any one of claims 27 to 33, wherein the
position of each subset in the layer n pattern is represented by an integer rank
which is included in the coding data, in association with the data repreéenting
the position of the integers of the input list of layer n within said subset.

25 35. A method according to any one of claims 27 to 33, wherein the
position of a subset in the pattern of each layer is represented by an integer
rank which is included in the coding data for said layer, in association with the
data representing the position of the integers of the input list of said layer within
said subset.



contained in the first field of a record of the |ayer k data container for
retrieving 15 the position of any integer of a layer k input list within a
subset cov@o2/e®4m bitmap segnment in which each bit is asspci/agma®dmwet h a
respective integer of said subset to indicate whether said integer bel ongs
to said layer k input list. 38. A nmethadyzmccording to claim37, wherein,

for 1 < k<_n, each record of the layer k data container associated with
a layer k rank further has a second 20 field for containing said |ayer k

rank. 39. Aggethod AGﬁé’th@P%ﬂ:chiiﬁé & BhyP8ne WhelHn8 W‘BS{%I&%WH @i?ﬁéd

conprises at least two files where the first and second fi s of

records of layer ¢ dateacentaingrseachrkavieg e pluraltyyofstenoeds asaiprofidedsinbai ng
accessi bl e seBa,[r atel y. qu 4%). A et hod accord#' nq to claim 36, wherein, for
1 <_ k < n,CUHRHEr E8MRTY &r 1 5k £ By &ach racerd eloddayslek data cafaingisbeingecond
field for casdaidh i i | ; i1 ; ' of a
| ayer k+1 i nput EIHFQ?N I\j&\} ta ﬁgg@gkéﬁtgggf'ﬁ%pé 'Lét?ﬂ%é a'y@(r)ﬁﬁ?a%g?{‘ é)? nré é%ﬁﬂ%

wher ei n,5 f dihellayek:ls pattesai @ndawhersimtegahedecardt bf o ilaydr Kiddtd obntainedo

record of t I k.. d cqont aj,ner assaci ated w.th | ayer .k rank for
retrieving %}%oﬁﬁgégﬂ@ %ﬁyq@b%iﬁgysepggg?h% PoSUion, %rf” 5¥bsaqwn iﬂ_ﬁ? Y& of a
llayer k i npuipattesi hast Aifilstafigid deiconfaining d=d Fbr etritdlidLtHe pOSMbA SEitifin
pointer to at |east one record of the |ayer k-1 data container in I ch

t he second $3idisybgehelamsintegaralerlayepk npantistrglating too dateograph identifient eger
of said | ay ' | i_t-n N.Sal. f the |ayer.k patter 5
wher eby sai Igt’r g’@%m# %%bwgbgb %%‘%A%ﬁﬁ?@f P{‘é{h ?ngoggzgngfegaew'blﬁ t he
layer {01 fremkthdelata conethdy intded firstiticRPdétermiessaliayer Ry-2rakk Withkviichh t he
position represented by said nunber. 41. A nethod accordi n.? to cl ai m 40,
wher ei n sai 3 regRest¥e RecRrde the layes k— [dada containerds agseeiatadif k> 1 end aper 1

data cont ai; o Qr el oF ¥ Leal L af4 10 any integer of a data
gr aph identllagﬁtelﬁé}quss'?ﬁmagﬁ ﬂ%ghgﬁ%@gt%lg%ﬁgh s1e' a bitmap segnent in which

each bit is associated with a respective integer of said subset to
i ndi cat e whaf.her sah dnetioelgaccordnge ke otaimal3élavhegsinplion denk kfr, esaidfdatai d

list. 42. A nethqd accardi to claim40 or 41, wherein each record of the

| ayer n dat%?rgg'ﬁ?ai'ﬂé_ e?ﬂ&%&%?%f)ga reped of thgyayenk Agta contaings fonegiriaviagcond

field {5 T SOHIGH Bf thySitégdrd¥eh 1Byé@RKnput list within a subset comprise a
bitmap segment in which each bit is associated with a respective integer of said

subset to indicate whether said integer belongs to said layer k input list.

38. A method according to claim 37, wherein, for 1 <k <n, each record
of the layer k data container associated with a layer k rank further has a second
20 field for containing said layer k rank.

39. A method according to claim 38, wherein each data container
comprises at least two files where the first and second fields of the records of
said data container are respectively stored, said files being accessible
separately.

25 40. A method according to claim 36, wherein, for 1 <k <n, each record
of the layer k data container further has a second field for containing a number
representing the position of an integer of a layer k+1 input list within a subset of
the layer k+1 pattern,

and wherein, for 1 <k < n, said data contained in the first field of a

30 record of the layer k data container associated with a layer k rank for retrieving



43. A nethod according to any one of clains 40 to 42, wherein each |layer k
data container for 1 < k < n conprises at least two files where the first
and secomdobr/eldds of the records of said data contai ner areTamdpew™Ri vely
stored, said files being accessible separately. 20 44. A nethod according
to any one of clainms 36 to 43, wherein.d®r 1 s k<- n, each record of the
| ayer k data container further has a next address field, whereby record
chains are defined in the layer k data contai ner by neans of the next

addr ess fi efhdspositich wvhengiinteger lotastayspREnpiit ﬁél%tﬁ]ﬁsa?ldﬁy%t%ﬂﬂh'eeléyelake
respectlvelé/ associated wth record chains in the |layer n data contai ner,

25 wher eby RFHETBSAMRYIER ROINEPTIO] Hdeas wirerasore af thedlayer ks1 deta coryteinen ar e
stored in aryhei tn%véé’écﬁrfgt@@ Eo'r?tﬁfngcg rrﬂrrﬁ@?ﬂﬂééﬁé?@ﬁﬁrféa‘ﬁfﬁ i)gg t@e{'eo n the

| ayer n data cont ai ner accor for

1 s k < n, integer Dheamtayserdntlnptﬁsllﬁr withizs gart isubbkst @ thei lalyed Kivp bftefrﬁCOfd
chains in the lﬁ‘i{y 30 data contai ner, whereby the COdlgepg data rel ati ng
to one of sWher t?q"eée(f%g qfé'}%tamokoi/d@tmsnmerm@fﬁgga with 4h& layes

e a1 Rk BuRRndd B th SohiRAfLPBRLEIBIECkTRRR JallP iR pblibR 1

| ayer k data contal ner accor INng to c

< | k<_ n, repcéserdedby said nuﬂmberayer k data container further has a head
address field for pointing to an 5 address of a flrst record of a
respective aCCOI‘HI ng to

any one of ﬁ]g: Pnsl Zﬁtr{?%thg@yer EQ'BQE %’g‘iﬁ"g?qun datdad%@n? %@Pdf'art ]

k<_ n conprfirsesier of &a6tordvér the! IQ?erV\AFQfétatd&ﬂteflhélsfor rbtrivityy B bQiﬁoHQift
address fields of the records of said data container are respectlve y

st or ed, 10sai @n¥ iintegebef #gdatecgrasihvidentiipa tisk within aos%etﬁcqmmﬁmeabmmm ng

ent 111 or e ARER efin Bits FsodBfe i Alesh BB SR FIRSH, ¢y
of predet ertoiindidamowhethes saithietezjen raprdseaﬁsta@etﬁagrﬁpﬁihenﬁﬁéra)f gaRpligsent i ng

identifier lists are distributed into a pl uraIity of storage sections
respectivel y,associ ated , with said portions, rein stor ge section 15

associ at ed )\‘//at h one dPetRdcrording o claim étongr At &’hreé?dr‘ rerprd Rdber i er
sub- lists |§9@|Sh&$dté1&oﬁi‘am&eé§sbt;ia%§v@th & lydr ROFkARrthdP had SRR field

according to claim48, wherein a respective storage unit Is
15  for containing said layer n rank.

43. A method according to any one of claims 40 to 42, wherein each
layer k data container for 1 <k <n comprises at least two files where the first
and second fields of the records of said data container are respectively stored,

said files being accessible separately.

20 44. A method according to any one of claims 36 to 43, wherein, for
1 <k <n, each record of the layer k data container further has a next address
field, whereby record chains are defined in the layer k data container by means
of the next address fields, and wherein at least some of the thesaurus entries
are respectively associated with record chains in the layer n data container,

25 whereby the coding data relating to one of said entries for layer n are stored in
or retrievable from the record chain associated therewith in the layer n data

container.

45, A method according. to claim 44, wherein, for 1<k <n, said
thesaurus entries are respectively associated with record chains in the layer k

30 data container, whereby the coding data relating to one of said entries for layer



provi ded for each of said portions of the data graph identifier range, to
receive the storage sections associated with said portion. 20 50. A nethod
accordi ngvo 02/¢4983 m 49, wherein at | east sonme of the word pChamaweses have
a plurality of sections respectively associated with said portions,
wherein a section, associated with one -84 sai d portions, of a word

t hesaurus associated with an attribute has a respective entry for each word
assigned to said attribute in a data graph to which an identifier of said
portion is Raralstaredtiedyr retrievable frgmcihet i@icorch ghaliat assogiatee thérewithdnahe
identifier ub k&ségqfromthe storage section associated with said portion.
51. A netho ARNE8'&ot h claims 12 and 49, wherein at | east some of
t he nacromord thesauruses have a plurality of sections respectively

associ ated ygth sai NS0 rei C cl at of
said WO 02/ 45943 PC% lBOEID/U 02795611’85 {8 Cn%'ﬁ ?gn‘;s"heﬂ?'" T k%ﬁﬁd%%eéﬁ%ﬁgs

associ at ed Qi thie layenk datd aoetainet fufther has prtﬁad(adimegsﬁldkaﬁorapdlﬁﬁrl@td ame
entry f refl val ue ai efix th and matching a
corr esp édrﬁ‘g@iof? st r&FOTCEQg %?F@%? &F'ﬁ@s'ﬂéh%ielg k-dAatagontaineiie in a

dat a graph to which an identifier of said portion is allocated, 5 said

entry containi ng dapambfod' 8écdraiighth ARy idHNbE Ela@rhssw1b'c€é Wﬁé’ﬂé‘iﬁ B8ch
storage section associated with said portion. met hod according to

cl ai m 48 orlayer k\gata giontainenfarhes&us nscamprises ataleaat bhaifids theod thié éirsts

respectivel S e sai d rti , _for  contai, data for
retrieving ffe@% accfﬁ @ie %8\,\11?%9 ggl S| ‘i)fo{?Ee feaids a %%@ UHainghare 10
53. A net hO@spécW@ﬁ@ﬁﬁé@%aﬁdmé%rbfelh?a@cé‘@é@l@%%‘ba%%hﬁm wherein a group
of attributes |s defined and words of a collection of data are assigned to

sai d attl’lbkl the group of attributes being divided into a plurality of
sub- gru espect'?‘mtpoﬁs%?@@f(ﬁﬂ@do\ﬁwrpf@ of heapriecedivy elatnas, twingrein Aavi ng

i ndependent i p rds ., from
15t ho dat o TR a2 icolei i idéitels AlceatiH ERR, d4iARGERM T BERR0DEA ar o
graphs, eaioto daplarajity o prepemmmemporteinst whaérnr ablgst \Gome of ths RRghi vel y
assigned to_the attri bu# s of said g %&? each attri bute value of a data
graph bei ng®BT$¥RMINg ARG lists Argedisiribyteginfosa Rlwialty: of Is&fﬁgérﬁQﬁtloﬂét a,

wherei n a pledpattiviely Ok 6&?&%@” B¥ S s&1AC ! t e
attri bute of Eal d )éousS and d at\{%tll 203?@ %@ﬁ’ﬁfng’p@&em : %16r5§§ntcslté £ er
lists rés pe@&somt@g m&nonaﬁ&aﬂ pbrtmlsrmcafﬂam’s data representlng identifier sub-

lists consisting of identifiers of said portion.

49, A method according to claim 48, wherein a respective storage unit is
provided for each of said portions of the data graph identifier range, to receive

the storage sections associated with said portion.

20 50. A method according to claim 49, wherein at least some of the word
thesauruses have a plurality of sections respectively associated with said
portions, wherein a section, associated with one of said portions, of a word
thesaurus associated with an attribute has a respective entry for each word
assigned to said attribute in a data graph to which an identifier of said portion is

25 allocated, said entry containing data for retrieving an identifier sub-list from the

storage section associated with said portion.

51. A method according to both claims 12 and 49, wherein at least some
of the macroword thesauruses have a plurality of sections respectively

associated with said portions, wherein a section, associated with one of said



sai d thesauruses are stored, wherein each thesaurus associated wth one
attribute is defined with reference to a partition into subsets of a set of
words wwah2/eems be assigned to said one attribute and haBCHIBESPECti Ve
entry for each subset including at |east one word assigned to said one
attribute in the 25 collection of data,-%%e data graph identifier |ist
associated with said thesaurus entry including any identifier allocated to
a data graph having a word of said subset assigned to said one attribute,
the met hod BORIBPFsPh@ Macrawek thesauwrusmabyeiatey autbr sin cattritrté aarid it ar mi ne

det ormi i ng” e KaE DRI S8 TeGctRe: S 1 ench iEpaelie Bavilar edic prem
conbi nat i onieagth andtrhetchﬁrg;f edcstdsponaiige pRitixi lat %Sg%hﬁo‘gé@/ogﬁﬁibgggttbf er

lists associated with said relevant thesaurus entries; 02/ 4494, _

PCT/ 1B01/ 02539 attrigyite inypgdata graph sawhichan Hilentifeatd Sg!l(hpbrtloumlstal_fdcater?,l st
to outp i g, ta.claims wherein the step
of anal yzi r ety Sontating e ISR FoiASRR A RishPag RUBURY yolt Bie slovaoe
referred toséatiopaissociatecmith:said peftiont i ng at | east one range of words
defined for said attribute in the 5 query criteria; and - mapping the

wor ds of t sel ectgd _r.ange which are assigned to said attribute in the
col l ection 0f data &ingeﬁﬁ8ﬂ@cgprcﬁqg g’ clara ddsor 49 avhereimaach thesaurys eotryeach

of said onehay a PRIy USITRIdDRISHECHR)P BBESLAR AR LEARrioRE! iR

sel ected range, ml% aﬁq wher ei r?ﬁt ﬁ(la s?ep%'éﬁet ei;t_mﬁll g rttlﬁgg’nf'rgilghﬁ{?a%'ﬂgta

gr aph i dentqdtader retdeving sesnective idgantifien gub-distsefedrinthe ptoragersectibng.he _
identifier lists represented by the data of the rel evant thesaurus entries

t ai f id | .. A nmethod according to claim 54,
\r/\:ﬁe?ginﬁl%t hgg?’r'r;g:oi nS’g _i@%ggf%ﬁ?r%gesgﬁg S UG & & ﬁa'&bﬁ?ﬁi %ﬁﬁ%fﬁuﬁﬁ@felaf a
rel evant t lgpeapraistiEibutessis definedaaid wbbds 6f 8 ddREclich g da?@artf‘a%%ﬂﬁ?ﬁ to

according to.cl aim>4 or 55 wherein each thesaurus associ ated
attri butg i%a'(ﬁé??r H‘?é’i‘“f% ‘E‘ﬁ giupr ehaliribetes beingi divisiedsinta a pluralibach ssibbset

e assi gned e oS arg ARty  ROGRISL RtC e hiBlalhyiof ctaly BBl s T 7"
sorted basdadependent womiserassfi poeds, avitrailidkatbietivboh ¢espastivenRIcds gy St ep
of 16  the data tables, wherein identifiers are respectively allocated to data graphs,
each data graph representing related attribute values respectively assigned to
the attributes of said group, each attribute value of a data graph being either a
default value or a word of said collection of data, wherein a plurality of
thesauruses each associated with a respective attribute of said group and data
20  representing data graph identifier lists respectively associated with entries of
said thesauruses are stored, wherein each thesaurus associated with one
attribute is defined with reference to a partition into subsets of a set of words
which can be assigned to said one attribute and has a respective entry for each
subset including at least one word assigned to said one attribute in the
25 collection of data, the data graph identifier list associated with said thesaurus
entry including any identifier allocated to a data graph having a word of said
subset assigned to said one attribute, the method comprising the steps of:
- analyzing query criteria to determine a combination involving thesaurus
entries relevant to the query ;
30 - determining a matching data graph identifier list based on said
combination and on the stored data representing the data graph

identifier lists associated with said relevant thesaurus entries;



anal yzing the query criteria conprises at |east one dichotony search in at

| east one thesaurus for identifying relevant thesaurus entries. 57. A

nmet hod aovonzi4rgdzt o cl ai m 56, wherein the thesauruses conpet/se1/oamed

t hesauruses each associated with a respective attribute of the group, with
25 reference to a partition into subsetsggach consisting of one word. 58. A
nmet hod according to claim57, wherein each word thesaurus associated with
an attribute of the group to which the default value is assigned in at

| east one of thepld)@b@siﬁg%ﬁitﬁnfawﬁiﬁ@ﬁa{@éra@h_iG@ﬁtﬁf}érfliQftd@@tpd?é@%éoﬁ@._‘131

whereby one of said data graph identifiér lists is associated wth sai
t hesaur us 02/ 44943 PCT/ 1B01/02792 -97 entry for the default value and
i ncl udes any?4i dent i fiBethed accerdiagite claimads. yhiesein thevsteg ofsanalveingdhe

cl udes : ti Airpethar vslag ol .
wher i n- ¢ hed it e Eobliche fbPat Bast chd sBe LRGN Mo i bPleReR L s

associ ated w th seledting iabl¢ast dneotarsge of gvardp dufihed for saig@rafributé enghs
shorter than a word Ie.n?qrth of said attribute, whereby said macroword
thesaur B is def Y SR @ %rence to a partition into subsets each

consi sting of WOREppHRTRN WD dnE NBIBALR"SNbY whidk! 4% slignBidbidaid

| ength. 60. A nethod according to c reirn at lea one at
of 10 said grougttritide én pieucclleiction of datecwithone driraspusuissets, thedbesadrad wit h

different prefix lengths, 61. nmet hod according to any.one of clai 54
to 60, wherein t%rét%ﬂgpea%’f Oéﬁa' VTR G THYe t%ﬁ"l%ﬁqé"'@gnﬁ Bskedevan
determ ni ng sai defteyridirfiaé isgpéctédwf«ghlg)éi ng rel evant thesaurus entries as a
tree having at |east one |eaf node, 15 each |eaf node corresponding to at

| east oWe randwdhgreimhiastens ofrdetgrmining ithel mamgir@ detaﬁmamd?amﬂif'rdrbliste%
2. A h ing..: ' i i d.t i
nodes 1 mol GRTIEEES hedginB 1EeBeaN porllPRE Bt e Righufr feiS repatiotid b e rode,

each oper atdutaraidee relpvastehtsagus dpotdANainRE T6f Sdid 3RRIGIEd rdmgeat | east one
20 partial criterion represented by another node of said tree, one of the

operator ngpdes bei rqQqot node represepting all the query criteria. 63.
Apmet hod ac@%rdi ng @g"%!‘aarﬁ‘?@?r 'Uﬂé?gq'aﬁﬂ ﬁ‘i’ yBeein dhe éTa??RP'E‘gé‘g‘ep?foFmﬁér
include at d@ai! toetaM F HhinltRGR hamodhi 6 rélefitat¥isaiud datidd k6 chibRt has

15  selected range.

56. A method according to claim 54 or 55, wherein each thesaurus
associated with an attribute is defined with reference to a partition such that
each subset consists of one word or of consecutive words of the set of words
which can be assigned to said attribute, the entries of said thesaurus being

20 sorted based on the words assigned to said attribute, and wherein the step of
analyzing the query criteria comprises at least one dichotomy search in at least
one thesaurus for identifying relevant thesaurus entries.

57. A method according to claim 56, wherein the thesauruses comprise
word thesauruses each associated with a respective attribute of the group, with
25 reference to a partition into subsets each consisting of one word.

58. A method according to claim 57, wherein each word thesaurus
associated with an attribute of the group to which the default value is assigned
in at least one of the data graphs further has an entry for the default value,

whereby one of said data graph identifier lists is associated with said thesaurus



been determned prior to said step of analyzing the query criteria. 25 64.
A nethod according to claim®63, wherein the data graph identifier list of
said prewwoonodes i s deternmined fromat |east one nat chi ngpdeiBoigezRh
identifier |ist obtained when processi.ng a previous query. 65. A nethod
according to any one of clains 62 to 64, 9gmherein the step of determ ning
the matching data graph identifier |ist conprises obtaining a WO 02/44943
PCT/ 1B01/ 02792 -98 respective identifier list for each node of said tree,
wher eby t heentdefior theedefbiils valuebared retudesy appadentifief alesktedab 'LaaE@NGHaRE O
at | east onﬁ r.el evacrt fIhﬁsa rus _entrE/ is the nerger of respective portions
of the idenb@YINgsSalq delaudvauis assigned tsaidatlgibyte [ east one rel evant

t hesaurus entry, and the identifier list obtained for 5 each operator node
representingga Bool RameBRfy Ac8brdiitp!thdain? St of &5t whBfin p(ﬂ%.t fh%lsaﬁfdste rron
i s obtained by applying said Boolean operator to the rdentiTier I'StS

obt ai ned f ofurthies coopsiseaateastmnenmaseivdordt thesaisius assopiated alithcar atribute,

sai d chj ta graph identifier list bei term ned as the :

i dent i P?ster bfg?%agﬁqlg? r?zlﬁl Yvﬁﬁ ghgre(ﬁggolgnghhé%oagr gg?“ﬂ? WRTIRo EnAtR Rfapdid t o
claim 65, wagrisite, edEielf sai %é&?b@b?&%eéélﬁﬂ&'ig'@éﬁdédsg\ﬁth' FefBfeiedCRAal N
the formof a bitmap vector consisting of bits assigned to respective data
graphs to ipantgandnighsubsasts emehiapasistingesfswatdsobegindingt by satamdwnaprefixphs
bel ong to sgi ' |, 67. A nmethod according to claim®65 or 66,
wherein a c@%‘ﬂﬂ@%@@%@x Ié.[@%'orrpri sing n successive coding |ayers is used
to provide coding data representing the identifier list associated with a
thesaurus e@®ry, n Aensthoa accordilg & claass9 ewhaleih atlleagBohe! a@sutBadfi Ng a
predetermned pattern for dividing a range covering integers of an input
list of %ai tPIPAFQHPiNASA elisaldyof ra ?f@wqregh@$aqfé$e$,i%ﬁ80§@ﬁ@wmdiﬁﬁp@nt i st
of the firsprefigyéngther sai d thesaurus entry, 20 wherein for any |ayer other
than the last layer, an integer |ist representing the position, in the

pattern of said layer, of each subset containing at |east one integer of
the input 18%t forn® nelbodgegordingto fapy arreeohelatims S¢do, 60 whereir thenstepe

di dat I h | d h bset . t ai ni t .l t
one. 1ot eger oz, 8 REY HHETR, SBMEREY dBRENnGS St bedhMatoBach
i nteger of inbelvimgprdleVarttthebatiug entrids Sadsetre@Nthviry at 8884t drie $é’é'fdrp]6@é’,er i's

t he | ast Ia%/er, data representing the position of said subset in the
15 ach leaf node corresponding to at least one relevant thesaurus entry retained

for a respective attribute.

62. A method according to claim 61, wherein said tree has a plurality of
nodes including said at least one leaf node and at least one operator node,
each operator node representing a Boolean operator applied to at least one
20  partial criterion represented by another node of said tree, one of the operator

nodes being a root node representing all the query criteria.

63. A method according to claim 62, wherein the nodes of said tree
further include at least one preset node for which a data graph identifier list has

been determined prior to said step of analyzing the query criteria.

25 64. A method according to claim 63, wherein the data graph identifier list
of said preset node is determined from at least one matching data graph

identifier list obtained when processing a previous query.

65. A method according to any one of claims 62 to 64, wherein the step
of determining the matching data graph identifier list comprises obtaining a



pattern of said |layer. 68. A nethod according to claim®67, wherein the
pattern of each layer is such that the integer subsets are consecutive

i nterval svaons9sz i ng of the same 30 nunber of integers. PO/DRA14A4843

PCT/ 1B01/ 02792 -99 69. A nethod according to claim68, wherein said nunber
of integers is a whole power of 2 for-@8ch |ayer. 70. A nethod according
to any one of clains 67 to 69, wherein said data representing the position
of an integer of an input list within a subset consist of 5 a bitmap
segment . 7Iespecdtvehiddntifierolisti fog eachargdeoot safd treej mehebdby the’ (dentifier dish t he
ste of deter.m ning the ching data graph identifier |jst conprises
detgrm' ni ngtbia'"?ajegeﬁwd? gRede erefSB‘P’g‘Hﬁgﬁorﬁ;d@a%ﬁ‘ oggjralevapkthegadfesy t he
| ayer n in riclihat ' F @G f kS ; :
ot 1 st aags e R TN LA of IR TR 158 SrscbiarBi iy

i denti fi er saicsat leagirese ntledantnthebaurus! entayt and e ddenttfiez ist iobsaihed vbr ch

said | eaf node corresponds, and whereb tre | ayer . n inlte r List obtained
for eac or?é’rcgt%‘?erﬁ NOEHrERERENY & éBB e_@é‘noé%ré’lt%ft 8ppP '%’g& ALdeas ene | east
one parti alpaffidit@itbAen i oBRiiFed Y ébp@ﬁgls)ﬁi@@o%ﬁé&h Bgehftamo ﬂfé?fj@élrfg?igit; o the

layer n integer lists determ ned for the nodes representing sai
| east one pisks phtcinad fasrthemodenkepresaending saitl ;atdeast ores phattidl icsiterian, said

det er mi ned e e [ list, obtained for the . oot node. .72. A
met hod accéﬁ%ﬁcﬂgﬁt éag%aérr?%l?&ﬁﬁﬁ%reiIt??tk?%nﬂogg rapned,igp ttf‘ﬁe'def’ﬁﬁ?rhé'lsg

I ncl ude at dbesinéd dovethprredsehod®de for which a data graph identifier list has
been determ ned prior to said step of analyzing the query criteria, said
data 20 graph identifier |ist being subjected to the coding schenme to

provi dd%a Ia@yer n A mpeihod; @‘ECQKE'inShtq §|%!@t BPniwharels e3gh o ggigl ohtainedger
list for sgi 3 i t Of, M LALi&tn QT of/ Bi
wherein, i ?%ﬁ@%ﬁoﬁ?sng@ qﬁ%ﬂ%ﬁ% Irﬁﬁggcfgﬁﬂngpgag)gmrggp\tr’%%g}nt% Pﬁhglgg' ﬂg cgoélit? I on
of each i ntasg@nedftoaespeagtive dataggraphs o indicatebsleetheothe fdentiieisnglldcayed n

define a | ayer. it map, s nt. in.25 which.each bit is associated with a
respect i ve?%/ﬁ?l,d;%&acﬂrash%%gﬁ‘gép Stabdzpﬁﬁl"l%f{]léﬁ whet her said integer bel ongs
to said input list, while the data representing the position of said

subset in g7e | ayern meéthbl eddtofdiig toSElaitn |68/ 6F 66, WRGERT af édtking aschephat ed

with said |ayer n bitmap segnent, and wherein the step of
15 comprising n successive coding layers is used to provide coding data
representing the identifier list associated with a thesaurus entry, n being a
number at least equal to 1, each layer having a predetermined pattern for
dividing a range covering integers of an input list of said layer into subsets, said
identifier list being the input list of the first layer for said thesaurus entry,
20 wherein for any layer other than the last layer, an integer list representing the
position, in the pattern of said layer, of each subset containing at least one
integer of the input list forms the input list for the next layer,
and wherein the coding data comprise, for each layer and each
subset containing at least one integer of the input list, data representing the
25 position of each integer of the input list within said subset and, at least if said
layer is the last layer, data representing the position of said subset in the
pattern of said layer.

68. A method according to claim 67, wherein the pattern of each layer is
such that the integer subsets are consecutive intervals consisting of the same
30 number of integers.



determining a layer n integer list for a | eaf node conprises: 30 -
initializing a layer n bitmap vector with | ogical zeroes; WO 02/ 44943

PCT/ 1B01MQ 6924943 100 - obtaining the layer n ranks and mewmmiiat®™d bit map
segnents fromthe coding data for each rel evant thesaurus entry to which
said | eaf node corresponds; and - for .ggch of said | ayer n ranks,
superinposing the layer n bitmap segnent 5 associated therewith onto a
segnent of said layer n bitnmap vector having a position determ ned by said

| ayer n rargQ. the sApesthopericbiding tdeidnd 68 WwRehisaidcliribegot Mtégdtstiyd se
Bool ean OR operation, said layer n list for the | eaf node corresponding to
t he resultiahghp BPWRr of £ fRrPachdayer. 10 74. A method according to any one
of clainms 71 to 73, wherein n > 1 and the step of determ ning the matching

dat a graph #glenti figr.dii - ' f.ar, r,m%' - -1to
1, determ n-/irdirig a Ia@ggétbéé rz]a[cg%rtg# ?%f‘%f‘é%@!ﬁ%ﬁ“%oqé‘ ogg’sai ep‘?%";e'?%%reby
the | ayer kepresegdinglthetpodiionrofiarethtéger af dreafput listhwitiinns sabsetaforaist of

i nteger of a,layer k input list, associated in the coding 15 schene with
the ideRtifd Bpmryaps egrr%gdﬂesent ed in a relevant thesaurus entry to which
said | eaf node corresponds, which belongs to a | ayer k subset whose

posi tion is77.epreseniesthbd dcaerdimy @ aky brcestdihinkd BY to td wiieeRbrel dtgp! ayer

k integer |ist obtained for each operator node r_eEresen.u ng a Bool ean
operator  &fpietetminathe meiehinalataaraph identifier ilish compoiseaidesermipingpal yi ng

sai d Bool e r r ' el k.l e 1N for.the
nodes repr 22&%’?? ﬁgﬁeg%? ggt g)tq %%gﬁség%%gf léglr ?rgg @Pﬁ%’tﬁfgﬁe }%gpd e%erll er k
resul t | i stdeterrdieiedr for ree tbafsnddee cohsigr ok ai layeg@r inbus lispbssodigdf o thee
root node, and wherein sajid matching data %_r aph identifier |ist

cor r esp@nd<LaAdNg Rehefaeewih Hagmesger of theddentitiarilists repsesentad imtiie miedndi ng
toclaim?7 whsLel : . | t | st
one preset 4Rgde #gréhvt\;‘l%h&gﬂﬁgtigl%f%gﬁopggﬁrfﬁgr HFﬁ%’?& Wgs%?é%g@nea%g%gﬁm ned
prior to sdntbgsr dist obtained yai egch lopegater ynodiei tepresentsw d Bodlean gpepator
identifier list being,subjected. to the. coding sch to provid | ayer Kk

i nput | i st Wﬁ'gﬂ osahlaas rﬂnﬁeaa%‘?P%EF‘%f'qnakﬁePgi@"?‘?ffgge"f‘Pm?'é‘E 9@53 é%ﬁ"ﬁlg‘br eset
node. 76. dherBidiag tRE tayet Mmtégeralsi Wetdntihed for tNBEISUES rdpheddHiingoshigy 30
schene, the coding data representing the position of each integer~“of an

i nput 15  at least one partial criterion, and wherein a layer n result list is determined as

the layer n integer list obtained for the root node.

72. A method according to claim 71, wherein the nodes of said tree
further include at least one preset node for which a data graph identifier list has
been determined prior to said step of analyzing the query criteria, said data
20 graph identifier list being subjected to the coding scheme to provide a layer n

input list which is determined as said layer n integer list for said preset node.

73. A method according to claim 71 or 72, wherein, in the coding
scheme, the coding data representing the position of each integer of an input
list within a subset for the coding layer n define a layer n bitmap segment in

25  which each bit is associated with a respective integer of the subset to indicate
whether said integer belongs to said input list, while the data representing the
position of said subset in the layer n pattern comprise a layer n integer rank
associated with said layer n bitmap segment, and wherein the step of
determining a layer n integer list for a leaf node comprises:

30 - initializing a layer n bitmap vector with logical zeroes;



list within a subset for a coding layer k < n define a |ayer k bitmap
segnent in WO 02/44943 PCT/ 1B01/ 02792 -101 which each bit is associated
with a reeper#dw® i nteger of the subset to indicate whetbher/mBaiodgnt eger
bel ongs to said input list, while the coding data further conprise a |ayer
k integer rank associated with said | aygpgk bitmap segnent to represent
the position of said subset in the |ayer k pattern, and wherein the 5 step
of determning a layer k integer list for a | eaf node conprises: -

initializing a |acbteinikg the nayerveckaks Wnthadsegiated BIRAAS Segmets didmh neet he
| ayer k ranks from.the coding data for each relevant thesaurus entry to
whi ch said | eaf R dsta den6AER relgvant thasperys rEtrirp whichi srid lpafepde r ank
bel onging to thecargé/sﬁ;onlaglaﬁ@sult list 10 and superinposing the associ ated
| ayer k bitmap segnent onto a segnent of said |layer k bitmap vector having
a position deterfor eadhlof saichayseh earle supgmplsingtke |4y rsbieaprse@aidniton

bei ng perfornmed accordin bi twi se Bool ean_ OR operation, said |layer k

list for the | ea®S¥§ eégﬁhﬁ_té%) @hcﬂrﬂ% % agreente ol saiddayar & bkman weptor 15
vector. 77. A ”ﬂﬁé\ﬁﬁ??@éiﬂbﬂ%e&é’rrﬁh@ﬂ rﬂg @aid"l’gfél‘ehWanﬁofhdelis.kb?rirap?%iﬁ?ﬂ’ the

s
| ayer k ranks and ayer k bitmap ségments” associ ate e or at
| east one thesdging penforyedasceotdingtb atbitaise Bepleadi OB aubtatisses in

di stinct fi n cond, files nd wherein the,ste f determ ning a
| ayer k i nt%éaérjggﬁqsq ﬁ?tofﬁrghf, &7 NoSe CJERSRANIN Eé&h_e I %ﬁw Eﬁyﬁ’@ nab'FngR
table in a ymenory, having records associated with the addresses in
said first and second files; - filling the rank table by witing any

selected layer k rank into the rank table record associated with the
addr ess'%f the sel edtBathodyaccaedingnie apy ops efatlgims rkt te in3e;wherdin- nfot any

i ih an addiehdt (ERCOL SEAAMFnBOHeT oiPftod, WS acdhn BBk (& RIRGT

with an address 1n the secon rea |rtmap
segment at canprisesdfesk deordasingfroono-1 itd ¢, dekrminingra 1yes krigtegee liseRe

AR I O CNEN R, A St
PCT/ 1BO1/ 02/ consists of any integer of a layer k input list, associated in the coding
156 scheme with the identifier list repreéented in a relevant thesaurus entry to
which said leaf node corresponds, which belongs to a layer k subset whose
position is represented in the layer k+1 result list, and whereby the layer k
integer list obtained for each operator node representing a Boolean operator
applied to at least one partial criterion is obtained by applying said Boolean
20 operator to the layer k integer lists determined for the nodes representing said
at least one partial criterion, wherein a layer k result list is determined as the
layer k integer list obtained for the root node, and wherein said matching data
graph identifier list corresponds to the determined layer 1 result list.

75. A method according to claim 74, wherein the nodes of said tree
25 further include at least one preset node for which a data graph identifier list has
been determined prior to said step of analyzing the query criteria, said data
graph identifier list being subjected to the coding scheme to provide a layer k
input list which is determined as said layer k integer list for said preset node.

76. A method according to claim 74 or 75, wherein, in the coding
30 scheme, the coding data representing the position of each integer of an input
list within a subset for a coding layer k < n define a layer k bitmap segment in



-102 78. A nethod according to claim74 or 75, wherein the step of

determ ning the matching data graph identifier list further conprises, for
any codiwgot/apes k such that 1 < k<_n, determ ning a | aperisotokidRt eri ng
list for k<_k'<_n consisting of the layer k' input |ist obtained by
providing the layer k 5 result list as AN input list in layer k of the
codi ng schene, wherein, in the coding schene, the coding data representing
the position of each integer of an input list within a subset for a coding

| ayer k < . ' . k. Di is ' L4t 1S i

associ at edmvu'&ﬁgggﬁrbzts%g%étg Pslét%an?@ggar §o¥i t ﬂge S"F}gggt 6th g?%@?%atttg l\ﬁ/\ﬂlg? Leer

sai d i nt egvhdtiedrosaisl integeni oeldfgs e said iirsput et while thayeodikg idatedartheank
associated with said |ayer k bitmap segnment represents the position, of

sai d subseCOMPrisEe [aypEK IRtager fank, asseriateghuith s 'qe%é(eéf(éﬁt"@&aﬁg@ﬁ Ming a

| ayer k in leahi | i f < SRS ; beidird ki 1 2i N
a |layer k E?‘?%Bhtgi% Ig)r%l\}\lﬁap h&?%aglla?alﬁ)sggg%gg? I%%erlcgf'%ﬂeel? g’cta ?ér‘]g'“@%rg"f giéer n °
ranks obt aisteysiof determining adayey kdiategdr dist foaehleaf abde @omprisesaur us entry to
whi ch said | eaf ,node_corresg)cknd.?, and set.&iuln k', = n; /c/ for each

sel ected |ayer KIUIRIZING a/layer k bitpag vegefar ! Oga?éFe[Pésr ank represents the
position in the Jb?éﬁﬁ{ng‘;'the ﬁQyéf’rﬂ(t RinksOfrof INOSEIdiG| ddtal fut! HAES raleviaplst

one integer of the er ‘tering list, obtaining the |ayer k' bitmap
segment with whthesaurbe esrydovduich agidrie&f n@%ﬂoﬁreswy?%iaaﬂed; /c2/ for any

i nteger of the | k' filteri | i | L i '
S rgpr egent eg ﬁa?}/er‘ing ?%{IQP%&%&%@’E@B %Bg%%@g)g%éggg%&éé |rnrkd-1:'aérsgjlst§}éé?tsﬁ/e
layer k-1 rank figt eupeARosgMthid cassicRiéedidyay ek titmapnsegmentsainto a

position represented in said layer k' bitmap segnent; /[c3/ if k' > §+1,
executing step /se@mgntrofisaiddayesiehite@ppyedak haMing: a posiiosodetermined Ry -1 =
k, obtaining an | i ' ' -1
rank is associ a%{g%,%%gé;%&s%Htgflﬂﬁ%@g%ﬁg%gg%%o\g@gﬁﬁég?? %alr%?@ggréecﬁ?ﬁ%?l 0 a
se?rrent do:‘ sai dktbaaybitwibelﬂdm OReopenatibayi ng a position determ ned by said
sel ecte ' -

ag/a% Iayer]k list for the leaf node corresponding to the resulting layer k bitmap

15  vector.

77. A method according to claim 76, wherein, for 1 <k <n, the layer k
ranks and the layer k bitmap segments associated therewith for at least one
thesaurus entry are stored at corresponding addresses in distinct first and
second files, and wherein the step of determining a layer k integer list for a leaf
20 node comprises:
- providing a rank table in a RAM memory, having records associated with
the addresses in said first and second files;
- filling the rank table by writing any selected layer k rank into the rank
table record associated with the address of the selected layer k rank in
25 said first file; and
- for any record of the filled rank table containing a layer k rank and
associated with an address in the second file, reading the associated
layer k bitmap segment at said address in the second file and
superimposing the read layer k bitmap segment onto a segment of said

30 layer k bitmap vector having a position determined by said layer k rank.



WO 02/ 44943 PCT/ 1B01/ 02792 -103 rank, the superinposition being perforned
according to a bitw se Boolean OR operation, said layer k list for the

| eaf nodav@ors#mspondi ng to the resulting |ayer
met hod according to claim 78, wherein, for 1 < k <n, the layer k bitmp
segments for at |east one thesaurus ent{gp are stored in at |east one

k file at addresses respectively corresponding to the |ayer k ranks
associ ated therew th,

and wherein, for 1 < k < n, the step of determning
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processi ng
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25

30

/b/ selecting the layer n ranks obtained from the coding data for each

relevant thesaurus entry to which said leaf node corresponds, and

setting k’ = n;

/c/ for each selected layer k’ rank:

lc1/

Ic2/

/c3/

Ic4/

if the selected layer k' rank represents the position in the layer k’
pattern of a subset which includes at least one integer of the
layer Kk’ filtering list, obtaining the layer k' bitmap segment with
which the selected layer k' rank is associated,;

for any integer of the layer Kk’ filtering list whose position within
said subset is represented in said layer k’ bitmap segment,
selecting a respective layer k'-1 rank determined from the
selected layer k' rank and said position represented in said layer
k’ bitmap segment;

if k' > k+1, executing step /c/ with k' decremented by one unit;
and

if k'~1 =k, obtaining any layer k bitmap segment with which a
selected layer k'-1 rank is associated, and superimposing said
layer k bitmap segment onto a segment of said layer k bitmap

vector having a position determined by said selected layer k'-1



one value in any row of the link table associated with a data graph
identified in the matching data graph identifier list. 81. A nethod
accordi ngvo 02/¢4983 m 80, wherein said data tabl es are storeBCT/IBh®®2N each
i nk val ue contained in the colum of the |ink table associated 5 with an
attri bute sub-group conprises data for_f' ntifying a record of the data
tabl e associated with said sub-group, and wherein the step of processing
the matching data graph identifier list further conprises reading at | east

part of any data tablg.y ek éﬁﬁ@bg%ibﬁg)elgyr%ae%ﬁﬁ?a%w&cﬁ g)%git%sreow of

the link table. 82. A net'hod a cor one 0 I"al s

wherein the step 10 @&ooprarO®ssoperatioe, mat chi ng data graph identifier |ist
conpri ses, at | east ope tribute specified in the guer cting a
heaur s Sedbiaver sdhenextet hau SosRBoRnode, b g et AVes RHiftn

sel ected thgegyrus with which identifier lists haV|ng a non-enpty
intersection with the matching data graph identifier list are associated.
15 83. A nethod according to claim82, wherein said attri bute specified in
the quebfy & Q+t1 # owettiod leesatding ¢ée claign B awberain; ford Kfker entthe dayand

| engt hs bei n an er | east al to C

t hesaur use SRR Agamert, S5t Fast S8 tiRAdin BnlPy SRcHofi et ongy
wher eby therayz&rekl fﬂel b Hduresses regsécﬁ%wgomgp@mn ofo tthe lageelk pankeret er
g and corresponds to a word length 20 of said attri ute for g = 0, wherein

each of salasmmtemﬁmewﬂb,eand svh@eelnnim ik Ki¥ nribestepof detﬁrmml@g;felawer/e
partition | l? fé’f" eI E nsi st i n of words begi nning by a conmon
prefix havikilgtedes Tist toralep ﬂ%‘? 095@6'5 ted with said thesaurus, the

entri esgof Sa' d &rbﬂémgral$am@tdbme P4 FeMbaeRBrp mavitly RIcrdy asyadisrs widd 84.
A et hod according to claim83, wherein, the selected thesaurus having a

| evel paraneter tigpaddressestie saist layer bofilesf entries in the sel ected

t hesaurus conpri e I et
lists and r esp'eé@?&e $e£ﬁ£ﬁ'§£§a@?u ?‘yngéelg&ggv%&gpw Péag‘rlfls@\é(gttpgerg@gl?rl es
of the level q tthpieateicord besocidtedQRitls the %d@reé&k@rZééMn@’&H/tﬁB&bﬂ&Zé&Z -

105 /b/ initializing the level Qtarget list with the matchi ng data graph
identifier |istlayendi @ PAng the | evel paraneter g with the value Q and

selectiig @ _ for any record of the filled rank table containing a layer k rank and
associated with an address in said layer k file, reading the associated
layer k bitmap segment at said address and superimposing the read
layer k bitmap segment onto a segment of said layer k bitmap vector
having a position determined by said layer k rank.

20 80. A method according to any one of claims 53 to 79, wherein a link
table is stored, having a plurality of rows respectively associated with the data
graphs and a plurality of columns respectively associated with the attribute sub-
groups, wherein each row of the link table contains, in each one of the
columns, either a value indicating that each attribute value represented in the

25 data graph associated with said row and assigned to an attribute of the sub-
group associated with said one of the columns is a default value or a link value
for retrieving at least one stored word of the collection of data represented in
the data graph associated with said row and assigned to an attribute of the sub-
group associated with said one of the columns, and wherein the step of

30 processing the matching data graph identifier list comprises reading at least



first entry of the |level Q thesaurus range; /c/ determning an intersection
list between the level g target list and the 5 identifier |ist associated
with thewebzenesl entry of the | evel g thesaurus range; PpdI/iBdi/o2Tve
intersection |ist determned in the preceding step /c/ is enpty, selecting
another entry of the Ievel q thesaurus yspge and repeating step /c/; 10
/el if qis greater than QA: /el/ setting the level g-1 target |ist as
equal to the intersection list determned in the preceding step /c/; /e2/

setting theeeyslie i %nﬁ/f}SWrtHé Inﬁqgﬁleaéss%%ﬂﬁ § Withda Qfaté}@?apﬁ{‘%fe enfified ‘iﬂ the

| evel -1 thesaurus refatin eve -1 prelxes whi 1 grn wth the
| evel q préhexnaiﬁhmge:iaalgeamewelnefxed ligd. t hesaurus entry, and selecting a
first entry of the level g-1 thesaurus range; /e3/ decrementing g by one

unit and r urnlng [/ ual 111/ | udi ng
t he sel ect ‘| evel ﬁiﬁ'e’?'ﬁ%@ﬁ "’@nttorija'ﬂhgph\gha '%é?@@d%nt?ﬁfé re/sltg %rf t he
level Q tangfdreln ehch JinkROudle tedntdifed Hh @he &ANUMAR of Ble MeKk @étﬂb%ocla@d he
preceding step /c/, termnating the detection of entries in the selected

t hesaur @s; With ﬁﬂsattrm\suhggrpue qmmwsdaia fonidantifying e reapnd |of dhe data

det ef M ned (o0t N ocERSH St Sl LEdyd 10 BULLRTAE sbbth G ey e,
as the snmalmaghirlgedata grapanesstifich st furiheh cbhﬁprkésgeédingsét leastapartietany
| east one |nte%@£ which 1s not in said intersection |ist; 30 [ 5/

sel ecting £riakebledacerd idantfipd byadink yalueteadrins fomgethenink tablaur ni ng t o
step /c/. WO 02/44943 PCT/1B01/02792 - 106 85. A nethod according to

claim 84, vgerein Q\ﬁaetﬁo&%‘écé ié‘%ﬁ?gﬂhgﬁf é?é%é‘?sft‘o'mv%\}he??‘hatﬂﬁts% q >
1 further contains, in each provi de or a level q prefix val
data desi grmftproges;smg dime n}atohimg rdata gvaph glehtifieeistucanspriges; Hor at least one
| attribute specified in the query, selecting a thesaurus associated with said
attribute and detecting entries of the selected thesaurus with which identifier
lists having a non-empty intersection with the matching data graph identifier list

are associated.

15  83. A method according to claim 82, wherein said attribute specified in
the query has Q+1 stored thesauruses associated with different prefix lengths,
Q being an integer at least equal to 0, each of said Q+1 thesauruses having a
thesaurus level parameter q such that 0 < q < Q, whereby the prefix length is a
decreasing function of the level parameter q and corresponds to a word length

20 of said attribute for q = 0, wherein each of said Q+1 thesauruses is defined with
reference to a respective partition into subsets each consisting of words
beginning by a common prefix having the prefix length associated with said
thesaurus, the entries of said thesaurus being sorted based on the prefix
values.

25 84. A method according to claim 83, wherein, the selected thesaurus
having a level parameter QA >0, the detection of entries in the selected
thesaurus comprises the steps of:

/al providing respective level q target lists and respective level q thesaurus
ranges covering consecutive entries of the level q thesaurus for

30 QA<q<Q;



corresponds to the | owest or highest level g-1 prefix beginning with the
level g 5 prefix of said |level q thesaurus entry, and wherein step /e2/
conpri sewa@et/ewusing the level g-1 thesaurus entry desi gneCe@BG1m21%e
selected level q thesaurus entry. 86. A nethod according to claim84 or
85, wherein a coding schene conprisin successive coding layers is used
to provide coding data 10 representiﬁa e identifier |ist associated with
a level q thesaurus entry for 0. q <_Q n being a nunber at |east equal to

ntegers of i iRy uff Vel ELREREyEMBe sty SelfoRdCRRRAS ) o
bei ng the input i, sﬁitigﬁzirﬁﬂheé :Ié\iiil dardfletdrog wittitite VARRAQ, Windeséleytingwzer ei n

for any layer other than ast layer, an integer 15 |ist representing
the position, ifirstieatyaftee level Gstiegavaipdiandgi each subset containi ng at
| east one integear d.ne | ' f [ i 5t

| ayer, Wnerelt/(ﬁ ?ﬁgeqénéﬁﬂﬁgé@% %récégﬁ%rr‘iI%é@%gggéggq%éleﬁ tgfﬁté‘ggﬁar@j seet

contai ngng at | ghgitifiendist asgtatedfwitththe splectdd ehtry ddtthae leysl ep thesangus he
position of 20 each integer of the input list within said subset and, at
least if said | &@3€is the |ast |ayer, data representing the position of

sai d subset iy WM HERIRION IREIdhtelrNBH i il Wieidiflg A6H bPYEloriptyar oet

list forms a l'ayer 1 an evel q Itering ubmtted as”a
| ayer 1 input | isgtectingtanetierdiniy ofcthenevdlar theB8u@s rangg andyepeafing stefe
respective layer k and level q filtering lists for 1 <k<_nif n>1, said
| ayer k and Ievé‘F/vq filtering list provided froma level g target i st

bei ng e | aygr iy | bidritehn ei-ai ned fromsaid level g target list in the
codi ng schene. Ifgql. met hod according to claim@86, wherein the pattern of

each layer is 30/slicisettingt thehtevehtedetargaiblisttas ggualctontheintersectiandistal s

consi sting of the sang,_, nunber.of int IS, 2/ 44943 PCT/ 1B01/ 02792
-107 88. A nmethod acc &rﬁan?%"l:{ha% Qﬁegg,g'r@h%%{%'sai d nunber of integers is

a whol e power of Zedorseiitheasasl.q-3%theSatrisherigacmotahsistingofahe enrdesf
clainms 86 to 88, wherein the step /c/ of determ ning the intsrsecti_on li st
between a | evel q tar @tthejlgyelgm! thesaurus relating to level g-1 prefixes which

15 begin with the level q prefix of the selected level q thesaurus
entry, and selecting a first entry of the level g-1 thesaurus
range;

/e3/ decrementing q by one unit and returning to step /c/,

Ifl if q is equal to QA:

20 /f1/ including the selected level QA thesaurus entry in the detected
entries;

/f2/ if the level Q target list is equal to the intersection list determined
in the preceding step /c/, terminating the detection of entries in
the selected thesaurus;

25 /f3/ removing the integers of the intersection list determined in the
preceding step /c/ from any target list including at least one
integer which is not in said intersection list;

/f4] setting q as the smallest level parameter for which the target list
includes at least one integer which is not in said intersection list;

30> /f5/ selecting another entry in the level q thesaurus range and

returning to step /c/.



5 identifier list conprises, fromk = n: /cl/ conputing a |ayer k

I ntersection |list between the layer k input list obtained fromsaid

i dentifiavOob2/s4943 n t he codi ng schene and the |ayer k andpe¢ewmil/iogroiltering
list corresponding to said level q target list; /c2/ if the conmputed |ayer
k intersection list is enpty, determ ni said 10 intersection |ist
between the level g target list and the 1dentifier list as being errpty;
/c3/ if k =1, determning said intersection |ist betvveen t he | evel

target lis and t t the Gt i on
list; and ;8654/ | f E\g{e?ﬁ@%gééoquﬁqﬁ) %Igﬁ’ntg)% one um@ Zé/re earél ng a?r?lgém step
[cll. 15 9GaymgmatIBOEl psedicleny X @ fattAbMcBRtainleineédch lermryr&ovw@dnﬂ)rsa: hene,
the coding data representing the position of each i nt eger of an input |ist

within a denaletprefix valltﬁ)diat@dealgaatukg thereatsy iofiéhe lgvgy ar-1 khesaurtp Wiehrent

whi ch h bit d th t ot
ol cms o wieeriespotds fo e RN O nfdiidRt fovsT EiCreNE el S vith 6 eRdrac: o °
represesti Nefi6f HAQIEVAY tﬂfesé@ﬂu@ eHins wpgaihéreirt Sepl /ageeokprieéd eelectingpr i se
a layer k integer rank associ ated Wi th said layer k bitmap se mant and

wher ei n t hdhetlepel a1l thesawmpuentiy designated in thet selestad avel G heraufeen a

| ayer k |npeu | ist obtained froman identifier list in the coding schene
and a | ayer Yand | evel g filtering list, represented by a first |ayer k
bitmap vector, conprises: 25 - initializing a second |ayer k bitnmap vector

with | ogi ce86.zer oeA metobdaa?cmom@ngapeclaknr&mlos 85, owhérein ca)dbdiggdsalmme
representing said identifier, |ist r\ sel ecting and/ talnad I%Zaz
rank whi ch GEpPEsiRgt 8 BHECSRSME: |C6W"]91 aKers ISy HFed 1oatRrayide g
i ncl udipg %ﬁé‘s%?ﬁm@”t‘ﬁe‘ IHe‘ﬁﬂﬁér aft assskibRyeiitk a&@véﬂa {r@éﬁhr& fehir&efdrng )

list, obt aining the”l ayer I'tmap segnent with which the selected | ayer
rank i s asdbeicpt €, nalbélrrgptaarrmmbergm agtresquadf td/\ﬂ oeaahgmepma\amlaozmz

sl oct od f%&%ﬁ&ér%?ﬁid BaeBhBr AVIg NG raRea CRUa TRt AR PR
\élmet Qr% ﬁgg ﬁ{a g@%e%%sgks !g%)&?fdf'ﬁtlﬁért mrbevreg:trfé |n!['p@1"h§lgoffth§(ﬁ$tt B|e9.er for
yer rank accord o0 a bitw se Bool ean
AND oper at |$md thesaurus entry, wherein for any layer othert an the last layer, an integer
15  list representing the position, in the pattern of said layer, of each subset
containing at least one integer of the input list forms the input list for the next
layer,
wherein the coding data comprise, for each layer and each subset
containing at least one integer of the input list, data representing the position of
20 each integer of the input list within said subset and, at least if said layer is the
last layer, data representing the position of said subset in the pattern of said
layer,
and wherein each level q target list forms a layer 1 and level q
filtering list and is submitted as a layer 1 input list in the coding scheme for
25 QA <q< Q to provide respective layer k and level q filtering lists for 1 <k <n if
n> 1, said layer k and level q filtering list provided from a level q target list
being the layer k input list obtained from said level q target list in the coding

scheme.

87. A method according to claim 86, wherein the pattern of each layer is
30 such that the integer subsets are consecutive intervals consisting of the same

number of integers.



said layer k intersection list corresponding to the resulting second | ayer
k bitmap vector. 91. A nethod according to claim90, wherein, for 1 < k <
n, the | ay@n2/k4943 anks and the | ayer k bitmap segnents asspcT/auad21%er ew t h
for at |least one 10 thesaurus entry are stored at correspondi ng addresses
in distinct first and second files, andigsherein the step /cl/ of conputing
a layer k intersection |list between a layer k input |ist obtained from an
identifier list in the coding schenme. and a |ayer k and level q filtering

l'ist, repregented Bynethdd Sechrify td<c|lairhrmp_whaétrpéaidmbérssﬁim%g%rs is

providing a rank table in a RAM nenory, having records associated with the

addr esses ianwbaledpawersef Zifal easbdayeriiles; - filling the rank table by
writing any selected layer k rank into the rank table record associ ated

" for any TBkara ot Fufed FrEF L I pherdial: ag T 4 YiphhnEadlly 2

associ at ed /g oh duterasidings thd Intehsectiendizd betlveenr eadively gt tergets sistc aat ean
| ayer k bitnmap segnent at said address in the second file and conbi ni ng
the read | dJentifier it RIPPEERMEAM KT A a segment of the first layer k bitnap

vector having /61/p%§n‘id%gir?1§??t BYBH Rethtdsesibr! IiEfj%PertwgeﬁatﬂF : e?%ﬂ{éﬂgﬂgtto a

bi tw se Bool ean Al on"to determne a segnent o e sec ayer k
bi t map vector haviabdaineddsinisaid diendifien litdn e cadihg scheame kandathie. lager. k A

met hod according to any one of clains 86 tq. 88, wherei > 1. and in the
Codi ng schene. "t n@ndaVREA Bueung i Cerspphgnre siuleveln tameblsh 50"
integer of an /PPyl thd TomPutsd Nager® KbipRirsé&orfliSOR BenptRy BBtdrmiirfing Nsai@f | ne
a layer k bitmap segnent in which each bit is associated with a respective
i nt eger10of the WOioEree@ion IsCheiwean try el qlemetdist anditbeiidentifier disWaet her

said integer belo sagid input list, while a layer k integer rank
associated with S;l%jné §9m?y’k bi tmap segnent represents the position of

sai d subset incghaf k ayrrddiedhing said atdrsstabRrilist bévedrethe/ lelela] target list
determining the intersection |ist between a level q target list,

correspondi ng to Sndaperidentifiad listas theycomputad layer i dntersagticadshiaydl by a
respective firgy, lif"“IYgH,kdgéﬁemtinﬁqgﬁfbﬁefuwit ahdYeptating frd Stéydifent i fier

i st conprises:

15  90. A method according to claim 89, wherein, in the coding scheme, the
coding data representing the position of each integer of an input list within a
subset for a coding layer k < n define a layer k bitmap segment in which each
bit is associated with a respective integer of the subset to indicate whether said
integer belongs to said input list, while the data representing the position of said

20 subset in the layer k pattern comprise a layer k integer rank associated with
said layer k bitmap segment, and wherein the step /c1/ of computing a layer k
intersection list between a layer k input list obtained from an identifier list in the
coding scheme and a layer k and level q filtering list, represented by a first
layer k bitmap vector, comprises:

25 - initializing a second layer k bitmap vector with logical zeroes;

- obtaining layer k ranks from the coding data representing said identifier
list; and
- selecting any obtained layer k rank which represents the position in the
layer k pattern of a subset including at least one integer of said layer k
30 and level q filtering list, obtaining the layer k bitmap segment with which

the selected layer k rank is associated, and determining a segment of



/cl/ initializing a second bitmap vector with | ogical zeroes; /c2/

sel ecting layer n ranks obtained fromthe coding data representing said

i dentifi avOb2/¢4943 and setting k = n; 10 /c3/ for each sel ee¢cEmBdiagme k rank:
/c311 if the selected | ayer k rank represents the position in the layer Kk
pattern of a subset which includes at ﬁ%st one integer of said |layer k
and level q filtering list, obtainingt | ayer k bitnmap segnment with
which the selected layer k rank is 15 associated; /c32/ for any integer of

e YRl X a0 the Soaabydeek Ibihdd Sbotth 428ind 8%hbiion Motdiningd! ), fibse!
is represented in sai ayer segnent”, selecting a respective
|l ayer k-1 rank setotediayed kfnaomttyl“@mblhmgm oltparedklayenk bitmbssegmpoki ti on

20 represented in,said I i t nt; /c33/ |f execut i ng
step Jcal with WHee Snamesh &, MenBrtByer Kabimapayecar Radng a Gizian ng
any layer 1 bit iRepfide8 by th%léﬁeéhay?er ¥ PAIRE BBEodRKEfo & Bife iBoolean

associ ated, and conbining'the 25 obtained layer 1 bitmap segment with a

segnent 5of the fANRtopesgtean,1 bit map vector having a position determ ned by

et er m ne. £ AT, ROPRRLOt 36 cBlrbBbSRyBRT sr B TPRUPES” e, lefer
det er m ned pynamiectoayer 1 rank, 30 said intersection [ist corresponding to
the resulting second bitmap vector. 93. A nethod according to claim92,

wherein the Iayer 1 bitmap segnents for at |east one thesaurus entry are
stored in &1-1 east /*omethagiee}ccgrdmg éomlm9Q4ymer@mrfqub§/b2m2he layey kgt

addr esses 1gapeeli VY| G8f keRALY tsggﬂe%%%%sh d IndrBUh B Sa?%éét%e

t herew t h, step m i ersec | st conpri ses:

- proviqi ngheséu'ruk &rathy earenstardaAlm Wsponbmgl BGdrasesdm distinct fitstdamd t h
the addresses in said layer 1 file; 5 - filling the rank table by wijting
any |ayer B&caRd files.candwhereigitap stem£91/iqfteomputing adﬁy@rabu@efa@@ﬁpa list

associ at ed il Beh 212981k SSut SRt bESRUHEH AR iddMifier list in the coding scheme

and a layer k and level q filtering list, represented by a first layer k bitmap
vector, comprises:
15 - providing a rank table in a RAM memory, having records associated with
the addresses in said first and second files;

- filling the rank table by writing any selected layer k rank into the rank
table record associated with the address of said selected layer k rank in
said first file; and

20 - for any record of the filled rank table containing a layer k rank and
associated with an address in the second file, reading the associated
layer k bitmap segment at said address in the second file and combining
the read layer k bitmap segment with a segment of the first layer k
bitmap vector having a position determined by said layer k rank

25 according to a bitwise Boolean AND operation to determine a segment
of the second layer k bitmap vector having a position determined by said
layer k rank.

92. A method according to any one of claims 86 to 88, wherein n > 1
and in the coding scheme, the coding data representing the position of each
30 integer of an input list within a subset for a coding layer k < n define a layer k

bitmap segment in which each bit is associated with a respective integer of the



selected layer 1 rank; and - for any record of the filled rank table
containing a layer 1 rank and associated with an address in said |ayer 1
file, readdom449me associated 10 layer 1 bitmap segnent apCwaBud/oamdr ess and
conbining the read layer 1 bitmap segnent with a segnent of the first |ayer
1 bitmap vector having a position detejggned by said |ayer 1 rank
according to a bitw se Boolean AND operation to determ ne a segnent of the
second layer 1 bitmap vector having a position determ ned by said |ayer 1

rank. 15 94ypletRf ih_@ﬁ:af’é;%éﬂ'ie‘?%akpirﬁé%eﬁhgo%s & 34iBBNIR iis?, While BLI‘é\Plégﬁ( .

conprising determning a pre-filterin or each entry of a le
t hesaur us, integed rpnk- asgaciated gwith agpitialayey k. Hilmap segrnoentwhepresents thery i s

iated wt dat h.i tifi i st t ed di dat
whion do-neBsliln?er BE Bh8BL B aak padem T WHEED. e SR A RE'
llayer n patdegsrimifingatheURtesedinCiist AbtivBeh W Rvehly tafgsttlistNeorre¥pRpdindto a
| ayer n and | evel filtering list, and wherein the step /c/ of

det er ni hi nda¥eik pRE deved gt filtgningilists rrareeented byeadespectivedast layer k bitmap

corr espondi t ' er nd level. g filtering list, and an identifier
I i st asrsoéllggpég f@ﬁ % Qa%%eﬂ_i‘&?ﬁd?e?ﬁ rlllgeg?mar'ﬁ%sayr us conprises _
determ ni ng g&i/d initiahiAh§ 8 FecBAd bitiraprediSf With 36MEN 2droéste pre-filtering
flag determned for said entry 25 has said first value. 95. A nethod

accor di ng t o/e2/aiselexdingpyara) ranksqbtaingdi fearsithe codingadatagepeasenting saiti at ed
with a data graph,l L | i represented by coding data which define
a layer n rank r2%‘?'@@@“‘%559%%&'?ﬂ%n in the layer n pattern of a
subset 1@hi ch /¢3yc lfodesciptelb&t@dtla taikeger of the layer n and level (¢
filtering list, 30 the | ayer itmap segnent associated with said |ayer n

rank i s obtained adeBl/s#it efse?%:_tte%axﬁ‘é ki @nk| repeegeats the positipn in the leyel ng
12g detornined tor sal { gataK 41 oMBUQR( 4545 PTHIPAIIORT Moo 1l i e

obtai ned | ayer n bitmap segnent does not represen osition o
integer of said |ayer nsaidldyevet amd idviebrq ridfetingtlisti bbtainiagi thes ldysetk 96.

A nmet hod according to any _one of cl ai 82 1 erein the ste of
processi ng the natching bﬁﬁ?&’ GFEpN d&ﬁpi Y"lhé(g‘ ﬁﬁétg\gﬁﬁeﬁe?ay@é rf IS
witings 5 output data agse§hftlged Wi th any detected entry of a selected

t hesaurus into an out put tabl.e.' 97. A method according to clai m 96,
wher ei n the out put le3d| éon aay integem of the layer k and level q filtering list whose

position within said subset is represented in said layer k
bitmap segment, selecting a respective layer k-1 rank
determined from the selected layer k rank and said position
20 represented in said layer k bitmap segment;
/c33/ if k> 2, executing step /c3/ with k decremented by one unit;
and
/c34/ if k =2, obtaining any layer 1 bitmap segment with which a
selected layer 1 rank is associated, and combining the
25 obtained layer 1 bitmap segment with a segment of the first
layer 1 bitmap vector having a position determined by said
layer 1 rank according to a bitwise Boolean AND operation to
determine a segment of the second bitmap vector having a
position determined by said layer 1 rank,

30 said intersection list corresponding to the resulting second bitmap vector.

93. A method according to claim 92, wherein the layer 1 bitmap
segments for at least one thesaurus entry are stored in at least one layer 1 file



respective row corresponding to each identifier of the matching data graph
identifier list, and wherein output data associated with a detected entry
of a 10 sebevtwa3 t hesaurus are witten into any row of theCcDiBgqR7%abl e
corresponding to a data graph identifier belonging to both the matching
data graph identifier list and the idepjgfier list associated with said
detected thesaurus entry. 98. A nethod according to claim97, wherein each
data graph identifier has a respective row of the output table

corr espondifigalifiRisees. redpeciidly t 86rresbBondfitp tof tHehgayiit Autrapidd| Bsatrited
initialized with a default value before witing the output data, and

wher ei n t hdhewwsthomnditbe stemie of detesmiring Bndotersactioprishicamprisesdef aul t

Craim o7 wher e OTRIY A FalPidel g rotn 8 Bry. Yy (BalE ARSEGEEA Wi i g
a respective redheddtipgsseadn sdif layer afile; 20 identifier, containing either a

default value or_a pointer designating a respective row of the outE_ut tabl e
cor r esp8ndi ng -t dilliNg thedank tapladty weting apy &yer drankiselegied in stegr €326te he
index file are ipLtLali ' . t,, e L : t put
data, and V\hereitﬁétrh@kst%@g ﬁgka@r ???%g%ht%%@luﬁta gagﬁso%%%%émléi?%tﬁél
detected entry afelectéd tafersledamki andt hesaurus conpri ses, for each data graph

25 identifier belonging to baoth th tching data graph identifier |list and
the identifier fP§ ya&%‘&&‘i’ élfe'g!i‘emf'ﬁ#gﬁri‘ﬁ tﬁ@?e‘é‘{”é@%@?ﬂp@ I3yer Flerai”,(r %’B‘?
sel ected thesaur, bciatecPWifocéﬁ'ébgirm | f}?’g?i'dai%&@r ﬁoﬁYePfreé@ﬁgﬁngégsoTcPa%& t

o]
correspond to sald data graph 1de , - witing outp ata into the
al | ocati®d row, dayerviDbiidyapiSPnedTall Bod/0RiTess and Tombiningrthei negddayer ht er

to th |1 t . into the. d of .t i pd file.. i ded for. i d

0,1 21 008 ik BBk sy bl L FepBUig g

99, wherein the g Qésitidn 'deltnineg By Rk abjéy 10fraﬁwlmdmgcltb a5 Eiigs ed
e

with a respective 5 attribute for which a thesaurus is selected, and
wherei n out put deAear AND Aradatipn fo setrrmiee @dsegmept of the sesondlaxer 1

selected for an ' Xolo} M . ut table are
witten into sai%%q gér#%tgr @%ﬁlﬂﬁﬁh@%ﬂ%Hgtce?%ﬁrlrgélﬂng)uggﬁfblgﬁlﬁﬁﬁg{uﬁs 99 and
100, wherein the step of witing output data associated with a detected
entry ofs at94.east dhemetiuaxhdacctddingl ¢xt amy t dres aofr Wwhaiosn 80 stes 93f ofurthaec h
data graph identifier, belongin tP bot h
comprising determining a 8re- iltering flag for each entry of a level q thesaurus,
said pre-filtering flag having a first value when said entry is associated with a
data graph identifier list represented by coding data which do not define any
layer n rank representing the position in the layer n pattern of a subset which
20 includes at least one integer of a layer n and level q filtering list, and wherein
the step /c/ of determining the intersection list between a level q target list,
corresponding to said layer n and level q filtering list, and an identifier list
associated with an entry of the level q thesaurus comprises determining said
intersection list as being empty if the pre-filtering flag determined for said entry

25 has said first value.

95. A method according to claim 94, wherein, for any level q thesaurus
entry associated with a data graph identifier list represented by coding data
which define a layer n rank representing the position in the layer n pattern of a
subset which includes at least one integer of the layer n and level q filtering list,
30 the layer n bitmap segment associated with said layer n rank is obtained and

said first value is allocated to the pre-filtering flag determined for said entry if



the matching data graph identifier list and the identifier |list associated
wth said detected entry of the second sel ected thesaurus: - reading the
poi nter ocoobzi4exl in the record of the index file provi deBct/aBol/osmed dat a
graph identifier; and 15 - witing output data into the row of the out put
tabl e designated by said pointer. 102 144 nethod according to any one of
clains 96 to 101, wherein the selected thesaurus being a word thesaurus
defined with reference to a partition into subsets each consisting of one

word, the ené@btaidatidagssachighas ségherd dots et esér@deﬁmrre/ﬁsgiﬂahi&eawe
word for which said detected entry is provided. 103. A nethod according to

any one of integeref s@diayerguan adilteriag liskwdbinespid sebset: us bei ng a
macroword thesaurus associated with a prefix length and defined with

reference a partj id | t St 4 L i ng
by a corrrmtr?%pr efix %édveﬁﬁ%d gg??{agﬁﬁ é"fgﬁgt‘ﬁ%h‘; %%?%9{5 WQ@@%@%&%@. at ed
w th a det eftprdcesying thematchingt detapgeiphxideatifier fistr furthiee ltop@irides detitieg ed
entry is provided. 104. A nethod according to any one of clainms 96 to 101,
wher ei ndt hé’“t%‘dft‘?ﬁ}? apsesiated With Anyadelectederntey 9&?&?'@@??’3}“6%9%@%@1"

addr ess of 'tﬂtagl"et ected entry in the selected thesaurus. WO 02/44943

PCT/ 1B01/ 02/92 -113 105. A method according to any one of clains 96 to
101, wherein the output data associated with a detected entry of a

sel ect ed t ¥¥saur us A omgihod accardinghter clah 96awrereier theealitpubtablanindludessaur us
entry. 106. A nethod according.to claim105, whergin, for a detected entry
of a5 I dsShoNE"tof dtisrrprabf BathatRnithiepl ds p&lenibe BoBEioBeRE: e
by appl yi ngdéntifientiizenand caherbinelipth data Bssbeted Wit/ al detedledr eftry bfsai d
entry. 107. A method according to claim 105 or 106, wherein, for a detected

entry df 3tse|l%fé§<ﬂ thpRauses age wdﬂ@négt@ﬁnysr,ovxs af therewtput tadlle gatraspenging to
cal cu' at e gpﬁtgggﬁpﬁ;ﬂgaﬂﬁé%éw@@hpgg thH'iﬁé 'n?&cb&fg%ﬂgug@bhtiéie%ﬁe‘ﬁfs?eS

i ncl udi ng val ue n sard en east one val ue
al ready pr esehtheiidetifeerdigt psgocidtadiwith d418 defected tisesaacaoedtrpg t o any one of

clainms 105 to 107, wherein the output table includes a respective row
cort espondidkg to eall(\:rrhétﬁgg taic];io%’iné) ];o tcE\?m 97, wherein each data graph identifier
has a respective row of the output table corresponding thereto, wherein the
15 rows of the output table are initialized with a default value before writing the
output data, and wherein the rows of the output table which do not contain the

default value are read after writing the output data.

99. A method according to claim 97, wherein the output table is
associated with an index file having a respective record for each data graph
20 identifier, containing either a default value or a pointer designating a respective
row of the output table corresponding to said data graph identifier, wherein the
records of the index file are initialized with a default value before writing the
output data, and wherein the step of writing output data associated with a
detected entry of a first selected thesaurus comprises, for each data graph
25 identifier belonging to both the matching data graph identifier list and the

identifier list associated with said detected entry of the first selected thesaurus:
- allocating an available row of the output table to correspond to said data

graph identifier,

- writing output data into the allocated row; and



mat chi ng data graph identifier list, and wherein a nunerical value derived
from1l5 a detected thesaurus entry is witten into any row of the out put
table covoempomling to a data graph identifier bel ongi ngpe¢Dikaton7dzhe

mat ching data graph identifier list and the identifier |list associated
with said detected thesaurus entry. 10f4o A method according to claim108,
wherein the nunerical value, 20 derlved%roma detected entry of a first
sel ected thesaurus and witten into any row of the output table

correspondi ng _t %rﬂlr@abap&h%‘?ho' gnhilddfed tf@bvol?\% e trRcoRP R th@%&ﬁi i ”9

data graph identifi lTst and the 1dentifier I1st associated wt sai d
entry of the firgovided ot said datsgapisidentifierbt ai ned from a t hesaurus val ue
stored in said entry, 25 and wherein the nunerical value, derived froma

det ect ed en t sel ect S jtt into
a row of th(tg out pu?{ t%%tﬁga %(gcr%?%ijgo dlaﬁ'é ¢ 5’?0%%51.' 92pﬁ° gg nvyﬁ'\%r'eg} the

bel ongi ng toutpet babléenamtac Iplmgntglabﬁ collinaid) dad:ﬁnbsécb@étebl &mhaadréslp@ctwe
identifier |list associated said entry of the second selected

t hesaur s, gtibeie farwhish eb&heafawﬁ Iﬁgseé@%@ henhwhesginfaiipe data\@ssogiated 43
PCT/ 1B01/ O%ﬁ?a de}éé‘teg;béﬂgpéf"zf eas%a’ﬁrﬁ’é sURlHEPfdr 4 %@ﬁﬂﬂeaaés%%%ﬁ Withv4! ue

stored in sard one value al rea resent 1n sald row o
t he out put dohlrha. oflﬁé)oumummmedrammdun@ $aid cbRinmm. 108 or 109, further
conprising calculating an output value froma set of nunerical values

whi ch h |y, writ t f th t table.
e A et i nccorhrialfes abforting o bt GRies B5an 108 Wireesinthe ter o cger
range covenirithg badulefith! dRiozictbd iR @dbRAGE oy 2oUBPRSA Snd8ebbhd Oned

into a plurality of predeterm ned portions, wherein at |east sone of the
data ri@pr mtedghewusfcpmprlsegt raeaa:hd@@targraphedentuftay kelpngingitothotiof

st orage segiions ective cj at W portio erein a
Storage sedtranichtgFRETE b fAantERE RS g e Wil fotaSisprRits yifes
represent i ngptéctedtdritiyest tidBecbn@ beleestbinebhaisef identifiers of said
portion, and wherein the step of determning a matching data graph

identifier |i-strepdingdbenaiotes spatained in the regesd @f the irgax flerproyiedoiort he

data graph ident Y. ans of the respective storage
sections. 112. A%af'd ?Etaadé @g@ lr{'get?'t‘?)'l;agl aim 111, wherein the step of

processisng the writing output data into the row of the output table designated by said
pointer.

102. A method according to any one of claims 96 to 101, wherein the

selected thesaurus being a word thesaurus defined with reference to a partition

into subsets each consisting of one word, the output data associated with a
20 detected entry comprise the word for which said detected entry is provided.

103. A method according to any one of claims 96 to 101, wherein the
selected thesaurus being a macroword thesaurus associated with a prefix
length and defined with reference to a partition into subsets each consisting of
words beginning by a common prefix having said prefix length, the output data

25 associated with a detected entry comprise the prefix value for which said
detected entry is provided.

104. A method according to any one of claims 96 to 101, wherein the
output data associated with a detected entry comprise an address of said

detected entry in the selected thesaurus.



mat ching data graph identifier is at least partially executed separately
for the different portions of the data graph identifier range, by neans of
t he respavonvet943t or age sections. 20 113. A nethod accor dpamisem/oetsai m 111
or 112, wherein the thesauruses have a plurality of sections respectively
associated wth said portions, wherei n_11a3_secti on, associated with one of
said portions, of a thesaurus associated with an attribute and defi ned
with reference to a partition into subsets has a respective entry for each
subset of sgysd parta tmémomc%ra.ﬂgltad&%y nel 8ALIaAL 06 2o I St Sref gk L O
said attribute in a data graph whi ch” an identifier o sai portion is
al | ocat ed, adput @tarq;ssoomt@ mthga detewted pntry it sgleated thesaufusecorsptise i st

i ncl udi ng each |den|t| f|| er, o ﬁi d ort on al l o%?t ed to a data graph having
a word of &RV HeLER V@[”%Q?T'\ﬁ‘i °Fb Ad;tesqurPs MY and wherein the step of
anal yzi ng the query criteria is at |least partially executed separately for
the differergs.portionfetedbd 3ecoringts labn B, wiehéinf f@Ta dak@ted biitrjonas of

t he respective thesaurus sections. W 02/ 44943 PCT/ 1B01/ 02792 -115 114. A
met hod Accdf@stne selgripdothesarrus, saigsnymerical valge iswsalcalated by apRipingaa e
step execut t t processors for
the di fferemn?ﬁ%gféttﬁzgﬁg‘r g#l&qrt](g'é g?%%@é?ﬁ‘@de‘?{?é ﬁi?ggaér?\é@f 115. A net hod
according to claim 114, wherein each thesaurus entry has 5 a plurality of
fields respdnti vel 3Aanexthoda$cmd>rdmghtosaliadnptﬂ5 ioo 06, fwherredmtfai'ré dgteated a f or
retrieving r ective dentl ub-lists fromthe ction

wher ei n theergf)}) F%ﬂ‘ 'eéﬁ POSiSK Lec?%?rgﬁmu%rqqlgﬂuyggc >¥§ @océ V‘éfPXI for
all the p

rel evant tﬁ%iﬂéﬁ?%s*“éﬁﬁ‘?’réﬂéﬂggﬁaﬁ*“ LS8 TAUEHE) of 298, IROANGSE Tachelhfs

det er miMi ngvadueratared iy saigt antty agldatheasteme value alrsadybpraseahin tife autpubdr age
section ar g g signated by the data for retrieving identifier sub-lists
fromsaid st age section. 116. A nmethod according to claim 115, wherein
the step of analyzing the query criteria is executed by a query server
connected t1D8sai d A egethsdraccordingugharty opsTafndisiatd a05net YOT kwhéfeid tle A
nmet hod accordl ng to lq%‘one of clains 114 to 116, wherein a list update

server Qfipectable RigA enreeHen iy Cof IESROREINGOIoKSaEhy ideniifigr of |"f'§/ of
stor age U”'rhﬁtdhﬁ’bzgét{a'h%r% 14 |88Ht|i¥|e‘?qls¥ Oar%aWﬂnglﬁ%eﬁﬁlﬂbﬁcalt\%ué R tive® s

server control torage unit's to maintain the storage sections.
15 a detected thesaurus entry is written into any row of the output table
corresponding to a data graph identifier belonging to both the matching data

graph identifier list and the identifier list associated with said detected

thesaurus entry.

109. A method according to claim 108, wherein the numerical value,

20 derived from a detected entry of a first selected thesaurus and written into any
row of the output table corresponding to a data graph identifier belonging to
both the matching data graph identifier list and the identifier list associated with
said entry of the first selected thesaurus, is obtained from a thesaurus value
stored in said entry,

25 . and wherein the numerical value, derived from a detected entry of at
least one second selected thesaurus and written into a row of the output table
corresponding to a data graph identifier belonging to both the matching data
graph identifier list and the identifier list associated with said entry of the
second selected thesaurus, is calculated by applying a mathematical function



118. A nethod of organizing information in a database system wherein a 20
plurality of rowidentifiers are defined to designate respective rows of a
ref erencavo abiemahavi ng col uims respectively associ at ed w paOT/ditia2792

attributes, said rows containing groups of related words assigned to said

attributes in a collection of data, th_e11@_thod conprising the steps of: -
storing at |east one macroword thesaurus associated with one of the 25

attributes and with a prefix length shorter than a word | ength of said

attribute, i.d [ e | r ' ent.r

prefix val uz&lﬁa@'%ﬁg\é?dg%}regf '?')%H]Irdﬁ;gg ﬁxég%rggtﬁllﬁ)%é{déggdrﬁ%@éa,pghg&n%?ocgtr efix
of at | east |eawt onernalws airgagy ptaseptirdsaldtrewaifithe butputitablehe col | ection  of
data; and WO 02/ 44943 PCT/1B01/02792 - 116 - storing data representing
identifier Lists respectjvely assqciated with e croword thesaurus
entri es, wndriDi n t ha | BEIOK FASCONIEY les Samh 108 Pt MG hadiery CoPETNIGhg ¢ o
a prefix valgpulfinglafBAItUCYSuENRSAUE Kot BT TRFHEAES vathéd viicR e bl éh

includes any row identifier designating a row of the 5 reference t
havi ng a5woréspdativelyowritters i dhercoves of the ouipetht@blesai d  prefix value in the
colum associated with said attribute. 119. A nethod according to claim

118, wherei he entyr| . r rd th S ogj At i.£h_an
Bttribute and oot ofh BIRNGY ARPRUnEBLANY hel HEERTE 5350 K G ffighbin "art
accor di ng t ¢nteger rangeScaverihtXthevibientifiots allptatedltbttbie dfata GRaBIBMR! Shrtitioned
t hesauruses associated with different prefix |lengths are stored for at

| east one attpi pRlwralit29f predaierBaedcRItiaNHgwhereinyatdrasbsomeaphihe data o
120, f“”herrepr‘éggpﬁrggg'iqj%tg{éfrh&g%r&fdis;tgpgfe@girngo ﬁgmréirﬁgs@f‘&ﬁ&?a Zs%%hé‘ﬁ?d

with said oné" o utes, saurus havi
respectitge easpectively eassocimted adth gsuid porticrast wheteint ca sstotage t sebtidre i n
the collection of dat sai d_ent rapmcont ai ni ng data representi

|

a ) ng. an
i dentifier [BS8PCAIRA WithiRNe:9k faldoRPtigBs Gontain da-&ir%ﬁr&tsﬁnan%'q%&;f@f suRe

ref erence tgg{secgpgygtm%e?ﬁa e of QaiH'}forﬁé’rln umm associated with said

attribute. 122. A od according to cl'aim121, wherein the word
t hesaurus associ at asdwhéreimtha steploftdetémmininigi £ mathkingedata gnaph ideritifiehas a
default val it is"executed separately for the different portions of the data graph identifier

15 range, by means of the respective storage sections.

112. A method according to claim 111, wherein the step of processing the
matching data graph identifier is at least partially executed separately for the
different portions of the data graph identifier range, by means of the respective
storage sections.

20 113. A method according to claim 111 or 112, wherein the thesauruses
have a plurality of sections respectively associated with said portions, wherein
a section, associated with one of said portions, of a thesaurus associated with
an attribute and defined with reference to a partition into subsets has a
respective entry for each subset of said partition which includes at least one
25 word assigned to said attribute in a data graph to which an identifier of said
portion is allocated, said entry containing data representing an identifier sub-list
including each identifier of said portion allocated to a data graph having a word
of said subset assigned to said attribute, and wherein the step of analyzing the
query criteria is at least partially executed separately for the different portions of

30 the data graph identifier range, by means of the respective thesaurus sections.



at least one row further has an entry for the default val ue, containing
data representing an identifier list including each row identifier

desi gnat iwmgoza44asv of the reference table having said def parABouake in the
columm associated with said 25 attribute. 123. A nethod according to claim
121 or 122, wherein the entries of the_qwgr.d thesaurus are sorted based on
the words assigned to said attribute. 124. A nethod according to both
clains 119 and 123, wherein at |east one attribute has a nunmber Q of

stored macropprd thasmetHeseacesary & 8Ay W08l AiaiAs PG BA3/ Ghéedein thel?

with different prefix |engths, each having a thesaurus |evel paraneter q
such that geparate step@xeguliensgraeairiedaysdin aaraliehby respeotive pracessoss foref i x

wherei n' the PR SRR, ontRE eBt afhn Rk enBE 2 ne. i n caeh entry

provided for a level 1 5 prefix value, data designating the entry of the
word t hesautts. assolimethddvaddordiagitd cidimr 1 bajtweheaveire baclo thiessuounsientrg Hase

| owest or hi gg]e%gf, Wor(%. \f\/nose correspondi, ng prefix matches said level 1
prefix val ud,PIUIRItXVIEMEIGs SesPechiyel oarnasiathd With Bait RerijPsa ToewoNtRINgnet er
g >1furth o | ”&?fe'& oy ed: o f % refbix-val ue,
dat a desi gng?tianﬂﬂt ﬂéétﬂg‘rl]'tnpyro tﬂ\é@?gégﬁlﬂﬁog%@?gﬁagﬁ%bg ?ﬂﬁg’gdédrs‘:efghéﬂlé’,ch
cor r espondswhereainéhe sleps of analykziggdbe duerycriteria isnexacmed dentrallyefor all the

di ng.prefi h id | evel fj Lue, 125. hod
cocordr g t BoRDE Aninglei e et ¥ tarthel i dnsRui e *gvat Bsabas o | s
a virtual tehfriesWedby & protesdorex@cuthif the’stEpt drodbtaffiminy agné@hm%aﬂmal%,

further conprising the step of 15 storing a link table having a plurality
of rows!t es@eEPhi identifiersks Hyame@ngi afha starage gestion aracesignated iy thebdataand a

ber i ' oacit” FRUERT HERTRTSbSkate MRRRSARS6ra0l SebBh (oo The col um,

either a value indicating that each attribute value represented in the

associ at ed ftté.er encA rmethoe acnurding tessaipneds) whereiatthe iskep eof aRalykinghthe
sub-group associ ated wjth said one of the colums is a default value or a

link val ue fY%¢TYr efteriayisn§xaeutPdRY 3 auert SeaerwePrnented He e3if| RIACESROS!

data repreghoi&d al ddmmEnkRaBes ndtheskl ef erence table row and assigned to an
attribute of the sub-group associated with said one of the colums. 127. A

met hod according to claim 126, wherein a respective data table is
15  117. A method according to any one of claims 114 to 116, wherein a list

update server is connected, through the communication network, to a plurality
of storage units respectively coupled to said processors, the list update server

controlling the storage units to maintain the storage sections.

118. A method of organizing information in a database system, wherein a
20 plurality of row identifiers are defined to designate respective rows of a
reference table having columns respectively associated with data attributes,
said rows containing groups of related words assigned to said attributes in a
collection of data, the method comprising the steps of:
- storing at least one macroword thesaurus associated with one of the
25 attributes and with a prefix length shorter than a word length of said
attribute, said macroword thesaurus having a respective entry for each
prefix value having said prefix length and matching a corresponding
prefix of at least one word assigned to said data attribute in the collection
of data; and



25 stored for each of the attribute sub-groups, and wherein each |ink val ue
contained in a colum of the link table associated with an attribute

sub- grouwoopmns ses data for identifying a row of the dararAamhloe7aat or ed
for said sub-group. 128. A nmethod according to any one of clainms 118 to
127, wherein said data representing idgggifier [ists conprise, for at

| east one thesaurus entry, 30 coding data obtained by a codi ng schene

havi ng n successive coding |layers, n WD 02/ 44943 PCT/ 1B01/ 02792 -118 bei ng

a nunber at | easitofifiyalath Pepresefifg |id’é‘iﬂﬁ‘iehﬁgis_r‘&s@eﬁﬁ\?él?td%"s%@%ﬁ RathttAen
for dividing a range covering integers of an input list of said |ayer into

subsets, said id@erowergrthesauruseemigeshwherginttheiidentiffertlisé asspeiatacayéh f or

Thteger Tt reptbebinn RTLR Bl Yale B M thubiEiheiradBioqdyB: o
each subset contwithi &9 sfribueasiciodes anyt REEidéntifich edddigntting 8t rdwergrsthehe
input list for the next layer, and wherein said coding data conprise, for

each | ayer and et@ferengsdablechaming @i werdawhpse sprrgpponding dyjefix sratengs saigut
list, dat £ ] it , ' he input Iist
b oL SO SRR PRI SRR SRR AR Pt S

representing the position of said subset in the pattern of said |ayer. 129.
A net hod actt9di ng Aondtbodn d2®rdinpetceichithd 18pdivngredtattheaeptriest of eshichn a

I lit f fil i ncl udi fil ti | 1 t th
RPN R e Y R e T
data 15 argrefixa/ahged.n a plurality of files including at |east one file

allocated to a respective thesaurus, for containing the coding data
relating to the entries of said thesaurus. 131. A nethod according to any

one of &0 aji80128 t6 MEthoduascerdingHe cleimi hip dt 418 svhareine@ phirality | fast
one file al o Gsid H}egaph}gegl %§§6c%fte¢ %ﬁ?gfﬁ&?&& ?5e§i3 %ﬁéth%%ﬁe%t%k&ﬂf&rhe

codi ng data relating e entrres of ‘sal ur a thesauruses. 132.
A et hod acabkdshgné attebyteone of clains 128 to 131, wherein the pattern of
each layer is such that the integer subsets are consecutive intervals

ol i m 132 (fbretn BaReRORERRAEFINGn B HRs T8 Oh SIAGIE TP §202 Wdiercach
layer. comprising the step of storing a word thesaurus associated with said one of the
15  attributes, said word thesaurus having a respective entry for each word
assigned at least once to said attribute in the collection of data, said entry
containing data representing an identifier list including each row identifier
designating a row of the reference table having said word in the column

associated with said attribute.

20 122 A method according to claim 121, wherein the word thesaurus
associated with an attribute for which the reference table has a default value in
at least one row further has an entry for the default value, containing data
representing an identifier list including each row identifier designating a row of
the reference table having said default value in the column associated with said

25  attribute.

123. A method according to claim 121 or 122, wherein the entries of the

word thesaurus are sorted based on the words assigned to said attribute.

124. A method according to both claims 119 and 123, wherein at least
one attribute has a number Q of stored macroword thesauruses associated



134. A nethod according to any one of claims 128 to 133, wherein n >_ 2
and | ayer k data containers each having a plurality of records are provided
in a cowobzsomenory for 1 < k:5 n, each record of a | aper/moigatsa

cont ai ner being WO 02/ 44943 PCT/ 1B01/ 02792 -119 associated with a layer k
I nteger rank representing the position-gffza subset in the layer k pattern,
and wherein each record of a |ayer k data container associated with a

| ayer k rank representing the position of a subset in the layer k pattern

has a firstwith elifferbnt pesfixt Ringthg eda@hahé\nn r£tHgsauring lgvied pReshbtedng Wuthi n 5
sai d subset of any integer of a |layer |nput list relating to an

i dentifier that <qwHer @o@elagcanm’te@&n arleast equal to dydhe lprefahlen@‘tm heingya

position r e ontal dLn |df rst. fi

det erm nes %éc%r%égﬁb flj{]cﬁghkgﬂn%% fﬁﬁfet péfcgsge erSF%no etﬂ%vqlayer
k-1 data comasiowdrdi thesagn® Alrgibri éor‘ﬁamslan atnaantry qsrovidedeforod 18@eld1
identifier list if k = 1. 10 135. A nethod accor di ng to claim 134, wherein,

for 1 <5 k:BHefix valied data designatinodba enint akthe werd thesayres aascp@atﬁddwﬁh t he

| k d h f
ayer K i npitd) RS iiEn " GO 10 e JOWEHE T nidBet Wl lBsR  cach
bit is assomnreésspxdmmrtgﬁ prefbe spatchegesaidt kgel ’ofpréﬂx dvalgebseid Wwhersigli aaye

whet her said int ecﬂﬁ bel ongs to said | ayer | nput list. 15 136. A nethod
accordi ng tB3EToNqtA thesays-having aJevel Rarames',ehq chdurtheiceertaing; in gachayer

k data cont@PhroViRAEIgH L vl hDoraf.%g,wg i BsHGHAG ihd BAtrd GT3REMKEel" ! ©f d

for containing said layer k ran ccording to

wher ei n10eacdh—‘dmaa:rwoltdahhﬁeaurusonblchmreapohéam thenlowest es hlglmsele\dmeq#—ﬂ r st
and second fields qf the records of eg sai d, dat a.qgontfl nerf
respect | vel aSiciart] whshe £4rreReonging gretix faaicher saikigNafa P Vg, A et hod
according to claim 134, wherein, for 1 s k < n, each record of the |ayer k

data contai1@3. furtAenethad @cmﬁgc{ofarﬁy Oné OF tiRisa 18 1@ 124N WHREIN said
representing the position of an integer of a layer k+1 input list within a

subset of refereRee taBleds pvirtyrltakiewhighds plesterad. for 1 < k< n, said data
contained in the first field of a record of the |ayer k data container

of a1 ayer PSmput ) optriod BRCordhig k6 AR 128, fitfiaP CpirerRingtndBep Mrea®Y
poi nt er1s o storingastinkotable dwaving af plutality af eowk - résplmtwe@oassmmated with the
rows of the reference table and a plurality of columns respectively associated
with attribute sub-groups, wherein each row of the link table contains, in each
one of the columns, either a value indicating that each attribute value
represented in the associated reference table row and assigned to an attribute
20 of the sub-group associated with said one of the columns is a default value or a
link value for retrieving at least one stored word of the collection of data
represented in the associated reference table row and assigned to an attribute

of the sub-group associated with said one of the columns.

127. A method according to claim 126, wherein a respective data table is
25 stored for each of the attribute sub-groups, and wherein each link value
contained in a column of the link table associated with an attribute sub-group

comprises data for identifying a row of the data table stored for said sub-group.

128. A method according to any one of claims 118 to 127, wherein said
data representing identifier lists comprise, for at least one thesaurus entry,

30 coding data obtained by a coding scheme having n successive coding layers, n



30 in which the second field contains a nunber representing the position of
an WO 02/ 44943 PCT/ 1B01/ 02792 -120 integer of said |ayer k input |ist

wi thin savoozuset of the |ayer k pattern, whereby sai d permu/oofo2t he

| ayer k-1 data container is associated with the layer k-1 rank determ ned
by the conbination of said |ayer k rankyy¢th the position represented by
said nunber. 5 139. A nethod according to claim 138, wherein said data
contained in the first field of a record of the |ayer 1 data container for

retrievi ng gy BARirhb&MatleasfByuitbetachf 1ager hg\ﬂ_ﬁ%;iaf bRIdetbhinet tddtierd
subset conprise a bitmap segnent in which each bitT 1s associated wth a

respect i ve fondwiging ef rapgedcayvepsgtintegersaf satieputiisé of eaids layer into sybsets,

t ifi. f id | : 140, hod . di t | ai
138 or 130 S IsieL NSH oFhadfa Taplihit oftog dpst Ry BF IS IRREA D ity
with a | ayeyhdreimafus dny laher ofts thafaRengstilaged arf PtegiMitirBpRGendhd thayer n
rank. 141. A nethod according to any one of clains 138 to 140, wherein each

| ayer k5datRosition dnrfbe pajtern of saidJapes pfpeaciesubsel eartaining atilpast aper e

tospect s vel DegBE BT Rt s Hdtins el Wpul Aol nd beRE |lelrady MR Rig 2l &
accor di ng teddimy datiecompeibe) fob adh laged Ahd edoer Qubset fovhtaiding<atkleast bne each
record of the layer k data container further has a next address field,

wher eby redBtegetipdithe inpet ligl data) represartingijle pesHign ot sachiintegepwf teans 20

f th t. . of i , ' . t
ontrios  arnPOCIRCHIhTCLAE, e Y, AunleAl ICEY 130EP Pind R ApeE e

cont ai nér, represeatingtthe positiongf datdasulsdedtin thee pattemeofcfaic Eygrentri es for
| ayer n are stored in or retrievable fromthe record chain associ ated

ol ai m 142, r i n X rpptpoceCrodifl Wofhim Tos ineteiling GodlRBobeld Gt

respect i velgtorgsRehgblacality oh fileRC Mctdingifiss réspditiveRyaliodated ab ahesaurasner ,
whereby the coding data relating to one of said entries for layer k are

stored in dNtA@$.ri evable fromthe record chain associated therewith in the
| ayer k data container. WO 02/44943 PCT/1B01/ 02792 - 121

130. A method according to claim 128 or 129, wherein the coding data
15 are stored in a plurality of files including at least one file allocated to a
respective thesaurus, for containing the coding data relating to the entries of

said thesaurus.

131. A method according to any one of claims 128 to 130, wherein the
coding data are stored in at least one file allocated to a plurality of thesauruses,

20 for containing the coding data relating to the entries of said plurality of
thesauruses.

132. A method according to any one of claims 128 to 131, wherein the
pattern of each layer is such that the integer subsets are consecutive intervals
consisting of the same number of integers.

25 133. A method according to claim 132, wherein said number of integers is
a whole power of 2 for each layer.

134. A method according to any one of claims 128 to 133, wherein n > 2
and layer k data containers each having a plurality of records are provided in a

computer memory for 1 <k < n, each record of a layer k data container being



144. A nethod according to claim 142, wherein, for 1 < k<_ n, each record
of the layer k data container further has a head address field for pointing
to an addpermss9ed a first record of a respective chain i npCheBdiayee k-1
data container. 145. A nethod according to any one of clainms 142 to 144,
wherein each 5 layer k data container fqygl < | k<_ n conprises at |east
two files where the first fields and the next address fields of the
records of said data container are respectively stored, said files being

accessi bl e ssxprlAé@MWith 348yer’k EHEH rAfC RIES¢ht! f i i8 to
145, wherein an integer r)é?\gelcoggrirng thd(ial ider@l ?%Pgﬁgg@ioéﬁaté?é\%ettﬁe

rows of thetheelyeeredattesn.: apdewhergiareach ceeatdi of @ daysruk adatay cortainer

pr edet er m | , I e t st ..sQ of the ta representin
Penti 11 or TRy W a PR Bkl repBREnRGTRr Prshafh o1 SubeH 3R loRd
respect [ velly_patientihatseai fiv@ttfﬁeldafbpl Cbﬁfdiﬂliﬁgsdam/ff@f ‘?ét'ﬂie@in?j M@?Gsitiéﬁ%i‘trﬂﬁ_ _
associ ated wi,th one of said portions contains data representing identifier

sub-1i st 3R SHOsRE obranygiegern et @ laves ki iappblist mlating tasam igentiien diat,

according t ' : ' o t] all ' [ f or

each of gai \gh%c??y ir%#émobf]%ﬁg%&s é'rd eﬁggFF a'%ﬁg V%ﬁv%ﬁg}rﬁtémé% Fétﬁgﬁ%t@(}-ﬁ qu‘?-ﬁ

receive t hethetdntagmmaioeddnSmﬁmif@dEdleVérhhnésabdaEQr ki-0rrank 4¥th higkt Hod

according to cl lm}egéq%/gerei n at | east sone of the macroword thesauruses
|

have a pl ur&@SPEGHVS e 1ayehdetl datpycontaiper ist aspocsatediit k >shiand an

portions, %@ﬁﬁ&@@%h%ﬂﬂfieﬂ§ﬁ§t1ed with one of said portions, of a

macr owor d thesaurus associated with an attribute and with a prefix length
has a respective entry for each prefix value having said prefix |Iength and
mat chi M alFor r espdmaethgdpaadardingf toatlaine a34, avieereiw, donds< grenl, saidsddtd dat a
attribute in a. reference t e.rowto Lch an identifier of said portion
i s allocat &R“‘%‘QP@ g the Sﬁrséff'aé%ﬂf 2i"Rray %gtbgquﬁr k data eontainesfor erireYinger
sub-1i st frge pduticii OF a0 MRSGAOBr aa858CkahpGt Hat Rithd | - gh
met hod accor.diélg to bot%ﬁﬁlcl aims 121 a?ld 148,6 er e’tﬁﬁatg eeic'rgltt%gqe Wor d

t hesaur us Heitnap geament inywbichsearh bihis assogiated withya respective énteget of saidd
portions, v@ﬁ'r ' ' S A d wi,th ope of sai orti.ons, of a
word 30 thesausgt{sb @gicgag%a € %%ﬂ&gﬁ&ﬁ &??IBUQ%p%ﬁg'da{aY%rs qurtil)ﬁt'entry for
each word WO 02/ 44943 PCT/ 1B01/ 02792 -122 assigned to said attribute in a

referemze ttd6.e rovA hiethbd elecarding entiairhen3soivhenéil, fqror kikoani saéh kewmbied,
said entry containing data for retrieving an identifier sub-list
of the layer K'data container associated with a layer k rank further has a second

field for containing said layer k rank.

137. A method according to claim 136, wherein each data container
comprises at least two files where the first and second fields of the records of

20 said data container are respectively stored, said files being accessible
separately.

138. A method according to claim 134, wherein, for 1 <k < n, each record
of the layer k data container further has a second field for containing a number
representing the position of an integer of a layer k+1 input list within a su‘bset of
25 the layer k+1 pattern,

and wherein, for 1 <k <n, said data contained in the first field of a
record of the layer k data container associated with a layer k rank for retrieving
the position of any integer of a layer k input list within a subset of the layer k
pattern comprise a pointer to at least one record of the layer k—1 data container

30 in which the second field contains a number representing the position of an



fromthe storage section associated with said portion. 150. A nethod
according to claim 146 or 147, wherein each thesaurus 5 entry has a

pl uralitywobh2iived ds respectively associated with said porpPCDIB)1/0EDR
containing data for retrieving respective identifier sub-lists fromthe
storage sections. 151. A method of proggssing a query in a database
system wherein a plurality of rowidentifiers are defined to designate
respective rows of a 1o reference table having colums respectively

associ at ed iifolr it Saidt IayoP K Hout SRt AutNS S6RNSBbELNGS GrOUBTek pahated

words assigned to said attributes in a I T'ection o a, - wher

plural ity oyharebysaidisaoreaf thedeyerkat datavcontainerrie speotiated with theélayer and

dat ti f t abl i.dentjfi,. | tivel.
aasoct at ed R IetelnfiEy MF BaaBlhaieba 5o aver kgankaafeie Resiiann
t hesaur us asprssentatbyishlt muabéttribute is defined with reference to a

partition into subsets of a set of words which can be assigned to said one

attribute and has a resgecti ve entry for each subset including at |east one
word aSsi gidd to Sametiad ageerdinguiceciaim (138, whereiptsaishdata erntainedria the
reference t I i f¢i L St I j I SAUL: try
el udi g an g HEEY Jrifip laler 1, 3pEF Eoisifertor tofiRuihg 544G oF

havi ng a wany integeri of smbderitifies sispndttin bosutmet conepridet sibimap sehatemtint he

t hesaurus include at | east on croword thesaurus ssociated with an
attribute CW@@H@Q&S@WC@E@%“%Eﬁ%p&PtIV9aﬁeaem BidsHhsRt toindicate
attribute, WhaheP¥aiidhbgaRrmESetsidFmBHIifier SfSsigfied wi th reference 25 to

a partition into subsets each consisting wor ds bégi nni ng by a conmon
prefix havi%said prefix length, the nethod conprising the steps of: -
anal yzilAg ddéry criA grethod acaendingrinedain dd8omud9, omhéneirobacmgecdrd ddhes

ow i aent | 1 1 dfa pafell péeari< SR BvRR Mo fdhBinoR e SERrE < o

representi fgr thtairiigeaiddayérabtankow identifier lists associated with said
rel evant thesaurus entries; and - processing said matching row identifier
list to output a res%(inﬁe. WO 02/ 44943 PCT/ 1B01/ 02792 - 123 152. A net hod
accor di ng t'é7el ai mABethep &cepiding to apyonenel gleims HaBtontd0, whenein gachy of

macr ovor d 4RSI HHEL Ton BRI RUEIK W f Roflidrseseat IeBEEM S Al FhBR: the first

15 and second fields of the records of said data container are respectively stored,
said files being accessible separately.

142. A method according to any one of claims 134 to 141, wherein, for
1 <k <n, each record of the layer k data container further has a next address
field, whereby record chains are defined in the layer k data container by means

20 of the next address fields, and wherein at least some of the thesaurus entries
are respectively associated with record chains in the layer n data container,
whereby the coding data relating to one of said entries for layer n are stored in
or retrievable from the record chain associated therewith in the layer n data
container.

25 143. A method according to claim 142, wherein, for 1 <k <n, said
thesaurus entries are respectively associated with record chains in the layer k
data container, whereby the coding data relating to one of said entries for layer
k are stored in or retrievable from the record chain associated therewith in the
layer k data container.



153. A nethod according to claim 151 or 152, wherein the step of analyzing
the query criteria conprises, for at |least one attribute referred to in 5
said critve®bpz4943 sel ecting at | east one range of words depCnvagbifoorozsai d
attribute in the query criteria; and - mapping the words of the sel ected
range which are assigned to said attrikpje in the collection of data with
one or nore subsets, the thesaurus 10 entry for each of said one or nore
subset being retained as a relevant entry for the selected range, and
wherein th ep of AT aTs ' i4h0 Ldentyd Lirer |} I ses
mer gi ng re?pﬁit ive %gr?éttﬁg?s?@g?&tlﬁhd;?ol gg&lrﬁhﬁ?éwq%&lb’s%r?gp%gsﬁeﬂt ggé%g&ﬁg{% dat a
of the relahthatlayérds datausordainer ésrthert lrasahdan addrieds field fdrqsbintwgpto ad5

154. A nethod, according to c]a m 153, wherein the mapping,is performed so
as to retai #jdéeﬁ? F?f Pl rfﬁﬁ%’@fro i rgséﬁeéy‘é‘?lf’r‘?'ﬁégéﬁ‘? lﬁj/eélr?ﬁ‘ﬂi@a fcoptaineh
sel ected range. 155. A nethod according to claim 153 or 154, wherein each

thesaurus pgpoci atRnathbl dRoRliAG td'Wng dric BELIaNAY 192t b 144 SWRBfM eBcR
partition such that 20 each subset consists of one word or of consecutive

wor ds ofs t Hayerek data wonthineihfocH € &r< beonsprispseat least bwal fises whiere ¢he firs
entries of Ld _thesaurus, bei,n rte ased on the wor assigned to said
attribute, ffﬁi%s A en“?ﬁteag%%soﬁadﬁ I@‘fi PR Ozu%"\}',\g cgai?t‘é?r]tg'n@{)r%?i ses
at | east onesgeshellpsioredadidfiled Heing 8asssilfBs Be&éﬁtus for identifying
rel evant thesaurus entries. 25 156. met hod according to claim 155,

wherein the thesauruses further conprise at |east one word thesaurus
associ at ed W& h a rAdpeidedvaceardingblo: any opiet of clires ehidk te J48, pehverein an i nt o

wher el 1 eachteee? Tephe thRlind el Mehigh e PiRBHAG BT ERIE P dnkireorpi
def aul t1ovaltable & paditigned into atpliradityt of pedeterntifed P riiehsrene@in ablleagtows

further has an eqt F}gsciﬁor t he default val ue, WO 02/44943 PCT/ 1B01/ 02792

- 124 wher e3PBRONd 1y reefesenfing idaptifier ks par sistributed inte @ plraldy & at ed
with said pa?u ifaat : t I : Joac :

I dentifier %Pl ca%e |o;?|§ r%%pé%’t!veem%g%@%niﬂébewygﬁﬁﬁia@pﬁgngaMﬂ;ﬁ%m %?é%orsg?ue
assi gned t csesdiod assodidiede withb&neA ofeshidd paciiansdicomtains adgataomeprdsentiag ns

143 o 157, uhH e Si'ifs consisting of identifiers of said portion.

15 147. A method according to claim 146, wherein a respective storage unit
is provided for each of said portions of the reference table row identifier range,
to receive the storage sections associated with said portion.

148. A method according to claim 147, wherein at least some of the
macroword thes'auruses have a plurality of sections respectively associated

20 with said portions, wherein a section, associated with one of said portions, of a
macroword thesaurus associated with an attribute and with a prefix length has
a respective entry for each prefix value having said prefix length and matching
a corresponding prefix of at least one word assigned to said data attribute in a
reference table row to which an identifier of said portion is allocated, said entry

25 containing data for retrieving an identifier sub-list from the storage section
associated with said portion.

149. A method according to both claims 121 and 148, wherein at least
one word thesaurus has a plurality of sections respectively associated with said
portions, wherein a section, associated with one of said portions, of a word

30 thesaurus associated with an attribute has a respective entry for each word



5 step of analyzing the query criteria conprises determning said

conbi nation involving relevant thesaurus entries as a tree having at | east
one | eaf wodp4494ach | eaf node corresponding to at | east PaOERIBMRI0RWANt
thesaurus entry retained for a respective attribute. 159. A nethod
according to claim 158, wherein said tregphas a plurality of 10 nodes

I ncl udi ng said at | east one | eaf node and at | east one operator node, each
operat or node representing a Bool ean operator applied to at | east one

partial criasvigmed tepaidsatiinde iy axerdrbace tatsle rol ©AVHIch! #€idePfifiePbf 418
operator nodes being a root node representi n% all the query criteria.
¢}

A et hod acRefian hyaliecated: saidsuirnaestaining datarfeteatrievinganidentier sub-fistr t her
i ncl ude at #r%s&ﬁ%&ggéﬁs‘ggg?ﬂ%ggoéig{ed\/migﬁQ?@ é(grliigﬁence table row

identifier T71st erm néea pri step of analyzing the
query criteria. 161. A nethod according to claim160, wherein the
reference t#i0.e r ovA mdihod aceordingsto okairmal45 prest, wioskein eadhtthesamed from

at | east_one mai\%hi ng [2?2 r ef etf@iélce t abl e row identifier list obtained when
processithg ENPY &@SodPIYRIY, Of fipids Kespaqtivalyaasspciated Wihassid oprrtionscfofi ns
159 to 161, cokishfid dabis fos r&Ried] il i 5639 i Lhker
l'ist conprises obtd;i ni ngoa rIéasEggﬁé\jdgéihg%Htale'?tlrm;errnﬁtgpé@ofr%ggém@%gé gbgf
said tree, s#modBy the identifier list obtained for each | eaf node
corresponding to at | east one relevant thesaurus 25 entry is the nerger of

respective tions | Lfier Lists associated wt sai d at | east
one rel evanfgi'hesau/f'\ﬁée{g%? r éfsg# SFﬁg %djzur?{}'f"i‘eq dﬁfast{asgbgﬁ%@d Wrb‘?re"bach
oper at or noplardligprefs esw i iigntifi@eolapardeiPrRdate desighated réspeattivk easivs Wtea
partial cri t?l‘l on i s, obtai ned by applying sai d Bool ean operator to the

i dent i f1%r referense dgble ReMindoFoluIsh ERfPectyel¥ sesnaciajed avidh Hlata cattiibutes

partial cri i et 0 2125 t Ghi Y
Cdent | fior 190 s ot ] oSy 6C ralabe WO Aecloned 46 SR LD e, e
root node. ddlectidn raftdatd, adeoeidi aplumality of thekaRrusdreeach aaobiatéd withda

obtained identifier |ljsts i roduced in the formof a bitmp vector
consi sti ng 'GSPEFE agr 'hgéﬁ Sﬁadg@t@ repEeRantingereferancentable dgwel e lists

ool ong. o SSeLELF SEABEMO S, ottt el desalfuis e RERICRLGRLE,
wher ei n1%@a certmhesseus associated with one attribute is defined with reference to a
partition into subsets of a set of words which can be assigned to said one
attribute and has a respective entry for each subset including at least one word
assigned to said one attribute in the collection of data, the reference table row
identifier list associated with said thesaurus entry including any identifier
20 allocated to a row of the reference table having a word of said subset assigned
to said one attribute,
wherein the thesaurus include at least one macroword thesaurus
associated with an attribute and with a prefix length shorter than a word length
of said attribute, whereby said macroword thesaurus is defined with reference
25 to a partition into subsets each consisting of words beginning by a common
prefix having said prefix length, the method comprising the steps of:
- analyzing query criteria to determine a combination involving thesaurus
entries relevant to the query ;
- determining a matching reference table row identifier list based on said
30 combination and on the stored data representing the reference table row
identifier lists associated with said relevant thesaurus entries; and

- processing said matching row identifier list to output a response.



conprising n successive coding layers is used to provide coding data
representing the identifier list associated with a thesaurus entry, n being
a 10 numiwveo oassokeast equal to 1, each layer having a predeCeiBnimem2pattern
for dividing a range covering integers of an input list of said |layer into
subsets, said identifier |list being thezgoput list of the first layer for
said thesaurus entry, wherein for any layer other than the last |ayer, an
integer list representing the position, in the pattern of said |ayer, of

each subset18int ai nA mgethbd lsrestding € climi T8 Edffierein BhRdshBHE dtirbutd AEES t he
Input list for the next layer, and wherein the codi n% dat a COIT‘)I’I se, for

each | ayer aRWralfyef W@WPFQ:QWSQUFHS@Q assqaiated witte difierertepretix langths.nput

|ist, data representing the position of each integer of the |nput | i st

within sai o sxibset anghoyitfy 'a%%gfdéﬁéutggle:%irplna}?ﬁ;o} Z]C‘;f \{Vb%?ém Sgt N

representing the position of s €rn o Ia er.

165. A et handlyiogthe rquery criteriancdbprised)cfoeiat Iédst cm?é attributef réfenédltayﬁr i's
such that the | nt eger subsets are consecutive intervals consisting of the
same nurberS3¢ %gers 166. A nethod according to claim165, wherein said

nunber of int &99§e‘{e¢tﬁ1gf ab I@aé‘t"f'b?{eeré}@@ giora fc%ﬂn‘ae"é‘icfbrdﬁg "attribfife if: tHEL hod

according to any one clainms 164 to ereln sal ata representl ng
t he position of queryweritgyia; astl an i nput Iist within a subset consist of a

bi t map segnent. 2/ 44943 PCT/ 1/0 - 126 ,168. A ne accar.di ng
to any one of 'clq\al'\g NBeA'S %’%%0% %?F%?ﬂerang?e‘ﬁh & Q?WH?&Q} Ot $/ld

mat chi ng row i dedttritfiitelin theséolletivf bﬁaétéjﬁttﬁbfﬂibrbrrlﬁoﬁb sUERERS, theltRESARDs! | St
for each node of said tree, whereby the layer n integer |ist determ ned

for a I'8af node ¥HRsIAteackr obsaidyarie ar Myatsuiset being cetained, as @ tetevant
codi ng schene, V&ﬁt@( fo?‘?hé”?él%‘éfeooﬂcangﬁe identifier lists represented in the

rel evant thesaurus entries to wh sai d | eaf node corresponds, and

wher eby t hardwberein thatsigp!rof Idesérmiibingi thedmbtohiregp edw dgentifiedrlishedmprises
representlg_ﬂsa Bool ean  oper at or é&iﬁl ied to at | east one partial criterion

i s obt ai nedB{PIAY FPSRERIVS AoftieRsPLlhs idgpiifiefists fQPr?ﬁ%“tPQJéfrthﬁ’ datacdhe| i sts
det er i ned 6RFahDhdeilfgs ERPRSTERIAAHIH A 1etled @ABE, ONe partial

criterion, and wherein a [ayer n resu I'I'st 1s detePfnm ned as the layer n
I nt eger list obtained for the root node.
15 154, A method according to claim 153, wherein the mapping is performed

so as to retain a minimum number of relevant thesaurus entries for each

selected range.

155. A method according to claim 153 or 154, wherein each thesaurus
associated with an attribute is defined with reference to a partition such that

20 each subset consists of one word or of consecutive words of the set of words
which can be assigned to said attribute, the entries of said thesaurus being
sorted based on the words assigned to said attribute, and wherein the step of
analyzing the query criteria comprises at least one dichotomy search in at least
one thesaurus for identifying relevant thesaurus entries.

25 156. A method according to claim 155, wherein the thesauruses further
comprise at least one word thesaurus associated with a respective attribute,

with reference to a partition into subsets each consisting of one word.

157. A method according to claim 156, wherein each word thesaurus
associated with an attribute to which the default value is assigned in at least
30 one of the reference table rows further has an entry for the default value,



169. A nethod according to claim 168, wherein the nodes of said tree
further include at | east one preset node for which a reference table row

i denti fi avOob2/st94has been determ ned prior to said step of panvasoyarTg t he
query 15 criteria, said reference table rowidentifier |ist being subjected
to the coding schene to provide a |ayen2q-input list which is determ ned
as said layer n integer list for said preset node. 170. A nethod according
to claim 168, wherein, in the coding schene, the coding data representing

t he positi omherebgante ohteideref@ienas tablpUiow identifiet st i8 asdBcitdts @lithf didt he
codi ng Iayethpn define a_layer n bitmap segnent in which each bit is

associ at ed ?"I’Préﬂsr%f)’efﬁrit & deteefyalusr arthindudrseany ddentifiet Allocalest ioed sai d
| nteger be'r%@%a&@ta?gé ‘f'oévﬁﬂx'/frﬁ] é?iﬁ’de‘fgﬁl{ 93@?%8@@%&'(8%8?&%&%5%. the
rd subset in the

position of sa ayer n pattern-conprise a layer n integer

rank associated with said layer n bitmap segnent, and wherein the step of

det er m ni ng1&B.1 ayerA methbdi atcegdingl tosany oneaofl daimsnddd wonH7, whserein the
vector with zer.oes; -, .obt a%_ni ng the

determn ! | it ccof dlaf _ '
| ayer n' arieb lAAKHRS NI B CUR HRERBERS SRIaTTUNNgoMiGoREPRAIG oach
rel evant t hagavingSretddnt th@s%u%heﬂﬁbg_dseéztﬁéé@q’%virfgo%f GSRAYIR Itthatfe, - for

each of said |layer n ranks, superinposing l ayer” n bitmap segnent
associ at ed eany leaf nade gorespsrdingrio alfleastiand ejevant thesaumps enttyoretal@ed

02/ 44943 P (92 .. =127 having a position determ ned by said |ayer n
rank, the gﬁ%éﬁg%%é&?l%'bu i ng perfornmed according to a bitw se Bool ean

OR operation, said layer n list for the | eaf node corresponding to the

resulting I't§%&r n bAhwathod wecdrling fo dlaim 158athepginanid tridethst # parulit9rg of
clainms 168 to, 170, wherein n > and the step of determ ning the matching

s . 1
row i defft i fQMeS instuding Sgict at drastianes leal inpdex apd @tdaaphgnerenfarator nasler
determ nin | ISk ks , y the
ayer ki neoen SYiatd hOAE Hepicoonling ¥ Bl AReI8l abPlicd 1p R 1LHERASY ' o
a layer k ipastial ¢ritetion aeprasieatest by rantdiiecrcoakien gf saltktreeyonb dfithe laperator
In_a rel evan thesauru§ entry to which said

identifier |list ,represented
| eaf node %%‘f%se%ed@%&s’PO Pl reResRgng Bﬁ ihe qyely ¢ielidset whose position is
represented in the layer k+1 result list, and whereby the layer k integer
l'i st obtai mB).for eR¢hethod according to claim 159, wherein the nodes of said tree
15 further include at least one preset node for which a reference table row
identifier list has been determined prior to said step of analyzing the query

criteria.

161. A method according to claim 160, wherein the reference table row
identifier list of said preset node is determined from at least one matching
20 reference table row identifier list obtained when processing a previous query.

162. A method according to any one of claims 159 to 161, wherein the
step of determining the matching row identifier list comprises obtaining a
respective identifier list for each node of said tree, whereby the identifier list
obtained for each leaf node corresponding to at least one relevant thesaurus
25 entry is the merger of respective portions of the identifier lists associated with
said at least one relevant thesaurus entry, and the identifier list obtained for
each operator node representing a Boolean operator applied to at least one
partial criterion is obtained by applying said Boolean operator to the identifier

lists obtained for the node representing said at least one partial criterion, said



operat or node representing a Bool ean operator applied to at |east one
partial «criterion is obtained by applying said Bool ean operator to the

| ayer k iwoeyem4d5 |ists determ ned for the nodes represerCT/mgpigaiod at

| east one partial criterion, wherein a layer k result list is determ ned
as the layer k integer |ist obtained fofp5the root node, and wherein said
mat ching row identifier list corresponds to the determned |ayer 1 result
list. 172. A nethod according to claim 171, wherein the nodes of said tree

20 further matchirderaw |d1@ﬂﬁtero|@b@rr§seétemmﬁbd‘ @k the! igBnBfidrelstiatisifetiagl e row
identifier |ist has been determned prior to said step of analyzing the

query crittBeieot Redey reference table row identifier |ist being subjected
to the coding schene to provide a layer k input list which is determ ned

as said | aygs Kk ?\?é’th i S e 7 A

accordi ng t? cl ai mr)ﬁ ohﬁ(tzcofr\&,\’ilhgrg gla% %e\”ﬂg n2e5acln égﬁg'%h(@?@%%l ng
dat a repr esdentifieg liste npqsrodumd arf tbeCformnbeQebltmhpaVecthLdonslsltlﬁg of bitsn a
subset for a codi n&@%ﬁ% defl ne a | ayer g in_ which
each bi? i SS86G I¥e ée @H@cﬁmﬁerq’\ﬁﬁ é@é’ﬂd'ﬁatecw eﬁl%é@? "tj%nti 8% cat e
whet her sai HeROB codi ng data
further 30 éggﬁgrl se Sé??aye (:relqﬁtB%' @W%E gg%@%&% etdhE‘;t'sai d layer k

bi t map segnent to WO 02/ 44943 PCT/ 1BOl/ 02792 -128 represent the position
of said suléét in tAnmethyélacraomg ¢ claimntS2vbeéBn wheeeinsa epdiog sté*temm n| ng

a |l ayer node_conpr.is initializi

bi t map vectc%&'?‘aﬁ'# g%g(%es%glleoé:gdmg ?]BY%rSnll%gw%% ﬁoa)%PV' € &Rﬂ@gf the
codi ng dat aeprysenting thel leatifier fstt hesauiited with' ¥ thesHtvughesty dn! B&hgngde
corresponds and - selectin obt ai ned | ayer k rank bel o@gl ng to t he

layer K91 Faunber gt deastpey dse% @P68i layet haviags acpredstemiped patisironfap
segnent ont r n
ot or m ned By SingeE FATERE oclerh HhecBfShe n o gtIRL KPS a0 bREs Tt e
per f or med ad:mirfmrrigst léing athe imputvlise dEBOtOIeeﬁn;t Qﬁy@rp%ratsa@nth%uﬁué ayrety, k
list for thehleaf node rre r}glng ? eresultlnggﬁl’a%er kK bitmap
vector. 174N&e Hbf%cﬁf‘ya &f Hﬁ%{ﬁ an dheilastlayer, aneinteger | rregregent{ng:tihe t he
: 223[ gner%éﬂlcﬁhndntthé PRUTR oF $AiliMBPerS LITBIUS sABSACLAMBMINgISH Mhdthoher at
15 integer of the input list forms the input list for the next layer,
and wherein the coding data comprise, for each layer and each

subset containing at least one integer of the input list, data representing the

position of each integer of the input list within said subset and, at least if said

layer is the last layer, data representing the position of said subset in the

20 pattern of said layer.

165. A method according to claim 164, wherein the pattern of each layer
is such that the integer subsets are consecutive intervals consisting of the

same number of integers.

166. A method according to claim 165, wherein said number of integers is
25 awhole power of 2 for each layer.

167. A method according to any one of claims 164 to 166, wherein said
data representing the position of an integer of an input list within a subset
consist of a bitmap segment.



15 thesaurus entry are stored at correspondi ng addresses in distinct first
and second files, and wherein the step of determning a | ayer k integer
| ist for vaObzaf43 node conprises: - providing a rank tabl epcviR1RAM2TENDr Y,
havi ng records associated with the addresses in said first and second
files; 20 - filling the rank table by wypging any selected |ayer k rank
into the rank table record associated wth the address of the selected
| ayer k rank in said first file; and - for any record of the filled rank

tabl e contaigg.ng a A anetholl dctd¥dingdo af?@ﬁeaéfe@la%é heantcadey e%eké}ntths
second file, reading the associated 25 |ayer bi t map segrrent at sard

addr ess i n S8R QfedeigAMNing t%‘hdﬂétﬂbm rﬁ@ds'ﬁﬁgtlfﬂ&fellstemmpa?%& detérimining a

deter m neq Byet R TREEEY 161 (ot Mt hGElor'sat LEREWHERRY OIS Eirtfdenied o,
172, wher eidetetminetiefor of leafeicaieTcongigtst bﬁam%yéhlnnmpw\h’st @@Qéd:léte%f ihitAe

further conprj.ses, for an%/ codi ng 30 | ayer such t hat <
det er i Ri ngvp ing5eherpe, with the mﬂjger @ftthredfieutaflerlllsts nepﬁewtgci/lmmmevant

PCT/ 1801/ 037820, ANAAOR ShicAS |éd?%§!d%y&{rrét%plo B8 4nd Wiereth Hd'RffePN

provi di ng ayer resu in layer

codi ng schantegentist @btalneah fd)meaclmdlpregamm rddnesegﬁmgﬁg lgmlaanfcmaatmt Idng
t he p05|t|on of eac er of. an jinpu st Wthin a subset oracomg
| ayer k < rEPRiedo A '398 rpﬁﬁ@fpﬁiﬁfp gﬁ@h&alneﬁ Rii applyinghsaid: Bealean
associ at ed ydrBtot tb8R \V7< Bsehet ,WL}@ sai d
I nt eger bel%ﬂnés to ga?wélrnp{?t&??gﬁs %Et%rﬁﬁn ayerekﬁdrﬁég*egﬁé%a S4ib
associ dPed atileastsenel parigd crikerisir, ramo wi;etﬁmra layep neresolt dist fise dptesimtinedh asf
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initializing a layer k bitmap vector with | ogical zeroes; /b/ selecting the

layer n ran@9.obt ai Medethodraddiedibgdionolaitat 868, 0fvherah théaicsae%nbf cARS AEEUS
entry to which sald | eaf node corresponds, and setti ng k" =n; 15 /c/ for

each sel ect’dghehyaslude atyigast gne preset modgefascwhich @ sefarencedrbleeppwsent s
the positiqhentiidrfst! Cbekn determined prior to said step of analyzing the query

15  criteria, said reference table row identifier list being subjected to the coding
scheme to provide a layer n input list which is determined as said layer n
integer list for said preset node.

170. A method according to claim 168, wherein, in the coding scheme,

the coding data representing the position of each integer of an input list within a
20 subset for the coding layer n define a layer n bitmap segment in which each bit

is associated with a respective integer of the subset to indicate whether said

integer belongs to said input list, while the data representing the position of said

subset in the layer n pattern comprise a layer n integer rank associated with

said layer n bitmap segment, and wherein the step of determining a layer n
25 integer list for a leaf node comprises: '

- initializing a layer n bitmap vector with logical zeroes;

- obtaining the layer n ranks and associated bitmap segments from the
coding data for each relevant thesaurus entry to which said leaf node
corresponds; and

30 - for each of said layer n ranks, superimposing the layer n bitmap segment
associated therewith onto a segment of said layer n bitmap vector



pattern of a subset which includes at |east one integer of the |ayer k'
filtering list, obtaining the layer k' bitmap segnent with which the

sel ect ed WayB#49k3 rank is associated; 20 /c2/ for any intergeiBafo2tdre | ayer
k" filtering |list whose position within said subset is represented in said
| ayer k' bitmap segnment, selecting a rqe%pective | ayer k'-1 rank determ ned
fromthe selected |layer k' rank and said position represented in said

| ayer k' bitmap segnent; 25 /c3/ if k' > k+1, executing step /c/ with k'

decremented by afingial posifiosl dethmihéd oy §a|a IKyerORthRI te §Gi5eﬁrﬁk$8§iti5
bitmap segment with which a selected layer k'-1 rank Is associa ,

super i nposi ng sa&ing |p§yf@rmﬁdmcpﬁmmgégmmlsﬁﬁoo@a@égﬂmnereﬁomal d |ayer k

bitmap 30 v, | d

ank. "t he. Soid iyl ietioR e A i Baiting o AR Feslinf ehs sV Ba o
OR oper ati orectddD 02/ 44943 PCT/ 1B01/ 02792 -130 said layer k list for the

| eaf node corresponding to the resulti ng Iayer Kk bitmap vector 176. A

met hod acc ng to, claim 175, erein, he | ayer k b|trrap
segment & fo{ﬂat Iea‘étm%thédta}%@ @éO@Hﬁ/ngnea%c@trB?é@&w b?ol‘@éﬁ%rte"bﬁe’ 5

layer k fi '&@&h@@tﬁc{ﬁgggtﬁ@ggtthg%atcﬁmg F‘cﬁt‘?%@ﬁtﬂ%rtlgt tft%éraé’ e?hsésa”ks

associ ated therew for he 'step ermni ng
a layer k fonkedgareasisg ffam ra-1l teaf, d&ielemomg)allaym k +ntege|v|||sl|f0|geach aodet abl e

o ot T ol a8 WS ey &0 Tt R el mingd fang 1Sa ey er
rank into téfear Jﬂﬂkegéra@ﬂé?léﬁé?% ﬁmp@w@tma%%sékamdm fHéec@@lﬁg%%ﬁeﬁ%rmaﬂﬁadl ng

to the selecte | ayer r ank for any record of the filled rank
tabl e cnt adanhf@rdlsn agpriesknteshin ameleva@tstb@sauw entry tawhichisaisksleafineded

e SRS BRRRGAI iyl bR R B RS sl o
said |ayer ik thé iay® keacieult list, and whereby the layer k integer list obtained for each
operator node representing a Boolean operator applied to at least one partial
criterion is obtained by applying said Boolean operator to the layer k integer
15 lists determined for the nodes represénting said at least one partial criterion,
wherein a layer k result list is determined as the layer k integer list obtained for
the root node, and wherein said matching row identifier list corresponds to the
determined layer 1 result list.

172. A method according to claim 171, wherein the nodes of said tree

20 further include at least one preset node for which a reference table row
identifier list has been determined prior to said step of analyzing the query
criteria, said reference table row identifier list being subjected to the coding
scheme to provide a layer k input list which is determined as said layer k
integer list for said preset node.

25 173. A method according to claim 171 or 172, wherein, in the coding
scheme, the coding data representing the position of each integer of an input
list within a subset for a coding layer k < n define a layer k bitmap segment in
which each bit is associated with a respective integer of the subset to indicate
whether said integer belongs to said input list, while the coding data further

30 comprise a layer k integer rank associated with said layer k bitmap segment to



having a position determ ned by said |ayer k rank. 177. A nethod accordi ng
to any one of clains 151 to 176, wherein the step of processing the

mat chi ngwow/igentifier |ist conprises, for at |east one peOImttozTdUL e
specified in the query, selecting a thesaurus associated with said
attribute and detecting entries of the gggected thesaurus w th which
identifier |ists having a non-enpty intersection with the matching row
identifier list are associated. 178. A nethod according to claim 177,

wher ei n sairdpaident bﬁé?(ﬁﬁﬂﬁi bf 88id SubstR ihNPeddgey kNasttédh]l ahHOWRErein the
thesauruses associated with different prefix |éngths, Q being an integer
at | east ediliep of determiripg adayerk inteper lishévr=alaa @odrormprises: t hesaur us | evel

parameter q such.ihat. Q< < J efix length is a decreasing
function of theh?%‘@ﬂ%’"ﬁ&#&ﬁ%‘?‘é&W\gﬁﬁ{?%g%’r‘&@ib@%@ Z?BO%S'\Nord |l ength of said
attribute for -q cbtlinivgre¢hei layera&hrarikss fioth @hé thdingudasesor sadkf ioladhnyi th
30 reference to ective partition into subsets each consi sting of

wor ds _l§egi nni ndﬁﬁggs us RtyHopyhieh saiddeathgode sorepeRds; @ngt h associ ated
wi th sai d V0 02/adind™ly LERMAZEIRr K ik bdiBRGAY B 18fer I Fekidlstsal d

t hesaurus being sorte prefix val nmet hod accor di ng
to claim178, wmdisuperimposaigethedassoeiatedutayenaki bigmap| segheptrontet @er QA

STeps of - Il praSEERTET e devars bittin vEFioh guinal § fes s Gopinad By
level q thesauryge SeRIES 1Y RIrhi) tﬁ@%ﬁ%@HFﬂeﬁéﬁg\i‘;‘iﬁﬁ%ﬁg rfrfofn%d'a%\ésrdiﬁgthe

thesaurus for QA<q< Q /bf initializing th get list wt
mat chi i§ row i ddata bitwise|Baglean QR ppenatiahi zi ng the | evel paraneter g with

t he val ue . an ting a first. entry of,.th evel Q. thesaurus, range;
/c/ deter mgrﬂ'ié%aersﬁei{ ﬁ%tefl%g}‘? (5t r\".@ﬁ%&‘?%@é‘ﬁ"{%g‘) F'@/E‘FSL@ %Ed&f klul?'HPaBnd
the identivdcesr.li st associated with the selected entry of the level g
thesaurus range; 15 /d/ if the intersection list determned in the

preceding step /c/ is enpty, selecting another ent re/ of the |evel
t hesaur us rifge and negtbatdiasgorting to clgim 173, wherein, for 1 <k <n, the layer k

ranks and the layer k bitmap segments associated therewith for at least one
15  thesaurus entry are stored at corresponding addresses in distinct first and
second files, and wherein the step of determining a layer k integer list for a leaf
node comprises:
- providing a rank table in a RAM memory, having records associated with
the addresses in said first and second files;

20 - filling the rank table by writing any selected layer k rank into the rank
table record associated with the address of the selected layer k rank in
said first file; and

- for any record of the filled rank table containing a layer k rank and
associated with an address in the second file, reading the associated

25 layer k bitmap segment at said address in the second file and
superimposing the read layer k bitmap segment onto a segment of said
layer k bitmap vector having a position determined by said layer k rank.

175. A method according to claim 171 or 172, wherein the step of
determining the matching row identifier list further comprises, for any coding

30 layer k such that 1 <k <n, determining a layer k’ filtering list for k<k’<n



/el if qis greater than QA /el/ setting the level -1 target list as
equal to the intersection list 20 determned in the preceding step /c/;
/e2l settwogzid9e3 | evel g-1 thesaurus range as consi sting pETAB/02TRIi s of
the level g-1 thesaurus relating to |level g-1 prefixes which begin with
the level q prefix of the selected | evelh2g-thesaurus entry, and sel ecting
a first entry of the level g-1 thesaurus 25 range; /e3/ decrenenting q by
one unit and returning to step /c/; [/f/ if gis equal to QA /fl/

i ncl udi ng tdensistingodfettle l@yeal k' @pdthies abtairfeEhy byovidingthe dayerK Rsbultaist bses;
30 /f2/ if the level OQtarget list is equal to the Intersection |ist
det er mi ned ap MRS bstipdavalikef theoding schaspei nating the detection of entries

in the selected t S 9 / 79 - [ £
renoving the int egﬁ@%ﬁﬂtlﬂew@ngééééc?%é;nﬁi gfé)é'/gtgﬁ]rgm%ﬁtead r%ﬁ'%tsﬁgi'gértggedi ng
step /c/ frpositoryof eagrinteget of anlinpltriist atithire assulsee for atoodarg lyeelk < A not
in said.| nt(ﬁr ection | igt;. [T4] setti ng clwas the snal |l est | evel paraneter
for whiéh t¥RIINE;~ydaYer K¢ bittgap ngeqrpeat i which: egple bihisgassagrated wihnat in
sai d i nter sebketivd intdder dff i inl :

t hesaur us r.ange and _rget ucifél?é\aé?%&gtgyég&f g;&hﬁg@.e?ﬁbf%%nﬁ%%érgge&rﬁ%f%og%|8
claim 179, wpet ébh While al layed ledntegengsnkrassociaded nyitla daie day@rakabimap q >-

1 further c LDS, 1.Nn ch,entry..provi ded far .10 | evel refix val ue,
data desi gn%&rﬁ%& Reedrgﬁ%?ﬁ the PR%'“B@V%#I Sﬁ'gls%%ega'ﬁr e(fhlgc‘%rqeeé@p@ﬁas to
the | ovest wheRighies stdpevtletermimingfd Yayee i mtegdr WittiBr bhiRal Awak fBr k¢ A i X

of said |level q.thesaurus entry, and wherein step /e2/ conprises selecting
the 1 evl® oCOMPHREESaurus entry designated in the selected | evel g thesaurus

entry. 15 181/a/ﬁngﬁhggg aaigg&r9ibﬂglagiové:c!t?fé\&'éﬁIc?qicgéléei(ge%mer ein a coding

schene conprisin ccessive codi ng o provide coding
data represefiisajedting ilkenaydn ar rarikst obisimed e thet Bodingedata dott k@gRAUr US

entry for relevant thesaurus entry to which said leaf node corresponds, and
setting k' = n;

15 Icl for each selected layer k’ rank:.

Ic1/ if the selected layer k' rank represents the position in the layer k’
pattern of a subset which includes at least one integer of the
layer Kk’ filtering list, obtaining the layer k’ bitmap segment with
which the selected layer k' rank is associated;

20 Ic2/ for any integer of the layer k' filtering list whose position within
said subset is represented in said layer k' bitmap segment,
selecting a respective layer k-1 rank determined from the
selected layer k’ rank and said position represented in said layer
k’ bitmap segment;

25 Ic3/ if k' >k+1, executing step /c/ with k' decremented by one unit;
and

Ic4l if K—1 =k, obtaining any layer k bitmap segment with which a
selected layer k'-1 rank is associated, and superimposing said
layer k bitmap segment onto a segment of said layer k bitmap

30 vector having a position determined by said selected layer k'-1
rank, the superimposition being performed according to a bitwise
Boolean OR operation,



. g< Q n being a nunber at |east equal to 1, each |ayer having a
predeterm ned pattern for dividing a range covering integers of an input
i st of 2WOszAi4d43 ayer into subsets, said identifier |ist ber/mgpitobm2i nput
list of the first layer for said thesaurus entry, wherein for any |ayer
other than the last |ayer, an integer -H@0t- representing the position, in
the pattern of said | ayer, of each subset containing at |east one integer
of the input list forns the input list for the next |I|ayer, 25 wherein the
codi ng dat asajdrgyersieistf for teaddafl mody camdsgading th e resuitiv@ilayjonk Bl“tmlaﬁast
one integer of the input list, data representing the position of eac
I nt eger of Y&dos;: nput |i st V\Athl n said subset and, at least if said |ayer is
the last layer, data representing the position of said subset in the
pattern of td | gl I rQ Sihd & a
| ayer 1 andﬁlaaevel a)é((?‘%tht% grélfﬂr?6 (?mgttsadrﬂlb ﬁﬁ?%’u@“%%‘@'J@Q thIiahle{rhe &%f)kt
i st in thebitrodp r&ygmwof@ﬁ Ithmmm /etﬂﬁyléﬂi%ﬂﬁed |nlz&3lea§°~oﬁeq
Qto pravide respective lLayer k and | evel filtering lists for 1 <Kk
Pl BypE W R atRaddShes S her et chitespobding aq.a@dlwwarangw g
target |ist e [ 0 ar get
list in theascéggliéingd tﬂi%ﬁm}ﬁ bpd WHZB?H& lfé'st g(bagbg}%?%g é?o&%%al m 5%,'%&@ n
t he patterd(mﬂewdlstfm)aaleafnsdemmprm t he i nteger subsets are consecutive
i nterval s consi sting,.of th S‘ﬂ ﬂ% integers. 183. A net hod
according to cl HV a\KﬂB'F&? ednp EMQsY. haviag seconds asgogREWEBwer
of 2 for each |3th§raddlé)séb%4n SAidRlyepPR fecording to any one of clainms 181 to
183, wherein the step /c/ of detérmning the intersection |ist between a
| evel % ar get- Ifiling #heirank taklerky wrémgmrm selestad ty®r K ramk into the rboll/

oot ai ned ' om SaPht (HeRfd ESptifke With BR AERRs<, BueRtfhanadSile sestedi 15

and level q filtlayémigrdrikstandor responding to said level g target list; /c2/
if the conputed |ayer k intersection list is enp %/ determ ning said
i ntersection |17 SOr @yweaserd f the, dilled) rapk dable contaimingt adayer it rankeandi st

as  being enptyiassociated with an address in said layer k file, reading the associated

15 layer k bitmap segment at said address and superimposing the read
layer k bitmap segment onto a segment of said layer k bitmap vector
having a position determined by said layer k rank.

177. A method according to any one of claims 151 to 176, wherein the
step of processing the matching row identifier list comprises, for at least one

20 attribute specified in the query, selecting a thesaurus associated with said
attribute and detecting entries of the selected thesaurus with which identifier
lists having a non-empty intersection with the matching row identifier list are
associated.

178. A method according to claim 177, wherein said attribute specified in
25 the query has Q+1 stored thesauruses associated with different prefix lengths,
Q being an integer at least equal to 0, each of said Q+1 thesauruses having a
thesaurus level parameter q such that 0 < q < Q, whereby the prefix length is a
decreasing function of the level parameter q and corresponds to a word length
of said attribute for q = 0, wherein each of said Q+1 thesauruses is defined with
30 reference to a respective partition into subsets each consisting of words

beginning by a common prefix having the prefix length associated with said



/c3/ if k =1, determning said intersection |ist between the level q
target list 20 and the identifier list as the conputed | ayer 1

i ntersectwon2/k49gs ; and /c4/ if k > 1, decrenenting k by orerasuito2znad
repeating fromstep /cl/. 185. A method according to claim 184, wherein, in
the codi ng schene, the coding data repnggenting the position of each
integer of an input list within a subset for a coding | ayer k< n define
a layer k bitmap segnent in which each 25 bit is associated with a

respective ihlemgms dhet ertriggbsfesaldo thetdiucas eheiigtdrted daded i o aBer plegixongs
to said input |list, while the data representing the position of said

subset in t‘t‘ﬁ-l'u?%tyer k pattern conprise a |ayer k integer rank associ ated
with said |layer k bitmap segnment, and wherein the step /cl/ of conputing a

vi th - sai k bitm n the st
et fier | 1ot i n AR ARAERY BRI, 18 SRR ReraRITT .

| ayer k andha\enel adefiel parameter i QA, > Ogthe sesteetiomyofaehirfest in Ittageseléctbdt map
vect or, rises: - initi atl i m&g a_second |l ayer k bitmap vector with
| ogi cal 5zer gSaurUsHAMPHsesthe8)ePs Rf r anks from the coding data representing

said identifigy nRvid &ﬁ;& $ ch
represents the p03| tluj)%fe e f\} gfa{ggetgﬁf%%{ﬁd fefflggcﬁ\ﬁés’ge[vekﬂ ﬁg%%@gat
| east one int egeﬂangressaodennm/ecnonsecame I emrteﬂesq of i theerlev g shesanbtai forng
the layer k bit &seg r_lt with which the selected layer k rank is

associ ated, and 'ng a segnent of 10 the second |layer k bitmp

vector havi ngpa .aa@nﬂn@ntr@ewém@qgr ﬁéiew.tﬁethscgrﬁ%ﬂ-ﬁ%%w.dég;ei'ﬁ?ﬁms b

conbi ning the obtal ned”| ayer segnent ment
| ayer KiOit map vledladjzmbathedgval pm@metenq wéhdhmvwde 163, arhrda seldcting el firstyer  k

rank according t ean AND operation, 15 said |layer k
intersection |i sé)n@()s @g %ﬁ%ﬁﬁg‘“?ﬁ?‘ﬂ% rq I ting second | ayer k bitnmap
vector. 186. s/ r@étbﬂﬁlrﬁ@@ndinwsé@tldﬂ Astbéfveenivs ®vil d Wrgét fist bnd the the
| ayer k ranks and the |ayer bltrrag segnents associated therewth for at

| east one thesdgﬁﬂgﬂ%fdt&t@sﬁ@@latﬁdoWé the Sﬁi%t@d[ﬁmw ofthedievegdbesaurus
distinct first 0 second files, and wherein the step /cl/ of conputing
a layer ki ntersectgl bn list between a layer k input list obtained from an
identifiser |ikl if nhehatereedtiom fisthdewrmined in the preceding step /c/ is empty,

selecting another entry of the level q thesaurus range and repeating step
Ic,
lel if q is greater than QA:
le1/ setting the level g-1 target list as equal to the intersection list
20 determined in the preceding step /c/;
le2/ setting the level g—1 thesaurus range as consisting of the entries
of the level g—1 thesaurus relating to level g—1 prefixes which
begin with the level q prefix of the selected level q thesaurus
entry, and selecting a first entry of the level g-1 thesaurus
25 range;
/le3/ decrementing q by one unit and returning to step /c/,
fl if qis equal to QA:
/f1/ including the selected level QA thesaurus entry in the detected
entries;
30 f2/ if the level Q target list is equal to the intersection list determined
in the preceding step /c/, terminating the detection of entries in
the selected thesaurus;



and a layer k and level q filtering list, represented by a first layer k

bitmap vector, conprises: - providing a rank table in a RAM nenory, having
records asgovimted with 25 the addresses in said first ardrsmaeet2files; -
filling the rank table by witing any selected layer k rank into the rank

tabl e record associated with the addressi3pf- said selected |layer k rank in
said first file; and - for any record of the filled rank table containing a
| ayer k rank and 30 associated with an address in the second file, reading

the associated |aifér terhovingrhedgrsgers af thaiifterskstitionsiidtnddtBAmmeaondthei | e
and conbining the read |ayer k bitmaP segnent with a segnent of the first
re

|l ayer k WD 02/ 44943 PORTer8dngostep, /c/- Trenk anyi taiget sicinpludiag iatgleash@siet i on

determ ned by said Iayﬁ&e%ré@ﬂeé? ‘gj‘ﬁ?ﬂf%@w"&%ﬁ cﬁbrtl%tse Bool ean AND

operation to determ ne a Se sec ayer 'k bitmap vector
having a position Hét eseitingd) &y trensmhallestylevekparanietebfok8vhich the tdget list
accor di n"? to any one of ¢l ig 18]f to 183, wherein n > 1 and in_the coding
schene, Yt he coding dat @cﬁ.@%,s deastapeintegss syhiehis rat inseid interseglion bist: an
input list within u ifor [ I Kk ' I

bitmap segnent in ﬁ?\liscﬁélggtcl:ig)ba}rt%ﬂﬁés*dae@s c?}gﬁé v@nv?ﬂ ﬁ%%ﬁ%ue@?i ve ent%gger of
the subset to indicateetwmnindterstepi/d.i nt eger bel ongs to said input |ist,
while a layer k 10 integer rank associated with said |layer k bitmap segnent

represents position aof said subset i he | ayer k pattern, and wherein
the step /cw@'f “de éPﬂ%hﬁﬁr?gCCPngngx? Q@Cﬁiﬂvﬁ]‘?@% @& b8 qaghefiesagrusar get
L eapoct | BN 90D poBlniy 80 RS ool e LAY g 81 87
i dent i f10er levet q poefix valee; data designatimgt thal ertiyngf me§ea@|rtﬁ-1biﬂe§aprueeWh@h with

o caent P ResHeTds Brihg bW o MiShell oAl G Raralbeginnipg Wi el o -
sel ected !ayl%fixibfrs%m(bvégéMeéafurl.fl&‘éng?,'&ﬁd%e?é‘ﬁ%‘ieﬁ{}éﬂ%ﬁﬁ%@@ Minghe

position in the layer 20 k pattern of a subset whi'ch inc es at [eaSt one
i nteger of thealayel fydr thesabous entry desighatedi ing the seleated develng thesalmper k

entry.

15  181. A method according to claim 179 or 180, wherein a coding scheme
comprising n successive coding layers is used to provide coding data
representing the identifier list associated with a level q thesaurus entry for
0<qg<Q, n being a number at least equal to 1, each layer having a
predetermined pattern for dividing a range covering integers of an input list of

20  said layer into subsets, said identifier list being the input list of the first layer for
said thesaurus entry, wherein for any layer other than the last layer, an integer
list representing the position, in the pattern of said layer, of each subset
containing at least one integer of the input list forms the input list for the next
layer,

25 wherein the coding data comprise, for each layer and each subset
containing at least one integer of the input list, data représenting the position of
each integer of the input list within said subset and, at least if said layer is the
last layer, data representing the position of said subset in the pattern of said
layer,

30 and wherein each level q target list forms a layer 1 and level q

filtering list and is submitted as a layer 1 input list in the coding scheme for



bi t map segnment with which the selected |ayer k rank is associated; /c32/
for any integer of the layer k and level q filtering |ist whose 25

positi onwdbhia4zai d subset is represented in said | ayer RCT/BMirvap2segnent,
selecting a respective |layer k-1 rank determ ned fromthe selected |ayer k
rank and said position represented in-%$3sd |ayer k bitmp segnent; /c33/
if k > 2, executing step /c3/ with k decrenented by one unit; 30 and /c34/
if k =2, obtaining any |ayer 1 bitnmap segnent with which a selected |ayer

1 rank is a@Acchat@do movideaabpaditive Ibjer NBnd3eddfiitdiiny ASe¥602 LR« i} 36

obtained layer 1 bitmap segnent with a segnent of the first layer 1 bitnmap
vector havihg  saidilayesnk @adelevichgdfilteringalist priosided fromaaklesekqrtdrgey lish a

o £t =, Socknp ARTghet Tl Sonfiod Sy AT by SR

I ntersecti ;wthiensd. corresponding to the resulting second bitmap vector. 188.
A nethod according to claim 187, wherein the layer 1 bitmap segnents for

at | east. ong thesa\%us gnt :aéé‘are, stored in at |least one layer 1 file at
addressés rE¥%pect i VaIMetRed AcspEhinag & claim: 11, whesein theypriefsebeach layer 10

th ith, ; he,. gt f Wall ks ' P ' ;
e o L SIS RLER riod ot e S Rl SRS S S B o
t he addr esssssné nusdied of integers.file; - filling the rank table by witing any

| ayer 1 rank selected in step /c32/ into the rank table record associ ated
with the ad ss cofresponding to fhe .15 selected | ayer rapnk; and - for
any record ﬁset he fi m%ﬁ%’ §ﬁﬁgrtdéﬂﬂ£9@ama§§i Wg%?'ﬂéﬁ‘d“! SRR Hitggers is
associ at ed givhbleapowedoes foridachabged. ayer 1 file, reading the associated

| ayer 1 bitnmap segnent at said address and conbining the read | ayer 1

bitmap segnent with a segnment of the first layer 1 bitmap vector having 20
a posi t'0on & er ni fedethod Aceordipgtoianysare L celaigns g 8t dtoa183.t wheein gl ean

AND oper at I8, 1 SIRE G tREMERERIN ifepaReeR% ey trget list and an

identifier list comprises, from k = n:

/c1/ computing a layer k intersection list between the layer k input list

obtained from said identifier list in the coding scheme and the layer k
15 and level q filtering list corresponding to said level q target list;

/c2/ if the computed layer k intersection list is empty, determining said
intersection list between the level q target list and the identifier list as
being empty; |

/c3/ if k =1, determining said intersection list between the level g target list

20 and the identifier list as the computed layer 1 intersection list; and

Ic4/ if k > 1, decrementing k by one unit and repeating from step /c1/.

185. A method according to claim 184, wherein, in the coding scheme,
the coding data representing the position of each integer of an input list within a
subset for a coding layer k < n define a layer k bitmap segment in which each
25  bit is associated with a respective integer of the subset to indicate whether said
integer belongs to said input list, while the data representing the position of said
subset in the layer k pattern comprise a layer k integer rank associated with
said layer k bitmap segment, and wherein the step /c1/ of computing a layer k
intersection list between a layer k input list obtained from an identifier list in the



bi tmap vector having a position determ ned by said |ayer 1 rank. 189. A

nmet hod according to any one of clains 185 to 188, further conprising
determ nimgoza4qme-filtering flag for each entry of a | evebcryidthegmarus, 25
said pre-filtering flag having a first value when said entry is associ ated
with a reference table row identifier ligg_represented by coding data which
do not define any layer n rank representing the position in the |ayer n
pattern of a subset which includes at | east one integer of a |ayer n and

level g fildgiingGchefie an@nd |ayeerieiaRdt IBelsé TMtetifg RSt ASSREBhIBUNGY W first
intersection list between a level q 30 target |iSt, corresponding to said

| ayer n andayehlebitepapivacten agMprises: and an identifier |ist associated with

an entry of the; . t r i 943 P 1B01/ 02792
-137 determ ni ndh@éﬁ%ngn %@@?ﬁ?%ﬁ?ﬁ@@a@%ﬁ&n@%%%ﬁi ¥ pre-filtering
flag detern nedbtainirgplayee it rankbdrorsahe cobiingt datal tepredéiting’satetidetifier

according to cl ali m 189, wherein, for any level q thesaurus entry
associ ated with Bty identifier list represented by coding data which 5

define a | ayer_ r i (A i . Ri:nAt. of a
sublset whi CK [ ngﬁ%%glsﬁgafgw ggg?ﬁ%%ge}{&n?( egag]?( Jé’%‘"%ﬁ hHSBf%%Fé ?;Hiﬁgglltlg\aéf' ?ng
filtering list, laper kipagtern of i sutset sSegduding atdeasti atedthtegeéhobeaid laggrek n

k is obtained a said. first value is allocated to the pre-filterin
1[?219 IoIZt er mi ned Q@%yﬁrﬂq@ﬁfm?ﬁ'is? qehﬁ%'”"@o‘th&i layger ki’gw@?amsmmgﬁbwgegmﬁlﬂ goes
not represent t b bt i ; i : I

p heePQsIbAtEE rla?érbli‘r}t)énk ?&9 ‘Iaf%@%maﬂétﬂr,]géé\(ﬁ abﬂarm@btég s%ﬁ%ejn‘?‘b? f q

filtering list within said Subset. ne accor y one o

clains 77 to 19be sdeondi layehk bitmap wsictqr badsg iagostienndetenniteed by the

identifier list further conprises wWitin out put. data assogciated wi th any
detected entry Osfelf%étggﬂ@@rggrqrﬁ(eé%lﬁpmbm @%Hgyadm%ﬁﬁyegj%pl NaR $eggient o
met hod accor di nawiti® & Isaigieklof e RN Idyee 10 Wifhap haldtér havingdas position
respective row corresponding to each identifier of the matching row
identifier |istdetamaingddneine selepied layenk a8k Ecaortingite 1o bitwiseddodgarnt ry
of a selected t BadH Stigh € witten into any row of the output table
corresponding to a Trefererice table row identifier belonging to both the
mat chi M@ r osaid deyen ki iterisestion 213t asvtrespendidgnto ftherrelsultingasscsndati@gervkt h
sai d det ect efi t hesaurus entry. 193. A nethod according to claim 192,
wher ei n eadlPP ¥PEIRe table row identifier has a respective row of the
out put table correspondi ng thereto,

186. A method according to claim 185, wherein, for 1 <k <n, the layer k
ranks and the layer k bitmap segments associated therewith for at least one
thesaurus entry are stored at corresponding addresses in distinct first and

20 second files, and wherein the step /c1/ of computing a layer k intersection list
between a layer k input list obtained from an identifier list in the coding scheme
and a layer k and level q filtering list, represented by a first layer k bitmap
vector, comprises:

- providing a rank table in a RAM memory, having records associated with

25 the addresses in said first and second files; _

- filling the rank table by writing any selected layer k rank into the rank
table record associated with the address of said selected layer k rank in
said first file; and

- for any record of the filled rank table containing a layer k rank and

30 associated with an address in the second file, reading the associated
layer k bitmap segment at said address in the second file and combining
the read layer k bitmap segment with a segment of the first layer k



wherein the rows of the output table are initialized with a default val ue
before witing the output data, and wherein the rows of the output table
whi ch dowo02/4@%83 contain the default value are read afterprariBdaingrghe

out put data. 194. A method according to claim 192, wherein the output table
is associated wth an index file having3g-respective record for each
reference table rowidentifier, containing either a default value or a

poi nter designating a respective row of the output table corresponding to

sai d reference tisithap resetd0 Haley id | sositiow edeterminee NHC¥ais 187t he raArex
file are initialized with a default val ue WO 02/ 44943 PCT/ 1B01/ 02792 -138

before witing t3EOMINBIe ahitwiseaBaolwaarANR oprratipsgodgietarmineng segmant dat a
i ated with . : - iy
for each r et or € SEEDRS IR iobifthart vELicp hadfids BRI SRAM R HINAITE®; o,

identifier |istlaperktdnk.i dentifier |list associated with said detected
entry of the first selected 5 thesaurus: - allocating an avail able row of

t he out put le to, correspond o said reference table rowidentifier, -
Wit ng%out t dat i ‘?tboéﬁgcgﬁ"&i‘? 1Y Ui ﬁ'&'ms\@ﬁttpn{ﬁ% WETRIEP 3 b the
al | ocat ed rand imtie bbéin@%‘dﬁe‘i‘né’,fthbh@odiﬁg%té'rbﬁres%ﬁtiﬁ%%é itldH of @a€h
reference table row identifier. 195. A hethod accordihg to any one o

clai ns 192 integedaf aphiapet hstt withincuspbsett fablaectding dayerk alri tgfind aclayemnks

each associ,ated with a,respectiv ttribute for which a thesaurus is
sel ected, aNENIMSPEMENbIR icheach Bi%éﬁ%ﬁ%ﬂtedemaafeéﬁff%t&{"e'a‘t%ﬁfr%f tBe a

° . . . th"a
thesaurus sgjmet &slifdiiate\lhdr éaig%ctg?gﬁg%@gg_twgbge@ﬁuiﬁsts?%ﬂg;a _let ke

output table are witten into sal } od accor g'to both

cl ai ms 1094 integet omnkwhesesiatedhwitht epidofayeanr kt bitgapusegmedhtrapeeseots dhed
with a detected entry.of at |e one _secon sel ect ed t hesaurys cpnpri ses,
for each rg?oesstg%?ft%aﬁesq%(?&} i"gzth?i I%iygf %(bgfagﬁﬁﬂ’nﬁngt"&h%r&fmiﬁ‘ﬁe#ﬁat@ﬁiq{g row
identifier detstminiil tHeeintsteatiidn st tbétWee@hSécv@\'reatcﬁdatrﬁét fists 8bflespéhdirg a6t ed

e

entry of the second sel ected thesaurus: - reading _pointer contarned in
the record layek handdeest o filkesing lsts depresentedsby @ respectivecfirst iayes kbitmap

dent f1er i\ ARg-roid 0% OHLRIN Rkl IRt Qokifishg Of the output table

desi gnat ed’\f)y sai por Nt ér.
15 /c1/ initializing a second bitmap vector with logical zeroes;

/c2/ selecting layer n ranks obtained from the coding data representing said
identifier list, and setting k = n;
/c3/ for each selected layer k rank:
/c31/ if the selected layer k rank represents the position in the layer
20 ~ k pattern of a subset which includes at least one integer of
said layer k and level q filtering list, obtaining the layer k
bitmap segment with which the selected layer k rank is
associated,;
/c32/ for any integer of the layer k and level q filtering list whose
25 position within said subset is represented in said layer k
bitmap segment, selecting a respective layer k-1 rank
determined from the selected layer k rank and said position
represented in said layer k bitmap segment;
/c33/ if k > 2, executing step /c3/ with k decremented by one unit;
30 and
/c34/ if k=2, obtaining any layer 1 bitmap segment with which a

selected layer 1 rank is associated, and combining the



25 197. A nethod according to any one of clains 191 to 196, wherein the

sel ected thesaurus being a word thesaurus defined with reference to a
partiti owobni®4subsets each consisting of one word, the pOT/RII/0dBRA
associated wwth a detected entry conprise the word for which said detected
entry is provided. 198. A nethod accordiiag {o any one of clainms 191 to 196,
wherein the 30 selected thesaurus being a macroword thesaurus associ at ed
with a prefix WO 02/44943 PCT/ 1B01/ 02792 -139 length and defined with

reference to a partitionobtdined ldyzetisbitmeah seyrmest Witk Diseghingof RREIfRSE NY
by a common prefix having said Frefix Ien%t@h, the output data associated
with a detected entry colR¥el debttm@Ppyestok Naxingear pesitipn determiaed dut saided

entry is provided. 5 199 ' Q. f ' : to

196, wherein the output laggtrgﬁggg%ﬁg@@g\%g%h&ylgg%%@%ﬁ@m%lpggar%)?‘l % an

address of said detectedetenmine Bnsedrresiebt thedetbrs dithisp vaddr Havimj zod

accor di ng to any one of cl ahm; 1?1 t.o iBG v&erei n the output data

associ ated with a det ect BRSIHPR dptesmined By saidlavenddatkus conprise 10 a

nunerical vghidantéeséotrm ffst @B“rrégp&wdih@wmélﬁes‘?#mrf se{o@ﬂd- biﬁn&&b@&@raccor di ng
eas ele

to claim200, wherein, for a detected entry o t one selected
thesaurus, said nunerical value is calculated by applying a nmathenmatical
function tol88thesafr (Rethad yaceardingd te reiaim ol &ht wnersin2thea layarhdd bitoapr di ng

to clai m20Qe 5 eAftlior défé.trbneft%ﬁgyllglsteerﬁifgre %lgﬁ?ecgﬁrgét %{?S?éﬂlf)ﬁ%s‘?t{gp ﬁFe

sel ected thesaurus, salrd numerica uéi’'s"ca

mat hemat i cabt faduresses trespeqtivelyalcorrespbndlingues thacldydrng mrkBesasseistedval ue
stored in s%i d eq&r%‘]ig&)at | east one val ue al reaacéé present in the output
tabl e. Y3. NERIG¥IRg %PM@F efdelagmipiig an inteesestiondist ggmpuses:wher ei n t he
20 out put table Lppk TN AY eppondi | g fier
of the matchi ngbiaé)\}vd{ﬁge%nﬁn# ﬁi@%ﬁ{-‘sat RA%W%é&éﬁﬁglglgnrg%%'ﬁ#cé;ﬁ%%ggtgg%“l rived

froma detect edthehaddresses mgaig layervirfilet en i nto any row of the out put
nce. table row identifier bel ongi to both

table corresponging.to a refer ) ! n
the mat chi ng. 7 olNGEHE b 6 “EithBare Pt renis peleriad Beses Gl ¢ h
sai d detected t hgwatdrikStabk rédtre YasséBidted Wi thedaddres TofdshBnding! 1 the3:
wherein the nunerical val ue,
15 selected layer 1 rank; and
- for any record of the filled rank table containing a layer 1 rank and
associated with an address in said layer 1 file, reading the associated
layer 1 bitmap segment at said address and combining the read layer 1
bitmap segment with a segment of the first layer 1 bitmap vector having
20 a position determined by said layer 1 rank according to a bitwise
Boolean AND operation to determine a segment of the second layer 1

bitmap vector having a position determined by said layer 1 rank.

189. A method according to any one of claims 185 to 188, further
comprising determining a pre-filtering flag for each entry of a level q thesaurus,
25  said pre-filtering flag having a first value when said entry is associated with a
reference table row identifier list represented by coding data which do not
define any layer n rank representing the position in the layer n pattern of a
subset which includes at least one integer of a layer n and level q filtering list,
and wherein the step /c/ of determining the intersection list between a level q
30 target list, corresponding to said layer n and level q filtering list, and an

identifier list associated with an entry of the level q thesaurus comprises



derived froma detected entry of a first selected thesaurus and witten
into any row of the output table corresponding to a reference table row

i denti fi avo obelsangi ng to both the matching row identifierptT/ERo1anm2t he
identifier |ist WD 02/ 44943 PCT/ 1B01/ 02792 -140 associated with said entry
of the first selected thesaurus, is obtdBmed froma thesaurus value stored
in said entry, and wherein the nunerical value, derived froma detected
entry of at |east one second sel ected thesaurus and witten into a row of

t he out put detelrainitg csaid esyensdition t kstaas ebeingne@enptabife thieVpredfitdring! €lag
belongingt bot h t err&tchlnyg rOW|dent|f|er list and the identifier |ist
associ at ed tteﬁm% Of aidensfy bag saiddBalivaldel ect ed thesaurus, is cal cul at ed

by applying a mathematical function to a plurality of values including a

thesaurus veboie st on9fethBdRcArdifg 'ty it o, \adstein, 90 aNE eI 8l leggurtug

present in said row of the output tab accor
cl ai m 203 oenlﬂ)zassouatetbwmhoamqu||d@'1t|f|ealllsmrapne$§nmd byt poding adate Which a

set of me | ues_whi ch hav spect vvrlt en | to the rows
of the gt pieTERI&YerSDr ke R RN dE0 RASTETAID thyPeirch BrtEmLeTa Subaet o
205, wher ei whith inchidegedt |éaag@n@weger1@f e |dyee bhuqre§e|de$iltaﬂﬁ§'|@9 thee
rows of the reference 15 table is {)artltloned into a plurality o

pr edet er mi n@Y¥EHBrRITNGAR segmment prsegiatashwith seith layer mh@rﬁaswbtelpeésam aig

respect i vel | heall & Aptlod W 3o b TnRy il bblerRine 13 898 SELITHR

associ at ed ubtbinauhleyelf nsmtmhmsegmentsdcwhat represérit the Postrimt ofany intsguri f i er
sub- Ilsts co

a ?ﬁé%’{L ers of said portion. 20 and vvherelnthe
step of 'Het @ ?ﬁ' 2 @ftﬁmﬂgﬂ%‘ﬁ’!ﬂ?méﬁa'q pubsets executed separately
for the different portlons of the reference table row identifier range, by

Toans of a1 eSPeCA e BUOsALRNRACtd R ondldt oliiE!119012480" ifeihopg! 21 ™

206, wherein the step of processi mat ching row identifier is at
| east parti %llepyOfepéQﬂﬁsémgsﬁmmtehylgf wow tidentifiefrf kst efurthe? Scqroprisesn svritingt he

f t f th t t
ecti ons. 20BPCRl ASHARETHI GRY SetrpfEany B selpcldih BispH fpto 3n”°
t hesaur usesoutpaveabte.pl urality of sections respectively associated with said

portions, wherein a section, associated with one of said portions, of a

t hesaurus associated with )
15 192. A method according to claim 191, wherein the output table includes

a respective row corresponding to each identifier of the matching row identifier

list, and wherein output data associated with a detected entry of a selected

thesaurus are written into any row of the output table corresponding to a

reference table row identifier belonging to both the matching row identifier list
20 and the identifier list associated with said detected thesaurus entry.

193. A method according to claim 192, wherein each reference table row

identifier has a respective row of the output table corresponding thereto,

wherein the rows of the output table are initialized with a default value before

writing the output data, and wherein the rows of the output table which do not
25 contain the default value are read after writing the output data.

194. A method according to claim 192, wherein the output table is
associated with an index file having a respective record for each reference
table row identifier, containing either a default value or a pointer designating a
respective row of the output table corresponding to said reference table row
30 identifier, wherein the records of the index file are initialized with a default value



30 an attribute and defined with reference to a partition into subsets has
a WO 02/ 44943 PCT/ 1B01/ 02792 -141 respective entry for each subset of said
partiti oweh/etr43 ncl udes at | east one word assigned to spCTIRtitoeidPUte in a
reference table rowto which an identifier of said portion is allocated,
said entry containing data representing1@g-identifier sub-list including
each identifier of said portion allocated to a reference table 5 row having
a word of said subset assigned to said attribute, and wherein the step of
anal yzi ng theforpiavritingr theeiugputsdata, |apaisivhegini thlel YtepX o€ Writthgs enfat@dty f or
the different portions of the reference table row identifier range, by

means of tFRSOCIABEWith @ felesiri g5ty it 3 dinet selpotedathasents seawrigesgfaro any

one of cl aié&t?l%@efeﬂcéﬁggle%w %ieﬂEifig\'eoelarQ%@Qgg:b?tlf (t)rr?é ﬁﬁ@ﬁﬁg%éﬂaéntﬁe‘?

carried out 1 n parallel by respective pro erent

portions oflist kadrtbé édentifier isbassooated detht $did afetectod entB16F thé first dedected
according to claim209, wherein each thesaurus entry has a plurality of
fields PesptBEiS?Wé‘lsy associated with said portions, for containing data for

retrieving re&p%tdc\éﬁn@adé‘fﬂté\iailsglesw'd'fsthé_ SGHM tH61eS I BPRsPERY BN ziuid15
wherein the step of analyzing the query criteria s executea centrally for
all the portiorreferencadablefrowsdentifiespl e row i dentifier range, and wherein

the rel evant thesaurus, entries, used rocessor executing the step of
deternining a - nt¢H Rﬂtpr%\ﬁak%m? ﬁ'fq %'PCY%?%CF% ns of a storage section

are designat ed byrifili a Balnder & thé&tdlibexteddraviiemtbl fHeeFedotl-of fHeSiddexMilgai d
storage section. 20 211. A nethod according to claim 210, wherein the step

of analzi ng t heProyigeg,for paidgieferense takle rewddentifierquery server connected to
sai d processors through a comuni cation network. 212. A nmethod according

to claim 21gs wher ej Wné‘tﬂohsé%cfbgg@pﬁoiggg’ Bhe! GF cl‘éﬁﬂé‘ﬁ‘é‘zef’cz gbh‘f %%P?ih *}ﬁfey

comruni cati on network, to a storage units respective

coupl ed to awpdt palbleebawra,plutaity iof tcalpdas eeschr \e@sociatéd alith rzg rédpectiveor age

units to nmaintain theh\s}%g?r ge section hod accordi ng to any one
|

. 213,
of claims 18yQUe éq_rZ‘,N TPARUHY IS §9§g%tp né@ét“gfﬁtf@'ﬂ gUfQUQp?{qJ%SQ%PQ
which is n%itﬁfaodﬁécte%rg?‘/ 6ﬁ84ﬁe§zﬁrrb§%%i’év\cggg 5 an altfiBute?ddsoctatBB AR aOf

processing a query in a database system erein a
15 column of the output table are written into said column.

196. A method according to both claims 194 and 195, wherein the step of
writing output data associated with a detected entry of at least one second
selected thesaurus comprises, for each reference table row identifier belonging
to both the matching row identifier list and the identifier list associated with said
20 detected entry of the second selected thesaurus:
- reading the pointer contained in the record of the index file provided for
said reference table row identifier; and
- writing output data into the row of the output table designated by said
pointer.

25 197 A method according to any one of claims 191 to 196, wherein the
selected thesaurus being a word thesaurus defined with reference to a partition
into subsets each consisting of one word, the output data associated with a

detected entry comprise the word for which said detected entry is provided.

198. A method according to any one of'claims 191 to 196, wherein the
30 selected thesaurus being a macroword thesaurus associated with a prefix



plurality of rowidentifiers are defined to designate respective rows of a
reference table having columms respectively associated with data

attri but esQ 02/¢@uzl rows containing groups of rel ated wor dspapsBigme2t o said
attributes in a 5 collection of data, wherein a plurality of thesauruses
each associated with a respective attridate and data representing
reference table rowidentifier lists respectively associated with entries
of said thesauruses are stored, wherein each thesaurus associated with one

attribute ilengtafantedefinédwithfreferanee t® asparition iiitbWubsetPesc 86hsistihg af set
of words whic an . be azg{i gned to said one 10 attribute and has a
respect i ve ?3’%”'@5 & Geawion Reefixdhaynasaidkprfixdaegthe the outpitglaéal t o

sai d one atfhbi [ td : ar
Gent (11 or Tropeid A BF qERAEE ity Bhoithis®, HelBrof Vi Tor, Mgy
i denti fi er det¢dtedantny is previdedv of the reference table having a word of said

subset assigned to said one attribute, the nethod conprising the steps of:
15 - determini ng a Jrat ghi reference table row.identifie i st based on a
conbi na%i oﬁlggf_ t he&m{}EOQ%@PE@nQ gPeﬁ}%YnP”?d)ft‘Hj%'"_EﬁJgk’ythLgé)nWFﬁ'@'%t“&‘F ed
data repr espipithdatd) @ss6EiSteN Githt 8bl&ebRY bﬂﬁg_t bcﬁﬁngﬁsé | SIRPEQCIRLLHg Wi th
said rel evant thesaurus entries; and - procesSing Sald nmatching row

i denti fi er detegted @ndiytip tie selestgsbihesaur®. wherei n the step of processing the
matching row identifier list conprises, for at |east one attribute

speci fied iynst he quer I I e r ys ochated, yi th i,
attribute aérq) “det ecl%tg iﬂneéhéﬁtafc%étd]gg q?h%a@séﬁgc#e%g]ﬁ%ggiutgug \fvﬂg%ﬁ'ﬁiélﬂe

i dentifier dutputsddtavassgciated witbraptigtdoréd eptgtdfensaletied thesalBiscbbpris®@w
identifier list are associ at ec?. 25 215 A nethod according to claim 214,
wher ei 10sai@N¥NErFalaue feeYed am saidthesapids enids Q+1 stored t hesaur uses

associated with different prefix lengths, Q being an integer at |east

equal to Oppgach ofp ﬁf@gﬁ%&aécéﬂaﬂfgawagﬁﬁ 0 Whéréin, ﬁr@asae{]é&ed BMEY of at

parameter g such that g s Q Wwhereby the prefix length is a Udecreasing

function oﬂeasiemeas@ec@r thesawrusy saitdnemeriesbwaids is calcwated byeamlyié@]ga of .
id i - d, £.0,. i h id Q1 t. i i
wth oref eftnfeniich FulnolaF sahSsdRhR Bl Fote il S Cons st g o

words begi nning by a conmon prefix having the prefix | ength associ ated
with said \B80202/ 4494 ndRdd 1ROIARGAD claikd 00108 RO1Yswhéresh, efor 14 detedtedai d
t hesaurus being sorted based on the prefix ) )
15 entry of at least one selected thesaurus, said numerical value is calculated by
applying a mathematical function to a plurality of values including a thesaurus
value stored in said entry and at least one value already present in the output

table.

203. A method according to any one of claims 200 to 202, wherein the
20 output table includes a respective row corresponding to each identifier of the

matching row identifier list, and wherein a numerical value derived from a

detected thesaurus entry is written into any row of the output table

corresponding to a reference table row identifier belonging to both the matching

row identifier list and the identifier list associated with said detected thesaurus
25 entry.

204. A method according. to claim 203, wherein the numerical value,
derived from a detected entry of a first selected thesaurus and written into any
row of the output table corresponding to a reference table row identifier
bélonging to both the matching row identifier list and the identifier list



val ues. 216. A nethod according to claim?215, wherein, the sel ected

t hesaurus having a level paraneter QA > 0, the detection of entries in

t he sel esw@d2/4443 hesaurus conpri ses the steps of: /al propCOiBig/oeEpective
| evel g target lists and respective |level q thesaurus ranges covering
consecutive entries of the level g thesgypus for QAsq<_Q /b/ initializing
the level Qtarget list with the matching row identifier list, 10
initializing the level parameter q with the value Q and selecting a first

entry of thasdomiatbd Qittheaalentyrefnge; first seldeted theddigusnisi obtaimRCirbANal i st
bet ween the,l evel Cl@tlu? et list and the identifier list associated with

the sel ect efff éﬁt‘?‘&? E’rﬁg\féﬁa'ﬁ' §MBsaurus range; 15 /d/ if the
intersection |ist feve gt![tﬁ uftferRiaf G StieN Be b ER frofi 'c?etggfgﬁyentrystﬁlaqm ' ng

anot her entry of the esaurus rangé and repea ng s
if qgis grelatastonaesncmd sekiotetiﬁtesamgus badlvemfteén intd d rovgef the SUtmﬁ t@lqaal to

the int ti | St 20dterm recedln step /c/; /e2

L% o PeShio RS Bl BB B apRRe it rctios ne
evel a-1 1 jagp el RtHrid thd RichBi it sBE%té&mh%.a%ntﬁ@w theV¥ddanfhe

| evel g prefix of the selected |eve esaurus entry, ectlng a

first ent rySQJectteldethetSaeru&q i$ a:aieslatedjby aﬁplvmgga maBémaacalefwmlongtoqaby

t t t /fcly [Tl i s e
"ncl udi ng- +Rerhy EVatebdohoR Fibesiis Vahdh 50re iMasatiCedt a8Y eettes:
30 /f2/ if éﬁ@vél@é&ilréﬁd&:ﬁﬁ@@énﬂ ihshaid Fove Bk tHe é@t{)hh%ﬁlé‘t ersection |ist
determned in the preceding step /c/, termnating the detection of entries

in the sel (% ed thesaurus; WO 02/ 44943 PCT/ 1B01/ 02792 - 144 [f3/
removi nf t nt egefts Mthed caceardingedpi slaimi 203d@reRRfnelurther t eemprising

calculating an output value from a set of numerical values which have been
respectively written into the rows of the output table.

206. A method according to any one of claims 151 to 205, wherein an
integer range covering the identifiers designating the rows of the reference

15 table is partitioned into a plurality of predetermined portions, wherein at least
some of the data representing identifier lists are distributed into a plurality of
storage sections respectively associated with said portions, wherein a storage
section associated with one of said portions contains data representing
identifier sub-lists consisting of identifiers of said portion.

20 and wherein the step of determining a matching row identifier list is
executed separately for the different portions of the reference table row

identifier range, by means of the respective storage sections.

207. A method according to claim 206, wherein the step of processing the
matching row identifier is at least partially executed separately for the different

25  portions of the reference table row identifier range, by means of the respective
storage sections.

208. A method according to claim 206 or 207, wherein the thesauruses
have a plurality of sections respectively associated with said portions, wherein
a section, associated with one of said portions, of a thesaurus associated with
30 an attribute and defined with reference to a partition into subsets has a



preceding step /c/ fromany target list including at |east one integer
which is not in said intersection list; /f4/ setting g as the snall est

| evel pamveoer/erm4d or which the target list 5 includes at pewmskRoioam™2i nt eger
which is not in said intersection list; /f5/ selecting another entry in
the level g thesaurus range and returnypg.to step /c/. 217. A nethod
according to claim?216, wherein Q>_ 1 and each thesaurus having a |evel
parameter q >_ 1 further contains, in each entry provided for a 10 level q

prefix val uespdetive datiFoRlcaBl dubtRetdf KhidPpatiRnl iR Michidddeseieayp onbi ch
corresponds to the | owest or highest level g-1 prefix beginning with the

level q prepidassigred io paidaattribute iy auefereacs table daw tarvehich @nsiteptifieruf

ol botoa | ouif Rl i HRocsed; sBr eblyIBMARETORE AR BRI 2b 0ok iien 216
or 217, whesub-tistainclhuding eachddentifieprafrgatd mortiors alleestedvie §adfdtentatasie i s

used to provi dﬁ codi ngﬂg%é‘% r,g%&senti ng the identifier |list associated
with a 1%veloVyNEKBgR, £$3)d fppsebassigred dp sqigh @tigipute, rancbwhesgin| thgst
equal to 1, : j ) | \.-di range
covering i i oha ARG M Blefy oTRRh R ERG pATaN ERet Red ebiefar, iy

i denti fier thesdiffergmgpartiens optie Irefererude tdide frowsidehtifi@r rdrge, byaméanbesfaur us
entry, whergin for .an Iager othgr than the |last layer, an integer |ist
represent i ntgetrﬁgp%ggqe%/tpgiuriuﬁstqq OB%ittern of said layer, of each subset
containing at | east one integer of the input list forns the input list for

the next |20®r, 25AWhetRdNaédtrding@dionsnfiang SC8RIMS 206 & 208CWheRiRTthand
each subset containing at |east one integer of the input list, data

repr esett i n¥ERARBtEeIEPEXeRUtONS akgcearriad eyéin parallebby respective prodessors foi d
subset and,.aty; LWL sal |,S.. 1 | ayer. data representing
the positi otrqgo 'ké;%ﬁgpgh oigtoqithgi{%rép@qettgﬁ? @%@&n@ﬁeg ; 30 and wherein

each level g target list forms a layer 1 and level g filtering list and is
submi tted a31G | ayeh methoguccbrding ito cldive 209]iwipreheash fHesalidant B43

P B01 021 s B2 e rospbeben SosoRkel i hERDSoifo, oY Soptenavel ¢
filtering ldsth RIrOMtASHNG T RIEPBCIRY Shetifier” S-lidtsStrom the storage sections,
15 wherein the step of analyzing the query criteria is executed centrally for all the
portions of the reference table row identifier range, and wherein the relevant
thesaurus entries used by a processor executing the step of determining a
matching row identifier list by means of a storage section are designated by the
data for retrieving identifier sub-lists from said storage section.

20 211. A method according to claim 210, wherein the step of analyzing the
query criteria is executed by a query server connected to said processors
through a communication network.

212. A method according to claim 211, wherein a list update server is
connected, through the communication network, to a plurality of storage units

25 respectively coupled to said processors, the list update server controlling the
storage units to maintain the storage sections.

213. A method according to any one of claims 151 to 212, wherein said
reference table is a virtual table which is not stored.



being the layer k input list obtained fromsaid level q target list in the
coding schene. 5 219. A nethod according to claim 218, wherein the pattern
of each Iveger449u% such that the integer subsets are consepOtriBm/oemeerval s
consisting of the sane nunber of integers. 220. A method according to
claim 219, wherein said nunber of integegqs_.is a whole power of 2 for each
| ayer. 10 221. A nmethod according to any one of clainms 218 to 220, wherein
the step /c/ of determining the intersection |list between a | evel g target

list and arR14i dent iA ingdthbd S3f reERESiIAESa qfuteqmrk a=databasd/ sysMmUWHein 4 ayer
K i ntersectlon | i st between the |ayer k ut list obtained fromsaid

i denti fier Rlyradity ©f ¢ reav d@ﬁﬂﬁ'f@@cﬁ@rré’e&'ﬁédt degignate r%eafme | ToWsl off a
o rering | . i R g by
corput eq | a5 Erefics HFBBCALRG Sfudfs tesBEEh ey BE8ted Min B8 atibbfBec i on

list bet weesald Inew‘s&oealtalqlngag@elmlofsnel@ted Wdilejsl assigndd ¢ said bitfibutdseinng

enpty; /c3/ etermning said intersection |list between the | evel
q targef |i 'eCtﬂf‘ Q%(ﬁja?"ﬁew HEeth‘laf pefralitysof thesayrisegnprshe @spagiated with a

i ntersecti Gashédtive aftdbdte?and fddfa reh]e%‘ﬁ Ew%ﬁeﬂ@e ktaB POV |9§hﬁﬁ”ﬁsts

repeating fromstep /cl/. 222. ngtoc aim 2 erel I n
t he codi ng rsep@trtyely aaeocuahhdngnthaeratrleemfewdtthagamNnBepoemet stoned,f whandin
[ | ist withj subset fo k s n define a

f
| oyed Sk bi o BRSAuRS BeSeiPtel Bitnn 8 Finbole % BI0Rd, Wil versteRoR dbnrct ve
i nteger of pdigticivhnet sibsats Gf Calset WIahoRSs SAich céﬂtt@%%s@ﬂbenﬁsséi@! &Rk d

input list, while the data representing the position of subset I n the
| ayer wopatatﬁmt%angma§@ tespeglve lentrytfegeach suksetsncludingeat Iaeshonswomdl ayer

ter oot GEoats GLFRMRTCARIRNG i 68 cofidcict} of G, Md Brartbrtanti i e
list in thad&Wife/ HtO48sRGaIetBMtHOZaRP theéaﬁfru@odnw m@m@rﬂg(aaw adémtfer K

and level ¢ fllterlng | ist, represented K first  layer bi't map vector,
conpri ses: allopated t9a sow @f the eefgrrnaedipble Rawing waworebet @aldvﬁqhset agsigned

zer oes;. - QBILAY akAKte, i AkRod EOMAHMG Y ASpeiaH 2 T epr esenting said

I dent i f I er
15 - determining a matching reference table row identifier list based on a

combination of thesaurus entries relevant to the query and on the stored
data representing the reference table row identifier lists associated with
said relevant thesaurus entries; and

- processing said matching row identifier list to output a response,

20 wherein the step of processing the matching row identifier list
comprises, for at least one attribute speciﬁed in the query, selecting a
thesaurus associated with said attribute and detecting entries of the selected
thesaurus with which identifier lists having a non-empty intersection with the
matching row identifier list are associéted.

25 215. A method according to claim 214, wherein said attribute specified in
the query has Q+1 stored thesauruses associated with different prefix lengths,
Q being an integer at least equal to 0, each of said Q+1 thesauruses having a
thesaurus level parameter q such that 0 < g < Q, whereby the prefix length is a
decreasing function of the level parameter q and corresponds to a word length
30 of said attribute for q = 0, wherein each of said Q+1 thesauruses is defined with
reference to a respective partition into subsets each consisting of words
beginning by a common prefix having the prefix length associated with said



- selecting any obtained | ayer k rank which represents the position in the
| ayer k pattern of a subset including at | east one integer of said |ayer k
and | evelw@ot/udosering list, obtaining the |ayer k bitnmap Beymmio2w2t h which
the selected layer k rank is associated, and determ ning a segment of 10
the second layer k bitmap vector havingq143position determ ned by the

sel ected | ayer k rank by conbining the obtained | ayer k bitmp segnent

with a segnment of the first layer k bitmap vector having a position

det er ni ned thgsadrassehecdritbes afesaild tRIBEUARS BefligiGottedabBsédv Git tRegdrefin  AND
operati on, ? said layer k intersection list corresponding to the resulting
second Iayé’ra Y¥eS.bi t map vector. 223. A nmethod according to claim 222,
wherein, for 1 s k <n, the layer k ranks and the |layer k bitmp segnents
associ at ed rew t ta u tr I
correspondlénfgbeaddr e@sﬁés{hf)ﬁ déds%??'h t fll?'ﬁ%%d%rsﬁcgﬁ%%ﬁ&é& tﬁgsaﬁ} &rein
the step /didving adeyelt pagneteay@A 0| therdetettiom dfi shtrieBeinvgien seleawer K

i nput 1ist Rbtal ned from an identi f| er list in the coding scheme and a

| ayer kSand ﬁ%%#scfomnrﬁ@rsuthe SteRg Of: represented by a first |ayer k bitnap
vect or, conpr I cords
associ at ed w/?ﬁeﬁggld{r% ggcgg%z%\fe?ﬁktg‘é I%liéf gpaa%yéeconl?é?l ﬁeﬁféélﬂjr ?I ling
the rank tabl e bangest conpringy comisectitiek |entres kof ahk ilewed gheheszkus tfobpl e
record associated with the address of said selected |ayer k rank in said
first file; and ¥ o8 <ddy record of the filled rank table containing a

| ayer k rank i3 i i fike .readi ng
the associ at dd TR HE, BEF L beR PR i feldtihg FORT Rentingr 156 e
and coridi ni ng tihitializing thayevelkpdmammﬂ gegitte thie wialle Q,sargimselectifig tahfirsti r st

| ayer k WD 02/ 449 3 P ﬁggﬁ] - 147 Dbitmap vector having a position
det er ni ned by s& %‘@ CSUEGIANY§ t o a bitwi se Bool ean AND

operation to /dﬁto%téﬂnﬁ'iﬁm'g éﬁqﬁfé?éectﬁfn ﬁilebét%%ﬂdtHea%l %Erb%\?ﬁstvﬁﬁ& Qhe

having a position determned by said |ayer k rank.
accordi ng to anydentdiesflist assosatetswith the Geledted @lntrynof>thle level q thesaurus
range;
15 /d/if the intersection list determined in the preceding step /c/ is empty,

selecting another entry of the level q thesaurus range and repeating step
Ic,
lel if q is greater than QA:
le1/ setting the level g—1 target list as equal to the intersection list
20 determined in the preceding step /c/;
le2/ setting the level g—1 thesaurus range as consisting of the entries
of the level g—1 thesaurus relating to level g—1 prefixes which
begin with the level q prefix of the selected level q thesaurus
entry, and selecting a first entry of the level g-1 thesaurus
25 range;
/e3/ decrementing q by one unit and returning to step /c/;
fflif q is equal to QA:
/f1/ including the selected level QA thesaurus entry in the detected
entries;
30 /f2/  if the level Q target list is equal to the intersection list determined
in the preceding step /c/, terminating the detection of entries in
the selected thesaurus;



and in the coding schenme, the coding data representing the position of each
I nteger of an input list within a subset for a coding | ayer k< n define a
| ayer k woomap4segnent in which each bit is associated weehimine®pecti ve

i nteger of the subset to indicate whether said integer belongs to said
input list, while a layer k 10 integer- 140k associated wth said |ayer k

bi tmap segnent represents the position of said subset in the |layer k
pattern, and wherein the step /c/ of determining the intersection |ist

between a | evel q/f3ir gemavirgf the:nﬁe@@'eoﬂdt'heglrtt@rsebﬁa@msk detsiniigeelin ghe
filtering lists represented by a respective first |ayer k bitmap vectors

for 1 < k < n, and aPreerg{pgistep /cf sffomc‘{‘ﬂﬁbﬂii@@% listgnelyding; at easti oneg a
second bitmap vector %tteag %iicqﬁg n{)‘i’rﬁ)séld lﬁfe%edai%!nafstt' ng layer n ranks
ata |

obtained fromthe coding represen entifier list, and

setting k = n; /c3f4/f cettearh assethecﬁmallésﬂwelIparambter/foBWhlci'ftHehlargallmt ed
| ayer k _rank represents t tion in the pattern of a subset

whi ch i ficl udes at | eadc Ha%s BE §epneintegay Wl‘i y‘érr‘oi('rhﬁﬂdl'@t@é?ec(ﬁ'oﬂi istieri ng
ist, obtaining thesy! alotig Bhbifieh SRGER! e IBVANGChdditrae!BRbEdahdyer K
o] the | ayer evel ¢

rank is associated; /c32/ for any integer o and
filtering |ist whose returpiogitoistep i/t hi n sai d subset is represented in said
| ayer k bitmap segnment, selecti ng a respect i ve | ayer k-1 rank determ ned

K bit g o ine ! R ¥ngq RES Y e 8nn BTG bhéfkin BB (AR ch Besictie od by
one unit; R i’e‘%@l‘lbaiécmgte{ c12> 10Rfr e ddht Hé’ ir@éﬁ&h 'eri?lhf H?)&e%f%ﬁ 4"“ th

whi ch a selected | ayer ran S assocl ate and conbi ni 4943
PCT/ 1B02/ 02eed q pnem \civesidadd designatiag bine e utrys&f@heﬂ&veinqt—h taesagnerwmoih t he

first layer 1 bit In ositi ndt rm.ned b
r ank accorcﬁ’loi'irgjasf)8"gag‘i’\[f iqgv%% J}i&‘%{lﬁf 3 9'%98%%@‘6 Ie¥§€
of i< he secquéfiRit 5aid watq)thehauidsgerﬁry,%na%héieﬂns@et/ema%n?as §éie€tii@yer 1
ran
the level g-1 thesaurus entry designated in the selected level q thesaurus

entry.

15 218. A method according to claim 216 or 217, wherein a coding scheme
comprising n successive coding layers is used to provide coding data
representing the identifier list associated with a level q thesaurus entry for
0<qg<Q, n being a number at least equal to 1, each layer having a
predetermined pattern for dividing a range covering integers of an input list of

20 said layer into subsets, said identifier list being the input list of the first layer for
said thesaurus entry, wherein for any layer other than the last layer, an integer
list representing the position, in the pattern of said layer, of each subset
containing at least one integer of the input list forms the input list for the next
layer,

25 wherein the coding data comprise, for each layer and each subset
containing at least one integer of the input list, data representing the position of
each integer of the input list within said subset and, at least if said layer is the
last layer, data representing the position of said subset in the pattern of said
layer,

30 and wherein each level q target list forms a layer 1 and level q

filtering list and is submitted as a layer 1 input list in the coding scheme for



said intersection |ist corresponding to the resulting second bitmap vector.
225. A nethod according to claim224, wherein the layer 1 bitnap segnents
for at | ee@02/0Me3 t hesaurus entry are stored in at | east oreT/iBy@e792 file

at addresses respectively corresponding to the |ayer 1 ranks associated 10
therewith, and the step /c/ of determ nild$ -an intersection |ist conprises:
- providing a rank table in a RAM nenory, having records associated with
the addresses in said layer 1 file; - filling the rank table by witing any
layer 1 ran@AselgesCetd provideerespediVe layeok drittlevend filtahihg listclor d agsogifat ed
w th the address c.arresgﬂn%;dzsg to the 15 selected |ayer 1 rank; and - for
any record Bf 1h&aif lpyeyk, qveh G fiterngilist pipvidedifieim B levek aatarget list

associ ated piih | 11§ 3 ki eaqi the. ' d
Taver 1 it hah0 88 Bye RiAphIRTa Horh Salievernd o ST RE EhaS
bi t map segnschemeth a segnent of the first layer 1 bitmap vector having 20
a position determned by said layer 1 rank according to a bitw se Bool ean

' second Ié%epr 1 bitmagdvector

AND ti to d t of t
navi nG 4 podl 21 on ABTERIRGEBYIBAN Tl T8, WHAGEI 458 Paers Oh SACRABHRT: ng

to any one @f sGtiithEt 872 intBgeRBubbetst BRY coR8ERtve! l?ﬂe%ts%aiégis@gg 3>f the

pre-filtering flag for each“entry of a level g thesaurus,
pre-filterisgmerugnbenofiategers.r st val ue when said entry is associated with
a reference table rowidentifier |list represented by coding data which do

pat torn of 220%uback ATER TRerRaLE B ERle SufktSir b cbPel pridBerssan

| evel q filaevhadgpbwer of 2dodeadtelagen the step /c/ of determning the
intersection list between a level q 30 target list, corresponding to said
| ayer nandzé vel qfil}erin list,, and an identifier list associated with

an entrif of%¢he | evBIMGhadealharda ta Py Qe NG 183201 pheren7ihe

- 149 det er ngtapne/ sRUEterMIARE 56 irfBrddchibn Azt Bethvise i ahd laher i ng
flag determ Ee_d for said e%t ryI hag sairc} first Varf’gg_év%lzcﬁj_térgéhgﬁﬁ%@d ah
accor di ng tigenptienistgzemprises.drom K am:any | evel q thesaurus entry

assoctat ed W Ueh SObDIRT S OB A Bhes SRR B e L PRk SRl o
?:JPtsg i \rA]gu f.hslt nclt E@elﬂSin@‘d fremsdai@ideritifief Gt inthet dRiih@ ¥ehemeadrkl HRy Rlyef k

15 and level q filtering list corresponding to said level q target list;

/c2/ if the computed layer k intersection list is empty, determining said
intersection list between the level q target list and the identifier list as
being empty;

/c3/ if k =1, determining said intersection list between the level q target list

20 and the identifier list as the computed layer 1 intersection list; and

Ical if k> 1, decrementing k by one unit and repeating from step /c1/.

222. A method according to claim 221, wherein, in the coding scheme,
the coding data representing the position of each integer of an input list within a
subset for a coding layer k < n define a layer k bitmap segment in which each
25 bit is associated with a respective integer of the subset to indicate whether said
integer belongs to said input list, while the data representing the position of said
subset in the layer k pattern comprise a layer k integer rank associated with
said layer k bitmap segment, and wherein the step /c1/ of computing a layer k
intersection list between a layer k input list obtained from an identifier list in the



| ayer n bitmap segnent associated wth said |ayer n rank is obtai ned and
said first value is allocated to the pre-filtering flag determ ned for
sai d ent wobnii4me obtai ned |ayer n bitmp segnment does npCTAEpRe®ent the
position. of any integer 10 of said layer n and level q filtering |ist

W thin said subset. 228. A nethod accordygg to any one of clains 214 to
227, wherein the step of processing the matching row identifier |ist
further conprises witing output data associated with any detected entry

of a sel ect esdihgeschenis andt @ layer Rudntileviehle] Biteriy B20.repralinted bycs girst Ng
to claim 228, \fhg?{;tei n the output table includes a respective row

cor respondi 1&ye AP YR(EAE. iQOMRIsss: t he mat ching row identifier list, and

wher ei n out put _ data,: ' ] . LY. ected

t hesaurus are vvrﬁt?a ellgﬁég%gggﬁsd }r@g\%}vpl(%fb 'l?rﬁéé)e g‘%ﬁgﬁﬁﬂbé%?'ggc%?r?’gé’pondi ng to a
reference tabl e obtainidghtaydrileraria frowi the doditpidatd hepreseating §aldoMentifier
identifier |ist O and the identifier list associated with said detected

t hesaur & entry. 89880 A et hod according to claim 229, wherein each

e il o, £ ooleting' 8ty drSihelaayér & FaRC AP didealis i SR inf B ©

correspondi ng thereto, erein the'rows of the o
initialized withlayed&fgattarnaflaisubsétaneluding &f legst baednteyer of ataid |sed k

wherein the rows_of .the o ut table which dp not 25 contain the default
val ue are read af?%#e i ﬁﬂ%lqghlg?ogptﬁmmgjgi%%y%%b| _%ﬁ&&%d’ﬂﬁ'ﬂ\_”ﬁ&hto
clai m 229, wher efHp s8BcRd Rybr kKRIMR isSassderiied a4 d@téﬁniﬁmge%?%qrfét?ﬁteof

having a respective record for each reference table row i
cont ai nithg ei t hetheasergngulayey 4 bmap vegior hawingda iagitinn determined hycthieve

row of the outpu I i .0. said reference table row 30
i dentifier, whr Se/kBEa 8l K FARCRY hiiRing 308 dHaREASTer € Bfdroabaent
default val ue \\OMIB/ 448bimERIT oL BAG/ AT 92yer KSBitapOVECtF i iavive t g oRitioput
data, and vvhereigethe ste witing output data associated with a

_ of d . ed
detected entry ofetgrmines gléé'l‘%@?@ﬂ:tﬁ Layeh kuankaagsiordiag, tof @ bitwisg: Bopleasr ence
tabl e row i denti ANgY ing to both the matching row identifier |ist
and the identifier I?Q?jaggg’oci ated with said detected entry of the first
sel ect etb 5saidelayer ks interseictionalistngoraes pondlincaltd etheoresufitindesecohgulayealkl e t o
correspond f)@rgsai d reference table rowidentifier, - witing output data

into the al PUREPECIBw, and

223. A method according to claim 222, wherein, for 1 <k < n, the layer k
ranks and the layer k bitmap segments associated therewith for at least one
thesaurus entry are stored at corresponding addresses in distinct first and

20 second files, and wherein the step /c1/ of computing a layer k intersection list
between a layer k input list obtained from an identifier list in the coding scheme
and a layer k and level q filtering list, represented by a first layer k bitmap
vector, comprises:

- providing a rank table in a RAM memory, having records associated with

25 the addresses in said first and second files; ‘

- filling the rank table by writing any selected layer k rank into the rank
table record associated with the address of said selected layer k rank in
said first file; and

- for any record of the filled rank table containing a layer k rank and

30 associated with an address in the second file, reading the associated
layer k bitmap segment at said address in the second file and combining
the read layer k bitmap segment with a segment of the first layer k



- witing a pointer to the allocated rowinto the record of the index file
10 provided for said reference table row identifier. 232. A nethod

accordi ngwo 02/a9y3 one of clainms 229 to 231, wherein the optpmmoitoatske has a
plurality of colums each associated with a respective attribute for which
a thesaurus is selected, and wherein ouyp#t. data associated wth a
detected entry of a thesaurus selected for an attri bute associated with a.
15 colum of the output table are witten into said colum. 233. A nethod

according to botgitrahpi 0BCtEBlhaNRg 28 2podtiSh elterinad ey Oaid Waybt W @ikPut

data associated with a detected entry of at |east one 'second “sel ecte
t hesaur us conpr i 8eerdingrtocadiitwise Boe ANB epemtiondiendeéterminebal sagmeny t o

both the matchin i tLf i N the.identifier list.associated
with said 20 de et?:’g\é‘!' cgﬁprléy%rﬁ{ ?'hhgéé'%gﬁ)d %S’I'@S@d’sft}?&g‘f}?@meg Y%esfng
the pointer contlayeeK ramk.t he record of the index file provided for said
reference table rowidentifier; and - witing output data into the row of
t he out put ﬁ‘gl e designated by said pointer. 25 234. A nethod according to
any one f i ns 22dnethogzaccopging dp @nyHene skclaims R 1ot g20.uwheimg = Twor d

t hesaur us "N i by e RArtddi i syhs .

consi st ngdét;r?d @ﬁgh%“oépgfﬁqeégﬁ%ﬂgbﬁeoggq@@aciséstéci g{%%ﬁphﬂ% &gsgtt'@??)zc?agrqt ry
conpri se t hiategerdffar ingut dist sdthih aleubstefbrentodingslapeokitedefidd® lafefkt hod
according to any one of clainms 228 tqQ 233, wherein the 30 selected

t he}saur u/s beitRgP Segmenip mhieheash pitds asseriptadewithia respeptive integey ofithg4943
PCT/ 1B01/ 0 | i ; . j L
2ditfset 1o %cath%%thef@ﬁ%ﬂﬁ%’g@ﬁge}@n IQ ntée'%aié ﬁ{bgg#% r\"%ﬁlfggé Fd)y%hgcl g

into subsets each consisting o egin

sai d prefi xintegegt lgnk lassociaed with aaichdaysr &t bidmaipt Begniieit eipeskatité rthe
conprise the prefix value for whjch sai detected entry is provided. 5
236. A net hB%é?{Rrbdﬁd?‘ﬂa spsetyinothe lﬁyeéﬂéiﬂﬁgteﬂzsaﬂe ‘QEQ?IG'MBPeﬂﬁpt of
out put dat agsteRARi : g8 i id
detected entry i n'ﬁ?ﬁmtgﬁﬁggﬁ'gﬁgﬁﬂéﬁ” éggwg@ %@%éggg?éﬁeﬁﬁg&bg%gny

one of cl ailayenk@nddeyghq filteeng liststrapresemtquliby datespestive fisstdayeri k hitmap

detected entry of, a,se| ected thesaur.us c rise 10 a nunerical val ue
deri ved fro\FﬁasfglriSJof Heéglf'rrbsa 3 _entuHer iist Somprises:

15 /c1/ initializing a second bitmap vector with logical zeroes;
Ic2/ selecting layer n ranks obtained from the coding data representing said
identifier list, and setting k = n;
/c3/ for each selected layer k rank:
/c31/ if the selected layer k rank represents the position in the layer
20 k pattern of a subset which includes at least one integer of
said layer k and level q filtering list, obtaining the layer k
bitmap segment with which the selected layer k rank is
associated;
/c32/ for any integer of the layer k and level q filtering list whose
25 position within said subset is represented in said layer k
bitmap segment, selecting a respective layer k-1 rank
determined from the selected layer k rank and said position
represented in said layer k bitmap segment;
/c33/ if k> 2, executing step /c3/ with k decremented by one unit;
30 and
/c34/ if k = 2, obtaining any layer 1 bitmap segment with which a
selected layer 1 rank is associated, and combining the



238. A nethod according to claim 237, wherein, for a detected entry of at

| east one sel ected thesaurus, said nunerical value is cal culated by

appl yi ng veo ometdlemat i cal function to a thesaurus val ue stper@BG1R2BAI d
entry. 239. A nethod according to claim 237 or 238, wherein, for a detected
15 entry of at |east one selected thesa?ags, said nunerical value is
cal cul ated by applying a mathematical function to a plurality of val ues

i ncluding a thesaurus value stored in said entry and at | east one val ue

already present in the oiptabd gl ¢-biffidh BarfiMUMRECOidhaRt bPIRne of

clainms 237 to 239, wherein the output table includes a respective row
correspondi ng to each i daygr 1ikitmap velstor haviogiagositioni deterimirest blyi said and

wher ej i cal val ' detect ed_t h try |
Witten tnto any row of ¥ b itiaRlD S HEERPRERAND Saeralende
table row identifier beldueiniget® seghieritif that séididl biewipl ¢edtbi hiaging! &St

and the identifier |list associated wth said detected thesaurus 25 entry.
241. A Rethod accor di ng Rasitiondefermimedesaiddayere! rameri cal val ue, deri ved

row of ¢ he i e ko 8 afbirdsondfichtl B8 e ARl ShRaAl Biian veohont' 1

bel onging to both the matching row identifier list and the identifier |ist
WO 02/ 449422%CT/ 1BOA/ D2#e actbfiag stoc ickdimd 284t hwiserieth ether layer 1 hisitrhapst

sel ected thesaurys,. i s, obtained froma hesaurus value stored in sajd
entry, and SAREPA Tohat '%@ﬁg?ﬁ’% Ie%rﬁ%?nh@ﬁ@eﬁoﬁeﬂoﬁaﬁ'8@?‘9‘2!’!%!?Y§ﬁt1rfyeof at

| east one sfcafdrexdbsCiapethies U&éﬁe%%%wlséttbem ggzeﬁ 1 C}‘é/ngé S4&,cptbgut

table 5 corresponding to a reference table ro tifier belonging to
bot h t H8 ndherawith, o theshep fd/ of detesmining anhieterdectiar listrcompriseasssoci at ed

with said entry of the secan sel e t hesaurus.. i s calcul ated by .
appl yi ng a mat héfayidng Sf%ﬂ%%bﬁ' 8 JNEMATY « RAVIRG JeGQids aﬁﬁﬁ?'@tﬁ%ﬂ'ta
t hesaurus val ue thteideifeddesSaisdiccRiey 13l at | east one val ue already
present in said row of the output table. 10 242. A nethod according to

clai m 240 or 24filingtherank debiprhyswriting eay dayeitl ranksselectedin sten (632 iden a
of the ourput +apranb At Eeolf sSecabteg RRNGE ddfieds EbbEMARR To 18, °°
242, whér ei n an selected layer 1 rank; and
- for any record of the filled rank table containing a layer 1 rank and
associated with an address in said layer 1 file, reading the associated
layer 1 bitmap segment at said address and combining the read layer 1
bitmap segment with a segment of the first layer 1 bitmap vector having
20 a position determined by said layer 1 rank according to a bitwise
Boolean AND operation to determine a segment of the second layer 1

bitmap vector having a position determined by said layer 1 rank.

226. A method according to any one of claims 222 to 225, further
comprising determining a pre-filtering flag for each entry of a level q thesaurus,
25 said pre-filtering flag having a first value when said entry is associated with a
reference table row identifier list represented by coding data which do not
define any layer n rank representing the position in the layer n pattern of a
subset which includes at least one integer of a layer n and level q filtering list,
and wherein the step /c/ of determining the intersection list between a level q
30 target list, corresponding to said layer n and level q filtering list, and an

identifier list associated with an entry of the level q thesaurus comprises



i nteger range covering the identifiers designating the rows of the
reference 15 table is partitioned into a plurality of predeterm ned
portionswohpu®ih at |east sone of the data representing pdematfoeme |ists
are distributed into a plurality of storage sections respectively _
associ ated with said portions, wherein-a49torage section associated with
one of said portions contains data representing identifier sub-lists
consisting of identifiers of said portion. 20 and wherein the step of

det er m ni ngdatemsiinihg ngaidontersaatiohi kst bissbeiy emnpyulifedhs eprificting fRg t he
different p I ons {Wt he reference table row identifier range, Dy neans
of the resp {qu%(f 619 QRIEY hap saidiirat valuget hod according to clai m 243,

wherein the step of processing the matching row identifier is at |east

partially eggguted Aerﬁéﬂﬁd%dbofr@ihgtta%lélhf 556 Shker P%hg? I?\f/thtegglflrus

reference table row identifier by neans o orage
sections. 288lry Asseciated agtoedravy |d©ntcﬂea|ltst Zeer&suenm by\/\bedlegndatlaewae;par ate

f
Cherdi { 1or edeine ateyer R tapibertbolRe Pesiarcih b e prrgin ot gebselo
02/ 44943 PCWhildiDIh’cQRié%Zat leaBB0RE GntefeloF MRSl ARG %lnaglebel 6'fﬁﬂeﬁh§4ét fﬁ@ere' n

the conbination of. thesaurus entriés relevant to the query iIs determ ned,
on the basi BY8f nchifrpap isgamemd @sspeigtadwithsaiditayer nosark iguehtginedranet said

method. accor nee ICARGERES 16T K. 1RRE TR HERr g ForeShitented fribe oo,

t hr ough t heObtallﬂTHd’ll iagat ndntrm‘azﬂ segivent doés ﬂ?ﬂféﬁlreéet/nt%gfqd%l’tﬁmeoﬂ)éh} ﬁntctegeorl ling
tjvel t cessors, the |ist update server contr

e’ ot I agtf ATV S Aad v B ViREng fior wigeingiaid SUpSEt 245, A et hod

according to any one of claims 214 to 247, wherein said lo reference table

I's a virtuapzgabl e nhhethddSabrdiHigfEany %41% ofbl'érﬁﬁgcidl@{o 959°Wh'ége|h%89er

lists in a conputer system conpri'sing st eps of: vitding a
covering i nstegeek pmcmmgwﬁm matshlngntmNsdbsmﬁesr Iaasicimrrtﬂleng:omprlses wntmg

h
Cubset -cont SREh oS Srecifted Rutn BhY 05TactEh Shity s S ocleef hesabis info an -

representi ngutpbetabtsi tion of said subset in

15 229. A method according to claim 228, wherein the output table includes
a respective row corresponding to each identifier of the matching row identifier
list, and wherein output data associated with a detected entry of a selected
thesaurus are written into any row of the output table corresponding to a
reference table row identifier belonging to both the matching row identifier list

20  and the identifier list associated with said detected thesaurus entry.

230. A method according to claim 229, wherein each reference table row

identifier has a respective row of the output table corresponding thereto,

wherein the rows of the output table are initialized with a default value before

writing the output data, and wherein the rows of the output table which do not
25  contain the default value are read after writing the output data.

231. A method according to claim 229, wherein the output table is
associated with an index file having a respective record for each reference
table row identifier, containing either a default value or a pointer designating a
respective row of the output table corresponding to said reference table row
30 identifier, wherein the records of the index file are initialized with a default value



the pattern, and data representing the position of each integer of the

i nput list wthin said subset. 250. A nethod according to claim 249,

wher ei n tweozlaas r epresenting the 20 position of each i npemmoi®k7dehe i nput
list within a subset consist of a bitmap segnment in which each bit is
associated wth a respective integer of16pe subset to indicate whether
said integer belongs to the input list. 251. The nmethod of claim 250,
wherein the position of each subset in the pattern is represented by an

i nt eger ranbefote otriting theclowtimd dataf ]tmdcwgllbragdm%astep%f ivﬂitﬁ@%?i;ﬁﬂidﬁlaw th
t he correspondin It segnent, if said subset contains at |east one

i nteger of p@??é’cfagﬁatw'i?%t gie%ge_d Bntkt ¥ ol fisttcenlaried thesaveisicomprisemefasi n a

codi ng dat WoT=\d lasil F : ' LV: r. i's
o ovi ded 1 ol fetoice BROWIBRLETR ARG 10 B SR RERCARg FOR 5RO
I nt eger | i slis$ anditbeddentdiec list assnoibted Wb Sl 4ede@e@GHtA/BIthe ZirdiXseledttd t he
codi ng c%at athconlt"ai ner includes a first field for storing an integer rank
related® to't tern, a second field for storing an address value and a
third field far apicatihgta? dalse AROBINhe IRUMNEERI fb BReShERdBIAG 2
non-enpty input Iist Conprises the steps of: 5 a/ selecting an avarlable
record of the cd@fergngatablesowdilentifierb/ sel ecting a subset containing at

| east one inte . ' t. L1st jch no record has been allocated,;
c/ allocating 'tgﬁ&"s'iq égﬁ)é}aﬁggc@kéiﬁleoélf%@@if%'t subset; d/ storing the
rank and the bi twrtingegpeititerofo the aflodhtad @ IntBr PRUFRHrE B theOinde] file

sel ected subset in the first and third fields of the selected record,
respectiOvel y; e/Providegddpy saidgetarenem tablerow identifiesst one i nteger of the
input list has a record allocated thereto, storing an end value in the
second fielghnf thes mglhget %dr&?ﬁgrt‘ai ' Oné of (:Ialrﬁ%%gl @551,0%8%{?%%
containing at |east one integer of the 1nput 1S as~ no record al'l ocat ed
t heret o, staitpuy talie hasiragduralityaof acdurnas| @acte @ssdciated twith @demoﬁgéa
container in th econd. field of the selected record, selecting sai
avai | abl e r%gﬂlﬁe inWB@Be%_ﬁlq?@UWsoﬁ gqﬁ%gg / ?n%@!erwnr@ﬂtﬁaadat?cwmﬁjeﬁo
claim 252, wittbeddteted &RFy BPadRéSaFASSBISHEd for an attribute associated with a,

15  column of the output table are written into said column.

233. A method according to both claims 231 and 232, wherein the step of
writing output data associated with a detected entry of at least one second
selected thesaurus comprises, for each reference table row identifier belonging
to both the matching row identifier list and the identifier list associated with said
20 detected entry of the second selected thesaurus:
- reading the pointer contained in the record of the index file provided for
said reference table row identifier; and
- writing output data into the row of the output table designated by said
pointer.

25 234. A method according to any one of claims 228 to 233, wherein the
selected thesaurus being a word thesaurus defined with reference to a partition
into subsets each consisting of one word, the output data associated with a
detected entry comprise the word for which said detected entry is provided.

235. A method according to any one of claims 228 to 233, wherein the

30 selected thesaurus being a macroword thesaurus associated with a prefix



20 has a first file conprising the first and second fields of the records
and a second file conprising the third fields of the records, the first
and secomwdoD2/k33 bei ng accessi bl e separately. 254. A net hoOigua®oersdi ng to
claim 252 or 253, further conprising the step of grouping the records
stored in the data container, so that tfgfrecords 25 allocated to the
subsets for any encoded integer |ist have contiguous addresses. 255. A
met hod according to any one of clains 249 to 252, wherein the coding data

produced fig@mgthrsnd défgt with SefareRcs toaeshrtitiointbeadiseNgadn tonsislingent ed
to said one integer list. WD 02/44943 PCT/1B01/ 02792 -155 256. A nethod

accor di ng Wores dieginrgng by cemmamprefdiaving seid arefix lepgthe the autnut setaind
d fil i ' f or . ,
cont ai ni ng ExPORAIRE vHE AT ARG CmotE" fY oréir SRl 160935 said g

the positidetectéd eatry is ppodded.n the pattern are stored in the first file

and the data 5 representing the position of each integer of the input |ist
w t hin sai ubset are stored at a corresponding address in the second
file. 287. %/&%mat hod %BPG&?QOE‘%”%‘Q %Weoﬁg ‘gl%l?'g%s ggg tP@ézngH%% &% the
subsets ar g gORS85t4 L¥Sodisicdr WathSaCcqdtebdd Batrof i ARy, -

I ntegers. 258. Aémet yﬁg%élg%?oy@bna ?%}%gﬁg %1 5@7(36%2?%{’% s%lgi d nsuB esralc(i)f

i nt egers i dleteécted entrylip tihegelectsd thesagdus. A nmet hod of encoding integer lists
in a conputer system conprising n successive coding |layers, n being a

nb I | , 0] i ng. | i h
o divi &g a rangBed s legibons o AmEE2h: 6rEB. B By, °°
into 15 shspltsdatacaysdciaged with Pdetiried Bht9bipabéectsd theBéQtilé;Cd:d‘rﬂPﬁg@i ng
data including, for each subset containing at | east one integer of the

i nput I'Pst 2 REngricalralue defiyed fram sRidithesairys ediYh i nt eger of the i nput
list wwthin said subset and, at least if said layer is the last coding

layer, dat gggepr eS‘?!(‘Heﬂﬁo@ %@c&‘aﬁiﬂt {ooaﬁﬁﬁ 257 h%ﬂ@ﬁle?orie;‘dfe{lﬁcté@éﬁﬁg@f at0 -
if said layer is not the last codling layer, 'formng a further Integer |ist
r epr esent i nepsthanepsaliectashtheisautuse spit hemericél salud is aptoulatell byaapplgingsat

? 3?% ﬁIGP' ng rrzlietxthle(ranaa fcaPPu%ciigﬁ ?g%rthgéat}rﬂg y'aﬂpeuétolréé }n’ sgigden rry(.)vI ding said

239, A method according to claim 237 or 238, wherein, for a detected

15  entry of at least one selected thesaurus, said numerical value is calculated by

applying a mathematical function to a plurality of values including a thesaurus

value stored in said entry and at least one value already present in the output
table.

240. A method according to any one of claims 237 to 239, wherein the
20 output table includes a respective row corresponding to each identifier of the

matching row identifier list, and wherein a numerical value derived from a

detected thesaurus entry is written into any row of the output table

corresponding to a reference table row identifier belonging to both the matching

row identifier list and the identifier list associated with said detected thesaurus
25 entry.

241, A method according to claim 240, wherein the numerical value,
derived from a detected entry of a first selected thesaurus and written into any
row of the output table corresponding to a reference table row identifier
belonging to both the matching row identifier list and the identifier list



integer list as an input list of the next |ayer. 260. A nethod according to
claim 259, wherein, in the pattern of each 25 |ayer, the subsets are
consecut iweo/m9es val s consi sting of the same nunber of |iPCPOENS279261. A
met hod according to claim260, wherein said nunber of integers is a whole
power of 2 for each layer. WO 02/44943. P§JL1B01/ 02792 - 156 262. A nethod
according to any one of clains 259 to 261, wherein the coding data
produced for each |ayer are stored in first and second files having a

comon addrassetiated Wittr sdid éntry @R the Théts Sélecet tiedheusitis | sgine@NPomné eger
of the |nput list of said |ayer, the data representing the position of said

subset in ghesrurgavelienstared Brsaid@nty, t he first file and the data

representing the p t o) u i d
subset are stored ?dadv@%rre(r?ﬁeghee(;ﬁgae”%ﬁgajr e’sase'ﬁ\;r%%{ 1@% %98@?%@“93%%?

met hod accdedstnand seeond eelecm‘d tﬂeaaumsZéﬁd Waitiolintovaeow of theeoutpattdtsle dat a
produced from one int list input in the first |layer are stored in at

10 | east or@rqulpénﬁﬂngggeﬁ @iewcgéaa'edﬁév lidﬁmd,@%rrberlpa@mgztezboﬂAth%m%@hmg
accordi ng t@wARMnefs 1Rk a%'daﬂhgsidgﬁt?f ér%s?%%ﬁo&?ﬁogwﬂpts%?d eﬁﬁg'd?th %@ond

produced from one i nteger 11st Input ayer are store

| east one rsatected cthasaurius, asdaakajlamdt bynmplwhgoaamamematfcajlﬁumetld)m ytooh

i nteger i ts.. 15 hod ccording to claim 264, further c ri sing
the step ofP U@J'B'uﬁﬁ Y@u?ﬂéncgE 'Bgﬁﬁ}ﬁsat“ﬁ@ g%‘ﬂ"& %Bﬁd;]%%?'ds%‘t%% taﬁierg)sécor ds
of each chaire vAla¥ aIreaay pesuht uﬁ@grd%w&fth%%t?&t%téwd according to any
one of clains 259 to 26 wherein n > ayer k data containers each

having a plurality of records are prOV|ded ina 20 conputer nenmory for 1 s
k: 5 n, WacrP4Zcor d Af mgthe cacderdiaga te opleimn@Ober ng44s Sushar eebmprising

| ayer k i nt r Qs Kk
pat tern, 2 4 SRREE Fahleol'S Pof hilfefibar v s kuioh nalEppRHC

with a Iayeresbemtanelky wedtier srtotthegowb of plas buipantaflea subset in the layer k
pattern has a first field for containing data for retrieving the position

NN 25 Sl SO oA NS Sty B el e S bl
posi tion rehtdgRyaBhgefdd¥ering the identifiers designating the rows of the reference
15 table is partitioned into a plurality of predetermined portions, wherein at least
some of the data representing identifier lists are distributed into a plurality of
storage sections respectively associated with said portions, wherein a storage
section associated with one of said portions contains data representing
identifier sub-lists consisting of identifiers of said portion.
20 and wherein the step of determining a matching row identifier list is
executed separately for the different portions of the reference table row
identifier range, by means of the respective storage sections. |

244, A method according to claim 243, wherein the step of processing the
matching row identifier is at least partially executed separately for the different

25 portions of the reference table row identifier range, by means of the respective
storage sections.

245. A method according to claim 243 or 244, wherein the separate step
executions are carried out in parallel by respective processors for the different
portions of the reference table row identifier range.



the data contained in said first field determnes a |ayer k-1 rank with
which a respective record of the layer k-1 data container is associated if
k > 1, amwdoan449int eger of said layer 1 input list if k = BCTAVED1027944943
PCT/ 1B01/ 02792 -157 267. A nethod according to claim266, wherein each
record of the layer n data container aggpciated with a |layer n rank
further has a second field for containing said |layer n rank. 268. A nethod
according to claim 266 or 267, wherein, for 1 s k< n, said 5 data

cont ai ned 246t he fiA sheftioel th@brcﬁng e®OEHimf 24Be Wilein khdakampmigtahner for
retrieving the position of any integer of a Iayer K input list within a

subset cohPpsaBugy Qﬂtﬁ'%rﬁe@%%?ﬂ thenqugrycis determined, ion thesbasiatafcriigian a

o Said | aygrCledin fio iRy kel SaREoRAMELERThRlY PRacenslihudtt °"0°

wher ei n, f @ cdmrmunlication, netaork.record of the |ayer k data contai ner

associ at ed with a layer k rank further has a second field for containing
said |l a er 2? ank. 270. A net ho&laaccordl to c]aim269, wherein each data
contain mpri s&s MEthpda¢cordinar o glal wherein & {ist ypdatec seryer |'$3I ds

of the recqro%eered %o%ahorn@aé&rnﬁﬂr\rc;a;@ﬁrn r{]quég;g yyoﬁétgréc‘qba

files being accessib separate | ng to 66 or
267, wher eiraspédively coupded tn saadcprocems dtharf Irsthmdaigaerkedematr@mg arnerer
further has,a second .f f.or,_coptainin nunber representing the

posi tion ofSt%ﬁng{rBﬁéP 'B?'ntaa'f'é%? 9rage seM SI ist within a 20 subset of the

| ayer k+1 pattern, and wherein, for 1 < k< n, said data contained in the

first fiel @4 a rpemtﬁo@fadcbmrh@wran&&eé@f@mmalmt@ﬁavcmk?anmaﬁ@ a
layer k rank for retrieving the position of any integer of a layer k input

list witfhi feterengntableyfs @N@U%@'ewh'%t&@t@t@@%rl se a pointer to at |east
one record of the layer k-1 data container 25 I n which the second field

Coput 11 st aehi n caraadof BAabARaRRBLLt Rty ® oAbmbler Wibtel SRAMERLCL, g
of the |aydhelstepsdaft a container is assocr at ed wrth t he Iayer k-1 rank
?Z:)(rare?eﬂt? gdb%yt Qcﬁ\{ Dﬁblérg%rﬁéé) go%nnsgafn?egerg%rf alrr {n%ﬂk Ilg\f m?o t?sé)tgSa'ctclor(')dj ing
to a predetermined pattern; and
15 - producing coding data including, for each subset containing at least one
integer of the input list, data representing the position of said subset in
the pattern, and data representing the position of each integer of the

input list within said subset.

250. A method according to claim 249, wherein the data representing the

20 position of each integer of the input list within a subset consist of a bitmap
segment in which each bit is associated with a respective integer of the subset
to indicate whether said integer belongs to the input list.

251. The method of claim 250, wherein the position of each subset in the
pattern is represented by an integer rank which is included in the coding data,

25 in association with the corresponding bitmap segment, if said subset contains
at least one integer of the input list.

252. A method according to claim 251, wherein a coding data container
comprising records having respective addresses is provided for storing together

coding data produced from a plurality of integer lists, wherein each record of



WO 02/ 44943 PCT/ 1B01/ 02792 -158 272. A nethod according to claim 271,
wherein said data contained in the first field of a record of the layer 1
dat a contved nB#49idr retrieving the position of any integepchiBE/okmger 1
input list within a subset conprise a bitmap segnent in which each bit is
associ ated with a respective integer of 1§ai.d subset to indicate 5 whether
said integer belongs to said layer 1 input list. 273. A nethod according to
claim 271 or 272, wherein each layer k data container for 1 < k <n

conpri ses 8the'db@1$ﬁg Ha1a ddrtgineriRiRids e fifdt figld AR dtsafgPas mttage} %k%lét@@
records of said data container_ are respectively stored, said bei ng

accessi bl e t9dpsrratary. aﬁ@cgmd fieid Mﬁ@ﬂna@badﬁiﬁﬁgsnmlm)andr@tmfd ﬁebj fos 266
273, wh k dat
furcher hacghifla o Blimap sBofents an HrbRE 1 efodiE o ¥ BonieaiBAnialisth " he

| ayer k dateomprides mersté;ys U‘Eans of the next address fields, and wherein at
| east sone of the | ayer lists are respectively associated with

record chains @ r§Q$@'ﬂ9a§/’é?V@i%m resd o thr poding date ceplaineie codi ng data for
layer n relat 'Eygsélﬁctm;)gaoé dﬁs%hdcdrﬁ‘éﬁﬂfngla't Q4K {%ﬁétlﬁtegﬁ? ofslihﬁr bt NisP'to

retrievable fromt cor aln assocl ate erew ayer n dat a
cont ai ner. 275. vmlnbtﬁmGGceccbbasibagniaﬂocdatadm 274, wherein, for 1 < Kk < n,
said | ayer are ect vel y associ, at gd with record chains in

the |ayer k da‘flgﬁ%fé 'e%h%?ﬂspe 0 frselededsulset rel ating to one of
said |ayer 1 'd?%ibnh#?ﬁérérﬁrar\@ blhnaP%e@fr%rﬁ%fE% Bbdin tdétswa@céz@gmthe

record chain associated th erevm data ont ai ner

met hod @ccor di nqheosaietdech ubsetire tke rfirst and ]IhH:d Krelds of dhe rsalexted decofd,t he
| ayer k data contg & further has a head address field for pointing to an
25 address of a TrPEY 'Vleéycord of a respective chain in the layer k-1 data

container. 277g/ ifeVehhedbgsicesistaiing &t AB¥sOBRe GhtegeR| oTSthe’ thpu® 1’( hasger ei n
each layer k data container for 1 < k.-5 n conprises at least two files

where the first reFPel glocated theretns atorng easend valugsindhet secondcligld ofdhesai d
separatel y. w0 o5radbd 8RR 488, 55702 - 150”278, “A met hod accerding to any
one of 16l ai ms f27Rat aB¥ dnefsubsbtcontaining at least one integer of the input list has

no record allocated thereto, storing the address of an available record of

the coding data container in the second field of the selected record,

selecting said available record and repeating from step b/.

253. A method according to claim 252, wherein the coding data container

20 has a first file comprising the first and second fields of the records and a
second file comprising the third fields of the records, the first and second files
being accessible separately.

254, A method according to claim 252 or 253, further comprising the step
of grouping the records stored in the data container, so that the records

25 allocated to the subsets for any encoded integer list have contiguous
addresses.

255. A method according to any one of claims 249 to 252, wherein the
coding data produced from one integer list are stored in at least one file
allocated to said one integer list.



conprising the step of grouping the records of the data container for each
coding layer, so that the records of each chain have conti guous addresses.
279. A covpuyemdiszed net hod of conmbining a plurality of fipst/aBmierer |ists
5 into a second integer list, wherein at |east one of the first integer
lists is represented by stored coding_ggsa provided by a coding schene
conprising n successive coding |layers, n being a nunber at |east equal to
1, each layer having a predeterm ned pattern for dividing a range covering
integers ofzzg) i NpAtmktdd %Ecér@ir@%'té)/@léim Npss5 S WhePdin: th%a'cgdfngr 8htd Hrgger
list being the input Iist of the IO first layer, wherein for any [ayer

ot her than stered iadfirst apésecend filgsdpming astcommepragddrassing, wherghysfor eanh i n

the patter f id | I, 1.0f h_subset . cont ai ni,n t, | east one inpteger
of “the. | npoiseE Boftai S an sen B 2B B Rbth I the, Bt SBigastERg e
stored codipugititti af rsait e8BSéti iNGthe patter hrY eaired!ihtheCMBPfileSand ftRe dgtach
| ayer and each subset containing at | east one integer of the input |ist,

data 155 egPRERSRNTIAG thAPIsBiON olcpadt inteaer ofithegepublistivithin spis subsat akpt hi n
sai d subsetg; at @Eo*rgg’ﬁénc*iﬁ%%ag%és"’}ﬁ%?'sﬁc&#(ﬁfi'e‘?‘St | ayer, data
on o al subset 1Tnt

representing the positi e pattern of said layer, the
nmet hod conprising the steps of: - defining a conbination of internediary

| i sts each 2f.r espohdnethotdcactordingast amnenef oft tlairhs 1249 ton28§ewhkeraih the20 -

for k decreaging fromn to. .1, .conputing.a.layer k result |ist by conbining
2 bl ural | £y 9l CRTRSRUEYS PR Poing:SEibe Sarn Bumber ot iRbasTs

conbi nation; and - producing the second integer list as the layer 1 result

list, and v@gg.ein, AohetABY dcBORIIMGE bln!A5Y wWHrEASRADAURDEr f Hte§B@SE One
25 first |nte?\%r list represented by stored coding data, the |ayer n

i nt er mel@i arg/Wholg power gkZer mi ned from said stored coding data as consisting
of the integers of any layer n input |list associated with said at | east

first | ' . ; . . ot K
one 11155 1289e" LA Shoio REREAM AOneSBRTRR o b berf b ED
the | ayer k¥$ucesasive todihg dsyerons beingng nambanatiledstariuaBtd of wheraly @ack

input list assocjated with said at least one first integer list in the
codi ng sche‘?ﬂf'%hﬂ?rl?@m&@stt ataP$\Rfr k subset whose position is

LS8 oA iy B gl A 43S 1SCH R0 SR 1o

15 subsets according to a predetermined pattern;

- producing coding data including, for each subset containing at least one

integer of the input list, data representing the position of each integer of

the input list within said subset and, at least if said layer is the last

coding layer, data representing the position of said subset in the pattern;

20 - if said layer is not the last coding layer, forming a further integer list

representing the position, in the pattern of said layer, of each subset

containing at least one integer of the input list, and providing said further

integer list as an input list of the next layer.

260. A method according to claim 259, wherein, in the pattern of each
25 layer, the subsets are consecutive intervals consisting of the same number of
integers.

261. A method according to claim 260, wherein said number of integers is
a whole power of 2 for each layer.



| ayer, the subsets are consecutive intervals consisting of the sane nunber
of integers. 281. A nethod according to claim 280, wherein said nunber of

i nt eger s w@ 02/61983 whol e power of 2 for each layer. 282. A pet/md/oameor di ng
to any one of clainms 279 to 281, wherein, in the coding schene, the coding
data representing the position of each_iggeger of an input list within a
subset for the coding layer n define a layer n bitmap segnent in which
each bit is associated with a respective integer of the subset to 1o

i ndi cate whpgher saaxdnembaggécobein@n@Saﬁ opdi & d:IQPHé 2505t 2B vheldif tHE! @

representing the p05|t|on of said subset in the layer n pattern conprise a
| ayer n intedjeq aéamrcaw@dﬁat @acmlaYﬁrsaIethOQdem freranmspceEthﬁm?t having

cor 1 espond RGO Tan SbEER NP 167 o B abhel EoRIaRRO e Sy intenes

codi ng dat aofi thedmp@riist bﬁdaldﬂa?erplmédw r%prééerﬁﬁ@'ﬁhé%d%ﬁron'of'éﬁl& sabsetiing a
| ayer n bitmap vector with | ogical zeroes; - obtaining the |ayer n ranks

and assoxi a&h@cmﬁqrﬁeaseﬁ@rr%msther first 8l and $he datp reRrIERgNiiRg the pasition fafr
h of
nesoctat od THar Hiqet &f et REE WIRACLAY, SybRel A1 bidlel AR BoRBYFBRGY Ny

posi ti on deaddress édtheysexaind filayer n rank, the superinposi t ion being
performed according to a bitw se Bool ean OR operation said layer n

i nt er medi ar ist c rre ndi ng.,to the result vec 25
283. A net h%%é -accor .’Hﬁ %‘F%gﬂﬂnQBt? E‘Qs)ﬁé’rngl%H )%@dtq 26éh\éﬁ‘€6°dpﬁ
schere, t hecd‘d?ﬁ% aatadaﬂo@ubéarfﬁﬁﬁahbnﬁtebeﬁn@ﬂﬁb&ﬂ .Enhefﬂrﬁagye Sfed% a%n
input list within a subset for a coding |ayer nea ayer

bi t map Begrieast one filgallokatetclo said one iategeciisited with a respective i nt eger
of the subset to indicate whether said integer belongs to said input list,

whil e the ng d r . CO | | At r ank ass ciated
with said @er k E’i“?“n%"f)l' g %#%Jﬁ&ln@ W%@%?Q?J’ﬂ'?ﬁ@?&? ﬁ’ggﬁzo\”“%‘?a Eﬁbset
in the | ayecodingaateprodueed frérararialintégar IADIMAIL44 MS frEETIaYSI0Ar2(698d as161
k < n, the Iﬁser k intermediary list for an intermediary l[ist correspondi ng

to at | easi! [6A8! PP® LLCOrH: @R "I‘ |as@a§ae‘ﬁﬂ"é§'é‘ﬁf @HOQ@tegtt@r%@“U@H‘iYn@f iptageri s
det erm ned |ig§g @

15 265. A method according to claim 264, further comprising the step of
grouping the records of the data container so that the records of each chain
have contiguous addresses.

266. A method according to any one of claims 259 to 265, wherein n > 2
and layer k data containers each having a plurality of records are provided in a

20 computer memory for 1 <k < n, each record of a layer k data container being
associated with a layer k integer rank representing the position of a subset in
the layer k pattern, and wherein each record of a layer k data container
associated with a layer k rank representing the position of a subset in the layer
k pattern has a first field for containing data for retrieving the position' within

25 said subset of any integer of a layer k input list relating to a layer 1 input list,
whereby a combination of said layer k rank with any position retrievable from
the data contained in said first field determines a layer k-1 rank with which a
respective record of the layer k-1 data container is associated if k > 1, and an
integer of said layer 1 input listif k = 1.



procedure conprising: - initializing a layer k bitmap vector with | ogical
zeroes; 5 - obtaining the layer k ranks fromsaid stored coding data; and -
sel ecti ngvany4ot ai ned | ayer k rank bel onging to the | ayepCkadoiremalt |i st
and superinposing the associated |ayer k bitrmap segnment onto a segnent of
said layer k bitmap vector having a poshgyon determ ned by the selected

| ayer k rank, the superinposition being perfornmed according 10 to a
bitwi se Bool ean OR operation, said |layer k intermediary |ist correspondi ng

to the resugn.ng | ayefetkolidcaBRling 8 ERIM 2884 whirdMtdith ReeR 8f the [hgechai m
283, wherein, for 1 < k <n, the layer k ranks and the layer k bitmap

segment s asifieicandaineh assarigiecmithsadpeer At ranksfusither dgsoadserpradfieldsfoes in
di stinct fié&‘t‘aiﬂ.’@%‘a‘ﬁ?@feff'{ lla%?(’. and said procedure for determ ning the

| ayer k interne for an intermediary list corresponding to at
| east one first integer list represented by stored coding data conprises:

- provi di n@@8.r ank A ahdthodmceoRfing & eRIin, 26681 DE7 I RBEFdIR, RFSI0E kad gdsapt h
20 the addresses in said first and second files; - filling the rank table
by writifng g cantaigeddn tgefirst fielghief inrecard ofy thek layeat datacontpingssfoti at ed

with the a ?%?f | | Lgr I Le,; -
for any reg'gg 0 &ttn%%%@%?m ?ﬁ%é%*ggggﬁyﬁ?ngﬁgb&abgr%h%aﬁks%tz%q 25
associ at ed carhprisen aabitmap segméeritan selsiohddchl sit is assbeigtadwithss eespictide

| ayer k bit, seqrren aé sai d. address in the second file and

super i nposi'AyICHE ﬁ@gijsp el tocingicate, W saiddpteges helopasito spidslayer K| ayer
k bitmap Vq‘:“bﬁ)ﬂish_aVi ng a position determ ned by said | ayer k rank. 285. A
nmet hod according to claim282, wherein n > 1 and for any coding 30 |ayer k

such that 1 < k < n, a layer k' filtering list is determined for k s k' <_
n, WO 02/ 44683 PCT/A Buthod zegording o slaind 268y evhekeinf fdrt egikngn| eath bedond t he

ot 1 st e 198 KR RIS PP R i ShaveBieTank (uher batrscaitione,

the codi ng fiiad forr RIMSRRY 4418 14y k @RI tion of each integer of an input Iist
within a subset for a coding l'ayer k < n

270. A method according to claim 269, wherein each data container
comprises at least two files where the first and second fields of the records of

15 said data container are respectively stored, said files being accessible
separately.

271. A method according to claim 266 or 267, wherein, for 1 <k < n, each
record of the layer k data container further has a second field for containing a
number represehting the position of an integer of a layer k+1 input list within a
20 subset of the layer k+1 pattern,
and wherein, for 1 <k <n, said data contained in the first field of a
record of the layer k data container associated with a layer k rank for retrieving
the position of any integer of a layer k input list within a subset of the layer k
pattern comprise a pointer to at least one record of the layer k—1 data container
25 in which the second field contains a number representing the position of an
integer of said layer k input list within said subset of the layer k pattern,
whereby said record of the layer k-1 data container is associated with the layer
k-1 rank determined by the combination of said layer k rank with the position
represented by said number.



5 define a layer k bitmap segnent in which each bit is associated with a
respective integer of the subset to indicate whether said integer bel ongs
to said wopussohi st, while a layer k integer rank associ apenisuiton7oai d

| ayer k bitmap segnent represents the position of said subset in the |ayer
k pattern, and wherein, for k < n, theiggyer k internediary list for an
intermediary list 1o corresponding to at |east one first integer I|ist
represented by stored coding data is determned in a procedure conprising:

lal initiald72i.ng a A eathod abcoraiy teestbion 2wt Whiepslh aalid datoesritaingd ifehect i ng
the | ayer ? raé:ej obt ai ned from said stored coding data, and setting k' =
n: 15 /c/ figst érpfﬁr%q@&flta?éamM Aata container; for raksieyingethecpositign Of k'
rank repre t: At ) At : ' . I.ch
el udes. arPenigged R eflebefl iy BEWRKED stibgeP BhimpliBe o b3y segmelfti |
the | ayer kvhibh eaeh Heigressocistedwitha rdspicetive ditegeredf baigesublset taimdidate
associ at ed,; 2(% [c2/. for ané "nte er _EL the |l ayer k' filtering Iist whose
posi tion wHther sgiddnieges belangs te saidslayerd inputdist-d | ayer k' bitmap
segnent, selecting a respective |layer k'-1 rank determ ned fromthe
selected | gy k' rmpkethdd szabRiiMPEd Lz IPPHESID! %/e'rd/é‘inséédﬂ\ la§¥ek ddta

bitmap segnent; 25 /c3/ if k' > K+1, executing step /c/ wth k¥ decrenented
by one uni tcontainer far4? <ik <k' edmprises abtemishitwg filey wrererthe fivst amngh seegnent
with which_a,  selected |layer. k'.-1 rank is associated,. and superinposi ng

oa 0 1 ayertolos BF i FEaoéer Saif kS omidiner ars edbesegll siorBe vl s
vect or havigeingfapesddibierseparsten ned by said sel ected layer k'-1 rank, the
superinposition being performed according to a bitwi se Boolean OR
operation, WO 02/44943 PCT/ 1B01/02792 -163 said layer k internediary |ist
corresp8ndidld -t o t He Metbadtacegrdingde anyophes Claims 866 tpsa73, Avhersimdfor

S 00 <R ShTRAR et e 88 i Koeter ukENEh oot 408Res
field, whereby record chains are defined in the layer k data container by means
of the next address fields, and wherein at least some of the layer 1 input lists
are respectively associated with record chains in the layer n data container,

15 whereby the coding data for layer n relating to one of said layer 1 input lists are
stored in or retrievable from the record chain associated therewith in the layer n
data container.

275. A method according to claim 274, wherein, for 1 <k < n, said layer 1
input lists are respectively associated with record chains in the layer k data

20 container, whereby the coding data relating to one of said layer 1 input lists for
layer k are stored in or retrievable from the record chain associated therewith in
the layer k data container.

276. A method according to claim 24, wherein, for 1 <k < n, each record
of the layer k data container further has a head address field for pointing to an

25 address of a first record of a respective chain in the layer k—1 data container.

277. A method according to any one of claims 274 to 276, wherein each
layer k data container for 1 <k < n comprises at least two files where the first
fields and the next address fields of the records of said data container are
respectively stored, said files being accessible separately.



5 respectively corresponding to the |ayer k ranks associated therewith, and
said procedure for determning the layer k internediary list for an
i nt er mediva0y2/44983 corresponding to at | east one first inpenesoilozme

represented by stored coding data conprises: - providing a rank table in a
RAM nenory, having records associ ated wgd. 10 the addresses in said |ayer
k file; - filling the rank table by witing any selected |ayer k rank into

the rank table record associated with the address corresponding to the

selected logger k rmamsetrddd accd@ingty BAGObAE 0df Chfmsi badig arvy t mipther
containing a layer k rank and 15 associated with an address in said |ayer

k file, re&oMmuyising the sdep afegrouping the recensiapok tpnsieta Lontainer ferdeaelk and

Bt veRRHd BBERR et B eboRlY GRRa AR B Br RS ROlrRaR™ 207 A
met hod according to any one of clains 279 to 284, wherein a 20 coding data

cont ai ner @mgpri si mgcompmlt@l&eldameltmad eﬁnemmma?@ﬂmaﬁl?&bfi first teyerdits f or
each coding | ayer k< n, for storing together ayer k coding data of a

ol ural i By SROSH: 8¢9k inteaee Jsth wheFein ainleash el ©f dBenfist dotegeslisthds
codi ng datfi‘ ples tﬁéd‘ﬁg Sft%dwhial fcﬂﬁéét!jS? aacédn tscfh'eﬁ{%jc&?\r righigrh N9 a

r ank relate atter aer asecon fiel torlng an
addr ess valsuecassiva dodingl l3eré,i el eihgra mmbergatmelast reajoiab ég e négchitagree by

sai d address vaI ue eifher .point anpt.her record of the data cont ai ner
wher e furt AV FePr eé‘%f&“ﬁﬁdo%ﬁ r?efpmowgmgtarﬁﬁee SEMENG, EHEGE B e | i st

are stored .ﬁ;ﬁutd%$bgea.a%yémn&ﬁ@hts&e@csca.@ﬁrémteger stheiy R Pt ﬁémrtﬁé ng to

claim 287, wherein the records stored in the ata contai ner for each
codi ng 1Dayeﬂr81k layes, ydajeibufydanyalayenothec dhars thaeclast dJayemean dptegek listdi ng

02/ 44043 PEPIESS NG Y6 PostioR i85 b <P aF B I ey R e e
clai ms 279 dtolea8b onvhieteger dhene smslitnigstdinmsathe Friput didt ifor Qlﬁe'rfé%ﬁ“a?@le file
allocated to one first integer list. 290. A nethod according to claim 289,

wherein t héN'Eﬁféim&“%léi%[eng%% datayepresentiog A dist integarskist-¢RMBESSNPTT | | es
having a CEEHE?H Wsuﬁ@&rmalgﬁ]gf & IeSétf(ﬂ]ees HRSGEr SFARL ULt Hath st

one intege |npu I'I'st of sal ayer
15 representlng the position of each integer of the input list within said subset and,
at least if said layer is the last layer, data representing the position of said
subset in the pattern of said layer, the method comprising the steps of:
- defining a combination of intermediary lists each corresponding to at
least one of the first integer lists;

20 - for k decreasing from n to 1, computing a layer k result list by combining
a plurality of layer k intermediary lists in accordance with said
combination; and

- producing the second integer list as the layer 1 result list,
and wherein, for any intermediary list corresponding to at least one
25 first integer list represented by stored coding data, the layer n intermediary list
is determined from said stored coding data as consisting of the integers of any
layer n input list associated with said at least one first integer list in the coding
scheme and, if n > 1, each layer k intermediary list for k < n is determined from
said stored coding data and the layer k+1 result list as consisting of any integer

30 of a layer k input list associated with said at least one first integer list in the

coding scheme which belongs to a layer k subset whose position is
represented in the layer k+1 result list.



data representing the position of said subset in the pattern are stored in
the first file and the data representing the position of each integer of
the i nputwoboz#4owd t hin said subset are stored at a corresponm@®2zddress in
the second file. 291. A nethod according to any one of clains 279 to 290,
wherein the 10 intermediary lists inclygle-at | east one preset list, said
preset |ist consisting of one of the first integer lists for which the

| ayer k input lists, according to the coding schene, are determned in
advance for28D.s k A methaddadoaydingktol ¢laim 27195 tveherbfi,ng thepatesrpest exen | ayer
k internmediary Lists corresponding to said preset list. 292. A database
system f or '@bﬁ%&&?%@upﬁtﬁr%tq%ﬁ%%\fﬁ iteyplseeonsigting of theysame aemper of ng
nmeans arrar?%ge@d programmed to inplenment a method as clainmed in any one
of clains 1 t0 248. 293. A conputer system conprising means arranged and
programmed to inplenent a nethod as clainmed in any one of clains 249 to
291. 294. AR8onput & methed ancendodyiot claino 288 bivherein saichrumbee ohmitegarsts y  of

a 20 digital c ut er nprising software code portions for carrying out
a met hod %WBP% ﬁw%ﬁ%}%@ Ig)?erd aims 1 to 291 when said product is run
on the conputer.

282. A method according to any one of claims 279 to 281, wherein, in the
coding scheme, the coding data representing the position of each integer of an
input list within a subset for the coding layer n define a layer n bitmap segment
in which each bit is associated with a respective integer of the subset to
10 indicate whether said integer belongs to said input list, while the data
representing the position of said subset in the layer n pattern comprise a layer
n integer rank associated with said layer n bitmap segment, and wherein the
layer n intermediary list for an intermediary list corresponding to at least one
first integer list represented by stored coding data is determined in a procedure
15 comprising:
- initializing a layer n bitmap vector with logical zeroes;
- obtaining the layer n ranks and associated bitmap segments from said
stored coding data; and
- for each of said layer n ranks, superimposing the layer n bitmap segment
20 associated therewith onto a segment of said layer n bitmap vector
having a position determined by said layer n rank, the superimposition
being performed according to a bitwise Boolean OR operation,
said layer n intermediary list corresponding to the resulting layer n bitmap
vector.

25 283. A method according to claim 282, wherein n> 1 and in the coding
scheme, the coding data representing the position of each integer of an input
list within a subset for a coding layer k < n define a layer k bitmap segment in
which each bit is associated with a respective integer of the subset to indicate
whether said integer belongs to said input list, while the coding data further

30 comprise a layer k integer rank associated with said layer k bitmap segment to

represent the position of said subset in the layer k pattern, and wherein, for
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k <n, the layer k intermediary list for an intermediary list corresponding to at
least one first integer list represented by stored coding data is determined in a
procedure comprising:
- initializing a layer k bitmap vector with logical zeroes;
- obtaining the layer k ranks from said stored coding data; and
- selecting any obtained layer k rank belonging to the layer k+1 result list
and superimposing the associated layer k bitmap segment onto a
segment of said layer k bitmap vector having a position determined by
the selected layer k rank, the superimposition being performed according
to a bitwise Boolean OR operation,
said layer k intermediary list corresponding to the resulting layer k bitmap
vector.

284. A method according to claim 283, wherein, for 1 <k < n, the layer k
ranks and the layer k bitmap segments associated therewith are stored at
corresponding addresses in distinct fi.rst and second files, and said procedure
for determining the layer k intermediary list for an intermediary list
corresponding to at least one first integer list represented by stored coding data
comprises:

- providing a rank table in a RAM memory, having records associated with
the addresses in said first and second files;

- filling the rank table by writing any selected layer k rank into the rank
table record associated with the address of the selected layer k rank in
said first file; and

- for any record of the filled rank table containing a layer k rank and
associated with an address in the second file, reading the associated
layer k bitmap segment at said address in the second file and
superimposing the read layer k bitmap segment onto a segment of said
layer k bitmap-vector having a position determined by said layer k rank.

285. A method according to claim 282, wherein n > 1 and for any coding

layer k such that 1 <k <n, a layer k’ filtering list is determined for k <k’ <n,
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said layer k’ filtering list being the layer k' input list obtained by providing the
layer k result list as an input list in layer k of the coding scheme,
wherein, in the coding scheme, the coding data representing the

position of each integer of an input list within a subset for a coding layer k < n
define a layer k bitmap segment in which each bit is associated with a
respective integer of the subset to indicate whether said integer belongs to said
input list, while a layer k integer rank associated with said layer k bitmap
segment represents the position of said subset in the layer k pattern, and
wherein, for k<n, the layer k intermediary list for an intermediary list
corresponding to at least one first integer list represented by stored coding data
is determined in a procedure comprising:

/al initializing a layer k bitmap vector with logical zeroes;

/bl selecting the layer n ranks obtained from said stored coding data, and

setting kK’ = n;

/c/ for each selected layer k’ rank:

/c1/ if the selected layer k' rank represents the position in the layer k'’
pattern of a subset which includes at least one integer of the
layer Kk’ filtering list, obtaining the layer k' bitmap segment with
which the selected layer k’ rank is associated;

/c2/ for any integer of the layer k’ filtering list whose position within
said subset is represented in said layer k' bitmap segment,
selecting a respective layer k'-1 rank determined from the
selected layer k’ rank and said position represented in said layer
K’ bitmap segment;

/c3/ if k' > k+1, executing step /c/ with k' decremented by one unit;
and

/c4] if kK'—1 =k, obtaining any layer k bitmap segment with which a
selected layer k'-1 rank is associated, and superimposing said
layer k bitmap segment onto a segment of said layer k bitmap
vector having a position determined by said selected layer k'-1
rank, the superimposition being performed according to a bitwise
Boolean OR operation,
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said layer k intermediary list corresponding to the resulting layer k bitmap
vector.

286. A method according to claim 285, wherein, for 1 <k < n, the layer k
bitmap segments are stored in at least one layer k file at addresses
respectively corresponding to the layer k ranks associated therewith, and said
procedure for determining the layer k intermediary list for an intermediary list
corresponding to at least one first integer list represented by stored coding data
comprises:

- providing a rank table in a RAM memory, having records associated with
the addresses in said layer k file;

- filling the rank table by writing any selected layer k rank into the rank
table record associated with the address corresponding to the selected
layer k rank; and

- for any record of the filled rank table containing a layer k rank and
associated with an address invsaid layer k file, reading the associated
layer k bitmap segment at said address and superimposing the read
layer k bitmap segment onto a segment of said layer k bitmap vector
having a position determined by said layer k rank.

287. A method according to any one of claims 279 to 284, wherein a
coding data container comprising records having respective addresses is
provided for each coding layer k < n, for storing together layer k coding data of
a plurality of said first integer lists, and wherein each record of the coding data
container for each layer includes a first field for storing a rank related to the
pattern of said layer, a second field for storing an address value and a third
field for storing a bitmap segment, whereby said address \)alue either points to
another record of the data container where further layer k coding data relating

to the same first integer list are stored or designates an end of coding data.

288. A method according to claim 287, wherein the records stored in the
data container for each coding layer k are so grouped that the records where
the layer k coding data of any first integer list are stored have contiguous
addresses.



10

15

20

WO 02/44943 PCT/IB01/02792

- 164 -

289, A method according to any one of claims 279 to 286, wherein the

coding data are stored in at least one file allocated to one first integer list.

290. A method according to claim 289, wherein the coding data of each
layer are stored in first and second files having a common addressing, whereby
for each subset containing at least one integer of the input list of said layer, the
data representing the position of said subset in the pattern are stored in the first
file and the data representing the position of each integer of the input list within
said subset are stored at a corresponding address in the second file.

291. A method according to any one of claims 279 to 290, wherein the
intermediary lists include at least one preset list, said preset list consisting of
one of the first integer lists for which the layer k input lists, according to the
coding scheme, are determined in advance for 1 < k < n, said layer k input lists

being the respective layer k intermediary lists corresponding to said preset list.

292. A database system for managing information from a collection of
data, comprising means arranged and programmed to implement a method as
claimed in any one of claims 1 to 248.

293. A computer system, comprising means arranged and programmed
to implement a method as claimed in any one of claims 249 to 291.

294. A computer program product, loadable into the internal memory of a
digital computer, comprising software code portions for carrying out a method
as claimed in any one of claims 1 to 291 when said product is run on the
computer.



