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DATABASE. BACKGROUND 1. Field The present application relates to

dat abases articularly relational 5 databases and RDBVMS (Rel ati onal
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15 It is not uncommon to have hundreds of thousands, or even millions, of
entries in a database. Users of applications that use database systems that store
a large number of entries, such as service directories, complain that the
performance (execution) of such applications is often slow. A common complaint
is that if a search is performed on such a large database, the search may take
20 seconds, minutes or hours to provide a result. From a user’s perspective, this
sort of delay is considered irritating. Users prefer to have little, if any, delay in
operating a database system.
This perception of lack of performance or lack of speed is especially
noticeable when executing a search instruction/service. In essence, the problem
25 is that in executing a search instruction/ service, the application has to take a
complex directory query, such as a complex X.500 directory service query, and
map that query into SQL instructions. The SQL performed is based on a table
design, and these tables may use metadata. Even though the step of mapping
the query is possible, conventionally the mapping is complex or produces

30 relatively complex SQL expressions to be executed by the database application.

In general, the more complex the SQL instructions, the slower the performance.



30 relatively conpl ex SQL expressions to be executed by the database
application. In general, the nore conplex the SQ instructions, the slower
the perf ofiB1B6045 VO 01/ 39045 PCT/US00/ 32123 2 Nonet hel esSpotls ﬁf}‘ nt the
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then it is errre tened" query. The illustration wll be made

in respect of Ta ifedtedte tieis oreblep, anesamupble . will beckéstgbad ofitigy maphbingofear ch
for an X 500 query using LDAP notati on is expressed in expressj on 101. The
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Harve1y5 tarr]\eS(SQ(la_aaSerWarlulj |ft lrtyontI)? contains joins and not subselects then it is often
termed a “flattened” query.
The illustration will be made in respect of a relatively simple example.
Looking at Figure 1, a search for an X.500 query using LDAP notation is
expressed in expression 101. The search example uses a filter to look for a
20 common name = Rick, AND surname = Harvey. The figure shows a search table
102 and also an attribute table 103 for reference. Lets suppose that attribute
identifier (AID) number 3 is for the common name (cn) and AID number 4 is for
the surname (sn). In the search table there are a number of AlDs. The Rick
Harvey entry is EID (Entry Identifier) 101 with AID 3, corresponding to a common
25 name ‘RICK’ and also EID 101 has ‘HARVEY’ for the normalised value. There is
also another AID 3 in the table for John Smith, John who has EID 200 and Smith
who has EID 200. In doing a search for Rick AND Harvey, the search will try to
find all objects (EIDs) who have AID = 3, norm = RICK, and AID = 4, norm =
HARVEY.

30 So, in essence, the search wants to select entries ‘Rick’ and ‘Harvey'.



find all objects (EIDs) who have AID = 3, norm= RICK, and AID = 4, norm =

HARVEY. 30 So, in essence, the search wants to select entries 'R ck' and

"Harvey'. WO 01/39045 PCT/ US00/ 32123 3 One way of doing this search is by

using a sMSHPBAMS (or nested query). The SQ required forPEHP806/331235e| ect

EID from search Were AID=3 AND NORM='RICK' 5 AND EID IN (select EID from

SEARCH where AlD=4 AND NORM = "HARVEY') In this nested query, the clause in
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HARVEY such that the |ist of EIDs returned is also in the list of EIDs
previ ously savedlectrigld BPabseaiEvi th t he sub-select is that if there are

many, many WE{Q@%? &\WN@F&MWF%Ibgge built and there nmay not be nany

"RICK s and thus S query w | | opsi ded and nay take a long tine
to evabuate. AaNDheID Wway of doing this search is by using a join (or

flattened query). The SS required for this join is: Select S1L.EID from
search S1, search dsel@sbFD SomPBARGAND S1. NORM = ' RICK' 20 AND S2. Al D=4

AND S2. NORM = ' HARVEY" ELD T )T It is that if table S1
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joined. As can be seen, even for this quite sinple search/ 25 instruction,
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to where AID = 4 and Norm = HARVEY such that the list of EIDs returned is also
in the list of EIDs previously saved.
The problem with the sub-select is that if there are many, many
‘HARVEY’s a huge set will be built and there may not be many ‘RICK’s and thus
15 this query will be lopsided and may take a long time to evaluate.
Another way of doing this search is by using a join (or flattened query).
The SQL required for this join is:
Select S1.EID from search S1, search S2
Where S1.AID=3 AND S1.NORM = ‘RICK’
20 AND S2.AID=4 AND S2.NORM = ‘HARVEY’
AND S1.EID = S2.EID
The result is that if table S1 has a million entries, and table S2 has a
million entries, the search may be conducted over a huge combination of entries
when the tables are joined. As can be seen, even for this quite simple search/
25 instruction, performance of an application can be severely diminished in a
relatively large database. However, usually a join version of a query will be faster
than a subselect.
The sub-select is equivalent to the join, and in fact many prior art database
applications may convert a sub-select into a join. However, this may be too
30 difficult if there is more than one level of nesting or the where clause is too

complex.
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many prior art database applications may convert a sub-select into a join.
However, this may be too 30 difficult if there is nore than one | evel of
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A further exanple will now be discussed where a search involves a ' NOT"
instruction. In other words, in this exanple a filter asks for 'not equal'.
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above quelogkingyfob&RIGK DT iRARBYEN that imcoumen ngroé is Rith angt surnamiernats
consi der e? i 9 p%ggéu te conplex and relatively slowin execution. An outer
join for WE° SEYTh woul d be sonet hi ng |ike: SELECT Sl1.El D FROM 15 ( SEARCH

S1 LEFF JO N SEARRELSE q 94 SAiDwvouldbEl D AND S2. Al D=4)  Where S1. Al D=3
AND S1.NORM = 'RICK' 20 AND (S2. NORMk > ' HARVEY') Again, the above exanple

rel ates to a re¢lget BE) ffomi $gdren search for RI C.kl and not ' Halrvleyi ©in
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AND EID NOT IN

(select EID from search
10 where AID =4 AND NORM = 'HARVEY")

The flatten version of the above query may be accomplished with an outer
join.  An outer join is considered to be quite complex and relatively slow in
execution. An outer join for this search would be something like:

SELECT S1.EID FROM
15 (SEARCH S1 LEFT JOIN SEARCH S2
ON S1.EID = S2.EID
AND S2.AID=4)
Where S1.AID=3
AND S1.NORM = ‘RICK’
20 AND (S2.NORM< > ‘HARVEY’)
Again, the above example relates to a relatively simple search for ‘Rick’

and not ‘Harvey’; in other words, a search of sets involving set ‘A" and NOT set

‘B’ i.e A.!B.
If we look at a search involving more complex searches, such as
25 ABHCID), oo e, expression 201
the SQL for this query would be (in abstract):
SELECT ‘A’
AND EID IN
(SELECT '‘B' OR
30 (SELECT ‘C’ AND EID NOT IN

(SELECT ‘D))



25 A. (B+C.!D)
........................................................... expression 201
the SQ for this query would be (in abstract): SELECT 'A" AND EID I N

( SELECT ' BO@R9%3 (SELECT 'C AND EID NOT IN (SELECT ' D )§GTAA#90(321239045
PCTI USOO' 32123 5 Note that the above guery is very difficult to flatten
into an expression that involves only“joins. Also, note that "!D' neans
"NOT D' SUWWARY 5 The present application provides, in one aspect, a
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eval uating each termas one or nore separate SQ. instructions, and
executing_each separate SQ instruction. The 10 sum of ternms may

addi ti ona$p9’"\6’é xpanded to renove NOT operators, using for exanple
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subt r act i direct®lyr s@tieeyquergr Vincen@rentsgiient, thandethatialasides freteivimpgl #ment i ng
the present application 15 are also contenplated. In principle, the present
appl i cat i SHVIEENNETYi e®PlHIhIPERCIPgIScPf degipy(erded BeMryoeme theergm) & dheet of
smal | er of_ Si ri i NG ear filter | sum of
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expanded into a sum of negative terns. The 20 perfornmance of queries is

i mpr o¥@d M ©f derass May addilianady bef exnapaledtte rempve NQT operaters; UsMgsige h

expansi ons, Fi nal, r | ts.are achieved by conbining the results of each of
t he separaa@@%?%?%%ne@hcfs in a way that disregards duplicate SQ

results. In ona hofuRhed A&Ha®t Mee reseriehpslicalidly oeidat] ansexdeufihdes mor e,
separate SQL instruction, a NOT can be expanded to subtraction. Directory
service arrangements and databases for implementing the present application

15 are also contemplated. In principle, the present application simplifies complex
queries by reducing the query to a set of smaller or simpler SQL queries. By
expanding a search filter into a sum of terms by the application of known
principles of logic (DeMorgan’s theorem). If a term includes a NOT, the term
including a NOT can be expanded into a sum of negative terms. The

20 performance of queries is improved by processing a series of separate SQL
statements from such expansions Final results are achieved by combining the
results of each of the separate SQL statements in a way that disregards duplicate
SQL results. In one form, a term may be a set of AND operations. Furthermore,
size and time limits of the instructions are improved by stopping the process of

25 evaluating terms when a size or time limit occurs.

BRIEF DESCRIPTION OF THE DRAWINGS
A preferred embodiment of the present application will now be described,
with reference to the accompanying drawings, in which:

30 Figure 1 illustrates a background example of a database search;



size and tine limts of the instructions are inproved by stopping the
process of 25 evaluating terns when a size or tine |imt occurs. BRIEF
DESCRI PTI (N 75 él;lglE DRAWNGS A preferred enbodi ment of the pes&hkiizs
application w I9 now be described, wth reference to the acconpanyi ng
drawi ngs, in which: 30 Figure 1 illustgates a background exanple of a
dat abase search; WD 01/ 39045 PCT/ US00/ 32123 6 Figure 2 illustrates

schematical ly e i : | cation;
i gure 2a i1 ogPe 2 e e BaRnh KGR oot 1P peRirBERS: vABRMtar n
terms; 5 gregenteaptichlidrystrates schenatically in nore detail a method of
evaluating NOT terns; and Figure 3 illustrates graphically an equation
used i n expl aifipwg 2adlusifetrsaschamaticallyiedeare agfailia methed of evalearng ED
DESCRI PTIy he present application in its various aspects includes a
nunber of "stéps. In the follow ng description we will provide an

illustgative efigodi pBMusdatdNoSemMaicaNg . in Wbk d&thRreRrehdP oFleguiuatidg an
outline of the invention of the present 15 application can be seen. The

present dpPRITiteEN$:0Nd el ates to a nethod of and apparatus for processing a

by step 04 TeTguRysIeP FRREERRLah Mo APh el i RPRRY AR TN CSent e

by step 1&%he Phesdreabplitidhessi on is expanded to an expression involving a
sum of terns at step 106. Each expanded termis 20 eval uated separately at

step 107 and the results are collected at step 108, such that duplicates
bl 101 SRTATED HeBorl Bt eval Uat i ng each term (s further i1l ustrated in
iFim@)th)lr\elegaél N(F)rTme 6te3Bni BFpl(dation i€ it2 varisti £ Bspddls Gl edds AgsnMeidietedshe term
In the following description we will provide an illustrative embodiment of those
steps.
With reference to Figure 2, an outline of the invention of the present
15 application can be seen. The present application relates to a method of and
apparatus for processing a directory service guery. In essence, the query is
received as represented by step 104. The query is represented as a logic
expression as represented by step 105. The logic expression is expanded to an
expression involving a sum of terms at step 106. Each expanded term is
20 evaluated separately at step 107 and the results are collected at step 108, such
that duplicates are ignored, and step 109 shows the end of the process of the
present application.
The step 107 of evaluating each term is further illustrated in Figure 2a.
From step 106 (Figure 2), step 110 determines whether the term involves a NOT
25 operator. If the term involves a NOT operator, the term is evaluated at step 111,
which will be more fully detailed with reference to Figure 2b. If the term does not
involve a NOT operator, at step 112 the term is converted to SQL, and the SQL
executed at step 113. Step 114 tests the results of the executed SQL for
duplicates. If the results are a duplicate, the result is ignored at step 115. If the

30 result is not a duplicate, the result proceeds to step 108 (Figure 2).



25 operator. If the terminvolves a NOT operator, the termis evaluated at
step 111, which will be nore fully detailed with reference to Figure 2b. If
the term does not involve a NOT operator, at step 112 the termis

convert edMOP1845 and the SQU executed at step 113. Step BEHUBWERE3: he
results of the executed SQL for dupligates. If the results are a
duplicate, the result is ignored at step 115. If the 30 result is not a

dupl i cat ! d t 8 (Fi Q1/39045
b Usoor 3210571 Sk 181 2 58halifa g, KR tetmy 4 BKbR flsweied i Fiawigs 20
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expanded, whi ch may result in positive and / or negative terns.
process iPositiva &ndd/ ion Megpive Epmshed hedprosegesiiustratectn FigureoBb Iﬂ"(en

ositive terns |veter S 18, 5 positiv t are
bxecut ea. SEPERs AoTendi T Gek S0l Bims on R ncaaivealir cksle T he

resul ts apesigpltbas esrel RRYUCAES. lﬁeﬁeqizoﬁe%& 15e2) restits Sdftherl%s ative
ternms are executed. Step 121 tests the results of step 119 for duplicates.

| f the reduplicates: df mmras(uasese tdhplcateethayraredgnqred éptep22P). Bostep ptiti ve
d t t whi h th bt, d at

10 step 1998t s ArS opReied SueiaciZ bresS” e B3, <81 s 148 Kgur e

2a). A fughhratetesar 'ttﬁ’é'r@gul%f afr@eddmt:}é't%é fPlfetht% %n%%é‘d‘t s@%pHQQ)at | Bktni S now

provided with reference to the exanples bel ow. EXAMPLE '1 Represent Query as
an Expr esmsm/eland\nsgakwe:’ermaewylcbawcbeareevpnedimhcad aedt thenesuibtrableg ats an

equat i gn. [ ot _ne to represen rvi uer s an equati on,
but faﬁ sﬁtg ﬂ&?’poﬂ&resﬁﬁ q?% g‘ft?téﬁqt'ﬁ % H@S%oge%fﬁgiqg'gw%gé}n appl i cation
referring to an gaualiRRcrigRss ofhﬁbpmbﬂwd%ixlélf 3he ;Sr@@erﬁ’tr Qﬁﬁlfgatlbﬁvﬁnﬁb\ﬁn
Expression 201 represents a general service query: D)

......... provided, with reference to the examples.below.. .. ... .. expr eSSI on 201 Expand

ExpressiogX nomm Principles of Logic For the purpose of illustration,
to expand-a dssi on representing a service query known principles of

logic is appligépllehh@uaRs ¥4 58 EXBEIbion

15 A service query can be represented mathematically as an equation. It is
not necessary to represent a service query as an equation, but for the purposes
of illustrating the method of the present application referring to an equation, does
help to explain the present invention.

Expression 201 represents a general service query:
20 ABHC.ID). expression 201

Expand Expression Using Known Principles of L ogic

For the purpose of illustration, to expand an expression representing a

service query known principles of logic is applied to the service query.

Using known principles, expression 201 can be expanded to produce what
25 we call a sum of terms. In this example, the sum of terms for expression is:
Zems= AB+ACID...... expression 202
The sum of terms represents the service query, i.e., the expression
representing the service query, as an expression of OR of AND operators. This

is what we can call a simple sum of terms.



Usi ng known principles, expression 201 can be expanded to produce what 25
we call a sumof terms. In this exanple, the sumof ternms for expression
is: Y_terms = AB+ A CID ... ... . . . expressmn 202
The sum oYOAPA5 represents the service query, i.e., the SGFeNW3ER
representing the service query, as an gxpression of OR of AND operators.
This is what we can call a si npl e sumof terns. WO 01/ 39045 PCT/ US00/ 32123

8 The sum of t ovd of o rtu tlesforfuthr
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pr ocessi n@ptirhizktio: or size I|mt hit 5 3. opportum ty to evaluate terns in
any order 4. portunity to evaluate terns in parallel 5. opportunity to
eval uat e NOTs ﬁ5| ngPrPastunity de flathen termsgy knovvn transl ati on techni ques

equation 201 can be tra slatedlnto an . StI‘UCIO whi ch, by
i nspection, cotild b%”pc%ﬁ‘ e siep ﬁ’fﬁf‘as%”% 'fTéedors%tze it t0 SQL i nstructions

using BND. - OR and N ARRARUOGIaIULRIRYAS in bhY Brdet @ general techni que that
results in slow perfornmance. amltimllion rowtable, it could take

hours to execut.e aroppestunitytd emalusta:ﬂerras in perallelar ch i nstructi on represented
by expression 201. The i i on. provides jnproved performance
over known 15§t ran%pfpﬂ{a@ﬁy?%@ﬁ%ﬁg{? @5&? Ué\}& APHRIrALed SQL i nstructi ons.
Nested instr UCUélﬁQ%noWnecrér%ﬂmKﬁﬂeQB(méh@@éhué/ﬂd?mgzé1h€arf59"tr%%%!a?éh ePLRSENti ng

the service query, e.g., expression 201, to a set terms. Each termis
then conveRtedstrintionawhicht by inspgctioy, ¢mxlr(d)lb9|duggez1era1ednntmm eejtednget )of

oper at ion si on uch as ex ression
201 -t SoLBskiBad Al Hr Re O Derdb R O SwErsr Bt ond GeBrra

expr essi o@shnigBatRalfesiis ¢ sEAN pBAoAhAHENOH 2 Whuﬁlrﬁlill%htr%aﬁﬁb?é"qt caulg! | er
instructions (or expressions) run nuch faster than the conplex queries,

t hus i nprietenyupetd exeeriean instrackiirt isonh asahe eeiahar lnstrpcmrerqmesﬁerrtednce

the database coul dztbq configured to could choose the best technique of
eval uat i 2%\/ gxpression )

The present application provides improved performance over known
15 translation techniques by avoiding nested SQL instructions. Nested instructions
are removed by simplifying the expression representing the service query, e.g.,
expression 201, to a set of terms. Each term is then converted into a flatten
query involving zero or more join(s) operations. In this way, a relatively long
expression, such as expression 201, can be converted into a number of smaller
20 instructions (or expressions), each of which can be flattened. The flattened and
smaller instructions (or expressions) run much faster than the complex queries,
thus improving performance. In addition, to further improve performance, the
database could be configured to could choose the best technique of evaluating or
processing the flattened terms.

25 Evaluating Each Sum Term Separately from the Expanded Expression

The method according to the present application can also improve
performance of database queries by removing OR operators from the simplified
expression. An OR operator can be removed in a sum of terms by evaluating
each term as a separate SQL instruction. The applications builds the full result

30 from all the partial results by summing all the partial results whilst ignoring



processing the flattened terns. 25 Eval uating Each Sum Term Separately from
the Expanded Expression The nmethod according to the present application
can al so inprove performance of database queries by renoving OR operators
fromthe NPWI%45ed expression. An OR operator can be renBGEESIB2R3Isum of
terms by evaluating each termas a se@arate SQL instruction. The
applications builds the full result 30 fromall the partial results by

sunmi ng aljl; n&aeeéoanﬁlewecf qmalstu%mfat@ﬂhétgﬂneroggis£ Gﬁ?@dgg/bvqﬂgl A
9 dupllcates In effect, the sunmation that t orm ng’'is done by
the appl Applidagan. anmr!tuumelsﬁesfuﬁ'tblerbphmlmmon@a'remataﬂlamnseare not ed above.
By appl yi ng kngwn pri.nci pl es of Del\/br S theogrem to
sinplify the cgﬁp?g‘?!y'QQpE'é%‘g?oW'q ?%s‘éf qggh‘b rSé”&ugT%Qre’i”%etOCR 5
oper at or ssi@yig, bRen cBHpSd é)@)ré?ser‘oﬁ OR @ {WP S tﬁﬁé afﬂ?e R§RN
pushed bel ow t'he OR operator I n ot her wor in a relatively conplex

expr essi onperaprresleatd rh)@ea seshadc éo qhertxap axmd |thee4&NIespexdatd£ bpey deen gets
rrultlplled gqut ﬁ) exp. (qu%sothat it ﬁ to the top. The met hod

accor di ngPY eq (P&IQ) ¢ @n pErelers: on"bam ?rhé‘f?rﬁj%rrﬁ\/@ trﬁ'@t'iﬁyomalﬁérs by
processi ng BEsidl BWAd g t sepa I [ €
relativel xé:omst)I | ex XSex%érf#éﬂls"gl %ngéglggh&%éﬁle%r Ear@tgforynesﬁ%di é%aﬁp%g{ye?x%%tﬁded out
and executrediplise pat ar ekpasdediso ttieatat popshesthedoSQATHeRmettsid' acddrding to

perforrran&g2 liabilities. Evaluating a Term Containing a NOT Operator From
an Expand®§ PESsEPESePiratios fan éh%rrﬁmvz?Hhsn@Ropp%F%stpw@samsréor. s to

be f1apt e@ﬁégua& BBEROG R a?'ét@ﬂ/ Lo hﬁuspl\@%ﬁﬂér aBp'réISﬁJélgpnccPrﬁﬁlfeWab' y

rewrites t as an expression w thout opeér at ors exanpl e, the
term A. ! Bexirestienexspces agdexgsedsion - BM whn che ce»(palmdedv\out tagvdl @xeduted AB.
Thi s expression no | onger jncl ude h§§NOT operator. 20 As anot her exanpl e,

if a servPRATGIRY $° A8 tgé‘ﬁ?'@s’@%% tigh PeriermBRFSIERItEs: p
-------------- Evaluating -a - Term -Containing -a ‘NOT- Operator - From -arfX@2sskan 203

Expression
15 If a term with one or more NOT operators is to be flattened, the method

according to the present application preferably rewrites the term as an
expression without NOT operators.
For example, the term A.IB can be expressed as A.(1-B), which can be
written as A — AB. This expression no longer includes the NOT operator.
20 As another example, if a service query is represented as expression 203
below
A G D, expression 203
Boolean logic can be used to further expand the expression or a sum of terms, so
that expression 203 can be expressed as:
25 AC—ACD. . expression 204
This expanded form of expression 203 no longer includes the NOT operator.
It should be noted that a database that supports SQL may not supply a
subtraction operator. In such instances a problem in processing the sum of
terms as described above may arise. In order to process (or evaluate) a

30 subtraction, the method according to the present application: collects all positive



Bool ean | ogi c can be used to further expand the expression or a sum of
terms, so that expression 203 can be expressed as: 25 AC- ACD
........................................ expr essi o404

expanded 8r0%r/13900f45 expressi on 203 no | onger includes the NO[Ii) operog/tg%lr%? It
shoul d be noted that a database that $Qpports SQ may not supply a
subtraction operator. In such instances a problemin processing the sum of
terms as télascini dpst; %ﬂé@ts@m%{ alti$6 terhiy |ﬂfc¢§ﬁother Wétosﬁé%érpéutﬁva%télﬁ{ee) a 30
subtraction, the method according to the present application: collects all
positive PoBitige tFo04S ar@nhasnegesmmm lisd whdlshignoringduplitatessol | ects al |
negative ter | ist d then subt t he. 03| erm
list and thenﬁ‘gggﬁ?m@ Yer %tPFS?UWOFg? RTGRGTS Hﬁ{e(ﬁﬁﬁf’%%t @s Af %ﬂﬂ%# native
to the swbhhfed k@MPIPGERS, BAkEH %OF%ce's§ dfocd?l%ilr?&tallaﬂ)ésnnfée@@fh"lsvﬁ terns
inalist, and in the process of collecting all positive terms in

anot hér hether &at, ybnheleq:enﬂi@tteemﬁthatme r@tmﬂr@tnegatwbélshegatal Mseuntltms As a
result, th|§ F \*{ql ve Sfﬁ@# Bave & t he subtracted results. Evaluating a
Ter m HavPARGTUNBIE e & 28BHSFr om Hi gher Order Subtractions

/EXPEGISZ' on 20@5@@&%%\%@ ﬁﬁWb%o@J?th%ﬁé‘ N BOREGES Sk Haghéons: 10

........ OrderSubtractions..........................................expression
205, where "IB" is. " "1 C 5 can be
Further  expanfdBr Sl LRSS o Sopvise apqny.wiki gt orde s biracions:

----- 10 -« - - - AB. 'CeXpreSSb%}‘eggén 206 (1-C-
B + B.O) .. expression 207 15 A
- AC- ahere” 'B Bs ONOT. B and ACT s INOT.C™ oo expr essi on

208 Expr e55| 208 C h proce eval uated) to renove or
i gnore dupl i c %\?&? Bﬁé}“'ﬁ@@xpéngﬁﬁ@?g{oﬁﬁe A operation provides a
posi tive |istp t’neEA éqpﬂta}.!.Qn...p.r..oy!.d.e.s_.a..n.e.g.a.t.!.v..e...Lekéﬁess@ndzdehe AB

operation also  provides a negative iist. i'norder to evaluate the
subtracti on, t/-hé1s—L(bt|BatB| ©n..20.eval.uati.on..descr.i.bedeapmwseionadd’/be used in

respect of th sul ti from expression 208. It e noted that
t he ﬁ%sts can%‘beAe@éﬂgugt é&gany ordEr o expressnoncbO%

Expression 208 can be further processed (or evaluated) to remove or
ignore duplicate or overlapping results, where: the A operation provides a
positive list; the AC operation provides a negative list; and the AB operation also
provides a negative list. In order to evaluate the subtraction, the subtraction

20 evaluation described above can be used in respect of the lists resulting from
expression 208. It is to be noted that the lists can be evaluated in any order, or
in parallel, or in accordance with the optimizations noted above.

By ignoring duplicate results there is no need to evaluate the term A.B.C.
With reference to mathematical principals, the subtraction of A.B and A.C

25 effectively subtracts A.B.C. twice, which is a duplicate result.

Looking at Figure 3, in a mathematical sense, if we are evaluating A.!B.!C,
we can evaluate all of A, then subtract AC, then subtract AB. But this means
graphically we have subtracted ABC twice (once in the AB subtraction and once
in the AC subtraction). This is why mathematically ABC is again added in. In the

30 present application, however, in executing service queries, results are listed, and

it is realised that AC and AB have an overlapping portion callied ABC. This



in parallel, or in accordance with the optim zati ons noted above. By
ignoring duplicate results there is no need to evaluate the term A B.C.
Wth ref e{,‘%nﬁ mat hemati cal principals, the subtractio &oB2gRd A C
25 effective 3}:/39(554§bt racts A.B.C. twice, which is a dupli ca[beé)lple]sul t. Looking
at Figure 3, in a mathematical sense,11f we are evaluating A !B.!C, we can
evaluate all of A then subtract AC, then subtract AB. But this neans

gr aphi call ¥y i @ideibl bakifhbatHedase thd ARkfs 'deUr’_fd"@}{ ABGHAId aifdddyn and
once in the AC subtraction). This is why mathematically ABC is agai n added
in. In theeBCistrceseMC appl AR atndothusHbeg\dsr not neestde g agaisdisiéde ﬁ‘tﬁﬁeri es,
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evaluated as it will not be |isted
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ot homt RSO AN A RReTORSE CRAC SYALRECSTAEN Gng. o3 DACRTBEd dulte of
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wi tho

fl attened out, ut the need for subselects. Note that A !B.!Cis an
order 3 term Nusé théli A.!BAD ibancordendt teombpuirthCcamBe ewalgdted dnt AtAfS- no

ter th der 2 t ._Thus the inpl tati 0. usj tracti
i st 1 s Abruniaer GaaBey e PP AT eGUBISE! i i b dP FTEE “query
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appl i cation~can led to the evaluation / execution of
dat abase daeibdseequyre peefsrmdmee. present application should not be linmted to

t he exanpl es disclosed herein, and 15 the expressions ref.erenc erein are
used for illustSafiege “b‘i’}r%s@sef‘hféjé‘éﬁ:q’rg!ngc Fﬂa?h? rﬁ\?%ﬁﬁrﬁ%&ijpaggtb% %gﬁr}fen t he
present 'eﬁgtépgﬁiee% the eYSRAtLR / regé&%n &f d4tBbAse S/ Qidricsertiee
gueri es, e ror not represented by equations of different sinplicity
or conpl extesant ANPIOANEDOHEUIPEDt BB &3 the examples disclosed herein, and
15 the expressions referenced herein are used for illustrative purposes. Clearly, the
invention described in the present application can be used in respect of many
different service queries, whether or not represented by equations of different

simplicity or compliexity.



12 1 CLAIM1. A method of processing a database service query, conprising:
receiving a service query, applying principles of logic to the service
gquery to sum of terns, evaluating each term as
|nstructlyg§t0%5bé§executi ng each separate SQ. instruction. aPf’.sl‘?'ﬁ)‘”%ﬁ%hod as
claimed in claim1, further conprisi nb'z expandi ng each term to renove NOT
operators. 3. The nethod as clained in claim2, wherein the a sumof terns
are exphgdaéMusi ng Bool ean logic. 4. The method as claimed in claiml, in
which the service query is an X. 500 or LDAP service query. 5. The nethod
as claimed in claim1, in whi ch the service query is a search service

query. 6 A §E§ f CEoMBRSINg . conpri si ng:
determ n| ng a ng ﬁ%foﬁs Wﬁg%@g@%?%ﬁﬁ%§§¥gq ?ungt§lon listing the
results of a sed@i\n@g:taes@nﬁ?@que@tructl oninafirst list, listi ng the
results of a non-subtracted SQL instruction in an econd lis and not

listing resul @QDW&T'WF&G%EHPG&FP(%E@ 6?%9‘1‘%@9&@'%?&‘"&8&@(@& ed or
non- subtr act egvélﬁgﬁ'rl\iggﬁgter;wgiEEEBQ%‘[@%%%@??% dll apb@di m 6, in which the

service query IS an query 9045 PCTI USOQO 32123 13 8.
The nmet hod asegéaitigtbdon srdparateGSQlestmdmthe service query is a search
service query. 9. Adirectory service arrangenent including: a database
using a plurality of tables, each table having a plurality of rows and

| i _ . .
uery. by 2appl ) Rg PR A HRidn P IR moRin RTINS Gach fafv! c©

to remove NOT operators.

3. The method as claimed in claim 2, wherein the a sum of terms are

expanded using Boolean logic.

4. The method as claimed in claim 1, in which the service query is an X.500

or LDAP service query.

5. The method as claimed in claim 1, in which the service query is a search

service query.

0. A method of processing a database service query, comprising:
determining a SQL instruction representative of a function;
listing the results of a subtracted SQL instruction in a first list, listing the
results of a non-subtracted SQL instruction in an second list; and

not listing results which are duplicates of previously listed subtracted or

non-subtracted results.

7. The method as claimed in claim 6, in which the service query is an X.500

or LDAP query.



service query to obtain a sumof terns, evaluating each termas a separate
SQ. instruction, and executing each separate SQ. instruction. 10. The
directory service arrangenent as clainmed in claim9, further including
means to P&HEPMSX 500 or LDAP services. 11. A directory s&T/Pa/32123
arrangenent including: a database usithy a plurality of tables, each table
having a plurality of rows and columms, and storing arbitrary data, and

means f ol progasShamod &EEMInG& fueim By iflatheshnihe segviae $Qery itsa rseatdhon
representative of a function, listing the results of a subtracted SQ

i nstructiserviéenqueryfirst list, listing the results of a non-subtracted SQ
instruction in a second list, and not listing results which are duplicates
of previously |listed subtracted or non- subtracted results. 12. The

di rectory serw g6 AHABE Biraf§eflent Mefliding:cl ai m 11, further including
means to perform X 56/0 or LDAP services. 13. A nethod for procgisi ng a

dat abase ser viaciatgbase/usiogmppluedlibgof tablesn el fatie Aaviep\a PRy an
expression;, sinplifyi t.he expressi.on a nunber of smaller expressions,
each srréﬁ“lde‘?o'&BB?’M%ﬁr'ﬁ%iaﬁ?‘jg@gpi%gea'ﬁ being flattened; flattening each
smal | er expresgiAy foRrPfbceR¥RigH bagiceagbery Ibgtdppgag prpcipiesiadiogic to the

service query to obtain a sum of terms, evaluating each term as a separate SQL

instruction, and executing each separate SQL instruction.

10.  The directory service arrangement as claimed in claim 9, further including

means to perform X.500 or LDAP services.

11. A directory service arrangement including:

a database using a plurality of tables, each tabie having a plurality of rows
and columns, and storing arbitrary data, and

means for processing a service query by determining a SQL instruction
representative of a function, listing the results of a subtracted SQL instruction in a
first list, listing the results of a non-subtracted SQL instruction in a second list,
and not listing results which are duplicates of previously listed subtracted or non-

subtracted results.

12.  The directory service arrangement as claimed in claim 11, further including

means to perform X.500 or LDAP services.

13. A method for processing a database service query, comprising:

translating a service query to an expression;

simplifying the expression to a number of smaller expressions, each
smaller expression being capable of being flattened;

flattening each smaller expression; and

executing each flattened expression.



