! .t
2. 345, ,. L END déER QUERY FACILITY 6 7 ﬁ{ﬁ’gn
| NTRODUCTI GN 8 9 Rel.at ed Appl i cati‘ons 10 This application is a R
‘continuatiom |§AWENP of U S 11 Patent Applicatlon Serial No. 08/ﬁ5§7§g§t2 ¥
filed NovenRer 12 1993, which in turn is a continuation-SIN@apbd2pH2 US
:U.S. Patent313. Appllcatlon Serial No. 07/846,522, filed March 4, 1992,
i(now 14 U @ Patent No. 5,325,465, issued June 28, 1994). 15 16 Technlcal
‘Field 17 This invention pertains-to end.user t echnol ogy, 18
and nore s§§C|f|caIIy to an end uBEP H§§3y9?55¥l¥%9gkﬁ gh 19 scouts for..
i nformationéby understanding the database nodel 20 and guiding the user:
21 22 Background 23 This inventi I to end user query
‘t echnol ogy, " 24 introducing' a novel apﬂﬁ@ggﬁﬂkg user information
access. 25 8Current end user query techniques require the user to 26

under st and Qaiﬁgf§€éaDgﬁb§lb£%faﬂgr to access information. 27 For exanple,
usi ng prior at abase nodelrs In which it is 28 not unconmon to have
dozens if %t in exteis appPhigakiergisca cemtinwatien aimaeartioe.s.
interrel ated, p&teﬁtnxppssaanéﬂrsaﬁlal hito dap pese, P SITES NSveRINY | 17,
whi ch f|Ie he gg gﬁ 3% ﬁ £5E of nforn€t|on is |lpcated, and_then
appr opr i at Bty 3273 coficP 1NeTHFRelsStd GRRFRMAtIONT TR G e L- 9 Rakent
specific fl$e Appl i¢cathgnt Seriati Ned 0N/ 846p522). fJ.]]'éd Ma¥ich reguLIEs, a(iew I
amount of $Ki Iﬂ,.ﬁn PA€eRt fioOf 51§48 dg%gbaﬁ Sv d fémia{ d intimte
ure of

famliarity of that programmer hnt dat abase whi ch
may be ext %nely conpl ex. 37 Furthernore, tralnlng nem/database
progrannerssonméwhﬁmés1'ng§ﬁ§ dat abase nodel requires considerable anount
of time angd,39 eff e of.a prior %wt knowl‘géi)? ed 40

i nf or mat | g%ret riev 1§y§?‘é‘f’ﬁ‘$§°‘?h‘%e E?( PROMRET ology,’ .
repl acenent8 siard moxe: speddf I¢HLIPoGo an end user query fac111ty which

19 scouts for information by understanding the database model’
20 and guiding the user.

21
22 Background
23 This invention pertains to end user query technology,

24 introducing a novel approach to end user information access.
25 Current end user query techniques require the user to

26 understand database models in order to access information.

27 For example, using prior art database models in which it is
28 not uncommon to have dozens if not in excess of a hundred

29 separate data base files interrelated, it is necessary for
30 the database programmer to know in which file the desired

31 piece of information is located, and then appropriately

32 connect the files to achieve an'orderly access of the

33 specific file containing the desired information. This

34 requires a fair amount of skill on the part of the database
35 programmer and intimate familiarity of that programmer with
36 thg structure of the database which may be extremely complex.
37 Furthermore, training new database programmers on an existing
38 database model requires considerable amount of time and

39 effort. One example of a prior art knowledge-based

40 informatiqn retriev&l system is the EASY-TALK product
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21 avail abI e fromlIntelligent Business Systens of MIford, 2
Connecti‘cut -~ However, it appears t hat the EASY-TALK product 3 requires

Lhe databape SRVELAREL Lof i e dehd Bletiodd Syhegie ISR oL e
7 | iR acknmaeticwk ¢ h Hdvee‘le;ac Mt @ppganshithath e BRSY-TAIK prodyedn’
det er m ned; t hadepd 184 & Ht?é"é!a égéﬂiewféﬁaf'%% dxp 13 ci1QV HpUE &b &ME user

guery technol ogy which s capable of 10 autorratlcally under standi ng t he
dat abase rfbd oaietieid tids %tq?res%l‘?é?t’t% Ko the datahasgssi red

I nformati @, thereby 12 increasing productivity and ease of information
access. |In 13 accordance with nvention, the user
is 14 freed fromthe need to ufiders Se nodel, with 15
the end usar queryIriammd:mt@pmietwmsunmemeamhmgs:ld@ tjwszlrwemlqme ikser

to acq“”ez?lty O][Et T %11'—1@&5\%1{ fegegr&mﬂi% %e‘%ﬁ:e et GhediClin

query fac i's 1nvention recapt uri icatlon
semant i cs 9 r WA EG an @QQS%tm oxagyy hiche i mledé’rfl ved

e TSy L e
aci y to intelligen i de e, user ou or esire

i nf or mat |J0]n ithe I‘T'es%lrat‘é‘% tg’lrvlf’%orc}?? iR %%&"sgﬁ’ﬁﬁb& can be
easi | y upnat emdn;eaérmgerptommtmmw dnl dax=s loft mnﬂwm&dmrdaim miche|
i's chang r f IS

i nventi 0?3 2 ccf%zed%r%‘l:e€ I'S rovr ?dﬂ.ﬁﬁgy éé]na ural escrl tltéc%ln c')lfsefrhe 27
dat abase hbdeerQﬂfiﬂrtheth%anﬁeﬁnfeo gindgrstandiqio the datak@msegmoded , . wikh

"natural " sﬁeseré F@ﬁ&%ééh?'%ﬁ’é@y CEASTEStYM df {1 & Anveititilon IgRlididiI9NYHiRing
(E-R) nodel el}crl bi ng, each cJass.. The 30 classes represent the diff rent
gh

types of 1% WD R AIRITe FhR LNt Itm Fds dft Madsy Rossipde -
dat abase.17 Thsy 3‘21616&&[ | e rqudry hessesi I tas e sl srEfventsion|fd st t he

omanti c<h SRS TIRELERNy, e dASHICEEAN MR, O B R

deri ved sb&rarﬂambaserrm@dehrtmrmpmecﬁ st [deriyves gemantidss tI‘I‘éﬁ_ used
to identidy tdérf¥édSEemAicy areNH wddifidy d9id Hrd Uder gﬂ&ggef' nition

of each class_is, 38 .then, subseguentl translat ed intqg an E- | of the

class. T iRAGhBIFE ko kst thg) ygex twyEcout for the

22 desired informatlon in the database. In addition, the

23 derived semantics can be easily updated by the end user query
24 facility when the database model is changed.
25 In accordance with further teachings of this invention,
26 the user is provided with a "natural® description of the
27 database model to further ease his effort in information
28 access. The "natural"” description includes classes with an
29 entity-relationship (E-R) model describing each class. The

' 30 classes represent the different types of high-level objects
31 whose information are contained in the database. The
32 description of these classes is made possible by the end-user
33 query facility first recapturing additional application
34 semantics from the existing database model to provide a

35 richer set of derived semantics. This enriched set of
36 derived semantics is then used to identify the classes and
37 generate their definitions. The definition of each class is
38 then subsequently translated into an E-R model of the class.
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31 In addition these classes and their E-R nodels can be easily 2
updat ed byr t‘he end-user query facility when the database 3 nodel is

changed. 43 1n ahaltqw ¢hese wltalgsb&eahaaehémgsmk hbaelsneant beneasily

has al so been det at there woul d use
provi ding én ¥ §a§§glgﬁ §¥? F@@ﬁﬁﬁﬁﬁgﬁuFﬁXt g&& §8r€$e g?tﬁngﬁDte
site with Bo mb&bln&sacmamgeﬂo t he dat abase to 8 st|II be able to nake a

. Th i bl t
0 thi's i ndentson 10 AEtRrdahcd! wlen, BhBILEhEREnkRCoE EntainfliE o CLE! 1Y
t he renDte511haS|adscabes@ndemesmqmedytastathare veuidgbeafamaavugefudness

result 12 of | FQHQ e a thafCallbiisla
addi tion, %t Hﬁn@g? @ghﬁggfglgkggyhgﬁéhﬂ§%égg§|ggﬁlgPtcaﬁ euﬁggt
S

andanalyzea t @ Faéﬁmﬁ§§g§ widhs eneRcdipe iSceFﬁeth ghasg to
1;: acil i t{ 86 bf%lnl be able to maRe EFquE?bﬁRgPThm Qf naife DPAYE N61 & 8by
igure 1 is a,flow chart i cting one enbodinen ..epd usekr_guery
facility c%nsﬁpﬁfﬁaﬂ 1% a@@@r Shce WEEX EGCIEﬁgytégcéﬁﬁﬁsggyePﬁﬁgH
i nventionlo2lwith arFidectrpnis aafillowystent sdephati hgeonserndbdthenrenote?

semantics %Xtrg%%P a%?é%&dr %é%n%hgzﬁs a malf'ﬂﬂégaé el and ﬁ&@&’ﬁﬂ@rﬁesult

depi cti ng oOne dirment hod suiltab use to build basic
knowﬁedgelﬂhr@§d§¥§n§&32¥ posted fonkim adsexppadt BRL1omgespggur eI 26

]'fl gure 4 13y afah!dqwl%hﬁrta deR i@igf Ad 10 4@ ety pdyestsOhna EKﬁlﬁephedesanhgbl e
or use as infor cout odi nmen

F gure 5 4 1 SR feh KAt S APAL YERE SMb5aRRENH=0Pea250 PREFRERALEF 26 &
for use aastheh&eamd+deaann§mg Ifasxd ldttyp of 31 the enbodinment to Figure
4; 32 Figures 6a and 6b is a flow chart depicting one nethod 33

sui tabl e Pbr use as the infer new threads from know edge base 34 step of
the enbodilifent "of Figure 4; BRLEF DESCRERPEON OF THE IDRAWING t depicting an

alternatiyg 36 e %th gls hhlﬁdvﬁ&&&-toaeﬁﬂéth!ﬂ?nané enBelinehtf ber ahn

?g AgcRcigg%nce Ay tuhsetr Iq%zelrr}vergc:ll 1tyT@o%s|t§uE:tgdrg @ﬁe”ggéoﬁ-ggkcga ;[J?.th
20 the teachings of this invention;
21 Figure 2 is a flow chart deplcting one embodiment of
22 semantics extractor 12 of Figure 1; '
23 ~ Figure 3 is a flow chart depicting one embodlment of a

24 method suitable for use to build basic knowledge threads step
25 25 of semantics extractér 12 of Figure 2;

26 " Figure 4 is a flow chart depicting one embodiment of a
27 method suitable for use as information scout 15 of the

28 embodiment to Figure 1;

29 Figure 5 is a flow chart dep1ct1ng one embodiment of a
30 method suitable for use as the search knowledge base step of
31 the embodiment to Figure 4; )

32 Figures 6a and 6b is a flow chart depicting one method
33 suitable for use as the infer new threads from knowledge base
34 step of the embodiment of Figure 4; '
35 Figure 7 is a flow chart depicting an alternative

36 embodiment of this invention including a model purifier in

37 accordance with this invention;

maHuBummﬁmm

T




1 Figure 8 is a flow chart depicting one enbodinent.of a 2 semantics
extractor .constructed in accordance with the 3 teachings of this invention

interfacing with apjefite 4 RY id ifdlow Thart de'f,ll%&ﬁ 9ohé ambba¥mehd’ b a
depicting an alternative 6 enbodi nent, of semant 1 Cs _ext ract,fo;H i ncluding a
v

program 7 2anSePARtics strashere %W%@eé&‘h?ﬁ&?"ﬂ?“?ﬁ With ERei on: 8
Figure 10 i3s &eHchnqmawf<tnﬂsnmnu;nt1aa1mmma&fa¢ena wetthodi medelof thi s

i nvention i ncI & security nodel 10 specifier; 11 - Figure 11 is a
fl ow chart de|? £ ¢] dn alternative 12 enbodi nent of this .invention which

i ncl udes a5rmdel ptl'hlqlira 9 1% aa fdesuchartndéplictipngi aAhcaltennativenati ve
enbodi ment g 2s R4 adpg gntity-
15 relati onshl p E ; rmqifel tranﬁ% e:ﬁ:r‘& r QﬁEi{;&E ? alg ge??ow chart
depi cting dn ANAENEAY iQ Brcandanfe it hofth& §€#€Ht1pe§ efet EhdgoinyentiPRact

addi tional gl8 senmailguite 10 tike af FIBWOIchare depficingr anrahabrﬁaemvés and

19 entity typ flles qrder for .the cI enerator _t ner at e
class defifit Fﬁ’é"{ of q’lﬂ Aveption ing f%é—gg Fo?ﬁ?ﬂrf‘gx ﬂgi
depi cti ng 1@ne s&cmﬁﬁmth ment of a procedure to identify kernel entities, 23

suitabl e f,qr use i g4 eStQ,?p,lg d q@ urea‘%%.b'd%ﬁ%?ﬁgogneg‘ip.egﬂa{:ijvg in the

enbodi rrent of Figure w chart I cting one
enbodi nentl2of @bmlmetm'ecﬁf-r &his |Jdéﬁﬁﬂtf1>¢f’ch’§rl§§t éFPQPﬂESaﬁdmagg cpurifdeyy

entities, 13Ul taefrdit W IddeL téyécﬁtfq}éﬂf amdallttb_i.-ylaeribét ¥mB8aih¥At 8F gach

file in the enbodi nment of Fiqure 12; : ure chart
depi ct i ng ¥ne SEMASFIsheXHE Ltﬁf (‘fé@(ﬁﬁ gef‘&rP EFasgPﬁyaReFHgP‘wgnt ities
i nto pur e Is00kel atliorstiy i (@-R)smdddil erfamslateri;n the step of reclassify

certain 3 entit| r p o] i vEi gure
33 12; 546 Fi gt?r%[ége LA o Fadh, %%?tt Bepllckifa aROd TERhafivE .
embodi nmentlTof exnhndimentr ©f @ giﬁmfml@sc I%@a@@prntpl extract addibiobpalt abl e

for use Dy g hgdaiitsi BN HHY ¢ edm m&nhﬁzryoiseiaq%ﬁsﬂpswha-I s
t he repl acerrent sheet Date: 10 APR 1996 gure 17 is a fl ow

chart dep|]c9t| r?ﬁ‘% SYRESH rFEfn del.fesa in order for the cla s generator to

20 generate class_deflnltlons,

21 Figures 13a-1 and 13a-2 form a flow chart depicting one
22 embodiment of a procedure to identify kernel entities,

23 suitable for use in the step of identify entity type of each
24 file in the embodiment of Figure 12;

25 Figure 13b is a flow chart depicting one embodiment of a
26 procedure to identify characteristic and associative

27 entities, suitable for use in the step of identify entity

28 type of each file in the embodiment of Figure 12;

29 Figure 14 is a flow chart depicﬁing one embodiment of a
30 procedure to reclassify kernel entities into pure lookup

31 entities, suitable for use in the step of reclassify certain
32 entities and binary relationships in the embodiment of Figure
33 12; ° | "

34 Figures 15a and 15b depict a flow chart of one

35 embodiment of a procedure to generate class definition file
36 A, suitable for use by the class generator in the embodiment
37 of Figure 11;
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2 procedure to generate class definition file B, suitable for 3 use by the
cl ass generator in the enbodi ment of Figure 11; 4 Fi gures 18a and 18b

depit CLl a ;'10W ChagtFﬂ_:f[l}]ﬂ%‘ﬁlﬁ ﬁf‘@nb dChlrawcua‘r@da d‘r@ ehiiloadsfint of a
suitable for use 6 w e enbodi me ur a ure

s a1l ow ChalEQRREe ke EERRTAR EIARP SeTaRiddon: ﬂFrl'lef Bopsustaba €95 1
which a query sseiby tthe sckhds)igieatatrbmiin thre embwidineytt @ff Figure) 11;

Figure 20 is a flo cti IS Javention
- whi ch i ncl u‘gles a Wcﬁzje rea{gp,&(mfd;égri ?%'OBC%%réryfsdn%
DETAI LED DESCrinbrdinent @uﬁsraumqesiure forrl?é’cmlssmmg isyidabl el £987 uses

“one enbodi ngnty,Qfp tat]é %ﬁvodﬂh@iﬂ{ I Mighire 11975 Ardghe reporting | anguage
“known as QU Z. 17 nguage i1 s part” of a fou,rth generatlon | anguage
known as 1§ PONERTAMITe (B soaudd 9vh chazd: A %ﬁ&}g! it 19

is Ito b§| ursieréﬁm:ﬁém éﬁa:ﬁiegatclmmh 1:25‘11 til smmneralt lqgmrqr ftazﬁne:quabl%
“applicable to a uery technol o cludi ng | anguages ot her

than QU z. 22 ihteg %@% %@éﬁlectn? tlad‘r‘?nof and interaction 23
bet ween t o f ol | owi Figgumel @@ sis mwchart depliltt iBgnaome enbedimeantoof

Semanti cs tr qﬂ,gﬁ.f rﬁﬁgﬁfe Rl | y m
and ext racit-:isf 2@% t h%ﬂ‘g%nant ICS O ]Pajh at a%/bdge r?é@‘éafgé‘l&he sgngﬁallgs%egr e%ha

stored in ¥eyword Library 13 as a list of keywords based on 29 the item
definitiongand in Know edge Base pfTasrapl bescripBfonfil e |inkages of the
dat abase npdel . This is a key feature 31 of the present invention and
differs frim tBEEBASE art in 32 that prior art systens require a database
devel oper 18 33 rml'wgefolmvemlj ihﬁiéf;/l)deiéswm ey iegbadigmendnmft ithd sof

the 34 datpp qgﬁ Y, i
I nf or mati on Scou‘%&‘lt'ﬂﬁ%r 1 on sScout %%Lﬁdftlréa al?SEI’ n?’gns%(;%m Ugzt'he
itens to bE r fhe tlkangwade dis RAF BT obt urttmaqnﬁraﬁmn ranediagen, KnownTRsg

is carri edwutpcbwgﬁms'ﬁlﬁm& édtﬁidsmirﬁfcﬁ:"ﬁﬁitaﬁi@%f mdalo ﬂav,e%a@ it 6

1 steps. _First, ort |tem Sel ector ronpt,s the wu
P 19 'S lg)e understood . that t]h F%:earggungs of %:%15 1nventlon are

20 equally applicable to any end user query technology,
21 including languages other than QUIZ.

¢

22 Figure 1 depicts the operation of and interaction
23 between the following modules:

24

25 . a. The Semantics Extractor. Semantics Extractor 12

26 reads Database Model 10 of an application system and extracts
27 the semantics of the database model. The semantics are

28 stored in Keyword Library 13 as a list of keywords based on
29 the item definitions and in Knowledge Base 14 as a list of

30 file linkages of the database model. This is a key feature
31 of the present invention and differs from the prior art in

32 that prior art systems require a database developer or

33 manager to explicitly define and provide. the semantics of the
34 database to the end user query facility.

35

36 b. The Information Scout. Information Scout 15 guides

37 the user to specify the items to be reported in order to

38 obtain the information he wants. This is carried out in two
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2 keywords that suggest the desired data item for exanple 3 DATE. Using
a | ook-alike’keyword search nethod, all itens in 4 Keyword Library 13

cont ai ni ng DATEr@ps. | i pipde, HESorECitdodefod®des1d Eﬁ:éﬁﬁ’tﬁ@%é‘t@sepfor
selection. _After selecting the itens, 6. Inference C,ggl ne 17 identifies

the files contSERYPEAEHERat suggest the LRsiredidats, i FRX 1example
searches fo3 tDATB. |UskAgesS)odk-&Diké atigprdins sdardnietttiod)g 41E items in

identified ' . : P ] ., P .
Genorator 16 Aepidra'hiblery 13 Sondlin[iOUAR HIE Mg, THH Yher tnen
generates 13 makesothespppuopyisoerseleibipmm KEter sakesttindidhel itens,

i nformationgr eﬁHﬁéféﬂcDYEﬁ&f%%‘S% -identfries th(fjéfi-li'@s %Aﬁgﬁt@% or.

The source programis_conpi and execute alns ase to
generate thé rEpbeeted itepsy REFYERSEENIANg 1H then searchesfiqr the
detai | ed descriphkadge 0§) o RiibWIedddBae DEe onfbctfy | 9fe i Fdiified
provi ded. 2%32%. The Semantics Extractor 23 Figure 2 shows a flow
chart of Sefantt¥€SExtractor 12. 24 In order to extract the semantics of
an applicatdon, an 25 application system nmust have a data dictionary that

26 represgents the % &%%gt ol | 0 Tof
generationf:Panguage‘:i'l\alnphl %t ; Cerilk ,t%rﬁnog?%r%ﬁ%i%%&gt% tddbes
dictionari®3 afbealinkages obkatned by ffrrnatiapdcay &y ambigenenatms.
They are cigategle b¥otREspORE $E@FcaCrsivil O "D FkBRRIE Gadld On system
The data disftlongr%mléjl made up c?f Sy, tem%ptlons, security and
defini ti ont? of 1RECH™A510R | EaERested | BY Yhe HIRF%md item used in an
applicationssystem 33 The data dictionary of Database Mdel 10 is parsed
by Data 3 Di ctiongry, ' | r 35

t he infor4rr:ila?i on abo%f Lt ?l&l st @}%?g@%&%%@@# c%g&)l?led ~
The keywor¥3 aaRddexeceted ragaimat i thendntabase i denagg@te e areport

di ctionaryign ﬁgfnéot&ggﬁngr tor B nane of .This is the repl acenent.
sheet Date; 10 APR 199 1, _each itemnmy be in the formof one
conpl et e wh? d (e. g.A more detailed description of one embodiment of these

20 modules is now provided.

21 -
22 The Semantics Extractor

23 Figure 2 shows a flow chart of Semantics Extractor 12.
24 In order to extract the semantics of an application, an

25 application system must have a data dictionary that

26 represents the application data model. In the POWERHOUSE

27 fourth generation language which is used in one embodiment,
28 all data dictionaries are available and can be found in "QDD"
29 or "PDL" formats. They are created by the analyst when

30 developing an application system. The data dictionary is

31 made up of system options, security and definitions of each
32 element, file, record and item used in an application systenmn.
33 The data dictionary of Database Model 10 is parsed by Data
‘34 Dictionary Analyzer 21 in order to obtain the keywords and
35 the information about each file and item in Database Model
36 10. | |

37 The keywords are derived from the item definitions in
38 the data dictionary in the following manner. The name of
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2 SALARY) or may use nore than one word separated with a hyphen 3 (e.g.
DATE- JO NED) . Hyphens are renoved fromthose item4 nanmes w th hyphens
by Data Dittieachyitenl yagrb@lin five form esfil dnegcomplleteludrdoteled obt ai ned

f the i th - ' '
o o Saary. SAERRRYOF fay IREFOFE R SIAGHR ado R udeid) iypln
8 Item SeBec(esgi6DATEgJOINEDY.  Hyphens areoverened teen those pifen

The Ti1st gt hahls WRKR! HGBNENL' BE ' Dia DEcE MR Kha IyAdiRi1 on FHiem each

file 11 in Database ile name 13

< ’ 3 a . b. For
every itenPi nregehtingeindividual words)obtaingqd fypmthe item nameg,;jre
It§n1t¥pe ée.gheﬁhgtagéarasnuazwbﬁdsdﬂﬁekeﬁﬁbrd Library 13, )eld ersALARY 17
I v If an_it Ls a_ke ' € . | key,
repeating Zeyﬁ% ’ n8ﬁ-5ké9ﬂfgﬁ 20 ¥hé¥g§ﬁé§'§%‘?#‘ Péelgg%%d Ta=hl LHIFRIET on
Li st 22 whB8chItem28elebtorutéd(Fbgdelksnine the file relationships using
the step 2 Deriv g.na L,O L P$a 2 | €. Stfife | FANE Y ESE&GONPAr | NQ
23 each flg| e defi ﬁle?itbnklxﬁglgg%ég?%l :tﬁll} o% L}i)g?i 22 with the 24 %I?he file
definiti od® i Anvhdvesnextractingobhei fiollawing information freR #h F1ie

other filgs. ;A BheabisecMalb®nsbip 26 consists of two files that can be
linked. Two files can be_27 Ilinked if: 28 29 (i) both files have

one item ®th the 8ame Eid€ NARG 30 (ii) the itemin the target
(second) fBle is abuni qrer3évery item inoeackpfidieng key. 32 33 For
exanple, itn a Personnel ;Lnfo [ ystem the 34 EMPLOYEES file would
have an i?gn1called Enp%ho mgﬁ@h ﬁgmg 35 unique key to identify_each

enpl oyee aAd the SKI LLSifi)| eItem #¥BRd(Gt90 PRIEAGHET: AVReried dabeho.

Each recopg in a 37 SKik5k$ ekl Weyed contain a particular skill an ]
enpl oyee has. 38 As a single _enployee wul d have, different skills the~
This is tRd replacenent1§HeeFngge?¥eE GSA§RF§§961gEn%eX {¥B$- % Fouttees
repeated figr each skill and reyyovkgehting key) or non-key -

19

20 These files make up File Definition List 22 which is

21 then used to determine the file relationships using the step
22 Derive Binary Relationships 23. This step involves comparing
23 each file definition in File Definition List 22 with the

24 other file definitions in the same list to obtain its binary
25 relationships with other files. A binary relationship

26 consists of two files that can be linked. Two files can be
27 1linked if:

28

29 (i) both files have one item with the same name, AND
30 (ii) the item in the target (second) file is a unique
31 or repeating key. )

32

33 “For example, in a Personnel Information System, the

34 EMPLOYEES file wouid have an item called Emp-no which is a
35 unique key to identify each employee and the SKILLS file

36 would also have an item called Emp-no. Each record in a

37 SKILLS file would contain a particular skill an employee has.
38 As a single employee would have many different skills the

-
heetHas:BeenReilii:cd

"l



2 repeating key. These two files would forma binary 3 relationship
since Enp-no'is the common itemand Enp-no in 4 SKILLS file is a repeating

key. ~ The iienr@nnawwlahse%eﬁ@aﬁée féfrééo\.hfékfll\ﬁ'ﬁﬁd!l $6 woiBdepanp! e
is the EMPLOYEE fileneed not b itens could be

coded diffe? eﬂ??e%'ﬁ%nﬁe]éﬂyt heTBesﬁaﬁ’PtﬁHﬁs V%‘Fl‘@%ﬂ’fﬂ‘ea%ﬁﬁ NO and
PART- NO cousd belatidnShipOosinpécEmptna partheucienon niten ramdt Emy-ioninol

tuo §tens abe SSIHEE PEEY! 15TncPdentifg ROV, "ON Kbel BhOA] in pRE1 11
bel ow. 13 18 sourcci(ﬁlnahh f11e whieh innthis @sample 1&s the EMPLOYEES

A- PARTS- FI LE ffiéKheed not bE- QKkéﬁ B- PARTS- FI LE PART- NO
P-NO 17 18 case, we woul d not be_able to establish a

19 rel ati ofship be?ﬁEEﬁ FH@ %ﬁﬂmflF@Elﬁsb?h%°¢?%d¢h§ﬁ%§e%PEY2%Pth??¥wEPﬁ
But it woulg sthhé bmﬁganfagfukaﬁplestabtnsp-mzanalpmmmemmmhnetu@ed

files with suc I tens _as . ne. d I n
the exanpl e?abbfer BLERSAT Piﬁ?%ngfﬁygﬁﬁ ﬁn R#% €?¥§4€ga%5%1 % $ETh the
sane donalmocapkud RajiOCothunghnt hemet €188 andnBARE+ROdinfetkexrs. These
ARAMEEE e BiEéB.ES ELLEEEBOEBdbg tEﬁéEé & Pgohh Rlca1788 PLik2S
rul e definad earli&r 3 us nodi |ea ows to take 1 nto account
itens mﬁthlﬁotshewnohP}OVhe sanme nane but mnth dlfferent nanmes in the sane
29 domai n3330 31 (i) both files have one itemin the same donain,
AND 32 (i) the itemin the . et _(seco fLIe IS a unique 33

or repeati A8 key. 3§ldg name ., iggﬂy—ﬁﬁﬁkag en two files, the item
in the 36 1source fAFPAR¥S-BELE uanNe key, repeeNOng key or non- key 37

while the ?grget flbe HR&%OEE%E g§§§ -NBi que op_ggpreating This is the

repl acenent “sheet Dat €’ 9 1 key Fromthis restriction we ~
can deriveldix possible valid 2 types of file Ilnkages These are as
f°||0“§: 18 In such a case, we would not be able to establish a file

19 relationship between the two files as the item names are

20 different. Buf it would still be meaningful to establish a
21 1link between the two flles with such items as the items are
22 in the same domain. )

23 In the example above, both A-PARTS-FILE and B-PARTS-FILE
24 have items in the same domain called P-NO though the item

25 names are different. A-PARTS-FILE and B-PARTS-FILE should
26 therefore be linked. The linkage rule defined earlier is

27 thus modified as follows to take into account items with not
28 only the same name but with different names in the same

29 domain:

30

31 (i) both files have one item in the same domain, AND
32 (ii).the item in the target (second) file is a unique
33 . or repeating key.

34 |

35 For every linkage between two files, the item in the

36 source file can be a unique key, repeating key or non-key
37 while the target file must either be a unique or repeating
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34 Source file Target file Not ation 5 a. Uni que key
Uni que Key ' UJ 6 b. Uni que key Repeati ng key UR 7

c. Repeating key. FuomqthikeyestrictiBh #e can ddrlﬁepeaxipgsképle valid
Repeati ng key RR . - Key . NU 10

f. Non-Key5 types o egé%Fiﬁgnkg =2 NRhEEe, 9T =8 ggg%égéf, in one
enbodi nent 3t he repeating to repeating 13 (RR) conbination which is itemd
above is nqt stored bagayes i# et hi s I egi-Gagntsia badNBtgglgES|gn A
repeating to repeatln% Telfationship 1L.ndicates a nany Lo nmany

rel ati onshBp whi char6Unigueckell y shoulPBig¥e kf¥st in aYHormalized data
nodel . Theg 17 anglygh Eﬁelnggrned ofngp@atanglndyng auw attenpt to
rectify 18_it. t he, bi nary Urelatlgnshlps fo#Bd usi ng the above

rulLes 20 dre stor&h §§9F8Fﬁ8ﬁske¥1 22

YSource frle 23 b.
Source fil@ itemtd.l Repeatingr ey fllaepéatlng key TarBBt file 25 d.
Target filg itemtq | Nk | ource fil g Rel gt;i onship, (e.g.
WU, URRU, NU%NR) 27 59 Noh-kd Com the calPigue key B [ n EMPLOYEES and
SKILLS 2910fj| es, tfheNontXey relatlonsﬁﬁpeaﬁéng e¥d asN 30 31 Sour ce
file Itemqy Target f|Ie Iltem - Relationship 32 EMPLOYEES
Emp-no SKILLS -nQ”  UR 33

f.
rel ati onsii%ps derlﬁQHeW nlﬂﬁe°3609@b§é m§P§ptg§ §FBF§§1Pﬁ §°B¥ﬁ8?9t1ng
Rel at i onshisp Rmmg <bmbihat ieexwhich dseitemadelpoBei g Batlst&neddbégause

Threads 25, i Iveséﬁ¥¥%glré%g db&qwg?ggglgkions Q@?gaygq t&ofﬁgeQEinPed |

applicati m Inary rel mhlc n sto
This is thé re-pllacramsthmmg@mp@waw@@y to] pany rﬁlﬁﬁewnébgé Bhdehi4 in

the form gfg k@%@f%@%%lws%%&d n6AC R st! NP ad nbeRia128kS aathl Akase .of ThENY

files. The followng I's
17 analyst is informed of such a f1nd1ng and attempt to rectify
18 it. : -
19 All the binary relationships found using the above rules
20 are stored as follows: '
21 -
22 a. Source file
23 b. Source file item to link to target file
24 c. Target file
25 d. Target file item to link to source file
26 e. Relationship (e.g. UU,UR,RU,NU,NR)
27
28 From the earlier example using EMPLOYEES and SKILLS
29 files, the binary relationship are stored as:
30
31 Source file Itenm Target file Ifem Relationship
32 EMPLOYEES Emp-no SKILLS "Emp-no  UR
33 .
34 The set of binary relationships derived from the above

35 step is stored in a Binary Relationship File 24. The next
36 step, namely Build Basic Knowledge Threads 25, involves

37 deriving knowledge of Database Model 10 of an application
38 system from these binary relationships which is then stored
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3 an exanple of a know edge thread: 4 5 EMPLOYEES [err] BRANCHES
[err] EXPENSES 6 7 It contains an EMPLOYEES file |inked to BRANCHES
file 8 whi ah iin KnowlledgecBaise EMPENSEBef ifloem ofnkapvdeégsnghwsaﬂs 9 E@Phg.
1) in InfopmatiQa Q@# e a ilb@ 10ThbSQb§&bQE r
conblnatlon t% |hf§$ é%gf%%ss paiﬁéa%% %? hQE? ¢ tain ng is
i nf or mati od ré@u@?@@@lﬁyﬂﬁh@v&Q@Mleﬂﬁﬁ'tbzeadéxanple mhen the user want s
to report the enployees and 13 their expenses in each branch, the above
thread is used to 14 nerate the required path to navigate through an
231 S qu EXBENR

applicatio® 15 dattMPASYEES oy BRANCHES: 7| BXEENRES: equi red i nformation. 16
Know edge RBase 14 is made up of basic and acquired 17 know edge threads.

The fol |l owing desc es t eriv 1 a owl.e a y
joining binary reI |on é%;ﬁ% Q%EEB ngr%l Q i ﬁgégh?% EﬂﬁNEQEE Qi%Q
deri vati on 8of whdehi risd th@n @m@NeQdQQ ﬁﬁ?@ﬁé@sl§1descrIB§erBaperEng;ne 17

Figure 3 i g ar 315 t 3l 2 agihC
Know edge ?%réédgwggnoﬁ&%ﬁg‘ aEﬁ%@P%c%ﬂk 38 Qa%@%dgggflEggﬁﬁoﬁﬁgbgfﬁgih

basi ¢ knoWGeddsalatdan joF mlqmﬁé%?@ px.] 1Pﬁ§rn§t‘ﬁ03°8?s?| paths gp prd

reference 110 the Jmialmmm @pFiimation teqaepteacByr ehki ndefhr emer 26 27
Pr ocedur e _Ei nd- Thr éjlletgﬁynt oin

o] o T i s A3, nExat g, YRR £8) raportoth ployeps) ang
begin 32 13 thamrlaxpaqsesﬂnn|G@@hhhpahnhe thengbpyentbread3ds usedutoi |

(thread-eng = | el el;lél; égfﬁ 9:; qgié.'}%rdy p"a?:;hatt'ooﬂa% gat8Cehtbudh an app1ilhtisHd

of binary rel bi nary“rel ation record _ exists) and

37 15t safabasg dporderote ﬁ&q“é%'lestthlenreﬂﬁlé'ﬁfi ipfermptign. t hen
begin Thiggs the r!&iﬁvﬁ.@iﬁﬁ‘tsaﬁéeqm Bt madk0upPBrlRaGic ahd acqulred cal |
Pr ocedur e F|n Thre count IP Q ~
file- Count 7, %qywl thread. T%Ek ggﬁﬁpaggfdpch&Bﬁ§)the derlva ion of

18 Dbasic knowledge threads by joining binary relationships frem
19 Binary Relatlonshlp File 24. The derivation of acquired

20 knowledge threads is described later.

21 Figure 3 is a flow chart of one method suitable for use
22 as Build Basic Knowledge Threads 25 of Fig. 2. The following
23 describes how a single basic knowledge thread is built using
24 the method of Fig. 3, with reference to the following example
25 of a procedure Find-Thread: '

26

27 Procedure Find-Thread (file-count, pointer 2)

28 begin
29 old-file-count = file-count
30 while (pointer 2 <> end of file)
31 begin N
32 read binary relationship file using pointer 2
33 until (thread-end = source file of binary relation
34 record)
35 or (end of binary relationship file)
36 if (binary relation record exists) and
37 (target-file of record not exist in current-thread)
38 then begin
10
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4 t hen max-count = file-count 5 current-thread =
current-thread + target-file 6 reset pointer 2 to start of

binary rel gtionship 7 11 Prddediid f - 1§ e2 E bolifteunt
<> old-file-count 10 tcr?en wite cur rgr%t%(it hr eagwlqﬁtlgeng}lg P'(n%wl edge fl)| e

11 end 12 23 Note: Parafdil&Caunte < fide-sontornder 2 are passed by val ue

14 @Gurrent - threaddﬂnmmdxuuauﬁﬁ%tgﬁﬂj@ﬁcduatoables 15 16 The .
formation gf each thread nS\Mtkl |%§#ﬁr|nar rel ati onship record
read from Binary Rel ation ha% QEP song ord forns an initial
thread. H&wever, if the dunsEntt-hreadh=y mn'lmmrtelhhhepdr ectadget-tﬁﬁllaype

'RU_ (repeg{ing to 20 unigue) ;{Fﬁrﬂ:téro'}s'ﬂoost : 'Bﬁﬂéﬁgd%igﬂ??h%&g

thread is 21 forned fromlt next recor I's hen re

22 is of tlype 'RU, file endifin ignored until the next record is 23 found
that is notg of teHawhiAd, Which is then used to form24 the initial

t hr ead. The regson for d0| th| s that it is 25 only necessary to form
t hreads usi‘ng elltfh&'l £3Ae560UREd not both as they lead to

t he sane amessmm-hmuug cfiﬁ:neﬁmméaw intbeBasdie Kngwheddgé. flillet hi s
enbodi rrené_1 NE 28 wusing 'UR types. To keep track of the next record
to read 2 f oM Bi nary Relafionship File 24, a pointer called pointer 1 30
is used. 3R The initial thread can be extended by linking with other

32 valid iy nyjotd:elpairametidy rﬁ‘l@-@:%unt'r%nﬁop%(intgknér ¥r§3paB§1eét bPnohife
“File is searched. This tinme _another pointer, 34 v%gl nter 2, is used

to keep tidck of t h&EWSENGTBFERY 0 MEX~ oMy PFGnﬁEBPHﬁF-y FéPF-Sﬁshl p File
24 to linksto the thread 36 to be extended. A link to extend the thread

and 36 RS Tiie antNhEEMTRR 19 A Rea Badihe WiFB.A. SRR THPLPASY .
t he repIadéhem@hﬂt&unsnmparecorﬁ)nqaa f3o® BinazylRellatiéonsghépt RéleaRd,. or
el se the ngxt 'I*i.’h%arﬁééo@d?‘tfd}@r@'a‘i‘x t%%‘ir 3ﬁaaeadnu§boarpomt helfirkt 2
valld bingiy b:LnraeryatzleolnaStTo%srhel%orreclosrd e e b SRS tbpeat ing o' o It
20 unique) relationship, it is ignored and no initial thread is
21 formed from it. The next record is then read and if it still
22 is of type ‘RU’/, it is again ignored until the next record is
23 found that is not of type ‘RU’, which is then used to form
24 the initial thread. The reason for doing this is that it is’
25 only necessary to form threads using either ’‘RU’ or ‘UR’
26 types and not both as they lead to the same access path being
27 inferred by Inference Engine 17. 1In this embodiment we are
28 wusing ‘UR’ types. To keep track of the next record to read
29 from Binary Relationship File 24, a pointer called pointer 1
30 is used.
31 The initial thread can be extended by linking with other
32 wvalid binary relationship records. To do so, Binary
33 Relationship File .is searched. This time another pointer,
34 namely pointer 2, is used to keep track of the next record to
35 read from Binary Relationship File 24 to link to the thread
36 to be extended. A link to extend the thread is said to be
37 found if the first file of the binary relationship record and
38 the file at the end of the thread, called the thread-end
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4 (second) file of this record is already in the thread. If it 5 is not,
it is added to the end of the thread, to become the 6 thread-end. If it

is, the nexi be{E&Y 404 aty b T b Sg | .. The |
search ends_ when t% end %?r%%g?y&go%%se?;ﬂ?%néﬁ?% %%%%ﬁe%ﬁ%l usi ng
poi nter 2. 2 THEWPTY k¢ W3ing Poipker 3 cadlf @ tvakid diname and i s

stored 10 3 n relatbsigshiifsceddrdsis ofowNE, We thlen examif¥ e -tiaGkargdt | €

name 13 . fdde item _to, link to next file 14 .
Thr ead- Bo dy4: _(ﬁf—lzrfoendr?a n%l]l% of this recoré is ar.ll.readg in the fté}ﬁqqglﬂ i € tiF

the previ ols 185 not, it is added to the endidf the thread, to become the
rel ati onsdi e ed evi T & : . Lfile item

to link to the next&%rpie 20:.&]81{ iﬁhrléédq?ien}ff bl.nw erenlfrFeloffhlp detd! 18
file item t FahIRSHNY ROINERY clis Ehe search ends when the end dfi [Rira3y

rel ati onsi RéXativnsnHYi®Lfe f34 61 24 ithed usi g Bead ggnt ai ns
the irst il and the D 2 g Tethe st oY RNl 1S

usi ng the thr &RFmatAon, of 3 single khrgpd isdhen cardste iandnise shersd a
file, 28 1Gs in anowiedydBasdclsae fslows:as the itemof the 29

previous fiyle it is linked to and the relationship to that 30 file. It

al so contal'ns another itemwhich is used to link to 31 the next file. The
t hread-end3 s sini IBhreadtHeadhredtid®wdam®? except that it does not have

the itemtig link to the next 33, fé¢if 3 to &K ¥d A9 npl e
briefly sg‘_ows how Kaow{ edge Base 35 _ 14 ipém built up wth basifgﬁ%novw edge

t hreads usithg the od¥Hoedihk® NI une that Binary Rel ationship
File 24 cagains 37 the follow ng recaridss ildend tios ik RRPlheeprialyidhget
Dat e: 16 10 APR 1996 13 1 Source .fli | e Item Target file
Item Relationship 2 1. EMPLOYEES Brl%o BRANCHES Br-no =~ -
NU 3 2. BRANCHES Br - no EXRENStEd ationshipndo theUBrévidusENRI@YEES
Enp- no 1 LLI NGS5 Enp- no UR . : -

19 . file item to link to the next file

20 Thread-End: . file name

21 i . file item to link to the previous

22 ' : file

23 ' . relationship to the previous file

24

25 The thread-head contains the first file and the first

26 file item. It is linked to the next file using the thread-

27 body or thread-end. The thread-body is made up of a file,

28 its item which has the same domain as the item of the

29 previous file it is linked to and the relationship to that

30 file. It also contains another item which is used to link to

31 the next file. The thread-end is similar to the thread-body
. 32 except that it does not have the item to link to the next

33 file! |

34 The following example briefly shows how Knowledge Base

35 14 is built up with basic knowledge threads using the above

36 procedure. Assume that Binary Relationship Fiie 24 contains

37 the following records:

I
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5 4. Bl LLI NGS Enp- no EMPLOYEES Enp- no RU 6 5. PRAJIECTS

Proj-no " BILLINGS Proj -no UR 7 6. BILLINGS Proj -no PRQIECTS
Proj-no RU Soarceh€ijel hod Jtemhis é‘amﬂte_fﬁLet_enIaemfol Relatibhship
Pointer 1 3t 3, EMPLOYEE Thr%%d gor med 1st card of Use
the first binary relatlonshlp & g PEP BE<Hb record EMPLOYEES

|ink to BRANCRESBRANCHES Br-no EXPENSES t heByanpd bi nHRy
rel ati onshigp BeCEMPLOYEEES  Emp-no BILLINGS Efnﬁr-ﬂbt he yRiti al

t hr ead. xt, e ' 6 ' whet her this thread can
be extendgg b§'1?’i‘a&'&"'}%‘;’]s Emp-no EMPL°¥§§§ch|n§mPﬁP8ugh RHe sane

Binary 18 6 5. PROJECTS Proj-noRel BILRENGEP Fi |l Profjkhnd ti OR using 19
poi nter 2. ked he 20 second

bi nary relatlonsﬁﬁgﬁﬁﬁ%%$d 2%905 “fio™" PROJECTS Proj n8mal§UBRANCHES
link to EXPENSES to form 22 the final thread: 23
24 S The method oEVRhOYEERahgiE] lﬁRehl@HE§s sBXREMSES 25 .26 2nd
record Simlarly, using the next binary 27

rel ati onsAPp BRANCHES |ink to EXPENSES. 28

record, feamthe i Polintlert hragd: 29 30 Thread Formed BRANCHES
[err] EXPENSES 31 .3 .This, thread_canpot be.

ext ended g? t he 3§§% record of Use theEﬁﬁEﬁgEglpFrg Eﬁiﬁgf°B§EFPnked
to other 33 above file riecoxdy EMPLOYEBSShipkr €E0OBRANCABSTAsS
is the reglhacenent sheet Date: 1Q,.AP 6 e

Using the 3rd binary relationship the QBé Vaiid b1na%§ }elatIOEEHl? ggégrd to

t hread EMPPOYEES [err] BILLINGS [err] f9rm the initial thread. NexprCgk@¥ine

is fornedigs follows: 4 5 whether this thEMRBQ¥ERSLLI BkEeh@eq by
BILLI NGS xka Enpfno 6 searching Ehrough LgnggmgoBEEEEECTS
via Proj-

18" Relationship File, this time using-

19 pointer 2. It can be linked to the

20 : second binary relationship record,

21 - namely BRANCHES link to EXPENSES to form

22 ' _ ' the final thread:

23 _

24 EMPLOYEES - BRANCHES — EXPENSES

25

26 2nd record Similarly, using the next binary

27 relation_ship BRANCHES link to EXPENSES

28 record, form the initial thread:

29

30 BRANCHES -+ EXPENSES

31 . . .

32 ' This thread cannot be extended as the

33 . EXPENSES file cannot be linked to other

34 binary relationéhip records.

35 '

N TR




8 _ ' This thread uses different
Enmp-no and Proj-no to link the two 10

rel ati onshilp recorddsl recordlt
relationshi,p is 13

Items, nanely 9
bi nary

4t h Usdavgd the 3rd biNaryhredationkshipedhas

Thread fornmed is 16 third %@%@rﬁs Bl %E?’hgg‘éﬁerr]

EMPLOYEES 3s 17 . PROJECHS dws formedgas follows:

PRQIECTS | ignks to BILLINGS via Proj-no 20

Bl LLI NGS Ilnks to EMPLOYEES via Enp-ng 21 22 Thi s
thread use® different itens, namely 2FMPLOYEES links to BILLINGS piig Egp-no
and Enp-noe to link the two 24 BILLINGS links to PROJECYS' ®ial pe63knp
records. 2§ 26 - 6th record No thread is formed as relationship
s 27 "RU . 28 29 30 Each thread is stored

in Knowl ed@e Base 14 as follows, 31 [@isgthreadhusest diféfeérebtvdtams, namely
exanpl e: 3% 33 Thread-Head file = EM@ﬂB S - e no

35 Thread%Body file= BILLI NGS 36 o a% preizng to 115’57‘ e B
rel ati onsBi% = UR 38 item Z’lﬁlaPrYoF%tF%hli’ F‘I?@Oiréﬁloacerrent
sheet 10 &&R 1996 15 1 Thread End file = PRQIECTS 2 item

LTSI o oD DL e B A e, Sereachubiibed i3
Fig. 1. Report Item Selector 16 'RU’.
14
15 sth record Thread formed is
16 " PROJECTS — BILLINGS -+ EMPLOYEES as.
17 follows: . )
18 l . . -
19 PROJECTS links to BILLINGS via Proj-no
20 | BILLINGS links to EMPLOYEES via Emp-no
21 -
22 : This thread uses different items, namely
23 : : Proj-no and Emp-no, to link the two
24 : binary relationship records.
25 '
26 6th record No thread is formed as relationship is
27 'RU’ .,
28
29
30 Each thread is stored in Knowledge Base 14 as follows,
31 using the third thread above as example: -
32
33 Thread-Head file = EMPLOYEES
34 item = Emp-no
35 Thread-Body file = BILLINGS
36 iten-1 Emp-no
37 relationship = UR
38 item-2 Proj-no
14
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8 first guides.the user to select the itens to be reported. 9 Inference
Engi ne 17 then infers the access path based on the 10 itens selected. 11 12
Report |tem S@heead-Enl file Fh@PROJECTSs pronpted for a keyword or
presented with a 14 [|ist Qf,all gdy @E{ds in Keyword Library 13 to choose
from 15 en the user chooses to grOV|de a keyword, Report Item 16

Sel ector 18 |i st srglatienshigns ®%t natch the keyword 17 provided. For
exanpl e, the keyword DATE coul d return the 18 following list of itens

cont ai ni ng the word DATE 19 20 DATE BI RTH 21 DATE JO NED 22
DELI VERY DATEIRformatiomSeoybre UPDATE 24 25 The user then selects
thehde5|re¢ |ten1fm?guﬁ§3ﬂln§ a|ﬂlo&6chﬁmtletbadbﬁﬁ&thoanﬁ&lﬂh&ﬂ&tEﬁﬂdﬁfe
each itemi SR angtio er racte rom
the 28 data St |néE rbr%%%%:l -E?atlo Beg‘t %ﬁf&? 0%g16
Anal yzer 2B ofismtegaides dhe epeantber sal&lcystthzaiiltmasnn:ngbeomperted.
applicatio INGHE hg e r C

the itens %2 to- beenrgeep(ﬁntgelgelﬁﬁq; eacﬁ%?t%\g%] IE'?ﬁﬁe glcleggc %t%gl ﬁlé%al tbﬁl ?‘%3
aut onat i cHQ y items iSqlactadt added to the file list using 34 Generate File
List Stepia7. Wen two or nore itens are 35 selected fromthe sane file,
only one entry is Egg I n }g § filelist. This file list is sorted such
that the f]ir&r %(R E e which has the highest number of itens
selected 38 and t Ttheotuser fid grompedn foes ac keywgrdr der preseneed Witk as

the repl afclgll rltls'scr"%ﬁt a[ﬁF q:(}[ %)Q)x‘lgaﬁ %xg%fé-_lylworllfsﬁbrﬁ‘f&e‘i?e@o %%Qet ??Eﬁ i s

only one e 1n the list iensselected cone fromthe

same filel5 ndhemtdie sser chaoses & providecgukeyworda Repacse ItRRf er ence
engi ne 17 18 $elidttdsed d Q.1d’l'f§3ra].tth:I@C(iQ%§lsp%hBt maéchl ther RegQoERTi ne 7

The first $7t R r:lor\]rvlcc){e\éie.s SF%arr %rilzlarr]n%]fecir k%?(wl n% DATE could return the
18 following list of items containing the word DATE. -
19
20 DATE BIRTH
21  DATPE JOINED
22 DELIVERY DATE
23 LAST DATE UPDATE
24 |
25 The user then selects the desired item from the list. In

26 one embodiment, an explanation of each item is also

27 displayed. This explanation is either extracted from the
28 data dictionary of an application system by Data Dictionary
29 Analyzer 21 or entered by a programmer analyst maintaining
30 the appllcatlon systen.

31 _ Using the above method, the user selects all the items
32 to be reported. For each item, the file containing it is
33 automatically identified and added to the file list using
34 Generate File List Step 27. When two or more items are

35 selected from the same file, only one entry is made in the
36 file list. This file list is sorted such that the first file
37 is the file which has the highest number of items selected
38 and the other files are in descending order of items

15
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8 knowl edge thread in Know edge Base 14 to be used to generate 9 an aceess
pat h. if no optimal know edge thread is found, the 10 next step is to

i nfer new knovd;e]:lgetédu eadisen Otleercd mmuy sorld f£iredid Chd @ @Mt is,

access pat 1 ew t hreads .can be
i nferred, {Lﬁ e user ?4% |§1?|_g'¥%e?fi %pm? té'fm'fﬁ'e’ree s?aé“en(fa )yt %h SepFch of
Know edge b&seaqqe%%rmmgs veegEitedns :Othmsy isegn d rifererguiergdnenan ddge

threads. Thg basySk&dovd efdfe s @YYl ns_the know edge threads
that are generated by 17 Semantlcso'%dract or l€2 The acqui red know edge

section als® 18 contains know edge threads but these are know edge

t hreads 19 et hehfdwercd ind erred by I nference- Engine 17. The process 20
of acquiri t hese e threads is explained |ater. 21 . Inthis
embodi nent I‘Lgt he sea% i cFet‘?R\ inve Ly isearoiing foR e optdmadn first .

If a threadsi skiiowhedgédetheredd ilhﬁ(rﬂﬂvléddeésBast ti2e to kR histd 4o Gensir@ke?’
of Flgure4e et d, | re nerate t e
access path >2%5ﬁ %ﬁm %#aéﬁear cﬁﬁ% & sél}'cc Eque%sgg t%‘(’f %?qd‘ls &gund, the
know edge P& m¢#‘ee§f-¢3 il infieh newn knowlledge ﬁﬂneaﬂsl,egnmdfhwhﬁclhe iz7
list, the spangdedrsefsiferitid\h Hodusd HAtIPWsiIE 5 g@&fé pchZ ow'ébgwe&*

shovxs a flow chart of one pethod of performng_the 2
know edge tHir &R 1§WFTRAIR G RPoidRIFesh ithe usere 1§sé&f96'med_
generate aIs acdests fleére i¥l no soluli®r.ol | owing exanple ill ust rates this

sear ch. ume 32 I |st from 27 in Fi 4 s heen huild
up 33 fronﬁét he it Kﬁzﬂ?]heéie} e‘i°é'8§' et v S%lgf‘ﬁs t RGS53% fAfles as
fol | ows: %S@CqUIred:lkthleﬂge xhreads. TheEMab@vEESoﬁaedge sect iBRANCHES
This Is t r ‘Heg‘% 7 unme t hat

t he basi ch%noS\cAmedge sect | oﬁas ﬁ%\%l%%t taﬁ%' ng?am cef?no%{ edge ~
threads with Efeanties fagacter tl%-ea@h@ea@qmrsd kDOWlliﬁSGaéthlEWPB@FEES
[err] BRAWES:dIﬂEdﬂnéEXm%tﬁe threally Hit ZheEWPLPéEkAckatlheP lréads

Thread 3: BVPLQ\Y%:E%J e " eel%'nI Lilhé\lerred by Inference Engine 17. The process
20 of acquiring these knowledge threads is explained later.

21 In-this embodiment, the search is made on the acquired
22 knowledge section first. If a thread is found where all the
23 files in the file list using step 27 of Figure 4 exists on
24 the thread, this thread used to generate the access path.

25 When the search is unsuccessful, i.e. no acquired knowledge
26 thread is found which can match all the files in the file
27 1list, the search proceeds using the basic knowledge section.
28 Figure 5 shows a flow chart of one method of performing the
29 search for a knowledge thread from the basic knowledge

30 section to be used to generate an access path. '

31 The following example illustrates this search. Assume
32 the file list from Step 27 in Figure 4 has been build up
33 from-‘the items the user has selected and it contains two

34 files as follows: |

35

36 File list:
37 EMPLOYEES
38 _ BRANCHES

16 '
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8 9 W define the nunber of files accessed as the nunber of 10 files
in the thread which exists inthe file list starting 11 fromthe thread

head. 12 Thr gl ' efile 13
list, narrel1 EI\/PLOYEES and BRAI\%% ‘gHé{ﬁ] &{%e?}deogé%%ﬁ&nnfkg afélcessed in
this case i% tH#RL¥eDETes é??ﬁl%m%rﬁmeﬁdﬁ WJ&@JQMH@YE’E@ agntrie
of files imthehrtedd-Hedd: This thread 16 1is considered an "optinal
thread" as all the files in the 17 file list exist contiguously on the
thread starting fromthe 18 thread-head. Thread 2 and 3 are invalid

because BRANCHES i sThHXeadick: fEMPIOYRES he BRANCHES 20 EXPENSEghen an opti nal
thread is found, thg, Jﬁﬁc{ Cﬁ@eﬁqiﬁéy he optimal thread is used to
generat e the access pa C{LI n _%ove]:tt exanpl e, the thread EMPLOYEES
[err] BRANGHES [ er rThregd-NSEEMPLOYEES seBRILIFGSer at e t he access path but

onIy up toghe 24 BRANCHES file with the EXPENSES file ignored or "trimed

out" 25 as it is not required in this exarpale of the user query. .26
O herwi se, 9 nferendt® Bgfiine the;mumbars afy fidesy agersssbeass the 'nbylbjea;u eing

two or noreot hneacs irogﬂi&ﬁihndh@aﬂﬁfdlﬂex(l_%t% 4% thie0¥iged)istTBEARLARY

t hr eads thlaf q#h e%ag{)taﬁﬂa | .e. they have the nunber of
files accesse equa & nber of files in the file list fromstep
27 of Figuke 4, 31 Tta:eead Hehas fidiefs ethiah madehr ed lk tholseddn theesdieand
stored 32 31 thiesaC HinAd MM 5 BRANY ?{Egno%ﬁggﬂggﬁaﬁ 5¢: f%%es

The fol | owi ng sect’i on, describes the process o erivin
know edge thr SRRESSasridy Shis é—'raﬁ%dsnéwot HEMRGOYEES *I ﬁRéN@H&S) Eﬁgﬂnesﬂ

rkms\tNI f iOI rstlsgefﬁlflﬁd ﬁh to Itihe rﬁﬁnﬂﬁiO\dfe(i’gﬂe%G int *&]glefliileonibﬁtl n@th& léﬁf»ésd ]
now edge threads ve a on ile matching.any file in the
file Iist ]fg] MStEp erf% °§’J‘r"§'a St"hf“@aaﬁ g{l g iﬁénlgoFPﬁd in -
This is t I r dpllacdimtt estiesdt dbattaguol:&l&PBnl&aG thré8dlstastingi pgomr tRe

f th t
o thiy L] SHrdid-ARdd], kel 824nd BN 10vRATRCREOADE BRARCHES| 15
thread wit4? t ety foymede ony ey téﬂreﬁﬂl-es mat ching those in the fi I e list,

the 5 thregds are thfh %Y optima1aeheeddny sOrdahaof thEesaﬂf?Bﬁ cé és Lhhes
in each threa Thi,s.r in.a kno d ethread 7 th as e nost
nunber of hArJ.I 3& mﬁé. t%?(’f q ﬂ'st NS 8 generate the access path. In
the above example, the thread EMPLOYEES -~ BRANCHES -+ EXPENSES
23 is used to generate the access path but only up to the
24 BRANCHES file with the EXPENSES file ignored or "trimmed out"
25 as it is not required in this example of the user query.
26 Otherwise, Inference Engine 17 attempts to infer new threads
27 by joining two or more threads together in parallel (see
28 Figure 4). Those new threads that afe found to be optimal,
29 i.e. they have the number of files accessed equal to the
30 number of files in the file list from step 27 of Figure 4,
31 are then classified as acquired knbwledgé threads and stored
32 in the acquired knowledge section of Knowledge Base 14.
33 The following section describes the process of deriving
34 acquired knowledge threads. Before inferring new threads,
35 Inference Engine 17 must first generate a list of knowledge
36 threads consisting of basic knowledge threads which have at
37 1least one file matching any file in the file list from step -
38 27 of Figure 4. This thread list is then sorted in

[
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8 Ilist but has the | east nunber of files on the thread being at 9 the top
‘of the'list. This forns the sorted thread-list. 10 This lkist is then used

}: o form EGW ﬂgfsgmimmg jar;rcdlam@ﬁ fthiblndiﬁfeﬁﬂ Io<fl ftm/@sorinrrea?ﬁt Ithgada.
- r n r how, en re r.e
i Img gr rGZd S'r?itt%emgd;)% n #&\? ?}1%1 sthsfét Wilh IBOF 38 8% eéxgllgﬁaf’f'on

of how the& ammmm‘s, i Itshermaumembln‘et thahecohel thireatl Wwidin thep

ey OvEES 4 o ShmE® mABEE AL £i1es heldHinG LRSS T She Fi1b 1igt, the
know edge Ssedhirgdds ane: Bhenysaxrdedsdde a§$9231@§n95§ﬁ§ Phethgl nymbey ofr ce

threads ag befjares idf each thiedal 1THElPkeshies] ¢hr h ﬁRAN@@Eée[ Chikaa
EXPENSES

5 Thr MPLO EES err,
EMPLOYEES /[ erRtaas % Fpsig num f‘% £ l%lﬁ‘—ér E‘agghf’ngb&QPéet HF‘egl}et fide
contains & | ltimtedwdO hds lorre iJeaiste runbex! ioft £ilksf encthe Ehgend béingxat

enpl oys 3Q R aI aneCJt? qi‘e fgtenc% f;gﬁebgi SEQQ%qugfég“ggg% whi ch

31 have at Ieast ound | Ilst I'S "extrac
sorted asO olThoves:lizy T Shen used &9 formenevs thyeapst by jednipp 1996

19 1 11 parallel two or.more thréedas.Of Fflb'uﬁészsa and 6b form a flow.

I n thread matching Thread- 3 Thread-1li those in
file |istt? Chqréhgﬁfh hpw; thfseEmWOﬁ’ESaFér PFePA‘?ferred from the sgrted

2 6 2. BYPL@HMERJ-aridt .BRANCHES [err] EXPENSES 2 37 3.

EMPLOYEES Jerr] BILLI NGS 1 The flow
chart of§1§| gures ararﬁagssbeo °|fsetxl? anz%’ﬁﬁ“e&? TBW s?%ot%ﬁepfﬁfggb‘rENPLOYEES
[err] PAYLS s wedtkksd tassume hadl | dhel £ille dtist feem, step 271 of ERROAYEES i S
read fromg h%d‘rit'aeirlé Yhe 01191y EMle@YEESeeXi Sts on this thread it is

renoved f r7om ~
18 EMPLOYEES ) -
19 BRANCHES
20 - PAY
21 -

22 and the basic knowledge section of the Knowledge Base 14
23 contains the following three threads as before:

24 Thread 1: EMPLOYEES — BRANCHES -+ EXPENSES

25 Thread 2: EMPLOYEES - PAY

26 Thread 3: EMPLOYEES - BILLINGS

27

28 Thus there is no basic thread that contains all three

29 files in the file list. Inference Engine 17 next employs

30 parallel join inferencing. The basic knowledge threads which
31 have at least one file found in the file list is extracted

32 and sorted as follows:

33 ’

18 ; This:Sheet Has Been R
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13 file list. The next file fromthe file list is then read and 14

exam ned whether it exists in the same know edge thread. 15 Since it
does, it isialso renoved. However, the next ﬁéleogﬁflf oSmthe file list,
nanel y. BRANEHES, does not exist in the 17 kiypWadas nHeading | t tf’t_ﬂ-lu_E‘ééﬁ.e

remai ns i n 3 herthiréad+list: 18 The next step msogé) irretﬁﬁ/elifg@m Knoyd
Base 14 thetbasic 19 know edge threads whose thread head (first file) is

20 EMPLOYEES.q 2lgmp d earlier, the Know edge Base cqptains the
22 foll OWIE%g Jba3| C Iﬁ%omﬁgedgeﬁ% reads: 23 24 E EMPLOYEES T err]

BRANCHES [ €f r |2 EX4MREPYEES ~ BRANCHES /P RXHENSES (2 | PAY 26 3 3.

EMPLOYEES -7 Bl3 | | B .GYEES - BILLINGs basic threathl\/PLOYEES [ errg BRANCHES
[err] EXPENSES has the 29 BRANCHES file and is therefore added to the
parallel [i%st. 30 But before it is added, the EXPENSES file is renoved as

it is 31 mt a fi I'Ehé NE 1dve cfha{ﬁ: |05 tF iquitess ;ﬁ&ﬂ@laﬂo$§ HHaH F]%\?w 32

the follo 9 3 féﬁ% st

(obt ai nedwfror#ﬁe soft e} %‘g%‘f‘; E%% I':Efﬁ Eéa ‘ﬁ%ﬁ\lgﬁs _]éler?'ed

fromthe besi clistow etﬂ@etmthe file EMPLOYEES_ is read tfiromdhe Fq1Ehildidts

t he repl acgyre r?é'@eénaﬁﬁi e":?j%t sy s v o] e

t hreads have a B1 aral | (%a at'i ons |§EB2!F ﬁl%t_aﬁle 1&0%%%%%3%%8&%%%

and form the p'fa#]eﬁ kist. t (Fhayhant f IIQ)stFOM e file pNmitOYEEShenr p:]ead and

BF\’ANCHES 614 examlnr;)ed whetl{eﬂ'.; rl}tf’%\&ﬂstﬁs 1nd thvaq\'egﬁmet ﬁggﬁp@ggﬂdeﬁ%ﬁtg IS

applie t nu | l.es accesse %qglc I S |

The nunberSr ST 16188 e (15 AP SNy | AGHEVRE 1 (1ea BeRad 1o

equal 11 X6 tfrombtberfiolfe fiisds, | manedy IBRANCHES, a@ovespniotlexd@tltimothe
17 knowledge thread. It therefore remains in the file list.

18 The next step is to retrieve from Knowledge Base 14 the basic
19 knowledge threads whose thread head (first file) is -
20 EMPLOYEES. '

21 As stated earlier, the Knowledge Base contains the

22 following basic knowledge threads:

23

24 1. EMPLOYEES - BRANCHES — EXPENSES

25 2. EMPLOYEES — PAY

26 3. EMPLOYEES - BILLINGS

27

28 The basic thread EMPLOYEES -+ BRANCHES -+ EXPENSES has the

29 BRANCHES file and is therefore added to the parallel list.

30 But before it is added, the EXPENSES file is removed as it is
31 not a file in the file list. The parallel list now contains
32 the following threads: )

33 '

34 Paralilel list:

35 EMPLOYEES - PAY (obtained from the sorted thread list)

36 EMPLOYEES — BRANCHES (obtained from the basic knowledge

37 threads)

38

19
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12 has been found. This optinmal thread is then added to 13 Know edge
Base 14 as an acquired know edge thread. However, 14 if the optinmality
test fails, it he aboThepabowes Knowiedyeh thtealis havew aabalrhaller.le&%uh@lwsmp

is then repgat g e t 1 t hr he _sorted read- |
there are a‘ri\y (rTl.'iej'v]f/lé ttg?al giﬁ'ope&d‘t PS’%?*&S‘%PR 6'% £RE™ o%‘gen‘RFFF}ile&st i s
again 18 appl i &read as folllowsiie event the sorted thread-1ist has been
exhausted 2Q with no optimal acquired know edge thread fornmed fromthe 21
paral l el relationships found, the user is pronpted to select 22 one of the
paral | el relPati onshEMPLOSFES rf BRMICHES ¢ npore 23 than one, or else the
single paralgl el relationship opad is 24 wused to generate the access path.
25 In cases where there are nore than one parallel 26 relationships,
there may exist parallel relationships as 27 follows: 28 29 a.
EMPLOYEE - BAY 30 Next, the optimalfiéyr teBRANSHRPp2ied. As bheENERMOYEEoE
BRANCHES 329 files accesseldI b@gthA¥ §§r§ier deflﬁ@dbgghtﬂ eﬁsaggralkel
re semantlc

rel ati onshi ps a redindant
renoved. 380 flle?héﬂethﬁytarsédbeS§a§§gagwﬁ§pabyhehtheeadehﬂadbanalEqua37

rel ati onshijps teugfedhudberh@sseitiad GAr Qﬁ@ i3k Bastcbesh. Eﬁtﬁmai EB&ution
repl acenment sh et exhaust éd, In_such a case,

there i s nd%so |gaePo PHQdendT%QS BEEFma&erreéd is thepcadded, tAce
met hod as uBquhoaﬂedgenBahe ﬁuoascharbcqﬁléedFkguwmédﬁe thtle&d. al ROWERKES

t | fil
cormon 111 a4 ' T FBRCBplinda 15, FEETAES, RhBOLBBLE, halefRoes pRaRER Tor
par al | el 715reP&W|§ﬁ§ﬁﬂé§l Wﬁéﬂ&b?nEhﬁgewEEStaﬁd Pepyeatedt heingotbenmerts

files: 9 18¢ threBNPLRYERS E8rtkaPAMrbsatlikt! el 1#lthere aFPLiY Bl err]

PAY [err]f|Ie2 12
parallel relationships found, the optlmallty test is again

18 applied. : -
19 In the event the sorted thread-list has been exhausted
20 with no optimal acquired knowledge thread formed from the
21 - parallel relationships found, the user is prompted to select
22 one of the parallel relationships found if there are more
23 than one, or else the single parallel relationship found is
24 used to generate the access path.

25 In cases where there are more than one parallel

26 relationships, there may exist parallel relationships as

27 follows: |

28

29 a. EMPLOYEE - PAY

30 —+ BRANCHES

31 b. EMPLOYEE — BRANCHES -

32 - PAY |

33 ’

34 As both these parallel relationships are semantically

35 the same, one is redundant and is thus removed.
36 There may also be a case whereby there are no parallel
37 relationships found after the sorted thread list has been
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13 These then formthe parallel thread: 14 15 EMPLOYEES [err] PAY
[err] filel 16 [err] file2 17 18 Program Gener at or

19  Basedaiaddtedat iy i of disd Nl 4 S B 1hEid@?®he end-
corresponding | Z ACCESS statenent iIs gener ated. In"QUZ, 21 the file

li nkage is >p&a%Y S¥SK¥ng the ACCESS statement with 22 the fol | owing
syntax: 23 324 ACCA%® finferdence dihod idscm1Pasitiviate@Oint e.mDeCElbiwl ehpr25of

tnor o acceds, i Tengs S el SiNSs fintse acBlint sprerphes os’
file refer$ tatamxfonshmmsm more tttaemqwf didet ast kv@nmamfnelles.l n Fofre
file to bedinkgedhpi¥, the mdthda rﬁafb}d%()tﬁd)rﬁ%ﬁﬁ}[ %&%m%'&t 11094 ng m}::\>ara{11e}1

means choose one 5]" t'he options |

repeats ond orredgtelanshipssy wigreby EMRLQYHES e PAYa 2E et fBendye spmmon
defining adimsags:36 between a nunber of files: hierarchical and

parallel. A 37 hierarchical |inkage is defined with the "LINK ... TO
option Thi fis the repl acenent sheet Date: 10 APR 1996 22 1 of the
ACCESS st ateenment. BMRLOYEES: |- |[BAWKagefileldefined with 2° the "AND ... TO'
option of the accesgy fﬁ N} .p fi1edhen a single thread is used to
generate t e access the ierarchical link is used. Wen a
conbinatid® of 5 two or nore threads are used a parallel link is used.
From6 the eapldsd e Mdisn the para1MRIEERS [err] BRANCHES 9
uses the hierarchical |inkage to generate 10 ACCESS EVMPLOYEES LI NK
Br-no OF BMPLOYEES 11 TO Br-no OF BRANCHES 12
2. EMPLOYHES [err] BMNOQ¥EES 3+ PAY - filel [err] PAY

16 ' - file2

17 '

18 Program Generator -

19 Based on the path inferred by Inference Engine 17, the

20 corresponding QUIZ ACCESS statement is generated. 1In ’QUIZ’,
21 the file linkage is specified using the ACCESS statement with
22 the following syntax:

23

24 ACCESS file | LINK item OF file TO item OF file ]
25 [ [ { AND } item OF file TO item OF file ] .. ]
26 ' { LINK }

27 where ACCESS, LINK, AND, OF, TO are part of the ’‘QUIZ’
28 syntax,

29 file refers to the file name,

30 item refers to the item name in the file to be-linked,
31 [ ] means optional statement, )

32 _ { } means choose one of the options i.e. AND or LINK,
33 ‘.. means repeats one or more times

34 ' . )

35 In QUIZ, there are two ways of defining a linkage

36 between a number of files: hierarchical and parallel. A
37 hierarchical linkage is defined with the YLINK ... TO" option

is Sheet Has Been RTlaoed 21
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14 uses the parallel |inkage to generate 15 ACCESS EMPLOYEES
LINK Br-no OF EMPLOYEES 16 TO Br-no OF BRANCHES
.17 1 of the ACCESSAéfhEhpenb.CEAENEbthEESIfhkage is defined with
TO Enp-no P, 19 ! d note h t fferent

| anguage 2% |% err%ﬁ@afl'bnTo' ?gﬁée E li’%eéj as?&%vﬁe t Base 14 22
desi gn need3not chalben acnipglhethnea@sl@amﬂeme@@sgemetntestheva¢cesa
using the dES'ﬁaéﬁedthénﬂﬂéﬂﬁrcﬁfcgf 1§r6§é&cutﬁse%6a combi cﬁ%ﬁf&n of

Source Program 19 Is generated, Conpiler/Executor | S, use o conpile
Source Prog?Pant49 95t8°§§e§ﬂ¥3§@% %Bﬂe“59® aparablel | Bink g useds (Feem
execut ed t 06 pr €eHECOatDeetrcaRahplE@sd, | n this enbodi ment, Conpil er/ Executor
20 is the QyIZ part of 30 POAERHOUSE fourth generatlon | anguage. 31 32
ALTERNATI VE" EMBODI MENTS 33 - Several additional enbodinents are al so
taught, as &i || 34 EMBLOVEESec3CBRANCHESS I n one enbodi nent, a Model

Purifier 264is incl t ter the key
type and blgnar Hg%%lﬁ?#%ﬁ%ﬁ%ﬁ%% %o%md;%e Bg.%%% rgure 7). The
Model thislfPs the réﬁ?ﬁéénﬁHPL@ﬁEB$ DENE Br‘ﬂ?(PEWEUEK@%EES 23 1 Purifier

interfaceslyvith Semantics Extract or 12pgogehsddsr BrANEESdge Base 14
accor di ngl anot her _enbodi nent, the functionality of Know edge

4 Base 14 ¥§ ext%ndEHPPﬂYBFﬁé? BRANGCHES |tenB that are derived 5 fromitens
in the datakase nodel. In this PAYodi nent, the 6 Nbdel Purlfler allows a

user to |nggt t he sggg%gﬁﬁgtbgpgligi fhnﬁgfedgglq . Derived itens

can al so be obtai ne |ons prograns that
access thel® datab&gﬁESSnEHBL@ﬁEE&sbIEEnﬂntm@s OEBEMEﬁQiﬁEaz serves to 10
extract thggderived item specificationpofgpipdhese piQeces. 11 These
derived itens and their rel ated database itens together 12 forma pseudo’
dat abase fife. Semantics Extractor 122NRcRmRIN0O QEEMRRQYEES do file to
derive newa®inary relationships with 1fo pap+md oRtpimse files and buil d-
new basic Egomdedge t hr eads.

20 It should be noted that for a different language
21 implementation, Inference Engine 17 and Knowledge Base 14

22 design need not change. Only the access_path needs to be
23 rewritten using the designated language.

24
25 Compiler/Executor
26 After Source Program 19 is generated, Compiler/Executor

27 20 is used to compile Source Program 19 into executable code.
28 The compiled program is then executed to produce the report.
29 In this embodiment, Compiler/Executor 20 is the QUIZ part of
30 POWERHOUSE fourth generation language.

31
32 ALTERNATIVE EMBODIMENTS
33 +Several additional embodlments are also taught, as will

34 now be described.

35 In one embodiment, a Model Purifier 26 is included which
36 allows a user to add or alter the key type and binary

37 relationships in Knowledge Base 14 (Figure 7). The Model
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15 The new binary relationshi ps and new know edge t hreads are 16 then
stored'in Know edge Base 14. In this enbodinent, the 17 functionality of.

Er ogram Gene 8 e:mrh i flifert Sirﬁ{éiﬁfaﬁég§mﬁﬁ.ﬁihh$émh&ﬁﬂw _Eﬁzﬁ:&ﬁlétgﬂ-f gnzemg_e cﬁmf jglae 17
as generate e acces at i C contai n pseudo database files as
wel | as norzmall{ 1edi§qea}aa§%e ﬁql&ccqﬁﬁﬂd%'@nerator 18 uses thi.s access
path to 213 generatm sannﬂmmrmlﬁmimnm,ohﬂm funcitdomalliidy forfo Knowd edge

nor mal dat gba S
enbodi mantal‘b f]eeat er corrpon)grh%%gfl ed (H’ﬁi té:lgtlf% tlt%ﬁ}gdgpagpemef P%tz]l IS
i ncl uded t & alfinsm ditens in tie datahase Mﬂl-tylﬁo is,gmbedipents,i &e; he

items of the FpadptmbessdPdelidiiata tdBéxUS:,Qf 1mtaeza@s%pec‘ihru&ats.oa%l Irog
item 27 securi.t The ecurity nodel aéa eC| fie th ra ge of %
val ues within t&’dg iderived items s fe ained Fxeme

security. glo émmzm tcddé Soiseacpplitqatitdts Qﬁ-ofgrram‘sl dmaltl axccefssKmm edge Base

14 i s extengde store .th g | n Repor t

Item Sel ec'[bgr df’é:% RS2 by ﬂc:ﬂn neraekfl1 Cli? are a %o gx %}éﬁo S’E’e t he
security 3133 rrrejeiract tthee e eail) ol tBas spas itfiisatilons rfromtlleé# progirasg - 34
fromthe ogf In 2D adlRlg a t ¢ meﬂaﬁ%waﬁe& ma%sba.%é 1%%%' ftogaither-

36 nment, the functionalit del 37 Parifier
i s extendeR t Fom cﬂv%ﬁ% dafabasg RilR ¢ Semar csd&’F&Fﬁ?*’PSr 12 &R item
and the alignsassddrerid ipgeds!fHiXd g Herd vies neie binphryc eatat ishehtipSatidth

30 996 h f
Pr ogrgmlz 14Ger{é9rd'fa]0]rt %é?éts:?ms%ﬂ:a% tar@&?\ng gegt}fta gt‘lt%hk;"%}%\lte %@ak-_b S'%ég :
file aliasiSt a&theromw binaty olattionsthg=saand rmrcé:mmlnd% threaldss areo
satisfy th Usa{v%l Widre d(glm Knovﬁ. égaééemctsm%hs@b@%@aa&neaft t RS

i nvention I n Pur|f|e 6 1's used Mbdel Purifier 26 serves ~

to 7 all W a frngtionakitprof Rraonafk Ganeraor 3@ ilSemdsPn e¥terdsd &0ye

Base 14, eg. tHit keptdy PEnféretice tEHY iGRN 1b;eh%s W&ieﬂr ehel Aicdess! path
repeating key del Purifier 26 is, 10, als IIo a_user to alter

the bi naryt% el"g ﬂﬁ%scﬂﬁta%tW%ﬁmef ?ﬁ 85atw3 ]wthPf?
Know edge 23aseia1r_!hbés’7e f11es /1 "Brocatan reereratort ms usesofthiisdalccess path 20

in 13 accpy Onség ?ee[)@p%mge l&i &dﬁ%lwq%%&-ﬂar&mt g3yl ht4 that

in sone ap
2

2 normal database files and the pseudo database files.

23 In another embodiment, another component éalled the

24 Security Model Specifier 29 is included to allow a user to
25 input a security model which specifies the items of the

26 database model that the user can access. This is called item
27 security. The security model also specifies the range of

28 values within an item that the user can access. This is

29 called value security. To support thié security, the

30 functionality of Knowledge Base 14 is extended to store the
31 security model. Functionality of Report Item Selector 16 and
32 Program Generator 18 are also extended to use the security

33 mode} in the Knowledge Base so that the information obtained
34 from the database at query time meets the security model

35 specification.

36 In another embodlment the functionality of the Model

37 Purifier is extended to allow a user to specify multiple

38 domains for a data item and the aliases for a file containing

. This Sheet - Has Been Rerlac 23

AT




15 application prograns that access the database may not be rich 16

enough for Semantics Extractor 12 to extract the necessary 17 senantics

i ncludi ng f1l ethimkiyen. f oInt thissembodipent prohd sfuncticnal iftero® Eroguate|
Puri fier 262alé%\e.-£§eoy8% 18 aﬂgate:l@ena@&eggd% PRt e SEIRNHE S R0 S0 | STy

t hese queries gure hows one | ment of - thIS |nvent|on I n
which 21 Skneftlesabiasastatenents ntthelcsoyece REQILAR 4R 13LIRRR|the

Purifier 264 aét&bss&eyot§9e§sﬁyetnét@§@§ ,qudere] Purifier 26 23 activates
Semanti cs Eétract or_26 to

e the bina r tJOﬂS s .and to
rebui | d t he®know edﬁég?ﬁ?eéagei’ﬁcﬁg °%0Wté%‘é;%’n%§e €4& 1§¢d ’T o AR
rel ati onshi @s whichl| Hedell, P@bifieric26 Pisi ised. Zammmalveummffhrnzﬂ|szrves to
Ext ract or t uj | h n nay
specify anl?t e"rgn o‘r?‘p % ng% t%eg?épgﬂgggﬁ 9‘%39%% o%e oun
Dat abase Mo@elKnowledganBnee b#,sech- 3theikeystype of an|itam camubm we
cal I ed deri yedchéﬁﬁ@dafréﬂeﬁmg.éueaf@ PEb&s Phrly hyeflef | MOAKL USiFIE fd¥e 36 e

of the database 327 f 4 Derived Jtem Defi_ned- as
35 (19 alepppsgdetRanblov a ugerstoAlter R ¥ melatigpenips
Last nane 011 Enpétyeenf dataBdsdhfs1es 1dseatecplvammaﬂtxmdwemaqhtnhse 0 APR
1996 Fi r st na ast nange i %ﬂf of. dat.gbhase file 2
Enployee 3 %F?)ratggpgi Cgﬁﬁfgé?dﬂse d Lnﬁlg¥eﬁ bite file x
5 accordance with this Enhodimeénh mtﬁme)fpmntsssnrmerezion is

gabl e fil elZ 8tlaat 1n|\Q£n$e aﬁ?iféaé&&ﬂgnihé‘r@a%é%ﬁhﬁ%f e tens of

at abase nvoi ce and Conm sSi on- Tab
respectivel§y 13pRdication pregrang:thatpecess the dagakase Baw NtRmrigh

Invoice 1316 enough for Semantics Extractorfi etd asxiafedt g mededdwryls
year 15 17 semantics including file linkages for the user to perform

18 certain queries. Model Purifier 26 allow the user to input
19 the additional semantics to satisfy these queries.

20 Figure 8 shows one embodiment of this invention in which
21 Semantics Extractor 12 is extended to interface with Model

22 Purifier 26. If the key types are altered, Model Purifier 26
23 activates Semantics Extractor 26 to re-derive the binary

24 relationships and to rebuild the knowledge threads in

25 'Knowledge Base 14. If the binary relationships are altered,
26 Model Purifier 26 activates Semantics Extractor 14 to rebuild
27 the knowledge threads.

28 . A user may specify an item or items to be reported that
29 may not be found in Database Model 10. Examples of such

30 items are as follows, which we called derived items as they
31 are obtained by defining using the items of the database

32 files:

33 . .

34 Derived Item Defined as

35 _ (i) Employee-Name | Firstname of Employee file +
36 Lastname of Employee file .
37 '
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16 _ (1v) Rati o- of - Jan- Sal es ( Sal es- Anobunt of Invoice file 17

to- Tot al - Sal es for January) [err](Total -Sales 18

derived friom (iii)Natheye)Fikstithme & Ladtasame aire cickdniserof chatdieasbtfhiieed
fromdire user 21 inp%fé‘g é(nowl edge Base 14 or from Source Code of 22
Application Progranms 27 t cess the database. To obtain 23 such
derived it®ns fromdirect user input, the functionality 24 of Model

Purifier 26 is extepgded (o {@elcddhfsd £511 r%@s-fﬂ’@uﬁ@ d?tﬁwbl%@fhle X
derived itens from Applications Prograns 27, 26 , the functionality

Semantics Extractor 12 is extended with 27 Gomisshom %Pfepfzé:%@ﬁﬂﬁg‘
9) to extrgct the derived itens 28 fromthespiyy ainas. In addition to
the definijions of the 29 derived itens, the data type, size, and fornmat
of these 3 derived itens are al so extracted from Applications Progranms 31
27-by Progs am AnalNatee: 2$m’te§ekmmirus d@bd rConindrsslidn 'Rm B2 idmmssed

Items and ¢ heir rel ated qﬁﬁpgas% lg&g # e dat abase
file WhICh§ISInC|UdedIn [ finrti A‘t:thel_alscit)dB see gureed.
Senmanti csl®xtractor 12 tHessRR@ELIWELY this pseudo file in File Definition
List 22 tpyderive new 36 binary relationships with normal database fil es
in File 37 Definitjpn List d build new basic know edge thre

The new bthary rel g’f’r’ohsl"ﬁ‘ tsaz'gn%f" know edtj&® tcﬁf r@%ﬁﬂ fgcitrﬁ' 1ce
repl acememd sheet Date: 10 APR 1996 26 1 fis]teorﬁni' |eradfnmdrﬁﬂge>ﬂ3m 14.
Besi des t Model Purifier 26 2 and Semantl tractor t he Program
CGenerator 18 is also 3 extended so that aft he Inference Engi ne has
generatedl®he 4 access path which nay contai n pseudo dat abase files as

well 5 apgnormal gdaypbasgadid-ess-Fdie-d3RE BN RINE HAUIE IS f1e
access path to generate source gro rans to obtain information 7 fromthe ~

normal datébase files andtQ lgse fiﬁ%.JaS‘“arY) AralsSadfishg is a
descri ptips of one enbodi nent of an 9 al gorddédiveslifirind e ifidr) wdsovw) -

Program | yzer 28 of Semantic 10 Extractor 12 to extract the derived
items in @ccordance with 11 the teachings of this invention: 12 13
a. Frafin a si ngfepasdeniysd citénsh gandrerpbthired from Aiglegf aigerss

appl i catipp P{YMEM Ao KGWPIEEYR (Bide 14 or from Source Code of
22 Application Programs 27 that access the database. To obtain
23 such derived items from direct user input, the functionality
24 of Model Purifier 26 is extended to meet this requirement.
25 To obtain such derived items from Applications Programs 27,
26 the functionality of Semantics Extractor 12 is extended with
27 Program Analyzer 28 (see Fig. 9) to extract the derived items
28 from these programs. In addition to the definitions of the
29 derived items, the data type, size, and format of these
30 derived items are also extracted from Applications Programs
31 27 by Program Analyzer 28 of Semantics Extractor 12. These
32 - derived items and their related database items together form
33 a pseudo database file which is included .in File Definition
34 List 22 (see Figure 9). Semantics Extractor 12 then uses
35 this pseudo file in File Definition List 22 to derive new
36 binary relationships with normal database files in File
37 Definition List 22 and build new basic knowledge threads.
38 The new binary relationships and new knowledge threads are

25
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16 ., caontains only one database access statenent. 17 18 St ep 1
Extract the database files that are accessed in 19
appl i cati od psd@rad iy Knowledge Base 14ForBG§éﬂe§aF§Ba§9dPﬂl8u5é€é§§e8522

Extract the |iata HendritiTes"Exd3+adRd2€ 123 the Program Generator 18 fikl 81sd4
Store this |ist and, the database file

2
pseudo dat Bpaf¥tended $q fhaggatfter the Inference Englnekhgﬁiggggrgggg_ggg

hﬁxt databasedbdeséﬁbaﬂh whieh Zay conExﬁhapbehhe Basabakedfilesdast @etland
thelr

i,hi.tions.kr e | cat rag,3l 32 .
For each ddi iy IEARIaSachnasd 211687 LS B0BoSR LRNePRPSFTTE (ipd8, pis
size and 34 access path to generatef@pnucg pFograms to obtain 1nformation

Store the ri i Y f e Likon,
ge! ffﬂ%(fqﬂn d&%dﬂ@se files and pseudo ?ﬁtaﬁagé ERhbLC

data type, size an ] L e . sanme pseudo
dat abase f8 e 38 The f°11°W1n9 is a descréBF&PﬁeSffPBﬁ1§F€Bd1m§BBv9f ARi s

hS thedrefbaCQﬂﬁﬁ&rﬁﬁhﬁﬂsdhﬁab&EbeQgﬁs@a? ProgﬁimlAna%yzef 28 ofhbéﬁantlc
erived item rom | appl l.cat i on
Aol b pl SO R ERATERE A £ AEARE: O CBTIyPa,irghE 16, AREracee witn®

applicati a1 prugy sredcttirigsyedt’ tttngeulmmemlmbh-t_he 7 output of the previous

pass beinq_ sed as input by the 8 current pass. 9 10 Step 1
Create a new pseudo database file 1 11 for the
first pasd3i=1) usfing th&rpm a single pass applicatiopippedramt he singl e
pass applugatlon 13 progran1above 14

15 A single pass application program is a program that

- 16 - contains only one database access statement.

17

18 Step 1: Extract the database files that are accessed in

19 the application program. ' '

20 ' |

21 . For each database file accessed:

22 : Extract the list of items of database

23 file,

24 Store this list and the database file

25 name as a pseudo database file in the

26 knowledge base.

27 Next database file

28

29 Step 2: Extract the list of derived items and their

30 definitions from the application program

31 ' )

32 For each derived item

33 . ' Scan for the data type, size and

34 format,

35 S Store the derived item name, its

36 ' definition, data type, size and format

37 in the same pseudo database file

38 obtained from step 1 above.

26
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15 Step 2: For each of the remaining passes i.e. 16
i=2 tonwith n being the |ast pass, 17 18

Create a psgudo dat abase fNdgr Iaei®ivel Altem

Store the | ocation of the 22 previ ous
dat abase ps’eudo file 23 (i-1) i'n pseudo
database fide 24 - b. = From a multiple pass applicitidh prograhlhese

derived ite are then presented to the user 27 together with the itens
fromthe database nodel for the user 28 to select fromin order to satisfy
t he user qLﬁery 29 A multimle)rmS tamgbx@atom PHOYrRTE adnsda tish @ fa reays

path 30 infg %fa hq,@ﬁg& Hhrse
files, in addl t I O to tﬁée above descrlj%rc; exten5| on chit
functional ity HEREEPL Pehe (PERVIONS RASS heint #1s8d as tinpito oyl £he he

functional igy @irfémergagsenerator 18 is 34 also extended as follows: 35

36 Step 1: Exam ne the access path generated by the 37
| nf er ence E%gl ne 17. 38 This is the replacenent sheet Date: 10 APR 1996
28 1 Step@: For evergtdp|®: in thmezine es nepatpzeudic3 database file 1
If it is a pseudo database f|_| €, 4 5 ¢or the first pass ('Iih_elr} us(lé’.)? &
generate source programto 6" ata
for the psk¥ido 7 steps of the gimses PSS @nn&wgttm
derived 8 13 progrdm &BARS.I nitions; and 9
(11) generate source programto 10 extract
the infornkdion from 11 : both the dat abase
and the datm 12 Step 2: For each of dhd Ilmnmmjd@ qbaisaiwei Jd.l e
13 pr.oc b e f
2 (i) abov1e6 —c&mt n%uttrﬁ s %nt?l es?: %%ss,
17 '
18 ' _ Create a pseudo database fileé i
19
20 |
21 - ' Store the location of the
22 - : previous database pseudo file
23 ' (i-1) in pseudo database file
24 i.
25
26 These derived items are then presented to the user

27 together with the items from the database model for the user
28 to select from in order to satisfy the user query.

29 - In order to generate a program from the access path

30 inferred by Inference Engine 17 that may contain pseudo

31 database files, in addition to the above described exterision
32 of the functionality of Model Purifier 26 and Semantics

33 Extractor 12, the functionality of Program Generator 18 is
34 also extended as follows:

35

36 Step 1: Examine the access path generated by the
37 Inference Engine 17. '

38

27
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15 16 Next file 17 18 I n anot her enbodi nent, a
security nodel specifies the 19 itens a user can access (item security)
and the range 9teg02: val ucBowi éheny afiiléeint tige usGtesapaitess (val ue
security). 21 In itemsecurity, a user is assigned access rights to a 22
subset of the list of itens available in Know edge Base 14. 23 |In value
security, aduser is assigned accEfsiti ita poeud@idatabvage ofikenges of
values withijn an itemin Know edge Base 25 14. For exanple, the access
‘rights could be DEPT-NO = 101, 26 SALARY <2000, or SALARY of PAY file if
EMP- GRADE 0% EMPLOYEE 27 file >gThem (1) ryenexate soRKEe (RRekam to
“Flowchart o one enbodi ment of 29 the presepfodiiyedatted fidr Cths Wawids a
"security nmogel. As 30 shown in Figure 10, Secur.it | Specifier 29 is
~provided 317 for the user to input the secur?%ébﬁﬁ%%hpﬂﬁ?dl ?Rﬁﬁé%ﬁ%%?d
32 14. Alg8o, in accordance with this enbodivemtdefimiBionduraxid onal ity of
Report Item,Sel ector 16 and CGenerate File:34, L] £9%§£ ' of
InforrratiorrIgScout 15, as well as 35 Prk)g%gn?%éne?g%or ¢ %rlgel% elﬁdé%j to
support th&Osecurity 36 npdel as is now expl @kkeact 3the informatsipn from

~enbodi nent 3the functionality of Report Itenpdén €ifé edd€dbadde i snd X dfdkea

-such that only the itens defined in This is the replacepgent sheet 1_0 APR
1996 1 12he security nodel that are accesg¥bF%9H@sfﬂégdé%ﬁgkﬁ§? e

presented 1@ the user for selection at queryptodeced® by the Iprageam of step

enbodi ment 4the functionality of Generate Fi&e(f) 5_15 nodul e 27.is

ext ended t% performthe followng: 56 Step 10 or- each query item
sel ected 715 _ Retrieve the file(s) containing the query 8
item 9 44 Next query jbge £0141 Step 2: For each file
retrieved 1n step 1 12 For each itemin the file 13
Retrieve ahy val ue security defined 14 Next item 15
Next file 18 In another embodiment, a security model specifies the-

19 items a user can access (item security) and the range of
20 values within an item the user can access (value security).
21 In item -security, a user is assigned access rights to a
22 subset of the list of items available in Knowledge Base 14.
23 In value security, a user is assigned access rights to a
24 range or ranges of values within an item in Knowledge Base
25 14. For example, the access rights could be DEPT-NO = 101,
26 SALARY <2000, or SALAR¥ of PAY file if EMP-GRADE of EMPLOYEE
27 file >8.
28 Figure 10 shows the Main Flowchart of one embodiment of
29 the present invention which supports a security model. As

. 30 shown in Figure 10, Security Model Specifier 29 is provided
31 for the user to input the security model into Knowledge Base
32 14. Also, in accordance with this embodiment, the
33 functionality of Report Item Selector 16 and Generate File
34 List 27 module (Figure 4) of Information Scout 15, as well as
35 Program Generator 18 are extended to support the security
36 model as is now explained.
37 In one embodiment, the functionality of Report Item
38 Selector 16 is extended such that only the items defined in
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16 17 Step 3: For each value security retrieved in steps 1 and 18
2 19 ° If the security definition involves value 20
from anot har fthlee séturity model that aréThe&eaédbubeb&ithetusbhewﬁﬂuebbist

for 22 NG h SS pa Next
val ue securltfpﬁfgﬂged to th § E nﬁ%d%h@ &Pntﬁls |%r¥angﬁ' '
functional iy 26 In ong dﬁh@@ﬂ&#ﬂ@ﬁn@h&tGunc&lpnaéxtwneﬁdGﬁuepetﬁanﬂ?he

27 f ol | QWigtI'mogRied 275t 4ep ektended 26 g,ae&o%euel E8Tnepkagted 30
Retrieve any value security defined on the item 32
Retrieve t file(s) containing the query 33 |ten1 34
l;lext QUﬁI’yé t%e%;h%f ISt q%gzeaCh queryede¢em gbqeaebal eved |n step' 1 37I
or each itemin e file va ue
security d&flned This is the refeXEd®YS: tof-EilpdEe. C°T§a1nABﬂ Eg er¥o0 1
Next item 3 Next fiittem3 4 Step 3: For each val ue
security regfrieved in ste Join the value security
definition%ﬁsing 6 %é§t5query 1temh AND condition. 7
Next val udGecurity 8 9 I'n yet anot her enbodinment of this invention,
the 10 functigpg iy of trg Madal syl frb%&'lb%e@(tlﬁnQQthQ speci fy 11
multiple domains for a data irtem An exa n it n1mAth 12 multiple
domai ns i %Code Id of a databas&©f F@ceaPFﬁﬂ &ESFgF fé €Code whi ch may

contain 2i1xens, nanely Code 1d and Cogetiievicany phlae. setheitgt defdnetihe
Nhster Coqg file could, by way IRxt Bt%§gnple be as foll ows:

15 ' Next file
16 | :
17 Step 3: For each value'security retrieved in steps 1 and
18 2 - ' -
19 ' If the security definition involves value
20 - from another file
21 - Then add the file to the file list for
22 inferring the access path
23 Next value security
24
25 In one embodiment of this invention, the functionality
‘26 of Program Generator 18 is extended to perform the
27 following:
28
29 Step 1: For each query item selected
30 Retrieve any value security defined on the
31 item. N
32 Retrieve the file(s) containing the query
33 . item. '
34 Next query item
35
36 Step 2: For each file retrieved in step 1
37 . For each item in the file
38 Retrieve any value security defined
29
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16 17 Code Id Code Description 18 19

RACEOL Chi nese 20 RACEQ2 Caucasi an
21 22 23 2425 CI TNEXREt item San Franci sco 26

Cl TYO2 Si ngapohig e29 30 31 In this exanple, this
fileis use%l to store codes ¥or races and cities. However, races and

cities are 3wo separate 33" dOfTB.I ns. To break the codes into the two

separate do t he &nefd farsa Q@ ty
Code. The BJEH fgs? " Code @{I &%%%%%eﬁave t%eﬁ‘@‘ﬁ ow ng, fIl e@éatlsjlfses

36 37 5Race Master Code to T@HR e RRMCHRCURL S definitiqn yaing,
Code to Cﬁngai nI C| tly nge Id ]‘cl'hlshésmm&;dﬁpiﬁzﬁ-g:ent ;heet d31hl \bdel To
support this multiple do nfor_anite need to extend the e
Purifier to'?al | ow a user ma% ’fbe‘é?f et%%r%rﬁti pl e domai ns and the
correspondid&g file aliases. Fi gures 4 12 and 13 depict one enbodi nment of

a main f|OV\§hal’t anflnS éem'?. 4§ (Ig %{e Oéhi@%.r%e o) |Wt|on

whi ch are 6~ capable of suppor onmal ns gfined itens,

7 eg Racel@odfungtienatity @hdche d%%ﬁﬂe %umfeuen isK@axtandesl 49 HReci 3
and the aljgs ﬁnﬁi@iﬁie a&@méiﬂ’é eﬁo:‘: Na KAOWA erkasn Bagth Lxalfple I0F tdH Sitem with

enbodi nent, the fupctionality of Pr ogram 10_ GCeperator 8 is e tended to
i dentify t*’l% a‘F'W‘%lElP}?e‘E@)‘aPhst% Gade 14 R HdaraRans fide IsriRd Marker
Engi ne 17 agd ¢todgewrichemdy édsnetmsessﬁﬂ:eymsu i reemef iyt e:(cide Stk taie n t he

source progra t“‘gggg f
enbodi rrent:giopbi%é)fﬁtlonve |on re?a% how e Know e% %ﬁ"'se s ylg"ay

physi cal | y15 nppEnexeeple, The @%rf-@hl;o"l%* m; of i mpl ement ations 16 can be
consi deredygn the follow ng nmanner:

17 : Code Id Code Description

18 . - : -
19 ' RACEO1 Chinese

20 . RACEO2 _ Caucasian

21 - .

22 .

23 .

24 | . .

25 CITYO1l | San Francisco

26 CITYO02 Singapore

27 ' .

28 .

29 .

30 |

31 In this example, this file is used €o store codes for

32 races and cities. However, races and cities are two separate
33 domains. To break the codes into the two separate domains,
34 the Code Id must be redefine as Race Code and City Code. The
35 Master Code file will then have the following file aliases: '

36
37 ' Race Master Code to contain Race Code Id

38 City Master Code to contain City Code Id

30
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17 18 a. Precreated versus Run-tine Creation 19 b.
Per manent Storage versus Terrporary St or age 20 C. Qut si de the

Dat abase Madel verws ks’ hultiple domainDebgbaneitbnel wa2nédd to

In precreated se s created once for
every quer% ofE-e, dp%?'le @%Flt %1 lﬁoﬁpda}ﬁrngg uﬁﬁfaggsgs%ﬁg gﬂgnge
t hen the KsowmaddgdpRasdoms imec MeZ&omspbnpéngyfnéél elnashs.chamgedes

neovase YASCha Bha 13 ackide'Und TnlBlhent" e AoRbeH0R1GASEALE GHE PY "

query 28 time for every ( regar Model

has or has5noSerpatdes m«;ﬁcéi%ré% &fs taeepyessot 1nveth°BeWhﬁﬁBn?re

storage, the tsagwbq@%me o&ﬁmgalniunt%lel @Bh8dR8, edrha peaendned stensge
devi ces such as a disk 3 r| VES. npor.ar stoggge t he gnovvl egge Base

In
is 33 inpllen®ft 3&%9?&?0 andh Gity, éﬁdo §cBLEOT et iB, HFYWOR
Precreat ed sKandegq Basands tivectaqrialed Yilel(shougk stbrad mexneeaedgy) Base

I mpl errente per t. stora Wmle 3 - e a5e S
preferably (aI houﬁ‘ %’2‘(1 bﬁ%? r’| Ity @uﬁﬁgﬁéhﬁa@ %eﬁ%g gry st or age.
The reasonoi smertart@ur as p:se@:m&mmdeg&llfy theaaddagntilekd) r tnsthe
many Thi s 4iys A 6 t
Clal k%&%ggaﬁt aner@n@e Bﬁglﬁg 17 a§3 %o bHBRatk

woul d be bene ermanent Yo} _ even if the electrical
power to fie @@ﬁpmeaewymh@% f’éﬁ(tséhé&a&Pf“e“Fﬁe1Rn5Weﬁ§'érB§sErPgram'
reéI ai ned and CanKbq'Wué'i@d a4:§ agaisd weﬂmwebfl alteshatide ehbBodlimehtS8Eof
node, as t naw edge Base uer i a not _reused for
6 the nedt 3@?3? 1nVens-408t T &83&%%??‘ #Bgeﬁé'ﬁ{"&?ﬁge#gﬁoé\fedge Base

i n permanamst ;mqmgaall& 1mp1ememtlé@AERm@eSEafrdon'shfgemsrafi tmplemgntigbionse
dat abase g rm ?e{}te%p 'r{‘ ef%"’ltlgw‘ih&t h‘gﬂﬁé¥. In SQL dat abase 10

IJgN
| anguage, the :ﬁél‘%ase I's Tnplemented in“the system 11 catal og. 12 ~
I n one endddi nent of the present invention, the 13 Know edge Base is

i mpl ement q@ out si dg .t he dfﬁr’édiié‘éﬂéwaféts@rs iaﬁn-ﬁﬁbeareatabﬁg In an -

al ternative enbodi nent of the t 15 |nvent|o % e Base is
i mpl errent & to resite 16 iy FPIRSS eFRYPd éP‘R&’-’ﬂﬁYa ?8nary or
system 20 c. Outs1de the Database Model versus Inside the

21 . Database Model '

22 N

23 In precreated mode, the Knowledge Base is created once

24 and used for every query over a period of time. Should the
25 Database Model change, then the Knowledge Base is recreated
26 to pfoperly reflect the changed Database Model.

27 In run-time mode, the Knowledge Base is created at query
28 time for every query, regardless of whether the Database

29 Model has or has not changed since a previous query.

30 In permanent storage, the Knowledge Base is usually

31 implemented in secondary storage devices such as a disk .

32 drives. In temporary storage the Knowledge Base is

33 implemented in memory such as RAM (random access memory). A
34 Precreated Knowledge Base is preferably (although not

35 necessarily) implemented in permanent storage while a

36 Run-Time Knowledge Base is preferably (although not

37 necessarily) implemented in temporary storage. The reason is
38 that as precreated knowledge is created once and reused many

31
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17 catal og, as the data dictionary or systemcatalog is a form 18 of
storagé that can contain the Know edge Base. 19 20 GENERATI ON OF CLASSES
AND THEI R TBANEEAZECN1hNBQnEHTb£Ybe%£fREEAI|GNSHbeNEEEbérﬁanent soARhat

addi ti onal enbodi nent is taug now be describ The purpose
of this enbddi RYRE F§ theprd P&€1§ElaR8VE€rtﬂa§hFoF°HpH§$F ngFﬁFeFFace
Y\Ath :?eport ];I tetmﬁehea; oEfZSthéGKhewﬁeaEul Bhget hss;t;quarined andteafl bé ased
ong list of, items 26 for a user to pic s scribed.ear ris
o Cially 23 BEBRE: encR,plyat s, TeBearen® | ERCF R 1RELRORE (8 HRE' 2,

28 make up BlsKappﬂedga BaseAnsenreayedebatquerylplmé-ﬂpdnnqtlregsed foxr

sel ected cl ass 30.s o he
desired attﬁlbu BQ%% &ggé 3@ ??r%%ute%séfggﬁgnegoE@??%ﬁ?gta£g%s|gnatlon
of the |nfoﬂnaﬁheﬂlﬁégﬁe33§e dnt permanentopteradgat abase. It is al so

possi bl e fog the 331nU®©WEhﬂoh%Eﬁub@&ehtaenQHQEXOBy15ﬁ§aa§engthaeddeabaga
34 attrrbutes fr two .di rent cl.as

I nven
i nt roduces §€Ié@ﬁ Fo&Br%&eSgathglﬁﬁfaﬂﬁgg i@ b&ﬂtgaﬁﬂg?se
we call ed Qbas&amgaBQe37thbraashbasagmedeﬂ abasmpdementedomnlhhe aysteRr
model . Thqie %g ﬁggﬁses represent the different types of high-I|evel
obbects Thi's is Fﬁ €pl acenent sheet Date: 1 0 APR 1996 33 1 that nmake
up 't he appli2cati on, Ian ¢@necemboddmentc of: Sher pregeptdaényentioni ckbe etc. 3

Th's enbodiyABNkn R cYdVBasR Fis9YH 1@%enh@&05ﬁ€§1hﬁetﬂe ﬁﬁfhoaﬁaﬁloﬁa§y or
t he extension of Semantics tractor 12 to tract

nnre senanﬂrcssﬂﬁﬁﬁPD§P§Bé§€'Nb&@Iafoaéternatlve emb°9ﬁ@eHBdPF|BheoPrEFﬁgg
Gemerator 3@ 9invention, thdikao&déﬂgbonaeb EsRikpldemehtadstet pesidel0

e 1309,0090.90, 22 Wl S ClaSsR Bake d8cHoéry SGhoBghotao”

Semant i re 1 | OWC one 08 rre'nt
of this 1417 neatailoy,uis rtznenglasgrrdnnt@gnaxyr att systgmv\nat;hlpg dgt anfierm15
to support jighe (@xighagty g%!nt b%%:alﬁe%gat khwleage! Besd6 Database -

't ona arts to

Mbdel 10. 1There are s er

20 GENERATION OF CLASSES AND THEIR TRANSLATION INTO ENTITY-—

21 RELATIONSHIP MODELS

22 An additional embodiment is taught as will now be

23° described. The purpose of this embodiment is to provide

24 another way for a user to interface with Report Item Selector
25 16 to formulate this query. Instead of a long list of items
26 for a user to pick as described earlier the user is initially
27 prompted for a class to pick out of a number of classes that
28 make up his épplidation. An entity-relationship (E-R) model
29 of the selected class is then presented to the user for

30 selection of the desired attributes. The desired attributes
31 then constitute a designation of the information to be

32 extracted from the database. It is also possible for the

33 user’'to formulate the query by selecting the desired

34 attributes from two different classes.

35 This invention introduces a way of selectively grouping
36 the database files into what we called classes and

37 translating each class definition into an E-R model. These
38 classes represent the different types of high-level objects

32
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17 this enbodinent. 18 19 Cdassify Binary Rel ationships (BR) 20
Classify-Binary Relationships step 33 classifies each 21 binary

rel ationship ithafll ke Re eﬁtie)raqdiima%ﬂom,%.igzt employas ,ofcusitenierls ,owi ng
types, in this odi 24 * haschi | dren 25

* haswards ?gmrs' il °1°es' [etrcr’] has subtype 27 28 We shall now
describe tiBese thr @hid femragimentyeasofshigdm Him Figurel dili,oddviodyesnghe

expl ai n hoy ttrke?iw}:{%e identified 30 fromthe key types of the itens of

t he dat abase es 32 Earlier we have described six kinds of file
| i nkages, 38 nanely 34 35 UR (unique key to repeating key) 36

EU )(ggpeatd ng key 4o uni % @M:)ei:iﬁrqtn of Semaniz:ldQU_lE_:ﬁdiQ%tl&y 1t20tu>|ni que t
ey un| e key to uni que ke S emen
sheet Date:? 10 APR 1996 %f more sema“% f?ﬁ%?&?ﬁ asﬁe§' & 1o

[ﬁpeati ng I«zaeyzjI 2 b-'rh . the dﬂﬁlﬂmnﬁpliass qaemnart(ilgeyb) 3 4 o O
ese siXx nds, bo e 0 ist ina
nor mal i zedkddata nodel as they represent 6%%?{(}6?']1 lei%em al%%tr i Let us

now consi dé the remai ni ng-Heowddditien ¢if fH-Re Mpdell; mtag-‘é@sser%htlﬁe 38R

ki nd, there,I are two possible types of 9 binary relationships that can

exi st, nane 10 11 . * has children 12 *
haswar ds - 2P 1&%@@%@m&%f these two types with 15

exanpl es. 13Suppose mﬁmqamiwmﬁﬁﬁaﬂmo@ icheEmbisdiment bF thiisque key
and anot her file called %KIi..LS to ont

invention u 1zZ1ing eman 1c§rE§tractor 12 which is extended
15 to support the extraction of additional semantics from the
16 Database Model 10. There are several additional parts to

17 this embodiment.

18 ' : -
19 Classify Binary Relationships (BR)
20 Classify Binary Relationships step 33 classifies each

21 binary relationship in Binary Relationships File 24 into one
22 of the following types, in this embodiment:

23

24 ° has_children

25 - : * has_ wards

26 . . has_subtype

27

28 We shall now describe these threé different types'of

29 binary relationships and explain how they can be identified
30 from the key types of the items of the database files.

31

32 Earlier we have described six kinds of file linkages,
33 namely

34

35 UR (unique key to repeating key)

36 ' RU (repeating key to unique key)

37 NU (non-key to unique key)

38 UU (unique key to unique key)

33
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17 skills of every enployee. The SKILLS file has a repeating 18 key

I tem cal:l ed EnpNo and a non-key itemcalled Skill but no 19 unique key.
The binaryarel ationship bQMWeqmephesﬁnQWReyitesr&@ehslag keyhows: 21 22
Source Fil ltem ar F ltem Re onship 23 EMPLOYEE
Enp_No  SRILLS Eﬁp fon ey tOrr5pesking ﬂg’5rh| s binary

rel ati onshBps is a "haschildren" type 26 because EMPLOYEE is hot only

related to,SKILLS ,B(lg“ }%%éél&ebfﬁ.&,agnsmh' thd"fp! rﬁaeNENBbQMEEae%aI ders

SKI LLS as |ts 28 'S i's because ecords of SKILLS can
only 29 bE cFbeudd et existcdny aspordrid 2efraatrEnpdesd  gsckheysrepresents
"haschi | dr gn" at ya@ qﬁluRa@sﬁqu rel ati onship can be 31 identified by the
fact that {he source, file of the hinary,32_ relation as .a uni gue key
but the target filéeﬁag Sy oY ﬁﬂ&&&&FFnéhﬁe§eﬂﬁﬂnﬁ89uiP&ge RBYS gg ?ife Let
us consi deg8 anddnkagezcanFor itheolUR kind,f thereaarastwbopbsaiblatt¥pes of
the repl acgne 9 Uni que Key
Repeat i ng %é %E&A%fgg&395$hf%i§@§a£ %gn exigt nghbiy 3 SECTION .
Chap_No, S@ctNo - Chap_No 4 PARAGRAPH Chap_No, Sect No,

Par aNo ChapNo Sect NO 5Hs childr@ent hi s case CHAPTER has a uni que
key calle& ChapNo and no repeatrh key SECTI ON has a conposite uni que
key and 8123 repeatlng key Vit hid gr@&np05|te uni que key. These files 9
have the figl |l owing binary relationships: 10 11 Source File Item

Target Filg It T

SECTION | Lchap NoLet us BN Bt inoE Eﬁeﬁ% U8R tes wiihono
ChapNo, S8&t MxampligR.14 Suppose weBbaivet n@smmﬁxm falet watbhEpp_Npeas a
"haSCh'ldH%”"uHﬁ ei@aab%ﬁﬁy%ﬁmﬁﬁﬁﬁrQﬁlgfc§E§EhC§K§%ESOEbycEK£§In'Ehbhe 17

correspondi ng record CHAPTER exi st's St m | ai@% cord f ~
PARAGRAPH1Zan skiill se)afsevieryt RRPdG¥e&s po ften §KE rdfafle has a repeating

18 key item called Emp_No and a non-key item called Skill but -no
19 unique key.' The binary relationship between these two files
20 is as follows:

21 - .

22 Source File = Item Target File Iten Relétionshig
23 EMPLOYEE Emp No  SKILLS Emp No UR

24 S

25 This b1nary relatlonshlps is a "has_children" type

26 because EMPLOYEE is not only related to SKILLS but the

27 relationship is one where EMPLOYEE considers SKILLS as its
28 "children". This is because the records of SKILLS can only
29 be created if their corresponding EMPLOYEE record exists.
30 This "has_childrenﬁ type of UR binary relationship can be
31 identified by the fact that the source file of the binary
32 relationship has a unique key but the target file has a

33 repeating key but no unique key. |

34 Let us consider another example involﬁing 3 files as
35 follows:
36
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19 SECTION exist. These "haschildren" type of UR binary 20 relationships
can bé identified by the fact that the source 21 file and target file have

a uni que key ghdet he tar!mué @By s 22 a repeating kerepddiihd eeyini que

key of the targgg ; gﬁ 23 .. well as the binary relationship being UR 24
Consi der afiot FBAPE gnpl a CUSTOMER file has 25 "CustNo as its unique
key and anet hS8ECTIOY IN\ﬂﬂaEESId}asSeZﬂ: NenvNo as its uni @@ghagk®o and Cust No as

6° Sobr e topARNcRA it M) B afe Mol ol 1 OTP 5, (oon 26

CUSTOVERS 5 Cust No IhN(lCES CUStNO UR 31 32 ThIS

binary rel gtionshi gy £ms h.@%éf»@iﬂ Etavms al untlt;ua Ry ealfed"enapnRe!
consi der CUSTOMVER as havin “childrepn"” since | NVO CES

have t hei r 7owAPRd B Fﬁyeﬁﬁ38ﬁgﬁeXS FFEF;OH\Aﬂaﬁn?qﬁ@ngﬁltﬁaﬁﬂwu? RY. and
| nst ead, We caulrépaﬁtmgnkegieﬂuaﬁii%a esmposftar dhagehReyng Thv&eCESlas
its 37 " e S S g Ae] pective CUSTOMER 38

A "has war s y%egééh% g¥¥§kg5 P é?ﬂyr%EgEgghghiﬁgf 39 both the source
and targeflofil es have a unique key and the This Is the replacenent sheet 10

APR 1996 @qtes‘,urce\?»ﬁlﬂe tydeget itemis &egaﬁtleofte;nhe target fid@aribkdngpe

k 2 | at Let t
cgﬁsﬁger §3 ﬁ%aén Rulgﬁﬁéggerglg?P§E§$ q?thﬁb bi nar v rgfa%?énships
are the inver SECYPN he SR2BHFar 5N ?ETWEW%I pe2P YR £RETPore Classify

t hem as eilther the 6 "inverse of has children" or the "inverse of has

wards”. As 7 for gog NHean%&}‘aa&-?' %En.alﬂibhaﬁapweaﬁée&hssaahhm&lﬁéﬁe efpbt
8 and ‘assign_to this invers tore 9 it 1In

Know edge 1as BeFaUSE REEOEaa e SEETRHY e Eate OHAY - BXASTOLE ERREOVEE 111 ¢
havi ng a M@ bicearespendingnseicord of sHBRANEHESists.fi Bémidanyyt heeBoadsh

Code item,fro f ol |

Target Fi I te8 | t@efﬁ1(2’5'&"‘]("%“%§l Bar, %1&\1\%’“35%41§E§§EO%Ergﬁbgﬁlér%ﬁgg’ée‘mrgl?ﬁﬁmEs
Branch- Cod® SEOTION| @xiwk. cr@b@@eaﬂhaﬁmﬁhsédﬁgnrotysﬁsoﬁnUR biparype
specified®S relationships can be identified by the fact that the source

21 file and target file have a unique key and the target item is

22 a repeating key within the unique key of the target file as
23 well as the binary relationship being UR.

24 Consider another example where a CUSTOMER file has

25 Cust_uo as its unique key and another file INVOICES has

26 Inv_No as its unique key and Cust No as its repeating key.
27 They both have a binary relationship as follows:

28

29 Source File Item Target File Item Relationship
30 CUSTOMERS Cust No INVOICES ' Cust No UR

31 ' . _

32 - This binary relationship is a "has_wards" type. In this’

33 case, we cannot con51der CUSTOMER as having INVOICES as its
34 “chlldren" since INVOICES have their own identity through

35 their own unique key, namely Inv_No. Instead, we could

.36 consider CUSTOMER as a "guardian" having INVOICES as its

37 "wards" because INVOICES belong to their respective CUSTOMER.
38 A "has wards" type can be identified by the fact that
39 both the source and target files have a unique key and the

.35
ThlS Sheet Has Been Re;ilace

-~



17 "has wards": 18 19 Source File Item Target File Item

Type 20 BRANCHES Branch Code EMPLOYEE Branch Code has wards 21 22
This bi narylretafgeesbtemlfsthse part e8| thEnetgsuee Ak  Rasijuldt kel as
Lastly let us copsider U bi nary regl atii onshi 25 Such a binary

rel ati onshi$ |‘§e£§| f2d lée"hh%ar¥u’5? BLoRShip ngHRi der for exanple, a
file call ed3 EVPLOYEEeti t& Es:ai‘:\IOcaﬁsa?&erltISemmcam irchtyvaredtdteirorfsH igss .

NCNTHLY RATED d Y. S Ve

their 2 uhi qiie, &0 pifiary kel SETmiEs Sid Hle AL Ut W dR AR
rated errpl o§eerela§1da$hyp$ at ede emwwgmlmlﬁbtﬂhem \&s Fithemdheer
this as ENPEOYEET:{)Q%Q%%%% r '—Xhﬂ’EF&aE'\@rﬁﬂﬂe 30 ¥ de' R ER S aiadt.S as

subt ypes e follown relatio ps between EMPLOYEE and the
two ot her f71eS0%i theslU mw&aﬁét{-‘l’ks%’fﬁﬁcé'q iFreats |avinvarse ok it

subtype" type 3hd a&sbghaty tRidtinvehsdsa 'Bas wardwn agyge. € wd afenl ait@gite

File Ite 3 EMP}. OYE MONTHL, RATED EMP
Erp No U abt EipkeneleBSe BasE Tk ron, AR e suppdtd it s

This is theor ePMELOVERt £ §hechating\RR NOIinary Yellationship with fa EBR‘AN(EES
has nore than S e S [ 11 I ch
of the twoi](i)lppgglft eH%Ef(g thé b?f’%%‘l’%?ééen |J£)gnf’dsﬁa liagffjs'sluét% yép%rktd w\\%nil ch
the 4 "in¥rse of has subtype by conparing themw th another pair 5 of
opposi te Uisbi saireer ®liat ireashi ps. - The rapes wiid) 1kbe sanme 6 S@elsEiohshid
are then thg "Basgyy ﬁpeBrancHOW%&Qr '%?ﬁﬁ%ﬂﬂg -ér%ﬂEﬁfdgd% topyp so if a
file has only one subtype. In—a later section of this patent

descripti oh® we explain that a user 9 wll have to input this know edge
usi ng I\/bdehsPuwef teeatl. aR0in(&Ps6: as | fol ewSQi tRANGHA Gy P iStkdif T Yaskeys
and forei gn keys i.t,ls possible to automatlcally i dentify which of the-~
12 two opE) Slt 3F9 r &l ati onshi ps is a "hassubtype" even if 13 a file
has only om8 subtype.) 14 W earlier describe the extension of

Model 15 Pyrifigleef 0 rdld OW an user L0, JBpyal Itegpeci fy nul tdple
20 BRANCHES Branch Code = EMPLOYEE Branch_Code has_wards

21 )

22 This binary relationship is then stored in Knowledge
23 Base 14. '

24 Lastly let us consider the UU binary relationship.

25 Such a binary relationship is called a "has_subtype" type.
26 Consider for example, a file called EMPLOYEE with Emp No as
27 its unique key and two other files MONTHLY RATED EMP and

28 DAILY RATED EMP both of which also have Emp No as their

29 unique key. As an example, an employee is either a monthly
30 rated employee or a daily rated employee but not both. We
31 consider this as EMPLOYEE having MDNTHLY RATED EMP and

32 DAILY_; RATED EMP as its subtypes. The following blnary

33 relationships between EMPLOYEE and the two other files with
34 EMPLOYEE as the source file reflect this "has_subtype" type
35 of binary relationships:

36 _

37 5source File Item _ Target File Item Type
38 EMPLOYEE Emp_No MONTHLY RATED EMP Emp_No Uy
39 EMPLOYEE Emp_No ~ DAILY_RATED_EMP Emp_No Uy

36
Sheet Has Been Re[ilaced

BT




16 domain and corresponding file aliases. In this enbodinent, 17 this
process can now be automated using the binary 18 relationships. W shal

now descri be how the proggdyre; 18 hggrmyfeBtmyo,@Iﬁﬁ,Wlﬁ Zfs (‘iﬁfgé)ﬁgle
further extended to 20 J1dentify files that uires fil'e aligse

defi ned anc® 21te t@i“i@ﬁ‘?ﬂé’%%e‘-qwt&f&ﬁ |"ﬁ§‘é’§‘ ° AthE &WO, QPPPES Hlé‘aﬁ'
aliases to e wefatishditipdaid Genthds hdtypgdre andc whiilehl tha there are nore

t han one bi par relatlo s of .the NU.or RU 24, k|n has

target fil e‘Pang1 ?ég‘%eaﬁﬂﬂ W L SPRLing, & %Q \%8 ﬁﬂo%'?‘%& ?rﬁr
rel ati onshimps el dpxbd»snnse 18:13) h’ﬂmaxﬁome:laﬁﬁxdmshnpsm The ones withathet shimee
I tem Ty " ﬂ% R "Qgg NW .2
EMPLOYEES € G |zensh| f%oofe %%ﬁ’a&?g %E *30 ?é ‘f‘ﬁegtsa?mt
file, nanel¥ mmetoa#ﬂj garifeta ifidg hes ondyelopecsybtype -t hdnsandaksr
bot h bi nar yg r edgdt D6is b chid Pateht RETCIHPUIIN, Navey elS@JlathI&ﬁhtpa, uger

create a file aJja ofthe34 tf|| drelac t.h t i Le of
the binary %5 ¥ Rt p”?/ﬁucq'lq't elﬁéa] ﬁPgF‘it% ?&o
binary relsdi osdtes, m e BL tmgtrdde)mmgxq‘ |plmmah:1yake353andf dibrtahgn

rop acement? sHSIE Dot & & ROTFBLL ¢ SUPAANIIP Rl st unlan® g0 THED o

2 12 tEWL@E@l@ thmmhiqalawdmemi@s disd ac Yhage subtypefiaeyen if
relati onsh'# Ps 1 0¢5 fefhasg%}{ff A:ﬂé esdgtﬂj;g Target File
Item Type 7. EMPLOYEE - Race EVPLOYEES Race. Code Code NU 8

EMPLOYEE 14 ti zenshi pCoYis ERPLUP(EE%G%P’E%E%nE’Fﬁ X Rpslonenfe Medetl 10
ldentify Emgitpudipref2d&asdh dlcv Bn user Ho madiallilyy sEI&biitEy EypeipfieFach

Fpess 38 18 “adil AV Condddroldinty ¥id i3 ate?® 18 chilS bokodthlfe,
Character|31|cthm5|pgocess can now be automated using the binary
18 relationships. We shall now describe how the procedure -
19 Derive Binary Relationship 23 can be further extended to
20 identify files that requires file aliases to be defined and
21 to define these file aliases. A file that require file
22 aliases to be defined can be identified by the fact that
23 there are more than one binary relationships of the NU or RU
24 kind which has the same target file and item. For example,

25 suppose there are two NU binary relationships as follows:

26 .

27 Source File Item | ~ Target File Item Type

28 EMPLOYEES Race_Code MASTER_CODE Code NU

29 EMPLOYEES citi;enship_Code MASTER _CODE Code NU

30 |

31 The target file, namely MASTER_CODE; and target item,

32 namely Code, is the same for both binary relationships. For
33 each 'such binary relationships, we create a file alias of the
34 target file and replace the target file of the binary

35 relationship with the file alias, e.g. for the above two

36 binary relationships, we create the following file aliases

37 for the MASTER _CODE file and store them in the Knowledge Base
38 14:

37 :
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16 * associative entity 17 *  subtype entity
8+ " . * pure | ookup entity 19 20 Kernel entities are
entities that have i nde(EMRPEONER RamxiGddmce, they are "what the

dat abase-is,really all , kernels are entities
that are nzzlther 23 ch%en%ﬁ##o&éa}g?mlﬁve, e.g. suppliers, parts,
24 enpl oyees, orders, etc. are all kernel entities. 25 A

characteri sf i Gitéiands e WSS Fd TR dorliHiRS&d:S 26 to describe or
"characterize" sone other entity. = For 27 exanple, the file SKILLS which
contains thHe SKILLS an 28 enployee has is a characteristic entity of the
EMPLOYEE 2% auhrte Fil&lmemcteri stic ermargeteFipg e exi st ence- dep&uésnm 30

the entity  hayupderds | baghcdhédda can be di@id\les rhke 6N aCt eri sticgde Olu
associ ati vy 3Jgprovee Arbﬁi?&?éh%'dé%ee%wyéﬁ é’ﬂﬁgﬁéh&ﬁ é'%gfg ;ddgglt gh 1S

to 33 represent a nany-to-nmany “{or many-to-nany-to-na
rel ati onshl%_ anong two or nore ot her entities. For exarrpl e, 35, a shipnent
i s an assom atidentbifyerit ey uppbé esf aiubta Ridrd . 36 The entities

associ at e y eac ne teri.st NS A\, i

the repl agleﬂznt shgle?e{é? %Y g’%‘%& étc E?é:zllﬂ &%% %btyp((am}-%b%ge
speci al i zat2 onfeiis @Lqm ified asone ofexkheplfwllewites dyHesd earlier
MONTHLYRATED EMP and 3 DAILY RATE EMP are subtypes of EMPLOYEE. 4

Lastly, we have entities that Iook l'i ke, kernel entities 5 but should not
be classifl%®d as one becaute ¥¥e®l #AYH%E is 6 solely for |ookup of code

descriptiors 7 Fi gure laﬁaﬂﬁsﬁrimsld hentpiycedure to identify kernel

8 and pur][e | ookup entitieg jrst identd f| es those database 9 files
that are ef$her kernel or pur%s?%%ﬁl%lve%ﬁq JESY using 10 the follow ng

rule: 11 117 1) Identifsubtymse emttidhase files that have a unique 13 -~

key. 14 2) O these, daé‘%b%sg%&fl%ﬁ I?‘tg-}_n{r);nlnate t hose that are 15

used as a]farget file in any "has subtype"
bi nary rel¥ i onshi ps.

20 Kernel entities are entities that have independent

21 existence, théy are "what the database is really all about"™.

22 In other words, kernels are entities that are neither

23 characteristic nor associative, e.g. suppliers, parts,

24 employees, orders, etc. are all kernel entities.

25 A characteristic entity is one whose primary purpose is

26 to describe or "characterize" some other entity. For

27 example, the file SKILLS which contains the SKILLS an

28 employee has is a characteristic entity of the EMPLOYEE

29 entity. Characteristic entities are existence-dependent on
. 30 the entity they described which can be kernel,

31 characteristic, or associative. | '_ .
32 An associative entity is an entity whose function is to
33 ‘represent a many-to-many (or many-to-many-to-many, etc.)
34 relaéionship among two or more other entities. For example,
35 a shipment is an association betwéen a supplier and a part.
36 The entities associated may each be kernel, characteristic,
37 or associative.

38 .
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17 18 These dat abase files are either kernel or pure | ookup 19
entities. To distinguish between the two it next uses the 20 follow ng

rule: 21 24 A subtypricis & dpedizdd AZationhaf ids' cupettype.or Fogub-
23 m | (;N'Tllﬁ "has
chil dren” 02r "éhas s]lueb %"désézslﬁga%&ﬁq}grc% Ylha%tAlﬁJci):?\ssh%lﬁa aﬁﬂ) 26

2)  IF it3s HklY, RARR FMR are ﬁ%bﬁXPQﬁnOfaEMﬁqﬂﬁﬁﬂﬂ le 27 in
an%/ , haszglar ds" bi mastYe) ald Q{bﬁ}u nant&&les thla?c) 1ootEH|iNéd3t ]de%n%lplérr%ﬂﬂ@’sup
entity; erne i i gur,e
13b descri bes Btk %l‘?d’c?%rﬁﬁ?/\' &% e el PYEPOSEs S
and associ & i \solarity tfas. lodkupjm ctifle deschdiptdenng rul e: 34 35 1)

"has chlldren" bi nar Ionshi ps

associ at i vé e@ng \Purkhikeakap rﬁélﬁdépl%enﬁm fiwsst idengifiesi¢hose Aptabase
OTHERW SE, ¢ Ffﬂlé@ﬁﬁﬁits a&rl-l Ye itHed. kﬂi’@gl' bor! ?Juﬁ'ez lookup entities u 1n
characteristic ent Subtype entifies are easily identi as
they are thfe Fhe °"H’T%§‘1]r?' "has subtype" binary relationships. 6
Not e that mihe SYSFILES as used in Figure 13a is a part 7 of File

Definitio i st 22 i C en.redef con [ of two.files,
nanely 9 1y t}‘{le StrqEe %?éﬁ Igl§%f%ase #1168 g‘%?’]e a unlque
SYSFI LEI TBMS 12 13 SYSHKeMS is used to store the foll ow ng 14 15

[err] filig name 163y of these défaﬂasé QqﬁggtOEIWﬂﬁhP%E thok® #Rat! h2R

file or a 17 r eal having 4l 1 as
: used as a target file in any "has_children" or

| F a database file ﬁ% %@rﬁééﬁ%e%%%eair%c%gurﬁ_ﬁﬂ 1{ientt13r t f| I he in

16 "has_subtype" binary relationships.
17
18 These database files are either kernel or pure lookup -

19 entities. To distinguish between the two it next uses the
20 following rule:

21

22 1) IF such a database file has no "children" or "sub-
' 23 type", i.e. it is not a source file in any

24 "has children" or "has_subtype" binary

25 relationship; AND

26 2) IF it is not a "ward" i.e., it is not a'target file
27 in any "has wards" binary relationship;

28 3) THEN it is a pure lookup entity;

29 4) OTHERWISE it is a kernel entity.

30

31 Figure 13b describes one embodiment of a procedure to

32 identify characteristic and associative entities. It uses
33 the following rule:

34

35 1) IF a database file appeafs more than once as a

36 target file in "has_children" binary relationships,
37 THEN it is an associative entity;
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18 [err] if alias file, its real file nanme 19
[err] '‘entity type 20 21 SYSFILEITEMS is used to store the follow ng: 22 23

[err] filg name 24)  oTHERWISE,[ &F lit i #1a ey once, THEN it 9 la

itemtype (e.g. character, nuneric, . date 6 [err] keytype of
item e.g. (2uni que key, queFisric entity. key, or non-key 28 29
Recl assi fy:iCertai n Entiti es and Binary Rel ationship 35 30 Even t hough

we have ear]ier a ran t| S f ese
kernel ent |4t|es sho k#f rec% %si'sﬁ % %33‘13)(%-8&?% up%er?h%&%r% th
Consi der f& d&angdte mliﬁs ﬂmrdmasemﬁWpEVPb@wEEyhmlnGMSéusmm ative
entity 34 ANGUA tis N 5
 ANGLACESPOREN haﬁﬁ? i 1,68, nanesqsﬁ eai“us%a lr"yﬁlg d?géGEs Ppart |
anot her refeatdfhdidsy Qﬂﬁﬂ@&@&héﬂ&d’e@o 1°hTHéSBPeeEANGQRGEnﬁFiI éshas only
two itens, gnainsistitdlWwE ke ifig@s38 nagliyed Language Code and a non-key
iten1ca||e LanguageDesc. 10 APR 1996 41 1 Even though we earlier
identifiedLANGUAGE as a kernel entity 2 since it has LANGUAGE SPCKEN as
its "childreen", LANGUAGE @ <SWSFILESe reclassified as a pure |ookup entity
since it i,5y 4 wused solely b IWSPCKEN file to obtain the 5
descriptigﬁ'of t he Language %%é%& Figure 14 is a flow chart

depi cti ng ¥¢he enbodinent of a 7 procedure to identify these kernel
entities anyl MHYHFM.ESDSE &isdd HYltdr@Olehie Fohbwdng: |t uses the follow ng
rule to dg 9 this: 10 11 1) | F a kernel entlty has only associ ative
entities and no characteristic entities; and 13 2) | F
it is not I Btarget file ir afilehamme d* binary 14

I 3 I
aokup 10197 17 oniity, THRTHE AR Tk e BR aiek IR BYE 1,

this kernd7 entity into charé@@éwﬁﬂiQ:hﬂﬂﬁng'éélﬁﬁ fdles t he
associ atiyg entities has anl yj_f)raql%@qrn@)t Ii*% real file name ..
19 _ | ® entity type
20
21 SYSFILEITEMS is used to store the following:
22
23 e file name
24 : ¢ item name
25 ¢ item type (e.g. character, numeric, date)
26 ¢ keytype of item, e.g. unique key, repeating
27 key, or non-key
28 |
29 Reclassify Certain Entities and Binary Relationship 35
30 Even though we have.earlier identified some files as

31 kernel entities, some of these kernel entities should be

32 reclassified as pure lookup entities. Consider for example a
33 kernel entity EMPLOYEE having an associative entity

34 LANGUAGE SPOKEN whose other kernel entity is LANGUAGE.

35 LANGUAGE SPOKEN has two items, namely a repeating key called
36 Emp;No and another repeating key called Language Code. The
37 LANGUAGE file has only two items, namely a unique key item

38 called Language Code and a non-key item called Language_Desc.

40
This Sheet Has Been Re

[T




19 that associates it. 20 21 Next we access all those
"has ¢hi.l dren"” and "has wards" 22 _binary rel ati onshi ps whose source file
is one of t:lhesaarqrurtm:ﬁﬁ;h | v ket gy tidentified TANGUASH \adt hseme'mted. aentémzy

type calle V, I .1 A erse"
as 25 thedﬁ 00 ll?p)ééd]l f%?ﬁ%%%@#%@oug@% I'Z%I(L)E&a gétw but
from target3 fishould Seainoaclassifidd 28 Cage omm entd®ty’ $ince 1tCIi@s
Generator 30 (fddl ddle BFKY AieS Adﬁt ngfl W tof bt iR epRACh

kernel entity In the dat’abase an stores‘t eflnltlon as a (O ass

Defini ti on 5 19egIDtion 1oh ey g}ér@‘am A class is a cluster of
files whoses struct UFii;urSe aflis td eow _Brﬁxft)(&etpﬁcﬁih@ IOIRE enbod ifRIMElor a

entity Whl define t he, ¢ r& at r|bu th l.ass Thetree as
The 11 I owi g PROCRREE o, Kl dldst seione1 'SHP 80 an BodisSe rhEh

t he subtypes dfo tpure dooldip entities. It udes rihe daliltowifig sule tt:h:edo

r epl acenentg shl__qﬁt- Dat e: 1 0 APR 1996 42 1 (i) a ,oranch for
each of the "wards™ of the root 2 kernel entity 3

(i) ¥ branch for each of the characteristic 4 entities

of the roofy kernel gntityr % Gernel értﬁ’:)tfy has %ﬂsﬁraawcqratqwe@tutth%s

associ ative entities 7 the root kernel entity 8 These
branches &% derived usi3Rfl MR CharaGhanisbic entitisgi and ,nqg

“haschi | drin" bi nary) rel 2t i nnsis protvid tddyetl @ileodn keynehasnwara beiitgry
t he sourcelfl le. 11 dﬁaﬁc %ht above subtype, characteristic, and 12
associative entities couII’ & their own branches which 13 are their
characteridiic or asociPBHEN amadifiy itdwe KErnglptendrity/ igiter acpawries tliookup

associ ativg entities coudgk o NaM ! BRI FP 13D a@!.%{cﬁ%tt@tr\ﬁesfén%&&es of
associative entities, and so forth 16 These branches are derived u5| ngg

the "has df I dren” bi nar§hi kernak igHhY Ik dharacterdstiq entdt
bi nary 18 ig el ati onshi pstHeragsuridte viewntitticdiae has By lonee dtherolentity

Fi gure 1561,¢ﬂnd 15b togettt}lert vgstshoctihaecéssubi-&r ocedurg
20
21 Next we access all those "has_children" and "has_wards"
22 binary relationships whose source file is one of these pure
23 lookup entities. We then modify them into a new type called
24 "“inverse of pure lookup" type.  We use the worad "inverse" as
25 the lookup direction is not from source file to target file
26 but from'target.file to source file.
27
28 Class Generator 30
29 Class Generator 30 (Fig. 11) generates a definition of a
'30 class for each kernel entity in the database and stores this
31 definition as a Class Definition File (CDF) in Knowledge
32 Base 14. A class is a cluster of files whose structure is a
33 trees The root of the tree is a kernel entity which defines
34 the core attributes of the class. The tree has the following '
35 main branches: ' '
36 (1) ' a branch for each of the subtypes of the root
37 kernel entity
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20 Include File (list) of Figure 16a and 16b are used to derive 21 the
above ‘branches which are then stored as a set of lists in 22 d ass

f le A A) . "
EFlgn|t|0n=f| eENPE >3 26 AR ﬁféﬁ@ﬁef8£ é&&ﬂ §? tﬁ% waaltds Zéﬁzﬁhe root _

Bl LLI NGS 282 i tem ernE},peq\Brgg BR Type =

"haschildres" 30 (iiijtem a branch £6P]dkciSlof the Ehdfacteristic
PRQIECTS 32 item

= . Pt oj 3 Rt =,
"i nvof haschf | dren” 34 35 enti 18k, of %‘bﬁt’é‘?ﬂ‘%q&e‘r’#g BBHSEE, 11 nked
to afile 3% BILLINGS which is Iinked to file PRCUECTS The binary 37
“relationshipg (BR) t fron1E§Fg¥y i 8 .
" using the |?en1Enp ron1both es and %%#ﬁﬁiﬁéé?% Fe reﬁ?aoene % eet
Date: 10 7APR 1996 43 1 B8R Hyperevobrrarnel Nezn‘@YPRQJECTs is "inv of
has chil dreg"” ihasen_araheheéeaté’r@érweé r@éﬂﬁ@tﬂaél*w&s subtypen et US now
oo L ey "ol rheLyhBasT £ uReS MR e e Y i T S elig ey ene
starts
Thi s ker netoentoot Berﬁelnentﬁtyrbein@ermelsaut¢éyfbiea classlto be o
generated. ;7 Next i o] t | e tity
using a sortzed SYS&EE@ é?]dh?% é‘%ﬁgré{&%ﬁ%‘i ons# pPS g}&gﬁ %ﬁ‘&}hl s file
has been sb?teﬂsﬁﬂcaé§éﬁﬂd¢h§16¥6%rCQ#1@Lﬁﬁ%%ﬁhﬂVQIKhﬁxNrnW& branchesitwhich

characteri $3i CareatHePH' 8nhPRkEESistid 611 a@é&f&@w@eeﬁﬂtié/s.' S FriNtheddr
er 12 wth nane, of the correspondi ng binary

is added to, the list. to

'relatlonshgﬁ tﬁﬁﬁraﬁgergﬁébﬁ ?h ??ﬁ%ciﬁgﬁv?senﬁkﬁ9%§ﬂﬁ3&%9 kP thave rhalnf
the 14 itess uwndchatactéeﬁstiadzlcroatsgocsmwooam&telésl,clanb%d efdtth.
(list), fojge

as;som ative an ar ac?g‘?ﬁé%f%peen fl es g\fs'l{}ﬁ%% g'q[p)aes—l& J@%eq'p%ll}ar%

characteri 37i creh§t19n$blpouhﬁh thel'samHQdfxbes__sof tthese sbllla)get her with
the name ofgt h@ef@ﬁi@ﬁaﬁgﬁg NEoPhiRg YeHE ndw BEdmandi P e -phiSdiandate 144 &

case i s "haschjldren
19 igure 15a and 15b together with the sub-procedure
20 Include_File (list) of Figure 16a and 16b are used to derive
21 the above branches which are then stored as a set of lists in

22 Class Definition File A (CDF A). An example of such a list

23 is:
24
25 File =  EMPLOYEE
26 item = Emp_No
27 File = BILLINGS
28 item = Emp_No
29 BR Type = “"has_children"
30 item = Proj_No
31 File =  PROJECTS )
32 item = Proj_No
33 ‘BR type = "inv_of has_children"
34 :
35 This list contains a file EMPLOYEE, linked to a file

36 BILLINGS, which is linked to file PROJECTS. The binary
37 relationship (BR) type from EMPLOYEE to BILLINGS is
38 "has_children" using the item Emp_ No from both files and the
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20 the nanes of the itenms used. The sub-procedure Include File 21 (list)
is then called again, this time to find other 22 associative entities or
char act er i sii cBBnt¥pee€fron BEBLIBGSCher BROBECESI is emihvyof hésnehiléhen"

entity can ge {lgggg e ggeml bﬁ’:’{-ﬁgts ranc%%eglio the dass Definition

File A (CDF A des f2tree of a class al so
has 26 whaB we cal e uBoDQWpdeSc:ambaehowaglnat|ng CPBnA cishpnodiace€d in

the above b&anﬁgiﬁg thR8sp E&ﬁk‘& bié“éggft dfﬁiﬂﬁ&'l?@u\}\#sé]“?hé@eto

"i nvof haswar ds ure bi nar tronshi ps node .
bei ng the sdurEBef fF-E's&nHeFHQJ-Sﬁnt%EYgé{‘ $¥$§I$E$m rBhigvkernet entity

Furt her nor e t pernewcBé rbbanﬁaﬁﬁewdhdleysef "@VéléQQ'foOM@ dENera ek up”
branches ang 3§ 804 %Oi %’hese su uentt ﬁ')o%g ches are formed
33 using nbt ORFYy ¢ Pk rhasﬁ}é eaﬁﬂ %’ﬁ“e i eRrity

rel ati onshi fs ban.ngl sosbhtedi SYSBILAESsandi thie eBin&fy melmtyomshﬁhs e 4 .

with the tagge I r g I edure
of Figure 1% t%ﬁg?hg%&% th 9égﬁh§8%%§p%%c§d%¢%#ﬁ€2§£§ 12 %@%r% 18a
and 18b ar 80Thk8rnglepcassprintieai @hmcterzlatu_cs.smnémtem okookups o If
derive thegg beaacagg;tyg@ éﬁtﬁ.ﬁf iaefloandstpieﬁs added oo Oéhél'ﬁét'fbvélﬁ%

Definition File Let us describe, one exa

list in CDE®B Y’%EQ t Foﬂ%@%d°ﬁsmﬁ ERrEespRARG Lingyy s‘f%ﬂ@*’s’-‘ﬁ}ﬁméhcﬁlmfn n
the 5 firss rehded bh €hEsAcaséd i&sSthas éxlileu:ypérr tar&d Iﬂ@l ﬁa&né§1€b16 tHd r st

file in thi d. k 1o, 588 | f [ been
processed %Eef (%Eeﬁssﬁﬁgé | tIé ER&? C'Jﬁ%w Sub: '%f r%ﬁ]r%uﬁ o%és]ls'# -(I;Psl
(list), fotSexbhpst)asferperanplenas d@g&#@d 18 Bighnshl6a sandletﬁb:.alﬁced to

| ook for 316|095H& aéroi&ffvéoén&r%ﬁaféééérléélérgﬁfiﬁ é“g%]éh% r%ﬁ?ls
added to 11_ the Ljsts together with fhe correspond Irfgf"% nary relatio

12 type ahl tfRELER-: prBEeﬂu?%a¥§°E%¥+%Bl%g%f?WtYIJFS N4 Hdy iss added ed
“| ookup"" 18| ethanlpstfbogdthéhewitlstthe ndmé t@m ‘ttl'ﬁa %x&sﬁ&mdmg bindty US

o goner 4t 20t b E1BhEREE Eiiie ISR XN dhelg 18 It s RS al% o
|t ens 20 the|npamesypf the item@yussgde Iﬂhe sub-m Includetriileo

Numeric 23 (llé‘E') qﬁ@ 'Eﬁe\!nzgalled again, this tJ.meB tcﬁrﬁ.%r@mer
Char act er
Non- key 22 assoclatlve entJ.tJ.es or characteristic entities of the

Nuneri c

23 characteristic entity. If no such entity can be found the
24 1list is then written to the Class Definition File A (CDF A).
25 Besides these branches, the tree of a class also has

26 what we called "lookup" branches originating from each node
27 1in the above branches. These "lookup" branches are derived
28 using the "inv_of has_wards" and "pure_ lookup" binary

29 relationships, with the node being the source file and the
30 target file forming new branches. Furthermore, the new

31 branches could also have their own new "Iookup" branches and
32 so forth. These subsequent "lookup" branches are formed

33 using not only the "inv_of_has_wards" and "pure lookup"

34 binary relationships but also the "inv_of has children"

35 binary relationships with the target file forming the new

36 "lookup" branches. The procedure of Figure 17 together with
37 the sub-procedure Process File of Figure 18a and 18b are
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Sheet Has Been Reﬁaced

T d

43



22
Address
Nuneri c 1
Nuneric 2
Char act er
Nurmeri c 3
Character 4
Nuneric
Char act er
Non- key 35 6
36 37 =
38
SKI LLS 8
Ski | |
10 APR 1996
Uni que keyl®
Non key 3 31
Non-key 4 5
Repeat i ng -
Repeati ng k»
Non- key 8
Non- key 9 ]1%)
Uni que keyld
Non- key 1216_
Repeati ng ke
Non- key 1 7
Non- key 1618
Non- key 1Ag
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Race Code Char act er Non- key 23
Char act er Non- key 24 Sal ary
suitbblé&efoP5ulé to der W@l thEse branches)/PwINch are then

stok%&hf%%yggée%;of 1istsNH{| %mﬁ@gfini%c%ii\g B (CDF B).
Unkgticukedes@ribe one example of how dnlist M¥o CDF B is
pfo%ﬁ?%%gﬂigég g@léls. prom. .It star?igx‘c %d\n%g in the.
flr%n:§§9r@4of CDF A. A list is themprimiigddned ko theeric

first file in this CEPURtFe¥®brd. A MEEE ifs made to JWN-#&Y
Char act er Uni que key

RAg]EisC'ZCPE_e hamggx%ggggggssed before. o Since it Neh-nedy dhe0
subfppdlcedure ProcéweFile (list), fRapaenidmgliels 4depicted in

Pigha" P64 g, aan, PTENEX S St 4P ASPIATHIER L Sheet

file for this file. If theye Nesresuch a fil@lr}aria.'ctia added to

the lists t%%ether with'S¢ndcorrespondild' Bidry relationship
N y E Numner I“c

:k%\y ¥ype aBrllé' L1I:he sub-procedurr'rg_q:sf d:J'._aN@d again. I Re jfurther

y Wtookup" file can be found, Midé Mist is writtdmit® CDF B.

unt Nuner |
e ditangy 2pply Hé Ghquq proceaurSt i dne, exemplary
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1 personnel system below to dgamarad¥sdthe classe@hdficacttiiis
3 system. EXPENSES Branch No Nuneric
y T4 Mont h Dat e
Adv Exp - Nuneri c
 File Itell€r s EXp Item TMGBEI I C Key Type -
EMPLOYEE Emp_No Numeric Unigque key
Emp Name Character Non-key
Branch No Numeric Non-key
Race_Code Character Non-key
Address Character Non-key
Salary Numeric Non-key
MANAGER Emp No Numeric Unique key
Co_Car_No Character Non-key
NON_MANAGER Emp No Numeric Unique key
Union_M No Character Non-key
BRANCH Branch No Numeric Unique key
Branch_Name Character Non-key
Br_Tot_Expenses Numeric Non-key
Country No Numeric Non-key
RACE CODE Race_Code Character Unique key
Race_Desc Character Non-key
SKILLS Emp_No Numeric Repeating key
sSkill Character Non-key
[



18 COUNTRY Country No Nuneric Uni que key
19 : Country Nane Char acter Non- key 20

21 Usi ng ext ended pReg®dit | €S EXtragheryol2 of Fi g%ﬁén_l:l and 12, w2qud Rey
‘following bj nary rel ationships arepd}s'rved 23 2%}1 yrce File INtoe%
|t em 2"ENVPLOYEE a’??nﬁ BKIPLS

Target Fil e3 ~

Enp No has children 26 ENPLGFEE Enp_No Numerig) )| NGS Non-key ppp
No hat children 27 EMPLOYEE Enmp No MANAGER EnpNo
has subtypeé 28 EMPIBIKEENGS EnpNo Emp_No NONVANAGERumeric Enp No Repeatiiag key
subt ype 29 ¢ BRANCH Branch No profNMRLOYEE = Numeric Branch NQe 413 8g IRy

30 BRANCH4 Branch No EXPEN§GSch Br %gﬁ% No has chy q{gn 31
COUNTRY Country No BRANCH Countr , i nv. of pure ckup
32 RACE ODE Race Code ENPLOYE‘E“"" RadE"®Hfe  inv. OPPPWY

| ookup 33 FPRQIECT Proj _ Bl LLI NGS Pr oj No has

children 34 CUSTOVERI‘OMERCust No cust NeRQJECT  Numeric Cust NOUniquei key Of
pure | ookup 35 36 Also, the entltc,is{-meof each chatftep SYSFI LE&.L;&yas

- follows: 35 38 F| I e Entity Type Short Nane

~of File 3 ‘ Kl 4

MANAGER 13 ¥bhicks ype - srahl] RE Nggjerip NERPFRA
Subtype 14 S Menth BRANCR3te KEPRdiey

K2 43 15 RACE_ CODE PddE_Exrokup Numeric L¥orrthey | s

i the repl adénment sheet Date: 1 PeAPRxHO96 4@uderic SKI LLBon-key

- Characterimstic C1 2 PRQIECT Ker nel

K33 1681 LLI NGGopurny  ASSOCH abiuy — g@,
Pur e LOOkLi@ L2 5 ntr Eame Char aracteri ﬁt
2 6 COUNTRY Pure LGS Y 4°3°7 8 ety

first appldP the exenpl ary procedure of Figures 9 15a and 15b on the
per sonnel ﬂysm Fehded ISdniartiicH) Extiialdtdr 28S oF Imghrbe e ahlar 3&;

El 11 . which i LOYEE hi n h [
T AT i i B e e
24 Source File Item Target File L Type
25 EMPLOYEE Emp No SKILLS Erlrp_No has_children
26 EMPLOYEE Emp_No BILLINGS Emp_No hés_children
27 EMPLOYEE Emp No MANAGER Emp No has_subtype
28 EMPLOYEE Emp_No NON_MANAGER Emp_No has_subtype
29 BRANCH Branch_No  EMPLOYEE Branch_No has_ward
30 BRANCH Branch_No  EXPENSES . Branch No has_children
31 COUNTRY Country No BRANCH Country No inv. of pure_lookup
32 RACE CODE Race Code EMPLOYEE Race_Code inv. of pure_lookup
33 PROJECT Proj_No BILLINGS Proj_No has_children
34 CUSTOMER Cust_No PROJECT Cust_No inv. of pure_lookup
35 '
36 Also, the entity type of each file in SYSFILES is as follows:
37 .
38 ‘File Entity Type Short Name of File
39 EMPLOYEE Kernel ' K1
40 MANAGER - Subtype s1
41 NON-MANAGER Subtype S2
42 BRANCH Kernel K2
43 RACE__ CODE Pure Lookup : L1
45
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13 Next it uses a sorted SYSFILES and the Binary Relationship i4 File 24
to find other entities to add to this list. The 15 sorted SYSFILES

cont ai ns fitheS in descending order of 16 subtypes, kernels, associatives,
characteristics anosxgﬁ‘rés 17 | ookupRaragqeerimsicentity addélto the list is

S1 V\/nich i 218 NAI\F!(EFEcwth t he xéem&1 bei ng Enp No and theg BR type being

19 "has suptype”. Is then witien to CDOF A 20 The i st
is |n|t|aI|zed agai n&y‘ﬁfé and S2 AHREIYYE, 21 with thdktens being

Enp_No and“the BR tWM&g 22 Pmsesli.dmm" after whiclLat is witten

to CDF A ' e subty, pﬁﬁ] processed, e procedure 24
sig ﬁE M{%r ne 641

|n|t|aI|zes i st Kla search for ose entities that 25 are
"wards" of &1. HoeMBITRYK has nPux@rkrokummd so there 26 L3are no such
entities togadd to the |ISt Next the procedure searches for

associ ative, enti t| of 28 é a&é]one associ ative entity, namely
BILLINGS (A) so o sf’aEI%"eoaH ¥ K i femRiany Breaddre 0 Fdanrato
and the 309 BRS@/;ﬂnd)eIEflg 6maslxe:kpémisca1ﬁe1 dystent hﬁcamﬂmdurm: iffdlgtdes 31

zgggts egﬁ?) ,iﬁé]*huﬁhéé%errs e| ng nﬁ %oles}né(et%ﬁ‘g&B %‘ :‘%5’1%1{[%5

"inv_of hakl chihiftents EMBLQY¥EER stKJdo-nt é!rhnswgnqams 32«ha1‘AI1t I!L’s igoimigertonr i t t en
to CDF A 35 generd¥d &¥ 1448 Def 15l IS HHUE d rfc;x‘ %&J%ﬁ%ﬁn@# %tlats% K1 36

agai n and search for charact erl stic entities

char act eristi &k itly USRHA B ?_q_@(%w%@'@l ‘?hé" @&d’é‘d’YTllﬁeéaltéWlp

repl acenerit4 siiticte 24 40 find dtiter iaititids tﬁa;e Adeerd piisg 158 . NOT%@d the
BR type b g PSSy eI t n witten t

At this p?ispnt séﬁé"JAaacont ailL(rgsse%]on? J{}Tovélﬁlge i sesfegdlng orderort 7

[err] a |il& % WpPes), kerrels, associatives, chagactexilstdcshanmdnguike, 'S2 -

7 17 lookugé er r'ﬂhe é}mé}&éteﬂa‘ﬂf%dﬁed Rl thle 1538 is s1 ghllch is;

a list havi ng proce ure next generaftes t s f.or

t he next MEI%nt“thh thedtenskiednes Fmpy No apd the BR §N§?y§9139d 12
associ at i \1® enthds esubtiytpe™. hahiENBIYER) ﬁﬁlena%rlﬂ:%en\/\/%bd cprld. This

Deron el e e Blaid S Sl R Ok "Ml B
21 with the items being Emp_No and the BR type being
22 "has_subtype", after which it is written to CDF A.
23 After the subtypes have been processed, the procedure
24 initializes list K1 and search for those kernel entities that
25 are ?wards" of K1. However, K1 has no "wards" and so there

26 are no such entities to add to the list.

27 Next the procedure searches for associative entities of
28 Kl. K1l has one associative entity, namely BILLINGS (Al) so
29 Al is added to the 1list, with’the items being Emp No and the
30 BR type being "has_children". Next the procedure includes

31 PROJECTS (K3) in this list as it constitutes the other entity
32 that associates Al, with the items being Proj No and the BR
33 type being "inv_of_has children". This list containing K1,
34 Al, K3 is then written to CDF'A.

35 After this, the procedure initializes the list to K1

36 again and search for characteristic entities of Ki. K1 has
37 one characteristic entity, namely SKILLS (Cl1), so Cl1l is added

\
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15 CDF A. It also has EXPENSES (C2) as its characteristic 16 entity.
This produces the list K2, C2, with the itens being 17 BranchNo and the BR

LYo 783, S TR ] 3 A Pl L 2 T e et

PRQIECTS ( R3) ,"h&s_mﬁmldm‘x“ H(fmm/ér.l,stt Her &hien um‘l:.y:t@h ton €DIF Qt. narrel y 22
23 ! Vi K | RRQIECTS
has an assgm ative Aetntt#ﬁyg %cfiﬁﬁmhﬁl)cﬁ]h% S@&%ﬁl&f%ge %X%)Alogéngs eing the

other entitdy that associates Al. In 27 this list the items for K3 and Al

Is Proj NosMth the BR type 28 ¢ bgy ugsﬂwmhbqu"sg, The itens for Al and -

Kl is Enp_ No with 29 the BRtyeb inv Of}é% %hlldren 30 Let

us next apply the exenplary pro_ce $¢ on the personnel

system example. It uses the | stas lafstCIBEvAnBJZKldeml\;ecK3earl ier to

generate ttbe lists for a?gi té?;eh%%l 3?? pgnsonnel systemit first
f| rs

initializes a list tothe34 entity in "fifst list of CDF A

nanmely K1. 91t then 35 adds to this list entities that are | ookup entities.

to K. A3 |ookuphePrddedured rte.a&g@tenfelﬂa%e'sn the' I@.‘i%%s' %@Ene%ei% "inv
of has ward" as the SO file K1 -

bi nary rel a_t | onsh|
| ooks up drt BRSEDSY 1en “Feslyamqf@st H&2)i-st K—phpgsl §°t ﬁe‘bF(YPFaééﬂent
sheet 10 APR Ja%dhattﬂ.ve enﬁt&theu tWutt He hlae"y ENPLOY ER) akah abo ited "waedBR

type bein Si.nv _Qf S ds" t ch 2.to
3 too hasgt OOI?LIII > % rﬁq"cfc?l%s lhl SftNgs'hgs o%é%hnz:hlezlaq%é%l\ﬁﬁ?ng i%%?ffh h
i s theref drde a:mbd:he) BR\&ypss tbedingh "hies_waands "bei rrgls léeﬁtnuSywmt&m ttICPe

BR type b&ig\g cpiiig, |%¥<l§1so His tEde%N@EspQUit) talg_e 1'tbSTc:h§9€E%leHS|E?Lc '
L3. Since L3 has no |logkup 7 entities, this list is witten to the CDF B.

Next the &€ prdtedhie (Tt Rradpdes t‘%‘%ééﬁthRZ F2: Wikdr theoilsmg being

entities. 175 Brandh (e antdithd IBR Mypee Beifigh ®hasnehiiddfen"] Owhlichf iiedalso

that K1 h anot .l ok ity, nanely RACECODE 11 (L1). The list -
cont ai ni ngl %q'vﬁ'tq" E’.@erﬁe% being 12 Race Code and the BR type being

"pure | ooldlﬂ)", i s tHigvally wthe erlitst oF Bhe third and last kernel entity,
20 namely PROJECTS (K3), is produced. However, there is only
21 one list, namely
22
23 ' e a list having K3, Al, K1
24 _
25 since PROJECTS has an associative entity only which is BRANCH
26 (Al), with K1 being the other entity that associates Al. 1In.
27 this list the items for K3 and Al is Proj_No with the BR type
28 being "has_children". The items for Al and K1 is Emp_No with
29 the BR type being "inv_of has chilaren"
30 Let us next apply the exemplary procedure of Figure 17
31 on the personnel system example. It uses the 1lists of CDF A
32 derived earlier to generate the lists for CDF B. Using the

) 33 same personnel system it first initializes a list to the
‘ 34 first entity in the first list of CDF A, namely Ki. It then

35 adds to this list‘entities that are lookup entities to K1. A
36 lookup entity is a target file in a "pure_ loockup" or
37 "inv_of_has ward" binary relationships, with K1 as the source
38 file. K1 looks up on BRANCH (K2), so K2 is added to the list
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14 The next entity in the first list of COF Ais next 15 processed.
This-entity is MANAGER (S1). [It, however, does 16 not have any | ookup

titi .1i Ls.igpored, 17 there is no_nore entity on the -
flrst fist i ChFhathesP02nE peloe Brepehyn #nd theoRn FYBe BRiBSr A is
consi dered 29 "inv_efobasswagds"A cNexk aschadke ié‘rﬁédé&iﬁ\;\eﬁ;iﬁot?eé eptity
20 has alrga e Lper. I g eptity. IS e
been Sr ocesgegﬂgg(reﬁggPigggﬁéogf‘tﬁg%éggnoirggdin %%é n}&? 3?e’ eﬂ?’f’?.gyiggaﬁm?y
NONMANAGER ¢ S2§Laht chLBaisnsherefayeppddedstd. thg 1iphewith thedbeemsobeing

have any | ogk i I BRI ; r 5 nTh
y | o9kugogntiyi R6 and €Rel BRI ypé bé 6619'%;];2_10%%% 1hea b@gﬁ? e

ocedure is again, applied for the next |ist -
Erl, Al, |'<3.g Aé’ok’ithggeaiF§£d9°BE€ﬁn§7Kbr okesskd- andinge b3 has | e kleckup
entity, no ¥i séntttpesduthﬁis281sf:0isewi'hgteff2t6hﬁﬁ% c?]bvuisye{nreagé 1|€_1E’BOJ Egg )
h | ook ' 1.1V, R the lis S
p?zd 3c egovmu? h ?ﬁ%glgé{éir.ré éﬁﬁg}’ﬂg?]%ﬂ dsé% ei%Fg(%S&b%S bRYReE 3i1<°6k“ﬁ1 re
| ookup". 1? ientitiesn t8inDF Bt ddes noki the sprotedidfe eturns td,KLI.
However, sjgceréleiasathalkiDEse BhOERSE CHockp Mk fily ( Yty Hice Kone
| ookup entities, both are_ignored, 34, -The "above ocedure i's applied
to the renkbni FL)+stThenlist epptaining Khi sLexikgh cthenitenmdeing |s
produced, 8§ RaéaCoa8Jaiid thé BR!byp&cpéiRgsrharddl SOmupy Yy N abd he BR
37 type bf' ng_ " ’Ee Igok ".,This is the replacenent sheet 1 0 APR 1996
49 1 ‘Jéeg‘i”agg?f)F%éﬁﬁﬁDFB, the Class Definition File also 2
includes CDF C. CCFh€ nextuentitysingtieelfitstvhl dt conteDMA 3is aldxt hf%

1 ook L d ) f peLsonnel, syst exanpl e
Contai e L 15880k, mis SREEY f2 Rlyd ok PESTCI e MR ER S Rods
Trans| at or1&@1 R oR¥e 135y Jopkun entikbem cand saniEnts tigmated onship
o 24 Bhnydl ol orent omoodmnte ort on R e o et
File 24 ny, I ffere enpod] nents o . E-R node ) | :
The 12 fo&ov&tﬁ% ’Eib’é%\t'i%'é 1H¥elRy I%e%?n%aj;}%‘&e‘?ﬁr@qd‘p‘r%m%%
enbodi ment19f £or eprocgssihgt i cAstheck BN madslef it e lsse i nis antitie

classes exgePthddes 838y CRELR! PL8fedfba PP jer. This entity is K1 which
21 has been processed earlier and so it is ignored. The next
22 entity is NON_MANAGER (S2) which has not being processed.
23 However, it does not have any lookup entities and so it is
‘24 ignored.
25 . The above procedure is again applied for the next list
26 of CDF A, which contains K1, Al, K3. As K1 has already been
27 processed and Al has no lookup entity, no list is produced
28 for either of them. However, K3 (PROJECT) has a lookup
29 entity, namely CUSTOMERS (L2). So the list K3, L2 is
30 produced with the items beinglCust_No and the BR type being
31 "pure_lookup". It is written to CDF B. The next list of CDF
32 A is K1, C1. However, since K1 has already been processed
33 and ¢1 (SKILLS) has no lookup entities, both are ignored.
34 The above procedure is applied to the remaining lists in
35 CDF A. In this example, only one list is produced,
36 containing K2, L3 with the items being Country No and the BR
37 type being "pure lookup".
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15 | ookup entities. This procedure begins by creating another 16 file
identical to SYSFILEITENB This duplicate file is 17 called TEMPFI LElI TEMS.
Next, for’ each 18 "inverse of ure |ookup” binary relatjonships_in Binary
19 Relatnonshlp Bebsddes, CDF Anepdt €DE| B, t thej €bass oPefipition Bble akgoas
source fibhe gac&naasbbsﬁr . ebpf enahbmuaéseat sihgpe Pist iwiei®h Odohbgihs! e
that are used-as source itens |nNnto this 22 TEMPFILEI TEMS at the point which
corresponés pd1; kbet puyet 199kup; gpEibiedhi s binary rel ationship. Next, for

each 24 ‘shaschi | ghentDF"' bagowatte’ peesonhias systepeéxanmpbe ofohtainy B,

rel ations R%z inary Relationship File 24, it deletes 26 those itens in
TEMPFI LEI TE *are used as target itenms in 27 such binary
rel ati onsléi ps. 28 The procedure then gradually builds the E-R nodel

for 29 e%ChEQhaﬁﬁdgﬁk&ggnﬁiﬁtQE the resultant TEMPFILEITEMS. It 30 first
i ncl ude all root kernel entity of the 31 class into the
E- R nodel 8of the @r&§°d¢ﬂe?€apﬁé#§°§r8132F153F%u heY P ORS9ENET | PREPARES.

Next it appl b@sEhRSt akbqwcaanaﬁlpr-ay ofiodab! £6r leadld Flads teikpF A and
CDF B of the class 3 rmne t

glatlonshlﬁ ggﬂg@ bg&meen t wo
adj acent 185 QﬁtP?IEEFIH FHQ Binacy &ﬁ APBRSALPS it Kup &mities. 36
This is tthe addfiferenmtnembbddmebtsenft ath E-RPﬁbdeDGcan B® produced. The

Decision&EabkgliO%lng descrlbeF one examﬁgg ggfi! S&?%@ﬁtgnééiﬁkéﬁwgésone

bet ween adj ace entlt
Rul e Fr dm Esmpbpgdingptent| ap eBRl‘préelatlonsthe(Erli‘brmﬁl?;lNa%easclass 1

K 14 ¥for all kfe SUBEXRE exbept &h@ élass coﬂtalnlng thé(pure S
has war ds K. has S 8 3

has K 9 15 ogkup entltlﬁs. This prepedure hggleﬁlp%rgﬁeaggﬂ%SaQP

5 16X file identAcal to BY¥SFIDLEIWEMS. aThXshdsplYiddte file is

b. X and 1 (Y
is another %S}ed e FILBLTEMS: Ayefg 1£or each -

DeC|S|on1¥abPen2er§e _ofTpustef eekuplabioaryi pehakiansbipg chn tBANAWY acent
entitiesion RAGaePon8nip FiNel 24, it inserts all the items of the file

20 used as source file in this binary relationship except those

21 items of the file that are used as source items into this

22 TEMPFILEITEMS at the point'which corresponds to the target

23 items of th{s binary relationship. Next, for each

24 "has_children",“"has_wards", or "has_subtype" type of binary
' 25 relationships in Binary Relationship File 24, it deletes

26 those items in TEMPFILEITEMS that are used as target items in

27 such binary relationships.

28 The procedure then gradually builds the E-R model for

29 each class making use of the resultant TEMPFILEITEMS. It

30 first include all the items of the root kernel entity of the

31 class into the E-R model of the class. These items are

32 obtained from TEMPFILEITEMS. Next it applies the following

33 Decision Tables 1 and 2 on the CDF A and CDF B of the class

34 to determine the relationship names between two adjacent

35 entities in the class which are not pure lookup entities.

36
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17 Rul e FromEntity To Entity BR Type Rel ati onshi p Name

18 1 X Cor A inv of has wards X references C or
A19 2 K K . i nv of has wards K' belongs to K
20 31 Cor A K ~inv of -has wards C or A references
K21 - 4 S TV o1 s CIii1 or e el ongs
tox 22 23 Legend: X - DReisien Ta!?&mtlype characteristic, or
associative 2 entity 2o C. -
characteridstid entity 26 To define relﬂtm“s'“'l’ names, b5t i ve entity 27

K, K - 4 kdrnel entities 2®o adjacent entities \in the CDF A 1b’E°r'Fer enti ty t hat
associ ates asqocrartye entity 2 ) FOT each el at] onshi p_nane

i denti fi e usijnduite| BpY Ensity aB‘P e‘-‘é‘,t”f%( BReF¥RS onshi d‘eﬁé -1 Pﬁ@el t ens

of the fileg 34 corrpsponding tp the secédnd_en | of adj acent 33 Wl
entities that estia)tbl sh this re atigsnshirqgs irrl{ﬁgp%iw'?'hic is the

‘of.the

repl acenent shleet, Dafje: 1@  APR 1996 S,lewa,_ldg t he
cl ass. The i tlens_inkluded are obt ainéd from TENRHE

Enks rpdel
model is tgen 3 ik the E-R kbdel |dasGraags Fi || Bds ¢ | Let us
now il [ ustrat t

bly—apptyrg—t—on—S—tife—exenptary persomnmet 1
system deseri ier. x W khow & 6 |thaeschifidgen tjliathasii s personnel
system has t hrfge—Ttafses Wi ciT 7  are deftved fromifje Kernel _entity Of
EMPLOYEE,1®BRANCH,5 anfi 8 BRQIEQr. Pet ug "CaLFPitAETE [thr 838 &sses: "9 10

* ABOUT LOYEE 11 * ABOUT BRANCH Zle X and Y have A *
ABQUT P CT 13 14 If wel]were to qpply the prqcedure, we shoul d get
~the 15 fgilofng E-R nodels fof the thrge classes: 16 ¥ is another entABOUT
EMPLOYEE 18 Enp] No 19 ERRaNATBo SRt es a) .
- Race Code 21 RateDesc -
: i3
14 Decision Table 2 il
15 To define relationship names between two adjacent entities in the CDF B
16§ lists - ' '
17 Rule | From Entity | To Entity | BR Type Relationship Name
18 1 X Cor A inv_of_ has_wards X references C or A
19 2 K’ K inv_of has_wards K’ belongs to K
20 3 Cor A K’ inv_of has_wards C or A references K “
21 4 Cor A K inv_of_has_children | C or A belongs to K “
22
23 Legend: X - kernel, subtype, characteristic, or associative
24 entity
25 c - characteristic entity _-
.26 A - associative entity.
27 K, XK' =~ “kernel entities
28 Y - other entity that associates associative entity
29 '
30 " For each relationship name identified using: the above

31 tables, the relationship name and the items of the file
32 corresponding to the second entity of the two adjacent
33 entities that establish this relationship name are included

0
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22 Address 23 | | Sal ary 24
<EMPLOYEE bel ongs to BRANCH> 25 Branch No 26
Br anchNane 27 Br Tot Expenses 28

Country GdemZQhe E-R model of the claeent yhNangtéds included are

SEVPLOYER | SHFNISVARRSEAB I TLEITRNS.  This E-R Rogfl 38, Fign,geored

<EMPLOYEB h831REEﬂE£JbE&@e1 of Class File 32. Proj No 36

Pr o] 37 eratet 3 by applying itCet
Name Thm? S theI?epPE%éﬁghﬁl ugéf D%tew%g §Egceggge Y pf ying
<EMPLOYEB artdhepresmplary pegsopmedssystem described ear fer. ViR knew at

éEDFPt64? this stage that<EMilsOpersbhaneIKslsbemShas three classes which
i

Br anchNarfe A¥e der1vé§m¥jgm th%ggﬁ&PE%p8R§&§Y1ff EMPLBQ%%Ch§QA§CHCD gr

Code 12 8 PROJECT. Let Gaumtaly} tNese tBree classes: <BRANCH has
EMPLOYEES, 14 Enmp_No 15 .’ Enp_Nane
16 ' RaceCode 17 Race Desc 18
Addr ess 10 *  ABONT, E)MPEQYEE <BRANCH has
EXPENSESH 21 e ABOUMOBRANCH

12 e ABOUT PROJECT

i3

14 If we were to apply the procedure, we should get the

15 following E-R models for the three classes:

16

17 ABOUT EMPLOYEE .
18 Emp_No

19 Emp_ Name

20 ) Race_Code

21 o Race Desc

22 . Address

23 Salary

24 <EMPLOYEE belongs to BRANCH>
25 Branch_No

26 Branch Name

27 Br_Tot_ Expenses

28 Country_ Code

29 Country_ Name

30 <EMPLOYEE is a MANAGER>

31 Co_car No )
32 <EMPLOYEE is a NON_MANAGER>
33 _ Union_M_No

34 - <EMPLOYEE-has PROJECT>

35 _ Proj_No

36 Proj_Name

37 ' Cust_No

38 | Cust_Name
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22 Adv Exp 23 Pers Exp 24 25

ABOUT PRQIECT 26 Proj No 27 ' Proj Nane 28
Cust No 29 Cust Nane 30 <PRQJIECT has
EMPLOYEE> 431 <EMPLOYEETBN@ $ROJECT have BILLINGS> Enp Nane
33 RaceCode 34 RaceDesc 35
Address 3@ Menth y 37 <EMPLOYEE

bel ongs t @ BRANCH> 38 " Amount Branch No This is the
repl acenent sheet Date: 10 5

Branch Nane 2 4ﬂﬂ%ﬁﬁ¥¥§ has gxéPL?gt Expenses 3

Country Cd&de 4 8kill Country_Name 5

<PRQJECT gnd EMPLOYEE have BILLI NGS> 6 Month 7
Amount 8 9 Let us now explain how these E-R nodels are produced 10

when the procedure is J st another file identical 11 to
SYSFI LEI TGS is created. ThHrarndh éid s called 12 TEMPFILEI TEMS. For each
"inverse_of pure |ookup" binar 3. relationship in Binary Rel ati'onship File
24, the pﬁbcedure 14 insert%ﬁ%$éh#*¥$iElTENB, at the point corresponding
to the 130target item all BRh&aott @xpenseshe source file except the 16

source itgmitself, e.g. thedgy Rogenverse of _purel ookup” 17 binary
relationgﬁip as foll ows. 18%£9d€§ga o

arce File I'tem Tar get

File I%22m 20 RACE CODE Country Namegce Code EMPLOYEE Race
Code 21 13 <BRANCH has EMPLOYEE>

14 : ' Emp No

15 Emp_Name

16 ' Race Code

17 Race_Desc' . ' -

18 Address

19 Salary

20. - <BRANCH has EXPENSES>

21 Month -

22 : : Adv_Exp

23 Pers Exp

24 :

25 ABOUT PROJECT

26 Proj_No

27 Proj_Name

28 Cust_No

29 Cust_Name

30 '<PROJECT has EMPLOYEE> .

31 Emp_No )

32 : Emp_Name

33 Race_Code

34 Race_Desc

'35 Address

36 Salary

37 <EMPLOYEE belongs to BRANCH>

38 ' Branch_ No
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22 The itens of the source file, nanely RACECODE, are 23 RaceCode
and RaceDesc. The procedure inserts only the item 24 RaceDesc (| eaving
out 'Race’'Code as it is a source item) at 25 Race Code of EMPLOYEE of

TEMPFI LEITEMS, so that the itens of 26 Eh@h€lBamen TEMPFI LEI TEMS becones:
27 28 Enp_No 29 e Branch No 31
Race Code?32 RaceDesc 33 qﬁajyﬁfﬁéékp%g% 34 Sal ary
35 36 3 Next the procedure deletes $¢E%ErYi%m%e|n TEMPFI LEI TEMS 37

that corrgspond to the target itemin "Basn€Fy |ﬁkﬁ@" 38 "has wards" and
"hassubt ype" binary relationships in asement sheet 1
0 APR 1998 Date. 54 1 ?%?Sﬁﬁgh%dﬂ%”é‘ﬁﬁ %Yew Branch_No of
EMPLOYEE 5n 2 the exenplary permentel systemis a target itemin a 3
“has_wardg" binary relationship Kﬁ&h gRANCH Thus, this item4 in the
TEMPFI LEI TEMS file is deleted. 5 The resultant TEMPFI LEI TEMS file is
t hen usedstogether 6 with the two decision tables earlier described to

produce the 7 aboup FsRagpdelpiaincAch Shése MR Gloddld heFe Shbageid the

E- 8 RM eI of asses Let us show how t he, procedure
pr oduces1Phewher fhgcPreeedupe ifcappbigd EnFlvgE pQidler & %tléﬁmt+?%$s
of dE:VPIiSYEEf (:Kﬁ) s%lr-‘lﬁhtﬁmsdlfsraﬁb_JEAﬁ’Flclt_)'Eh%£l\ﬁBé eis nedledl i nto thﬁlE-lg
nmode of this_clas agls t S
as the fF?stTFMPE;LE¥ﬂéM§rrs?°§u8ﬂ°$ecb?ﬂe¥%e °f¥%§riﬁ coﬂgaﬁgﬁ#% K2,
L3. Thelaexreﬂatéonahnpl$nIB$narg Eﬁmatibnﬁhlmr@QIQWR%h'¢ks EFQF?@WE% of

I nv- %H?%QEE ?“TEHP§Q§EE¥Eﬁ516at(€ﬂé pofﬁkkgo K k€6 Néhe

entltles mnt war ds"” thgﬁ;rocedure
appl i es iﬁletErG?tDé§P§voﬁll8th¢abFEm§ ?B_H%?|%QP¥%% fhte RXTRPY e¥%i onship

name: 19380 source<kEvBhOYEEelEl 080§.t h8FAN(EPan "inverse of_pure lookup"
17 binary relationship as follows.

18
19 - Source File Iten Target File Item
20 RACE CODE_ Race_Code EMPLOYEE 'Race_Code
21 _
- 22 The items of the source file, namely RACE 'CODE, are

23 Race_Code and Race_Desc. The procedure inserts only the item
‘24 Race Desc (leaving out Race Code as it is a source item) at
25 Race _Code of EMPLOYEE of TEMPFILEITEMS, so that the items of
26 EMPLOYEE in TEMPFILEITEMS becomes:

27

28 Emp_No

29 Emp_Name

30 Branch_No i

31 Race_Code )

32 Race_Desc.

33 Address

34 Salary

35

36 Next the procedure deletes those items in TEMPFILEITEMS

37 that correspond to the target item in "has_children®,
38 "has_wards" and "has_subtype" binary relationships in Binary
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21 22 This relationship name together with the itens of BRANCH 23
obt ai ned from TEMPFI LEI TEMS are then included into the E-R 24 nodel of
ABOUT -ENMPLOYEE. 25 The next file after K2 in the above CDF B record
is L3. 24 /k%lh&lbashlpul?&lbo@hup Fori examp2epr BrangheNogasr EMPLOYERJin7

proceeds to, &gegigtlggyn?t&.sggﬁgﬁd ggt%': E Qa,gégg Kljpemt pg 88 first

file. The r cor cont ar ni wever. sSince.the next
file in Bhi é‘ﬂalss_wardéﬁeb}nmwc@etsgnsbw) wiikh BRANEH ooﬂ)ﬂsen pi§, itge
Erlocedﬂla 'B%Iilpf *I*E]yp?iwrrmsAhtlae&g aegeBiequore records in CDF B having
as e irst file s, to.re th A f] . Th
33 firs® recordToe EBP“AtP %F@?ggﬁﬁ{fﬁ"% ?L\ lﬁllssgﬂ AgsggFFgggﬁkgﬁ ©
subltype em]t Withvthle awbBRdegpsioh ‘thbiesubayﬂ)eért desé¢ribed 86 ppedueduthe
app ies r. C I t [ e; 36 I hi =37
7“5%&&5%553?‘ h\%d%;N‘x'gg AN g1dgE| ﬁleﬂ ilé théf! 8t5PB3NIR PAGERE

IS 1S t e replacenent sheet 10 APR 1996
Date 855 Rl Model ofhiCdassest FddehBg-nane together with the itens of 2

MANAGER @btalnedlﬁ&pEgTEMBEIhEhTENE &3cbﬂﬁﬂe'Bﬁbaﬂééslﬁhéhﬁ—ﬁ ‘mbaB1nede!

of ABQUT "EMPLOYEE cl ass. edgre regd &E@ %gF SI le
to | ook ¥0or the @@@GIerWG‘RtYEEnﬂﬁsgl a§1Fﬁ§ ?iisf‘ PRE O gﬂ g I‘Eé e are
6 n_(IJ_hSllqh HNiGed fidon TENPPIOEIEEMSt arecddclndedeintat thecBrH Hodel CDF
A IS . rec c.ontlns K1,,.S t S r 8 0Dl
above, tife pﬂ(’){ 8315’ vegef% it U?F(%\%sneﬁg rgF gt%ﬁghreégragphégg?é KE
<ENPLOYEB |$saﬁx[d\l-ﬂmliie12 The flrstTlsus;hr segerénifi 9 h&FE t oget her

wth th R E
i th the § t el NG xhd KUANAGER ableahagd esom TRMVERLLEL T5V51a Brhfen

pr ocedurlé neb2)r sdsh hascorBB ftype ©f ['dBN_PE has_waEdsr d!’lEBnFQP HPHEESZ
as the fig st(giy.e. adiamewpa Kehare xeenéd eneisties weehr dhe BRt tppecegds to-~

'rbfa((jBll El_]} Rle {}%@ of e %rsd w%frdls% thFprocegh e ESSSEEQSCQHEQ Qsoglneé&sﬂgl As
18 Table 2 to derive the follow1ng relationship name:

19

20 <EMPLOYEE belongs to BRANCH>

21 _

22 This relationship name together with the items of BRANCH

23 obtained from TEMPFILEITEMS are then included into the E-R

24 model of ABOUT EMPLOYEE.

25 The next file after K2 in the above CDF B record is L3.
26 As L3 is a pure lookup entity the procedure ignores it and

27 proceeds to read in the next record of CDF B having Kl as the
28 first file. The record is a list containing K1, L1l.

29 However, since the next file in this liSt, namely RACE CODE
30 (Ll1) is a pure lookﬁp entity, the procedure ignores it.

31 As there are no more records in CDF B having K1 as the
32 first file, the procedure starts to read the CDF A file. The
33 first record of CDF A is a list containing Ki, S1. As S1 is
34 a subtype entity w1th a BR type of "has subtype“ to K1, the
35 procedure applies rule 1 of Decision Table 1 to derive the

36 relationship name:

37

38 <EMPLOYEE is a MANAGER>
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20 an associative entity and K3 "(PRQIECTS)-is the other entity 21 that
associ ates Al, the procedure first applies rule 5a of 22 Decision Table 1
using K1'and K3 to derive the followi ng 23 rel ationship nane: 24 25

<EMPLOYERL has PR PelétLonship nahe stogdtiidrmnaitilp thensitemgetder wit h
the itens, of CTS obtain . T d¥_iud

into 29 %hﬁ%%a%*n%ﬁﬁm%c a@%gﬁéﬁeﬁ]g%roceéﬁge&%{g
reads CDR3 B E+Reamodel ook ARQUT SBPIRYEE t¢la&Sas the first 31 file. There
i's one sugh recorge,0anBly Kiocddure HURKCtheTr B LA ILCUT AR fdr a pure

| ookup entity, the record i's ignored. 33 _The procedure then applies rule

5b of DecPsi FRCIEBF ecantaining 31 38 the i fist £id&-or FOURNRH Y S ke
cont ai ni ng Ko fhchKBecdBds| 0 Tertieén throdeddsoidigreaal ain dishinextamecdsl 37

<EMPLOYEE_and_P CT have BILLINGS> 38 .This,is e renl t e

APR 1996 / %% ‘EQ‘JEA- g F%‘F%ﬁ%%’ﬁf%“?‘ﬁa%i’t oég%t héjresriv'\f%c hﬂﬁ esr?é‘tbo?‘_tuljeo
Bl LLINGS 2 aitappkiled roon SEMBOYE] THMS pracedore idextives) the tiad Jovany
nodel of AB gg/g&gﬁf% q@?’ﬁ . 4 The procedure next reads the CDF B
fiIetoI%o%g%)r recor secv‘v'lthAl as the first file. However, there is

no such B0 file. It then proceeds to read in the next COF A record. 7
This recpfd cont akpBPK3YEElis #ADPoN+MANAGER> 4 of Decision 8 Table 1, the
procedure_derives the follow ng relationship 9 nane 10 11 <EMPLOYEE
has Ski Lt%) 12 13 This rel ationship name together with the itens of
SKI LLS 1#3 obt ai nEhliéroelatitofdhAF| hand BMdydtthar arith Hdre itngiaf iNON-he 15

CF ekl SPLELES, ok rfoerpmals RO noporiadé ot e
t here ar&5noBeR18odehdof cABQUPr BURLEEE c}as®) t he next CDF A record.
However, 149 thergnhargroedBié hé&kt/ ré&dditite CONB FIKE tdcldoiR foalel
17 records containing S2 as the first file. However, there are
18 no such records. It proceeds to read in the next record of
19 CDF A. This record contains Ki, Al, K3. As Al (BILLINGS) is
20 an associative entity and K3 (PROJECTS) is the other entity
21 that associates Al, the procedure first applies rule 5a of
22 Decision Table 1 using K1 and K3 to derive the following
23 relationship name:

24

25 <EMPLOYEE has PROJECTS>

26

27 This relationship name together with the items of

28 PROJECTS obtained from TEMPFILEITEMS are then included into
29 the E-R model of ABOUT EMPLOYEE class. Next the procedure
30 reads CDF B file to look for records with_ K3 as the first

31 file. There is one such record, namely ﬁ3, L2. However, as
32 L2 (CUSTOMER) is a pure lookup entity, the record is ignored.
33 The procedure then applies rule 5b of Decision Table 1 on the
34 current CDF A record, némely the list containing Ki, Al, K3,
35 to derive the following relationship name: '

36

37 <EMPLOYEE and PROJECT have BILLINGS>

38 '
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20 translation for the ABOUT EMPLOYEE cl ass fromits class 21 definition.
22, _Besides the procedure -just described, the E-R Mddel 23 Transl ator
al'so has ‘anot her procedure which creates a class 24 using CDF C to contain
all the pare | ookhientreflationship name2bogpeheenwithsytens ofaBELEINGSI S

pr ocedur e o 8R4e3 e £2 HbBURETTRAS ard tRln inc1uABTToPURE BORKP

ENTI TI ES 29

Race Desc332model of ABORTUEMBLPMEE3Class. Cust No 34 Cust
Nane 35 '4 TheCpYEBurdbnext reads thBUBHbFYROf3le to look for .
Country This is the

repl acenent §ﬁ§8fdﬁaﬁéth Aligspbhe  §dgst fies HQVeNerontherexis: ppgsuch
Modul es 26 f11eBesE&e$hentpndcagdSetanreaa Eﬁttnétﬁéx&ZCDFnAOﬂecard.

enbodi nmen I rifiser Rgpor tofp 1 are _al so
ext ended. v Nﬁgqugengggn oﬁﬁﬁﬁg urlﬁlerkggig § SE eé ag ﬁﬁ?éﬁfgee to
al1 ow a u8er Tablepdqgi the pypceﬂgre dsppvsstbhblﬁalyowenatrehahipssbipuu
(uni que kgy hgmgnique 7 key), which binary relationship is the
"hassubtﬁB and 8 which is the "inverse of hassubtype"” type, if a file
has 9 y one sub-type. However, this is not necessary for 10

enbodi meatts usi ng<ENPLOCEE| hagusgeLpbsgause it is possible to 11 know this
fromthe_ primary and foreign keys. 12 The extension of Report Item
Sel ector "1I6 provides an 13 interface that displays all or selected classes
and t hei A3E-R 14 ThééerelatimBShiHsnahéoﬂbggthenseithotherhuém$eoﬁ SKELLS by

15 pi ckwg bts@aéﬁaar eszloﬁ.l eﬁa @hﬁbb?ﬂkgﬁeﬁéoﬂi@ Efﬂgﬂein {udé 3t bg the

cl asses. purifier Security Mod SpeC| I er are

optlonatlﬁndﬁrgsmPQeihP§ éﬁﬁH@lﬁEﬁPOYE§ class.|n conclusion, this _
enbodi mrens provndgaeaprabéaﬁﬁathéﬁtZQeaay ehePtBBEBt F DUt H8 TobRbASE items -

for end- A corae ﬁav1ng Cl as the first file. However, there are none
18 and so it proceeds to read the next CDF A record. However,
19 there are no more CDF A records. This ends the E-R model
20 translatign for the ABOUT EMPLOYEE class from its class
21 definition.
22 Besides the procedure just described, the E-R Model
23 Translator also has another procedure which creates a class
24 using CDF C to contain all the pure lookup entities. For the
25 personnel system example, this procedure creates the
26 following class:

27
28 ABOUT PURE LOOKUP ENTITIES
29° <RACE_CODE>
- 30 Race_Code | -
31 Race Desc )
32 <CUSTOMER>
33 Cust_No
34 Cust_Name
35 <COUNTRY>
36 Country_ No
37 Country Name
38
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21 to fornmulate their queries. This presentation of using 22 classes and
their E-R nodels is nore intuitive and neaningful 23 than a single |ist of
itens. - As a result, this enbodiment 24 nmkes it easier for end-users to

formul ate,re | 2 : hes. 26 27 | NTEGRATION W TH
ELECTRONI& effion’To EQQQE St of this invention, the end-user
query 29 ZfaC|I|t?eﬁédﬁﬁtegﬁenédnw|SnmantepécﬁﬁﬁﬁﬁétﬁﬁlFZQElﬁaPP? 30
system toaal th‘Hoam\&Wt haaéue@uee&fae§l tz% Wahh/ae Rapbraexeam gegessoto1khe

appl i catign dat abase H con ecti g E gab ﬁste o still
be able t§ n8kE & EﬁeF? defq aﬁﬁIFBEPPBn at’888seP I Hha®E- ARi | system
~provi des Bhep&6v1deb|aarﬁnterﬁanestbfaﬂlbheauuserstquspgcnﬂybefbranwaitted

to 35 Lhees Lorliaes Linaaeratih byl Re058° 88 (uATtubokel Eo ALY

results to be urne he “user processi ng tlon
with the £ nkew)syyhemhabsoapyovedetlenshés isoshen'bas_ ﬁﬁbﬁme\“ofandu

queries rf%dewwléht *1% En@ahohn%)é%@ﬂb}hhssl §ub€9péﬁp£?ﬁsrremr aheeieDpbe: 10
APR 1996 o be logged into alo ormati on suth as user

id, 2 |t@ns°§éWé8P€dSBF’E¥EF' tﬁ@wﬁﬁﬁﬁertﬁFsrééoPﬂg BRERSEREY fPEm 3
dat abase 1ot hembo@dmehtguasingattet BOL! DaRghalyenbbeansacessid pbheinpler focan

all be lqggeﬁnow this ﬁ n%”&ﬁel riﬂg Sﬂﬁtgégﬁﬂbﬁpﬂ%ygh's embodi ment .

User A6 at a Site wt 0 Oon-1fné access cati on Database 7 39
interfacd2 with REberextepsisnl oft Bepostofteni Sedacton 36 srovides ap

sel ect the i tl‘ﬁ%rtf‘acgethﬁﬂoﬁtlggla?rgoh‘ilt Bat sémeateahbiasgbedaﬂanﬁheabeE-R
| nformati on Scout consists onl Report Item Sel ect or which

i nt er f acd4 wiPRedne a8eHEIinPF §11°K§€HtalH§F§a&°oF°FﬂEI?FFe?eﬂE@rEnBYne 17.

The Sendalhi bitkinggehe déstirea takes hheribatesserent tHeamdrshoaes dbhem
into a 13 _file whiich is then attached to an E-mail. This E-mail is 14 then~
sent to tfe 3rflﬁ§FF50x 40. The Open-Mai|l Agent 42 15 periodically
checks f a7 E-nai | ModeflhpuRi€ierMVael bod SecurlitylBodeheSpecifiaerE28nare i-t

reads thggk- %%%gohﬁégﬁhghﬁﬁfftbetﬁis ghhgﬁgﬁgnt This file contains the

i tens selecte asses the itens selected to the
| nf er enc&919 EnglﬁeCOnﬂépélpﬁattPHstﬁW§°GREGHFnEHPV%ﬁSSIﬂPe?éﬁBEnEﬁQVﬁe 17

20 interaceway O presepeinbbithe/gathbadei HebRddret &ha-eapstito select
21 to formulate their queries.  This presentation of using
22 classes and their E-R models is more intuitive and meaningful
23 than a single list of items. As a result, this embodiment
24 makes it easier for end-users to formulate relational
25 database queries. '

26
27 INTEGRATION. WITH ELECTRONIC MATIL
28 In one embodiment of this invention, the end-user query

29 facility is integrated with an electronic mail (E-mail)

30 system to allow a user located at a site with no on-line

31 access to the application database but with connection to an

32 E-mail system to still be able to make a query of the

33 application database. The E-mail system provides the

34 delivery mechanism for the user’s query to be tfansmitted to

35 the site where the query will be processed, and for the query
36 results to be returned to the user after processing. The

37 integration with the E-mail systém also provides one

38 convenient method for all queries made via the E-mail system
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21 Item Selector 16. The Inference Engine then identifies one 22 or nore

dat abase files which contain the desired informati on 23 and searches the
Krowl edgé Base 14 to deternmine the |inkages 24 connecting the identified

files. Piogﬁaﬁbéemsaa&ar 1ﬂ§ot96ﬂoé5f1ﬂé”er PhESrRa POk C@u&ioﬁé%éﬁ b@SEd
on the linkages infeffed. 26 SourCe Program 19 1s then_conpiled a

execut ed Zgathenst felogted by| BEeF onthRt AREREr K9t { FRCEHS) ¢ Wﬁ‘é%%t%’FmQO
The query328databasé, obhal ﬂeﬂelaftheérppnaﬁaedhentmanta&md> yoddes Open-

4 il box 43. User A obtains 30 his
Q%e %eadg ?h? E#é ?gggg The foll owi ng describes in

29 Mail Age
query result

greater detail
on the 'néegéétéoglﬁé wftﬁhn346ﬁ959ﬁé ABbbss At H Qle!CA %%iéﬂﬁiéﬁxﬁétabase

Cor por ati on,

USA. Erocedure for the Sen
given as & 389 %BE?Egﬁﬁ?ﬁtV%Ehs

thElgenq M shages menexmhﬁdof heh ip cemived imenfent Usemnshed

Agent

epPbh TremoBeledter obf £4 L} %atlmn It is

36 witteg iscdher060td’ SelestathBastémsntebd/ £6960kdd s Wt WehalY in

oper at i ng
well as t

> B

of t ctronlc Foryms 3

55 SRPodif3nt o ophn RSPt o, SR tene TS it R EhE e

1 0 APR 1995RepoBt91temP$eyeenornWhléhczntatthesow1theﬁheu&endﬁﬁaihe

M crosofi1
After User

i

hbenit EiP@(:%a@éf nferengg%ﬂﬁﬁ?g%f V‘ﬂf > B¢ M4 VS

ected |s I tens using port elector 39

whi ch 5 1%asA%eﬁ fipthapntakessthy irergseplected and Fheres thew into a
Desi gner 13t hei fenghdBh| i 40€Rén4dttSched 0k8dan Rhhsi AJeNthils H4nbil SiHres

the ite se
-aSS|gnegE

e

SrgrnT | Pa ) Bieey PahlboRat " T e il digent % "

VvlteN@ssagepesloditaﬂlyocnéchStﬁoh Efngiliiem the aoudrViNd i vapatanl. byl f !

Report 1{gm t'?RLF&tP% %ljle %nThftVY-é%&é’EﬁE?gﬁ—xﬁ {‘ftécl‘g’géé t%gag #f1d he

functions 12

rovi e M<Troso ectronrc i‘gner Thi s

13 funct?onatSechede cﬁ%ﬁ%nﬁlkEF¢Gﬂ¢§%%§hﬁQ%t1¥evst%ﬁ%ﬁQQﬁﬁnhbhéﬂ¥H‘FNahe
file to ige & Mait. tﬂ%&é@é'tb@ jfens Peel 6eé® tdecHe Ie¥enddi | box 40

Snd: vl Fo AGERTIRE: o

Send- Mai

ndMa| This 16 tes_the descr t on of
thag’/ﬁl pFBl:%lﬁ‘P%m?UPege P J Qi¥en

as a 18 20epintenfatesewititt the cpenemhulrméhm@ramﬂinstead;df tHe Repdﬁt
written hp %Léﬂg#?ﬂgﬁé‘&ei%s%ﬂé %ﬁg%r&@é’oﬁﬁ%ﬂ%rﬁ%éﬁ‘%&%ﬂ’%& B

al so uses” M Cr oS

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

ner as

or more database f11es which contain the desired information
and searches the Knowledge Base 14 to determine the linkages
connecting the identified files. Program Generator 18 then

generates a Source Program 19 based on the linkages inferred.

Source Program 19 is then compiled and executed against the
Application Database by the Compiler/Executor 20. The query
result obtained is then composed into an E-mail by the Open-
Mail Agent 42 and sent to User A Mailbox 43. ‘User A obtains
his query result by reading this E-mail. .

The following describes in greater detail the Send-Mail
Agent 41 and the Open-Mail Agent 42 based on the integration

with Microsoft Mail, a product of Microsoft Corporation, USA.

The procedure for the Send-Mail Agent 41 is given as a
representative section of code in Program Listing 1. It is

written in Microsoft’s Visual Basic under Microsoft’s Windows

operating system and uses the Microsoft’s Electronic Forms
Designer as well as the Microsoft’s Messaging Application
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21 Program Interface (MAPI) to interface with Mcrosoft Miil 22 E-Mail
system 23 This procedure works as follows. It periodically checks
24 "Query Mailbox 40 of the E-Mail system using the subroutine 25

vTi mer Sery e B56dram I titérEacd) OMAIYb @ tiinteriade @dth) the6Microsoft Mail
VTi rrerServePlgﬁg)ei n turn uses the MAPI command MAPI Fi ndNext 27 to find
out whet Her solth ‘E-I\/all in the mailbox. |If 28 thereis, it then
i ssues the MAPI cThergmcbddiRires arivks aso f20lowsad RAfsel User A Rast he same

tinme it | eg,%q. Oghfiche

(whi clh [ sggn %c%%%é]%[@éqnﬁ %W%é{ee?ﬁ_ Igli &Té:%ﬂ%‘étlﬁgﬂgﬁ]g? ggll%l queue
| og fil e)532hapbeen | inplengntad ysing m,iqmq;fér Boglectronde: Fgrdesses the
33 attacénehésidnéhe ‘Ehéfesénd—lﬂ'!ﬁ atgtéfﬁﬂm&ntls invokiede Witrie Ryend4 itens

sel ected by a user as his query is sto |s fil I RS

query. dat? VEiREF S%F%??’r mscaﬁe}lf"'%@d \}§e i Ealt ei'g%%tag%pr%gclesgatl e
attachnensg . qw&vatmicﬁlxsttm dssjgnede hn:s@mm fiile sadiledt and the
date receiv o] fyi 15! e Ree Engl ne
17" whi oty gvae £ Mext 1€ AideYon Ma11ed wr icergRRgetis sl IE RS

i npl enented attachuﬂil%ufil% @alarecﬁ-!ﬁdﬁpmﬂjteﬂuby morz &G §@1&F§8r
contai ns f’r Ogl§ am Qeﬁi@émés%ééb GRiHldh tlbse &ne"wrﬁw:f@netubns;ource

pr ogram ased on the |Ii1nkages det er mi r}%g: |.nf &rence En ne 17. Thlt
next usek25 %%%@%@/B(eﬂﬁdfmﬂ’ﬁ‘?f Yeét B td{/?&"}? e 6 04°
dat abasel 3 Cofght€ibireses wnéazomanmlnmmmmtmemb -( 7 tooatitachc fheeed

| AppPHRe S ed 3 a3l d 1) ere
XXX can %% i@am%i’ﬁ.ﬁ%@%%h alfrﬂg'%he% leq'escx?gr??l ns H?r tWh\‘éfn

di ff erenl5f i Qeeryriiailtbad 4Quky |using tmeﬁowd/mmda@ﬁh-ogﬁlﬁe

nunber ofg r0&§mﬁieéésraqer&éséﬁ;sﬁmcbff rsaﬁd%lciatp@memhat make up_ the -~
query 12 resu

It also logs the selection filt Lﬁoedlnthe user
query asltel| as The Prefedurs Jox PReRJA ptﬁfé&e“l 5 Gy 35 aLog Fi-l e
44 usingi1s herépbeé&ﬂt&ﬂﬂvd%@ttﬁm of asdde/,in tPridgramo Thekdnga 2 .E- man list o

tcglntsagl\/ggl ue&ggresulé nd t%%?( '%f'ffezl%n o 4% I¥@ne descri pt| nsgpd

t he Open20hi syd8emgand. al@o uses Migrosnft M@@r'zﬂ Mﬁ?&%%éﬂplﬂf%ﬁw to
an E- Mai by 20p3yst-of) TR ESPACENMARE) NS Ofht dffaci GAth MidEosdttPMagt i On

22 E-Mail systenm.

23 This procedure works as follows. It periodically checks
24 Query Mailbox 40 of the E-Mail system using the subroutine
25 vTimerServeProc( ) running under subroutine WinProc( ).

26 VTimerServeProc( ) in turn uses the MAPI command MAPIFindNext
27 to find out whether there is any E-Mail in the mailbox. If
28 there is, it then issues the MAPI command MAPIReadMail to

29 read the E-Mail. At the same time it logs the time the

30 message is read into the server log file (which is one of the
31 two files under Log File 44, the other béing queue log file)
32 by calling the sub-routine vServerlLog. It next processes the
33 attachment in the E-Mail. The attachment is a file where the
34 items selected by a user as his query is stored. This file
35 is called query.dat. vTimerServerProc next calls

36 vServeAttach to process this attachment. vServeAttach first
37 logs the user naﬁe, the subject and the date received into

38 the server log file. It then calls Inference Engine 17 which
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21 database is still able to nmake his query using the E-Mail 22 system
Anot her advantage of this enbodinent is that all 23 queries made can be

Iogged fdor historical analysis. 24 Furthernore, the enbodi nent allows -
queries ta baspiapiemented 35 hasab-rodtider cayledf 1appRHEDGr s Fhiaeswb-

AL TERATI Ve FRYCoRepARstn rPRE B -H DRERR TSNS FEbE Lartp elighatesend 20

M SI NTERPBETAkeNhdise QuizThburgkt programebaseddenetheplinkagesan

al ternatiye Wayedhindd Cﬁnﬁg%xcaeﬁﬂlg&ﬁecw berprgaget@seso help prevent
users 32 frommsinterpreting their uerg@resu ts. Cﬂ resg#ts can 33
c

possi bl y Be Fospiden/Execytey 29ere getatlie FHerXeresy ®y, which
is in turg déextabades q@%ﬁp&&eb¢EﬂgcﬁﬁorCDODisx1mp2emenpééxaquargubs one

which is de up .of 6.,bas eri | £.0 aying its
own distidct ¥ q#l&ﬁ% FRQPE§§g%get§ﬁeméﬁgﬁga§Q ggéagﬁo%géﬁﬁgq%%rg is a
38 report 8i nﬂmme:mamieﬁeRﬂBULEnKKXbubecquKXyC¢Esh¢tXLﬁavED%eeﬁX?hlBB s the

replacene ' %ﬂl%%kg§%?thépf ABRe %%%g51on§1fér EHEp&ﬂfééﬁenEhffléOﬁaﬁﬂﬂﬂs
report |s not user to understand or |nt§ngret

ways ea
This enbdd navaidaddies d@éﬁtSthﬁ vsapveAttachy 1ogs othesnymbet efnhowe s
and procggsesRras ﬂ&%llféveam%ﬁmthé\/\haﬁabaseathas| Makdeuy) thepguately so

that 5 what a user f II | t dj

et ot s resiisy His e Wity thacsalarEidn sairey yied b PAL Gter

i nt er preti3 8 query aEhmeLalasrmaelu&emsbsdlﬂehedlnnbbvtbeaGUeng Jogefitedul e
9 called,tyhe J%nfi‘ggg 94, T*meﬁgi ﬁg,a'tﬁéeguﬁﬂrwt&ns Géﬁéﬁeiéﬁl ! Itasé9¥hoit

Fi gure’ 1i'descr ry main flowchart
al t er nat ilfe EFRRASAsHEN §'§ﬁé\kntPnCPP§6|1§ the qyery Rﬁﬁb\ﬁlEdﬁﬁdTﬁ‘r‘%ﬁduse ,
Anal yser 1% the MABAfsrAMAd 10eomaba tbestHacthos BfMahR Kooubedgm Thread ~

by {11 US 7t MR RK é%-?é&hi%”s%%g& €25 £hECeSRIBRIOR oF Ehf RERBELEC
two dat ahmseﬁgérﬁs as follows:
19 Thus by 1ntegrat1ng the query facility to an E-Mail
20. system, a user who has no on-line access to his application
21 database is still able to make his query using the E-Mail
22 system. Another advantage of this embodiment is that all
23 queries made can be logged for historical analysis.
24 Furthermore, the embodiment allows queries to be processed in
25 batch mode during off-peak hours whenever there is excessive '
26 load on the database system during peak hours.
27
28 ALTERNATIVE WAY OF PRESENTING QUERY RESULTS TO HELP PREVENT
29 MISINTERPRETATION
30 This alternative embodiment provides an alternative way
31 in which query results can be presented_io help prevent users

32 from misinterpreting their quefy results. Query results can
33 possibly be misinterpreted by users because of their

34 complexity, which is in turn due to the queries being

35 complex. A complex query is one which is made up of many

36 basic queries with each basic query having its own distinct
37 result. What a user gets when he makes a complex query is a
38 report in which these distinct basic query results have been
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21 File Item Key 22 I NVO CE | nv- No

Uni que key Is I'nv-No 23 . | nv- Ant 24

Cust’oner "25 26 | NVO CE LINES |Inv-No Repeating key is Inv-No 27

Suppose o 56 T I o his. Sl s o s epr d s S5 oo e g o
as.on one recgor S

Inv-No 2| Msehit %gﬂ%erstand 1°r ylnterp é’l.oodﬁg.f .ﬁﬂbo 41 te?bfi'e%}casc gr?ewn

sheet 10 APR 1&8fplex 6Qudrynintd\ik<CHbd NES drapdherdrso radsl azrorczﬁam -earlg

Ilnv No P"’%{sﬂ? co gne,gﬁogﬁ’ffcﬁ is 3 basic queryé s%paratel% so mtﬁ

Suppose a5 uséhabpizkesenctinakly I#"ﬁc%"es’f AR Arrestpll i 2 ﬂ?‘si'@-";ﬂtarﬁftPrq%e
as his queryajsditect %&Qﬂ: r@awrﬂeé@ﬁtﬁ twhiH Gthlel uder Padwerdipiter the

guery is processed. 12 | nv- No Cust onmer | nv- Amt Part - No Qy
Price 14 45 undersﬁgnd or intexpret. $1000 A 2 $ 50 16
1 g | BM Th1§1£)1)0ernat1ve énbodimént 1r$ﬂ:ﬂ0/es7 adding B new modulgM

$1000 t 51

be mi sint®r p?%fje%d biP% %O%%e égre%]gﬁ%% I nv- Al\;rqrt)sl‘uoc;f ﬁg‘% %élﬁﬁ frgelgleat ed

for everyo2lof rBtguye 014 | dgsrcibed I\E@fllﬂfuse‘kn RESHRAANY R i YGREDREE o
11 for this alternative embodiment is shown in Figure 40.

12
13 Knowledge Thread Analyser
14 Before we describe the function of the Knowledge Thread

15 Analyser 50, let us explain how query results can be
16 misinterpreted by illustraﬁing two different cases.

17 .
18 cCase A:
19 Suppose we have two database files as follows:
20 ;
21 File Iten Key
22 INVOICE Inv-No Unique key is Inv-No
- 23 Inv-Ant
24 Customer
25
26 ' INVOICE_LINES Inv-No Repeating key is Inv-No
27 Part-No
28 _ Qty '
29 Price
30 3
31 Suppose also that INVOICE has only one record as
32 follows:
33
34 Inv-No Inv-amt
35
36 1 o $1000
37

_
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22 get what he thinks is the total invoice amunt, nanely $3000. 23 This
is wong as there is only one invoice amobunt which is 24 $1000. 25

Thi$§ guéry is conplex and can be broken down into two 26 basic queries.
One basig q h7oeqUly, T u 7 452 or each invoice for
each cus'tclorrelé?'.rdyITlhﬁle |té'rtlr"sﬁl||%h% gzgegggtd%rrgrs gﬁgmf"r'\]%-Am fromthe I NVO CE
file woulld provide this 29 information. The other basic query is about
finding aut the Javidcai | s pafrtedvoh | Qegi c@xrieki ch details can be obtained
from3l the itenms. Inv-No, Customer, Part-No, Qvy, and Price. The 32
above quea'ry result is a conmpound report of these two basic 33 queries.
However, & f both It hese basi cAqueri es 2wer e$pbOcessed 34 separately we woul d
get a digjoint sgt of basic guery resultsg3pg as follows: 36 This is the

- repl acenent sheet” Date: 10. APR 1998 63 1 | nv- No Cust oner
“Inv-Ant 7 Part-Nd Qy Prig& 23 7  $175 | BM ~ $1000 4 5
1 g | BM A 2 $50 6 1 | BM

- B 3 $100 7 1 | BM X . 75 8
9 10 9 Noti cSURRASS)A MSSH ?1&% St 1&eps,EngaNPe &ng'gmh £?E§J tg’é
~ the | nv-1t gty remd dorircectdsy hreespieryd aThe foddbwing queryeresudtogouddd
not a repeat,;] f s < TR can be identified by the
fact thaﬁ'tﬁ%pgﬁéggﬂﬁﬁPiﬁnvgfsgggtue:?iﬁgé%#ﬁc%%%§ﬁ°they have a "one to
many" 132 relationship. Alternatively, we can say that their binary 16
relationsips is ghddfid Uni @ifsticherePadvi-agke Or phlNtCwdi quetyo PFiceon- key).
We can also say that their binary relationship is 18 a "has children" or
"has war’ds" type. Also, one of the items 19 selected is fromthe file
whose unisjue key 1 s used irmBMie 20 ISive@oy rel ati @nship, 2t hi s$i 56m bei ng

non- ke d nunerjc. 21 F he examgl bove, INVAO CE ihs th inl € whose
yk-'eaé) g S OfBé‘* '%o%oa V! h %lli)b

¢

uni que 22 used in the binary relationship with I NVO CE
LINES. 2¥ Inv-Ak is one dBMhe ite®dodd ected af part df th&ld®ery and
18 '
19 This result is correct but can be misinterpreted by a

20 user because the Inv-Amt of $1,000 is repeated'for every

21 record of INVOICE_LINES. A user may total up the Inv-Anmt to
22 get what he thinks is the total invoice amount, namely $3000.
23 This is wrong as there is only one invoice amount which is

24 $1000.

25 This query is'complex and can be broken down into two

26 basic queries. One basic query is about finding out the

27 amount for each invoice for each customer. The items Inv-No,
28 Customer and Inv-Amt from the INVOICE file would provide this
29 information. The other basic query is about finding out the
30 details of each invoice, which details cqn_be obtained from
31 the items Inv-No, Customer, Part-No, Qty, and Price. The

32 above query result is a compound report of these two basic

33 queries. However, if both these basic queries were processed
34 separately we would get a disjoint set of basic query results
35 as follows:

36 '
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24 it is non-key and-nuneric. 25 Consi der anot her case which can
also, lead to 26 misinterpretation by users. 27 28 Case B: 29

Suppose we have three database files as follows: 30 31 File I'tem

Key 32 333 EMRNEE  EfRdEomer UNIAVeAKEY | SaftdNeO gty Price

EnpNane 32 SKI LLS Enp_No Repeating key is EnpNo 37

Ski I | his is the replacenent sheet 64 1 PAYS EnpNo

Repeatlng3key is EnpNo 2 IBM $1000bOnth 3 Salary 4 5

Suppose ajso that these three files contain the 6 followi ng records: 7 8

EMPLOYEE: ~ Enp_No Enp_Nane 9 1 John 10

2 5Gally 12 12 IBMI LLS: Enp_No ASkil2 13 $ 50

1 6COBOL 14 IBM 1 Faggtram 15 s100

1 Ada 16 -2 C++ 17

2 7coBoL 138 19 IBMvsS: ErpNo SontH . $Bfary 20

1 Jaa 1000 21 1 Feb 1000 22

2 Jag 2000 23 2 Feb .° . 2000 24
10 Notice that with this disjoint set of basic query

11 results the Inv-Amt is now correctly presented as a single

12 value of $1000 and not a repeating value of $1000.

13 This case can be identified by the fact that the query

14 involves two files in which they have a "“one to many"

15 relationship. Alternatively, we can say that their binary

16 relationships is a UR (unique to repeating) or UN (unique to

17 non-key). We can also say that their binary relationship is.
. 18 a "has_children" or "has_wards" type. Also, one of the items

19 selected is from the file whose unique key is used in the

20 binary relationship, this item being non-key and numeric.

21 For the example above,.INVOICE is the file whose unique key

22 Inv-No is used in the binary relationship with iNVOICE_LINES.

23 Inv-Amt is one of the items selected as part of the query'and

24 it is non-key and numeric.

25 Consider another case which can also lead to

26 misinterpretation by users.

27

28 case B: |

29 Suppose we have three database files as follows:
30 -

31 File Item Key )

32 |

33 EMPLOYEE Emp No Unique key is Emp No

34 .Emp_Name

35

36 SKILLS Emp_No  Repeating key is Emp No
37 - ' Skill

38 |

-
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25 Suppose a query is formulated by picking the itenms 26 Enp_Nane,
Skill, Mnth, and Salary. Let us first consider the 27 case of using
Power House to process this query, followed by 28 the case of using SQ to

process this querppys The reaggpind OF Jpdditg Kelys iisS EmpaiNobot h Power House

and SQ. give different 30 re§TJIts but each may “still leéad to

m sinterpretation by 31 udignth The follow ng result would be produced
after this 32 query is pra=isasd by PowerHouse. 33 34 Enp Nane
Skill. Mont h Sal ary 35 John coBOL - Jan 1000 36
John Fortran Feb 1000 37 John ' Sal l'y
C++ 5 Jan Suppgs® R lEp that t%ﬁ%mh&’@@rré“ﬁ{leﬁw@eptedf’ethelo APR 1996
65 1 6 Bbllowing F&dras: Feb 2000 2 3/ A user may then

use this result to flnd out the all 4 Salary records of each enpl oyee with
COBOL skifl. As the 5 first and fifth row of the query result contain
coBaL, h%6 woul CENPLOYER haEmp eo Sal Bmp Namer ds cone fromthese two rows 7

only, ly: 8 9 Enp Nar Mont h Sal ary 10 Jdhn Jan
2000011 97 Sally Feb L 000 17°PP However, this is not
totally T@rrect as the correct 12 result S8d¥d include all the Salary
records pf John and 15. Sally both of whom have COBOL skill. The correct
result is 16 as follows: 17 18 Enp_Name Month Sal ary 19
John  12Jan  SKILL§po 20  Emp_fgyn TKildy, 1000 21 Sal |y
Jan 13 2000 22 ~Sally 1 Feb coB0I12000 23 24 Let us now
consi derli he case of using SQ tf .process Etot}etran :

15 1 Ada

16 2 C++

17 2 COBOL .

18

19 PAYS: Emp No Month Salary

20 ) 1 Jan 1000

21 ' 1 Feb 1000

22 2 Jan 2000

23 2 Feb 2000

24

25 Suppose a query is formulated by picking the items

26 Emp Name, Skill, Month, and Salary. Let us first consider the
27 case of using PowerHouse to process this query, followed by
28 the cése of using SQL to process this query. The reason for
29 doing this is that both PowerHouse and SQL give different

30 results, but each may still lead to misinterpretation by

31 users. The following result would be préduced after this

32 query is processed by PowerHouse.

33 .
34 Emp Name 8kill Month Salary
35 John COBOL Jan 1000
36 John Fortran Feb 1000
37 . John Ada

38 Sally C++ Jan 2000
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25 sane query involving Enp Nane, Skill, Mnth and Salary. The 26

followng result would be produced by SQ.: 27 28 Enmp Nane Skil
Nonth. ° Sal ary 29 30 John COBOL Jan 1000 31

John 1 COBOL salkgb COBOL1000 Béb J2boo Fortran Jan

1000 33 John Fortran Feb 1000 34 John . Ada
Jan 2 1000 35 John Ada Feb 1000 36 Sally
C++ 3 Jan A use20fi@y3%hen useSkhiig resuts+to find qup the aldpoo 38

Sal | 0 o 38
ASR {err ngg%r¥ rec%@ﬁg F eaéfl %{gﬁb?eéswiﬁﬁ EGBOBCEREDL . S RgttﬁateThls

2000
resul t c§u|§1§§tnﬁ§ﬁnféfﬁheF8H g¥ thegsgrep¥c Lngsuly c?ﬂ%aE%J%$9§Bf B8hn and
Sal |y isgrepgat@dthank th&estheHsalayySretotrat cpméherdal thgseotwanrowsfind
“the total Sal ;y for iohn 6 and Sally. MWhat he would get respectively is
6000 and’80681¥7 PAPEWYS incorrect. The correct result is 2000 and 4000, 8
respectigely since John's salary is 1000 each in Jan and Feb 9 and Sally's
salary ig 2000 e Feb. This query is conplex and
|nvolves§tmo nul?% kPm ¥§Rége endéEC|es of EMPLOYEE, nanely SKILLS and
PAYS. RO can beJdehn brokeﬂaaomn |nté°PRo basi ¢ queries. One basic query
i s about 113 enplsayags andgkpei r ski bbgsoand the other basic query is about
14 enployees and their pays. The different query results by 15
Power Hod€e and SQL shown above are conpound reports of these 16 two basic
gueri esi3 On t heHowleserhattlishdsdnetoitntalddy obrt@ctrasuthe ¢orreabse two

basi ¢ q&%rles l%2s£%u&% jnﬁludgnglgagﬁe §5%§£y rec&@&%hof Joh§a£ﬁ&y 20 21

John
Sally 15 CSally both of whom have COBOL skill. The correct result is

16 as follows:

17 i
18 Emp Name Month Salary

19 John Jan 1000

20 John _ Feb . 1000

21 sally Jan 2000

22 Sally Feb 2000

23 .

24 Let us now consider the case of using SQL to process the

25 same query involving Emp_Name, Skill, Month and_Salary. The
26 following result would be produced by SQL:

.27

28 ﬁmp_uame skill Month Salary
29

30 John COBOL Jan 1000 _
31 John COBOL  Feb 1000
32 - John Fortran Jan 1000
33 John Fortran Feb 1000
34 John Ada Jan 1000
35 John ada Feb 1000
36 Sally C++ Jan 2000
37 Sally C++ Feb 2000
38 Sally COBOL Jan 2000

65
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25 Sal |y COBOL 26 27 John Jan 1000 28

John Feb 1000 29 Sally Jan

2000 30- Sal |y Feb 2000 31 32 Not i ce now
that with this rgpeiyy a useopegul d epepl y 33 Hppgd out correctly all salary
records of enployees who have 34 COBOL skill. Also, with these two

di sj oi nt&d basic reports, 35 the user would not incorrectly total up the
sal ary of John 3@h18nﬁe§altycoﬁId be mishhterpsetednbyeai dseri peeause t he

R L e Tl

(WD) acene
exanpl e, 5|ntbhelabpvshea§elanﬁ gedumpyte &ind: Ehesketal $adary £or ddpRRdent

on the afgtrLayt 8294yl { efhERPhEOwol18. geacbespeeﬁnberﬁelbasoeowhﬂ geboned
set of skills. Simlarly

, the 4 attrlbu es or §§ ? éﬁlary are
al so nulﬂl-Egﬁénéénﬂn§°r6ﬁ°Enp Kbe cﬁFF@F aFPoRE 3@ f
Involvessatr@spbe&ibeubreenbeleshnnswbaahrynesfubeohaech ionéigoandn?éb7
rel ation r.a uni tQ-r t n eto non- key)
binary r 5P§n§ﬁ}g tﬁa§§§x QF ?Eﬁa ﬁ ?#Igghﬁ%ﬁg F?ﬁ ot her _words, one
file haaoa 'has d‘hllISdqanryonSacgmpleKa§nﬁaF-G§°lﬁﬁﬁaFV°rEP&FFUH%Pﬁ Wit h
each of 14Ne faaklachidigs. of! EMproYEES! nifelqishests! bAakpRYECdoet Thanade

Anal yse takes as 1ts 1nput the knomdedgg hr ead # E
earl|erﬂ213br@@F@rﬁPW@dlﬂ§°lﬁV@r?ﬁéécEﬂBFﬁéeTT b9B&J°BRIENEYE gnﬁssg BCted
14 by ghe @&@ﬂo andl BPkérckRidls Shacehehetheenbasitequedybysisbont

user are obtal fron1 Ie c ss i.n 14.. o] t i ead
detern1ﬂéd §F§n€ E%ée% as gg |§§f?%§E¥ﬁr§uﬁkg g%gg%gsrggt

kernel as i leweferlmseclaasls smoshmncnbpse phe coeppupferSpPEEFeRL these
Know edge Tl%ér%a%a% Ny Yﬁ%ﬂ:l@g t h% :{:ﬂe %@ﬁ&sﬁﬁnﬁihhﬁekaQ%éﬁlﬁe tBeecad, ~

breaking it rsttinto w.edge threads to resolve the
Case B tiypergsuits é@#bﬁ@ﬁsﬁu§ﬁV EP&BFeﬁ§er&ﬁ3 8%€6nd for each sinple -
know edgg 22 thread derived breaklng it down further into snmaller sinple

23 know edge thread to resql,ve the At conmpl ex query 24
problerré"'9 The n&® gﬁﬁg g%i'g'uce Va1l

eads"pro as a result of
20 )
21 John COBOL
22 " John Fortran
23 John Ada
24 Sally C++
25 Sally COBOL
26
27 John | Jan 1000
28 John Feb 1000
29 Sally Jan 2000
30 Sally Feb 2000
31 )
32 Notice now that with this report a user could easily

33 find out correctly all salary records of employees who have
34 COBOL skill. Also, with these two disjointed basic reports,
35 the user would not incorrectly total up the salary of John
36 and Sally.

37 This case can be identified by the fact that the query
38 involves more than one mult;—valued dependencies (MVD). For

66
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25 this analysis are then passed to Program CGenerator 18 to 26 generate
the correspondi ng source prograns which are then 27 conpiled and executed
to producte the query results. 28 Bef ore we describe in detail this

exenplar¥1pre§sﬁgna 3%} t%@tapévﬁefaﬁemﬁﬁé atk?ﬂﬁgﬁégéfhﬂtémdSK$3DY1§|V'ng
an exanpl e ecause it w e erstapdi ng_t his_procedur

Suppose a2 usEplﬁ&K9§PSnGGEFy°BntPﬁeg§é£i#ugﬁFEENEfgﬁI§E§ 83' ﬁé§Cr?ﬁ§H
earlier bg sehpaby&g hhe atwatlEgplined Setaoy, sk3118: ansimhlerlP; &he

Expenses, 4OoURELApRIE Ek&Lemsgggﬁghagﬂd3§?1$fgug£e3%I$§ H#RPLS SAOFhaLREd

detern1ne by “I'nf'erence
repl aceneft oShe&mpDipe: A@tﬁpﬁat®9€1Y, ¥e gan say thwtOvEELN¥elYesRAfCH

(NU) [errk C@UHE%YtﬁyHE %11es in whlcﬁeéﬁ& E%iéLﬁh§LEO"§ne-to-many" [err]
Bl LLI NGS (UR) Legend; NU - non-key to upi

UR - uni gde Ké}aF&°P§Bé8tPﬁgakg§ f“quue‘t°T PRERbY bdﬁ% %h?%a&“ﬂb%“%n%g
thread- hegd honh-Kepy Bihbigadekationship whethtéaendehethebethert hilesodr

kernel 10_ entity,of the.class o) 0 fa) eakiown this 11
conpl ex t Rr ed® | Pgrn§ﬂ§d§rn8P3 Fx?ga%¥§ %ﬁe&%ge%§§1a§e£ Q& 8 t hread has
one threao-héaasawardsFyb@neryhre&dtéqushlnhvstQSEaGbnpfekhkn@hhengﬁllﬁ$ead

can be brgken do fahl 15
e 13 ENPL $Eghﬁerr?eae§bgﬁb§ ﬁ o?£€§?éefﬂfe£3r%ﬁ€§y§§r 86! ovpg

EMPLOYEE1Rer tpKSRI RESiteRjinpgt the knowlegge cﬁtﬁféﬁrfaﬁu@E¥+&£ﬁ(%P5119rbo
Two di ff esenietepainetl byMheetrbheadenginebe7 dpase@doR lthér Dteis CO8PEEEed

th d det by | f Engi 17.  One_22 | h

b oads £ WR¥CRIS! HeEReTEPRaRy S2 9 P F 1PBhonT e et iBehCrlE SAFSCERt P
files iniBheat hseadars WNbtddnedr fRon alsbnbte cypes|ssiheeURvehyeads in
i ch 2! 6! NEnbu1eBLRALKEENAGELAFRIAG PBY VRRR L URCEOEAGERE 17! Rds! 45 URes

One 26 characteristic o S|np read
17 thread-head the root kernel entity of the class from which

18 the 1tems are selected. Knowledge Thread Analyser 50 then
19 analyses this knowledge thread, breaking it down first into
20 simple knowledge threads to resolve the Case B type of

21 complex query problems, and second for each simple knowledge
22 thread derived breaking it down further into smaller simple
23 knowledge threads to resolve the Case A type of complex query
24 problems. The new knowledge threads produced as a result of
25 this analysis are then passed to Program Generator 18 to

26 generate the corresponding source programs which are then

27 compiled and executed to produce the query results.

28 Before we describe in detail this exemplary procedure,
'29 let us recap what a knowledge thread is by giving an example,
30 because it will help in understanding this procedure.

31 Suppose a user makes a query on the ABOUT EMPLOYEE class

32 described earlier by selecting the items Emp Name, Salary,

33 Branch Name, Br_Tot_Expenses, Country Name, Skill, Month and
34 Amount. The knowledge thread determined by Inference Engine
35 17 is as follows: :

36 |

N T



27 thread-head is sane as the thread-head of the conplex thread. 28 As
for the NU or RU sinple threads, their thread-head is the 29 file on the
conpl ex thread which starts off the NU or RU 30 relationship. 31

For exanple, the I w et a e 32 NU sinple
thread, namely 333@%“%@’ Sﬁ%ﬁgﬁdﬁﬂ? [er?ﬁ’%ﬂ&?"?ﬂu [err] COUNTRY (NU)
35 This 18 the repl acere8KIEh8e(URM €: 10 APR 1996 69 1 and two UR"
simpl e thgeads, nanely_2 %& INGS (UR)ENPLCNEE [err] SKILLS (UR) 4 5
EMPLOYEE Eerr] Bl LLI NGS ? 6 7 We shall now describe an exenpl ary
enbodi mrent of 8 Know edge Thread Anal yser 50 in detail. It conprises the
g foll ovv'sng st eppegéfidil NU - HbaApkéy tolunigde k&g know edge thread

et erm ne y 12 _ JJaference gine 17.a rive the NU or
RU 13 9 sianERknoﬂPéﬁﬁﬁ ﬁ¥e§§séﬁﬁ%aFﬁ%8€E?§inple 14

know edge7t hreads. Store the NU or RU sinple 15 know edge
threads ig NU-RU . ea ' d _ 5h now edge

' g Eﬂégngggh§98g thP€adbnas oneT%?read h?éﬁa ﬁgﬁ%gg

threads in UR Thréa ) 'S resolves t e B type
of conpl eR qggryaggends, with the tb;g@ﬁehgaQnggng the EQ%B kernel.cess

the firsgosi gRtetiynew eHeecihssdd whalwe want to do is B bkbdkasws thie.
Starting_fromth al yze each

22 . th d- gnd i [.0f
adjacentlFiIEQmEgex-thread into ma?grstéggeﬁfgﬁﬁggﬁf %Bﬁf?eﬁagﬁgéﬁﬁbl?f a
pair 24 12 thread has ohesthré&adehdadyardofntynphextbueag-endnerthbsa 25

Kk d d LSl ' t : :
?ﬁr;ag?ggg ?ﬁPoggﬁﬁt58?&2@??5”8h%%%85055?ﬁ% ggozén down into three simple

rst eln parr o

adj acent 11 | kpowdpdgeathreads, ashfollgws: first file formng
the threag-head of the new 29 knowl edge thread. Assign to
this nele : . EMPLOYEE - BRANCH (NU) - COUNTRY (NU) )

17 . -~ EMPLOYEE - SKILLS (UR) : ' _ -

18 . EMPLOYEE - BILLINGS (UR)

19 |

20 Two different types of simple threads can be derived

21 from a complex thread determined by Inference Engine 17. One
22 type is the NU or RU.threads in which all the binary

23 relationships between two adjacent files in the thread is NU
24 or RU. Another type is the UR threads in which all the

25 binary relationships between two adjacent files is UR. One
26 characteristic of the UR simple threads is that their

27 thread-head is same as the thread-head of the complex thread.
28 As for the NU or RU simple threads, their thread-head is the
29 file on the complex thread which starts off the NU or RU

30 relationship. _ -

31 For example, the above complex knowiedge thread has one
32 NU simple thread, namely

33

34 . EMPLOYEE - BRANCH (NU) - COUNTRY (NU)

35
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30 know edge thread its respective set of user 31
selected itens such that only its thread-head 32 . has user
skl éct.ed" itens which are both non-key 33 and nuneric. Store
this new Knoyh&dgeo ik €8fpfe threads, namely i n New Thread File. Repeat
this step for each 35 of the remaining sinple threads in
NU- RU 36 2 Thread File. 37 This is the repl acenent sheet
Date: 103 APR 1996 F9PIIOYEE - SXERLSS: (UR)Access the first sinple

know edge,thread in UR 2 : Thread File. Starting fromthe

t hr ead- he%td 3 anal yze each pair of adjacent files for Case
A 4 .t yBMPIOYER | BILLGINGS (URX a pair has a Case A 5

type of cgnpl ex query, generate a new 6 know edge t hread

conprising files fromthe 7 t hr ead- head o the
first fil® in theWg shall now describg;gn gxepplary,e "%7 dte‘énedﬁ'lgrﬂft anal yzed,
with 9 g Knowled%e Thi€ad hARally e b ®f in heteell knatl estgrptilsressa d-hid

bei ng the_sa g reag head of the 11 know edge
thread befng 3?1 PY2RY. : ﬁgitgn to 12 this new know edge
thread i1e respectlve set 13 of user-selected itens such
that only,its 14 geep 1 Anal éhfl?é‘gcﬁé}ﬂl dive Uif¥eatt | Rtithiid&doyhi ch
are 15 non- ey and nuneric. Store this new 16

know edg®2t hread in New Thr’éﬁﬁeﬁ!“ée E’F%b‘é%ttl"l?’nd derive the NU qp RU; o
for eachyef the remaining ssmbﬁelﬁnowledge threads dnd ddns UR diphe ead

File. 19 20 Step 4. For knq, hr d
21 14 File con’ﬁ?ﬂ‘él?‘? ?‘#??fg% I%oexdg lﬁ?qnl BELP %Mﬁ?
t hreads 18 the NU-RU Thr eacﬂ<ﬁomaedg|echhim¢52i31 NU-RU Thread F13t¢1eand the
thread- hg %d. matching a fil g!éknﬁilnﬁlgacgéwledge tl't)reads in %Mr?réﬁtp\/%ﬂ&e N

t hr ead. his conplex thre ones a new know edge
thread. 1Assign this 26 This resolves n@@l&ﬂﬁﬁeﬁid’é’ﬁ%%&qq@?’éﬁg%@(
set of 2{g UgPbbienected items such that only its UR 28
t hread-end has user-selected itens which are 29 bot h
non- key 28d nuneric. Store this new 30 know edge thread in
New Thread File. Step 2: Access the first simple knowledge thread in
21 NU-RU Thread File. Starting from the
22 thread-end analyze each pair of adjacent files
23 for Case A type of complex query. If a pair
24 has a Case A type of complex query, generate a
25 new knowledge thread comprising files from the
26 thread-end through to the first file in the
27 . pair of adjacent files being analyzed, this
28 first file forming the thread-head of the new
29 knowledge thread. Assign to this new
30 knowledge thread its respective set of user
31 selected items such that 6nly its thread-head
32 has user selected items which are both non-key
33 and numeric. Store this new knowledge thread
34 in New Thread File. Repeat this step for each
35 of the remaining simple threads in NU-RU
‘36 Thread File. '
37
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31 32 Step 5: El i m nate duplicate know edge threads in the 33
New Thread File. 34 35 Let us apply this procedure on the earlier
eXanple of a 36 query on the ABOUT EMPLOYEE cl ass to show how t he above 37

procedur e; works. spligmz e aR@bysSteme IfiMet GimdNe Kridw1ekige ﬂfredwm rtme
know edge threads This is the rﬁ@l} acement sheet Date: 1

996,
[err] EMPLOYEE [err] BRANEIFEMUFIESy] Tanties Gygm He EhrERd-head
fol | owi ngg UR si npl e know edgea].Weaehach p&ir of adijmadnt HENRISOWETE [Qasq A

SKILLS (UR) 6 [err] L N(&F(
si npl e thJ‘rQeads are stored i n@% %ﬁﬁ%’% e‘gldé‘#'l e %?fnﬁélaﬁR Thread
File, respectively. Next wetype of cgomplex quenhe gdearerafs & RN edge

thread. dhe first pair of ﬁ%@fé‘d\%eléhrééd Qo d ik fflrm tfveont RRad- end
are COUNTRY and BRANCH. 12 Since

he user-selected itemfra RY file
is 13 Colntry Name which ith¥RRATRERS thre §q'rfofeé&'§é:ﬂ]fpeubft
conplex geery in this pair pélﬁcbﬁcamjaéeﬂiesflléio mni;e\anﬁiydeﬂ),vmadge

thread is,generated for thi e &B@% and
EMPLOYEE.? Since one of the gahﬁ%e?gm %gi%efd Q*rm 'S q?o
Expensesi@hich is 18 both lnequelyhemlammmﬁr@le tm@d'é’t%?d’:a%fe the ype of

conpl ex ]}i]? query in this pahbyiedde 1LV B &floe ddyijaf 4 20
generated as a result: 21 22 lerrj BRAN err COUNTRY (NU) 23 24
The userl3el ected itens asstyhedne® krowledqs insa rasPeGtGh

and Br Toifxpenses. Notice é$hahis@rtyeldetdd 1ﬁéﬂ§aﬂtcﬁncthartarmﬂ;y BRANCH, has

the ite ich is both non 2 nurrerr C F&He_gge Thi s
new Knom&ge 28 Thread |sélf‘%%%g§?%$ % He %ai@%rea?ﬁg—n ure
there argsno nore NU si npl eb&blpwhenigeey m@mumm}xtswe dppisy nawep 3 on
the UR sjgple know edge thrgadsieaddeehi?dsd in New Thread File. Repeat

17 this step for each of the remaihing simple -
18 threads in UR Thread File.

19 ' _

20 Step 4: For each simple knowledge thread in UR Thread
21 File combine it with those NU or RU simple

22 - threads in the NU-RU Thread File which have
23 : their thread-head matching .a file in the UR
24 simple knowledge thread. This complex thread
25 | ~ becomes a new knowledge thread. Assign this
26 ' new knowledge thread its respective set of

27 ' user selected items such that only its UR

28 thread-end has user-selected items which are
29 ' both'non-key and numeric. Store this new

30 knowledge thread in New Thread File.

31 .

32 Step 5: Eliminate duplicate khowledge threads in the
33 | New Thread File. -

34

35 Let us apply this procedure on the earlier example of a

36 gquery on the ABOUT EMPLOYEE class to show how the above .
37 procedure works. When we apply step 1, we get the following
38 NU simple knowledge threads
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31 UR sinple know edge thread is 32 33 : EMPLOYEE [err] SKILLS
(UR) 34 35 There is only pair of adjacent files in this thread. 36

St nte .one of the user-selected itenms from EMPLOYEE is Salary 37 which is
bot h non-key and puner ERPLOYEEe-i BRANCHS €NV t-y peOUNTRYi 6NUE t he repl acenent .
sheet Datg 10 APR 1996 72 1 conplex query in this pair. The
foll ow ng®new knowl edge 2 thread is generated as a result: 3 4

EMPLOYEE 3 6and theTﬁelmngngeUBcsempleehﬁoﬁkgdgmeﬁthﬂ¢$°are EnpNanme and 7
Sal ary. Jhis new know edge thread is then stored in the New 8 Thread File.

9 10 The next UR_simpl e know edge thread is 11 12 EMPLOYEE
[err] BILBINGS (UR) 13EMBLOYEE —pgKI Pﬂ WR)r of files, the foll owing new
know edgeel5 t hread iSEMPBOYBEnerBIBﬂINGS (UR) EMPLOYEE 18 19

wi th Enp_Nane and Sal ary being assigned to it. is then 20 stored in
the New Thread File. 21 Next we apply e We conbi ne the NU
sinpl e thBead 22 ThePeOskEpler thremAsCRre l\ﬁj;omq? rifn G i-RAFhyead Fhke UR

sinple 235 kgg eﬂ e h&ﬁﬁgaaEmQYEEespé&L%Ua\ew derige 4 24 on
follmmr@ new edge thread OYEE - BRANCH (

COUNTRY QQU)tQ¢ NU 51mp1e knoyégggeskpgggg(Lfgh?8f§gﬁt pair ¢k ad acent
User-se|Qﬁteélnégﬂﬁtaﬁﬁhﬁqedrbﬁ theatRr&ARPBNR, a3d CHUNTRY Namk, BRANCH.

Country_Name and Skhb! userh2108¢eA LT PR Tcob R dei Po 1IN StOred N
13 cCountry Name which is not numeric, there is no Case A type of
14 complex query in this pair of adjacent files. So no new:
15 knowledge thread is generated for this pair. The next pair
16 comprises BRANCH and EMPLOYEE. Since one of the ' ~
17 user-selected items from BRANCH is Br_Tot_Expenses which is _
18 both non-key and numeric, there is a Case A type of complex
19 query in this pair. The following new knowledge thread is
20 generated as a result:

21

22 . BRANCH -+ COUNTRY (NU)

23

24 The user-selected items assigned to it are Country Name,

25 Branch_Name, and Br_Tot_Expenses. Notice that only the

26 thread-end, namely BRANCH, has the item which is both non-key
27 and numeric, namely Br_Tot_Ekpenses. This new Knowledge

28 Thread is then stdred in the New Thread File.

29 As there are no more NU simple knowledge thread, we next
30 apply step 3 on the UR simple knowledge threads. The first
31 UR simple knowledge thread is i

32

33 .~ EMPLOYEE - SKILLS (UR)

34 ' .

35 There is only pair of adjacent files in this thread.

36 Since one of the user-selected items from EMPLOYEE is Salary
37 which is both non-key and numeric, there is a Case A type of

71
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32 33 Anot her new knowl edge thread is also forned as follows: 34 35
EMPLOYEE [err] BRANCH (NU) [err] COUNTRY (NU) 36 [err]
BrLLINGS' (UR) 37 This is the replacement sheet Date: 10 APR 1996 73 1

The user - 16|éﬁbgiethEEr§sihQEﬁ§st?ahk ar eTheP£OEIGwing Wewrkiiowbedge
Country_ hg h nt.h,, and” Anount hi s ne£/3 know edge thread is then
stored in4t hEPRERSTHFggnerRECA 2R0R] LESPAST only the UR thread-end, nanely

Bl LLI NGS, 3has the 5 wuser-selected itemwhich is both non-key and nuneric,

nanely 6 Anmount. applied next. In this step the
duplicate48 thread nanelyigﬁgeg§g in the New Thread File is 9
elimnate& This conpletes t he analysis of the conplex 10 know edge

t hread dekernlnedwag hQ@rLQEQE%EQQ Eﬂghgeaéglgﬂe&hgolit 5fewt§§gnaﬂbrsﬁd

Anal yser 50. 12 Purjfier Secur i
- Nbdey 13 7spSalpryr Zgh&FenSHt BHH& HgﬁuF eaq,is the n1R %r?ﬂ n ﬁ%%d#%%nt

ensures tgat Tardads@idewi || not 15 msinterpret their query results
whenever they make conpl ex 16 queries as it ensures that the query results
produced are 17 presented as a disjointed set of basic query results. 18
The invea0i on nowThei ngxtulRy sdwpdei kpavwledgei threed 19s apparent to one of
ordinaryqgkill in the art that many 20 changes and nodifications can be

made’ thereto wi t hout 21 degarting fromthe spirit or scope of the appended
claims. 22 This is theEMBRPEEENnBILRIBESDAPR) 10 APR 1996 This is the
repl acemant sheet 74 Date: 1 3 MAY 1997 In the clains: 1.

A0, 210 USRT, QUerY ERCbILY Ot BGCBTLUD fudbabasei g MY Rnblbiabty O
15 thread is also generated:
16
17 . EMPLOYEE
18 |
19 with Emp_Name and Salary being assigned to it. It is then
20 stored in the New Thread File.
21 Next we apply step 4. We combine the NU simple thread
22 EMPLOYEE - BRANCH (NU) - COUNTRY (NU) with the UR simple
23 knowledge thread EMPLOYEE - SKILLS (UR) to derive the

24 following new knowledge thread:

25

26 EMPLOYEE - BRANCH (NU) - COUNTRY (NU)

27 > SKILLS (UR)

28

29, The user-selected items assigned to it are Emp_Name,

30 Branch_Name, Country Name and Skill. -This new knowledge
31 thread is then stored in the New Thread File.

32

33 'Another new knowledge thraad is also formed as follows:
34

35 EMPLOYEE - BRANCH (NU) - COUNTRY .(NU)

36 - BILLINGS (UR) '

37
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a know edge base which stores a set of classes and a set of |inkages of the
dat abase nodel, each class representing a select grouping of said database
filés based on a classification schene that assigns each database file with
a particuhar entifhel ¥BRr-gaGRctald ikeRkad8si8AEESEH! iBJaPel EmP! NAReDE! WEEN
two of said gatabSiﬁ files in which a first datahase flLe hfﬁ.a_ke% { hat
ref erenced aff*80GRNPESy Foypntry NamesnHonkhanatd Appunt, THIiS BeRerator

for readi Bg kaowledyebtheeaddéks &hengeterati g thedNewt Thiteadlapite.and said

set of linka . d ba e nd .whi gh [ j Ao know edge

base saidﬂse?3§%8%|§§§§s%§§g gﬁﬁgﬁge#thgFTﬁbége§%83§§i%f%?ﬁg€§bnﬁgﬁoﬂﬁefor

i nterfaci Ag Ween-sedestedoitbmawhithoist hethsnenckeycand bouwerbn, snanely

cl asses ag apfeanhgnati on of the information to be extracted fromsaid

dat abase; _an inference engine wht ch, based_upon,sai d designation of

i nformati dn to beSERPraciBdaPPoArdaP8*at abBsEhisdshepsthae dwerliFak®re of

sai d dat aBasehtrehd; wamelyCBMPROWEENeifleghéeNewtRFr&&ad i P1&nilssear ches sai d
know edge base. rmpe.the |inkage( connecting sajd one:or nore

enti 11 T EndbindRha." B onplCPAR Phe R TR A %8 2he EFrREeR s

obt ai ned1By kapwledg@er threadndebernatedchyr thesInferencanEnginat 1 achy sthe

desired hﬁfOkﬁshggag%rQﬁkﬁﬁhdAﬂﬁiﬁgﬁﬁng?i An end user query facility

for accessing a database having a % of database files formed using
a dat abadé nodel , IRokBiFsPRodanRAEWMEdg: BAsifidy c26 sandl cSeguihty diodel

cl asses asd spaeifﬂérlbgkag6509£%bhe;gﬁgab§%§.nvge:, egch glass

representing a select oupin sa at abas es.based on,
classifiégtion schgﬁg ghéf 3@§P§ﬁ§e8 cRNGUr §Bak a#i?%@VW??F%iYﬁjii%%?ar
entity tg}pe, méaihtenbdeti thejr gupreseasubys awhehevenntlvey wese t oompliexai d
dat abaseqti | |E Lehs ' S [ - t r es an -~
equivale%% kgéeggeghégc%ﬁdghéﬁggggéﬁgﬁlg?é &&%ﬁfgrééﬁfﬁéaé%éﬁ%é%%ﬁ%? shot

Dat e: 173 presentedrasgacdisioiphedaset ¢Hrbaziei giernixesitdase node

and genengting satrHeSghvehtEbASAGH BAInGaFdl Bptaddctimkdgest Gfiinepdlat abase
nodel sai d set of classes and said

and _which stores in said know edge
set of I?ﬁkaagg?r§ﬂ£iﬁ?o?ﬂﬁt? n°§§bﬂ?rgo?gfife+?a. YQPTF (Hat MARY (o obtain
from t he2@sechahgesecanamedifiicatiidns| aan clse asade delsexpid iwithdut he
i nf or nat Len r o) i t : i nf ngy i ch,
based upg% SQIQHQgEg& ngﬂ>§%t%% %?g;gag?on ‘?%gb%ﬁg&%a{éé%ﬁﬁ(g%%ﬁn :
dat abase22j dentifies one or nore of said database files which contain the
desired informati on and searches said know edge base to determ ne the
| i nkage(s) connecting said one or nore identified files; a know edge thread
anal yzer receiving as its input said |inkages

_—
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determ ned by said inference engine, and whi ch breaks domqhiggﬂegm i_ keaﬁei s%i
[j id

into sinple |inkage(s); and a program generator which acce

| rnRages* obt ai ned by said know edge anal yzer and generates

for each BaiWHAT NS cCLAIMEDICIS t 0 extract said desired info

dat abase @as a plurality of sinple query results, one for each generated
program 3. An end user query facility for accessing a database having a
plurality3of database &n|e fugerrdusinfaciddbdtah forr anpessing® idatabase
know edgey baggy i b SIFL5i 18y S dtdpdd e & iR AiRe I dilabae
semantics_extractor for readi'ng said database nodel and extracting the
semant i cs® ofMESHr LOMNESINEdel , and which stores in said know edge base
said set &f |inkages, arknoWludgd ibase ahiicH artdreseraf agthgfidllassassand o
obtain fromith S . .des| | of o & ' f.i.on to be extracted from
sai d data asée,g%éjn ?%f%’gﬁacdeecg;%él (r}{ehemqac%?béoégsg‘{é&&p}dn sai d desi gnation of
informati®n to be extracted from skassigiensraton o ireadingheadd nore of
sai d dat apasgatdbsse WoddL Y Ydhd it 14RP Id84 IS0l Id1aB s a3RP IS Sai d
know edge base to_deferm ne the Ilnkage(i%hconnectlng said one or nore

i denti fitQ §¢eCf ol PRgein et ditalans madeds aod whd oy SEoF&es M ai ned
by sai d inf es£id ksl etye sh e e idl eeta dF @ladBes0 atvdl sadd s#itd ofesi red
infornat%?n i{cggéggpldatabase; 76 1 a first e-mail agent for
sai d i nfof matt cout to 2 interface with an e-mail system said first
e-mui| akent 3 being used to pést igHarmadsiohsdont dor dngexfeicina yifd 4
extract ety f ronys@t de S RRATE front RhdRIJR0EHYiced halselebiNcaia AR

and 6 a second e-mai |l agent for the said inference eggjne 7.1to0
i nt er f ack® widh 3 A%Fanakjons\rf dhe dnferamatdnn &ohe extragted |%_s@sl€d
t 0 accesses saddkamasdox of said inference 9 engine to obtain said ~

des anat P of o1 o Sl GBI MR S B 1 12,
nodel cokpridesignation of informatihareder ikey emtiractedefiromesaddset of
databasejg gatabase, identifies one or more of said database files which
20 contain the desired information and searches said knowledge
21 Dbase to défermine the linkage(s) connecting said one or more
22 identified files; and
23 a program generator which accesses the linkages
24 obtained by said inference engine and generates a program to
‘25 extract said desired information from said database.
26 |
27 2. An end user query facility for accessing a database
28 having a plurality of database files formed using a database
29 model, comprising: '
30 a knowledge base which stores a set of classes and
31 a set of linkages of the database model; -
32 . ' ‘a class generator for reading said
33 database model and generating said set of classes and said
34 set of linkages of the database model and which stores in
35 said knowledge base said set of classes and said set of
36 linkages;
37 an information scout for interfacing with
38 a user to obtain from the user choices based on said classes
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15 files and itens selected from said dat abase which a user or 16 cl ass
of users can access; and 17 val ue security which specifies a set
of ¢ondifions 18 to restrict said user or class of users to a certain
range(s) 19 asfav@esidgnatieni df dehebiisfor®ot2dn to be Sextragted dfuomrsaidry
facility @s fatgbakgs1l wherein 22 each said class conprises a data node

of a subset of 23 database files of said database nodel, sai d, data node

24 conpriding a tree. 28 jpference genging winiche haspRryPeRFridy as in

claim1 Mer&eﬁl@ﬂa‘tﬁmdefrgﬂf@fmﬁﬁi&h Cﬁ@Slge r@s‘:l Paded t:m@f Lsﬁdng a

dat abase fil ntity type and a ural i r apg ac
conpri si né 8?%%%%%%' Jé g e?m%/ ea‘g’f AR ?$ I%%“# %#%%?%e%" "s%b"?é

dat abase 6|Ieen84132the desired Yo ermb tisen apdwsedzmhéstsazé kmpwleﬂqeG
wherein t cp{mg tk or
to deri vgga Eg%goEbalaﬁtagfﬂgﬁé % atloné %s) 19 dn?qve tEe ent&%< c?lf/pe
of each d%tab%%%t83194|$é1%§05a|d database nDdeI This is the replacenent
sheet g7 1 a ml&iq@rtm@e&dﬂﬁéﬁzé}f ¥ ESHEENG A6 5 Thiset O

2 binary.relatiLo S _an ai d, en of each database 3 i l.e of
2ai 0 dor JonoefiaoiinkgSes e lihi il Ny ST Heiiies ST Ty and | whidh m
7 wher ei b1 6 bxeaaks edown ysaighel inkaye 62X cihtfo cmimpbetliofkage (8)y; tampks whi ch

. 7 conpriyge a kernel e&%i—a fé(ﬂ?e% ﬁex%%ﬁ’%féﬁ'édcéé’é@s saa simple
characterlstlc entity g an assocl ative entity t pe or pure T ookup
entity t¥pe.linkages Yob aiped Javirags snatyzey aarsd iFENGLALRS

wherei n 12 lsmglr&h@arcynéef@ﬁléﬁahléawrmmpm ﬁﬂka{&@,ga:&)eémﬁ Vil 18

files In}(% dat abase m)det i ch on Jgt has a q#)e]ta.tl ng?rﬁ

for e gn Koy CREIToR; IOEMEIRE 10N T el databaie 45 B8l er

file. 16147 simple lfuerAnresull usecronpiefor femdl igenaasatied @rogrdwher ei n -
17 . _ -

18 3. An end user query facility for accessing a database

19 having a plurality of database files formed usihg a database
20 model, comprising:

21 ‘a knowledge base which stores a set of linkages of
22 the database model;
23 a semantics extractor for reading said database

24 model and extracting the semantics of said database model,
25 and which stores in said knowledge base said set of linkages,
26 an information scout for interfacing with a user to
27 obtain from the user a designation of the information to be
28 extracted from said database,

29 an inference engine which, based upon said

30 de51gnat10n of information to be extracted from said

31 database, identifies one or more of sald database files which
32 contain the desired information and searches said knowledge
33 base to determine the linkage(s) connecting said one or more
34 identified files; '

35 a program generator which accesses the linkages

36 obtained by said inference engine and generates a program to
37 extract said desired information from said database;
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18 said set of binary relationships conprises "has children", 19 "has
wards", "inverse of pure |ookup” or "has_subtype" 20 binary
rel dtionshi ps. 21 22 11. An end user query facility as in claim10

wherein 23 said set of bh&atyenﬁhilia éhtpSoiugaﬁar1ﬁeaﬁhht§&n2écpuhntsrse
of "has cglldr i nve I nver se

of has su tyﬁg%eﬁfﬁgﬁywéﬁgrépaﬁlBﬁ%ﬁaﬁ¥5tﬁw'2§alg f1r§§ e'ﬁﬁléna 988%r query
facility as bﬁlogauseQOtuhpostnsagdsdedléhatloh|bﬂranobmaauynrebabeonshlp

is one 'n4“hé§ErEE%eaofr§ UEG8q4f | LEabasEOEﬁatﬁgrﬁakfgg#pof g&& §%PEr8Ade

has a one- t 0- nang relatr.onship -wt e target the target 32
file does nanﬁ&FQ'lP own i ndependent uni que or primary key. 33 34

13. An esd user queryafaebbhayeaﬁaim §§éhﬁ1ﬁ&rwﬂﬁéeéai35in§afdn eNEAgEAeOf
has chlldgen b|n relatlggs i s _on the t et fileis

_ L Sp g in ﬁG mhlca L
"not a puré 188 F £y ¥y d39-mALL SYSHE™M oSAEAYSPEPEY; SRBALY wi t h
t he sourcé fagsptabelngeuﬁhdstosachessesaadenahlbeheef Enié infeténéPR 1996

78 1 sourge Ehb@n@oﬁg BBEaQﬁvgai&SdQE??hQéfgﬁngfn%nfg %@agﬁ @opﬁénary_key.
34 An end user quer ty as inc erern 5 said

~ "has marag" SFﬁﬁﬁﬁtﬁélﬁFPEn§ﬂFB @Qtéh%5¢n which its 6 source file is not a

pure | ookap entity type and has a one- 7 to-many relationship with its

target f and i,ts target .8 file has S. i ndependent e key or
primary Eéy 9 10% ﬁnlgnd ARSEnFUTEEr ﬁbf¥@¥a3§lg?y 3 Q%q§? ¥“
wherein 13 said Sepucity nbded campsisésnary rel ationship is one which 12

the targey file is not 1€eﬂU£§cﬁ99{§§'pwlSﬂélhté’péé‘PPlé‘é‘d @F%ﬁ3a%§558emny

relationship with the source f e source 14 as Its own
i ndependdft GhitgEe2BR bFFWﬁr?ek%9teQSf{%m said databageWaigRer WeeFyor

facilityles thaskabm d8evbecghnaddesspigndhas subtype” binary relationship -
|5 one Ty uhich s 18, 308r geclitey Mo OSab 02 £0S & °LaE! SPoBRatbibnlts
18 to restrict said user or class of users to a certain range(s)
19 of values of said database.
20
21 5. An end user query facility as in claim 1 wherein
22 each said class comprises a data model of a subset of
23 database files of said database model, said data model
24 comprising a tree.
- 25
26 6. An end user query facility as in claim 1 wherein
27 said tree of said class has a root comprising a database file
28 of kernel entity type and a plurality of branches each
29 comprising a linkage of one or more database files from said
30 subset of database files
31 | -
32 7. An end-user query facility as in claim 6 wherein
33 said class generator comprises: :
34 a semantics extractor to derive a set of binary
35 relationships and to derive the entity type of each database

36 file of said database model;
LD
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19 file and the target file is a subtype entity of the source 20 file. 21
22 17.  An end user query facility as in claim1l wherein 23 said

"invérse bf has subtype" binary rel ationship is one-in 24 which its t ar get
file has & one-to-domeans &g dlextive waid iset 2Ff classes usinamtihsavwote

fileis azsub;m;ﬁrﬁéﬂstﬂnéﬂlepé%ﬁaar&% fédtﬁt\xﬁll)éﬁn of eacl’ datibase

end-user query facility as in claiml said information
. scout cong’r ePh rﬁae‘rdf é’@é’—a’ctﬁﬁe S‘I?ded-l-spl ays all or selected said classes
and that alows a user to fornulate a query by picki ng t he desired

- class attrd butes Is natlon of [ ration to
~ be 33 ext réact ed fr%(zjm szﬁ\lq'{(:lr1 Zﬁ q‘oscéra%ﬁ’f%%?a%%a Y185 R %eh Q'%uggr?‘(ﬁf
facility & isnid anhitywtars risa ssdectedd fyiomlae sedef eaditys tiypesnavhticht
does not contnprike £ARURA: raﬁarﬁyctwée% ISULR g:eOfenttll‘i (g that
38 corres onﬁs to S non key nurrerlc item of sai d dat abase. This 'is the

repl acene Agtic ‘en tity) typg, éﬁd%@i"%ﬁ’)ﬁ eREILY FyRe ioF @ ai m
2 wher ei n 9% ?ursailbokuplentdisy typeaul ts i s one that does not cHntain two
or 3 nor ol umms belonging to itens whose database files are 4

mul ti-val'ued dependenci es of another database file in said 5 database. 6 7
21. An édid- user @ery%@ﬂd-ﬁlﬁm queryl fiawd 11ty2 asoin3 cdaim 8h whierteligr

conprises A byl WRHd RtY o cfoﬁpéilg%% % ﬂi’ﬂc apakasen™iR by

defini ng new keys for at aebase ¥1 ering existing keys of
dat abase 17 | £&&18s day Faif d&&@&?&?e“\?@@él 1“12’ }Sh one File hasedd- user
query faaid i tr;ep’i&ﬁmgcbad Forkigh kefy Thi4 reffecentest I&n@_ eplgles®y a nodel

purifier fsor \{%S:r)y 6 yagtfeth]e‘r’ %I d)f(ﬁt abase nodel by defining new

iten(s), Tew K new usi'ng itens of database files of
sai d dat #%ase 17 nodel. 19 An end-user query facility as in ~

claim21,g9r 22 20;gsheng @naak&éfe&%emabahwi deeif’ cAgRRAL WA
18 said set of binary relationships comi:rises "has_children",
19 "has_wards", "inverse of_pure_lookup" or "has_subtype"
20 binary relationships.
21 . -
22 11. An end user query facility as in claim 10 wherein

23 said set of binary relationships further comprises

24 "inverse_of_“has_children", "inverse_ of_has_wards",

25 T"pure_lookup" or "inverse of_ has_subtype" binary

26 relationships.

27

28 12. An end user query facility as in claim 10 wherein
29 said "has_children" binary relationship is one in which the
30 source file is not a pure lookup entity type and has a one-
31 to-many relationship with the target filé; and the target

32 file does not have its own independent unique or primary key.
33 '

34 13. An end user query facility as in claim 11 wherein
35 said "inverse_of_has_children" binary relationship is one in
36 which the target file is not a pure_lookup entity type and
37 has a one-to-many relationship with the source file, and the

This Sheet Has Been RT

T
Il!llllj | IIIjI I IH!II- |




21 22 .24. An end-user query facility as in claim21 or 22 23

wher ei n sald keys conpri.se primary or foreign keys. 24 25 25. An
endr user. query facility as in clains 1, 26 2, or 3 which further conprises
a progra an 2 n z a new. i eyw. key(s)
or new fi e(§§¥€§£ %?%ﬁ1é%ﬁ$cg£goh§9%fﬂg%p ca}fn ??Féggéé% égéﬁﬁd

dat abase 29 primary kev-for altering said database nodel using said new 30
iten(s), gew key¢s) or new files. 31 32 26. An end-user query
facility as in clains 22 or 25 33 wherein sajd program generator. conprises
means to §eneratelds ABUPRE BFSHr NPT HataGH b ARatD F13HR LY cf"r“l%’x???’? ens
of said 35 saydfithas waddgiecbihargardlstionsleip gleroné am |which u:tté]er 36

T ,
P onase SATBEChi 18" 1CRBEL R ByR8' fogfl EnbOp A Hnd s & S |
facility as *e-manynzelatfonship withi thsftarget Lolgy iand itscardely node
speci fiergtordybopad §ts §RaEPBHEeRt SEF L Yk dPUSE Y iy fies

restrictions 4 on the Infornati oh a user can obtaln from said’dat abase. 6

28. An ePd user query facility as inclaims 1, 7 2, or 3 wherein said

]pr oglr am mrrpri seisw. somﬁcenaodeeﬁr@@éﬁvg fEcflitPths 1 SIMEMSEl wh@rein
acility, as /lne gin sa i on_scout

conpr | AL 13958 FiRfetsePe Rag Maradh b irded YA LTINS ok SR pdShor o

12 inditati theotar@etdﬁihedB@ net a opinece ekaookuy ezhtf itym typel argd ks abase;

14 1§7Eaaﬁeiea-ﬂ§£f%ﬂaegoﬁém Y405 ind Nsodich YL ADASH Snd Wil ce

havi ng a edefined re¢ atlonshlg sal d user suppl i ed keyword; and
17 aﬁél?o?a%ab§$n§W% dort ?P?Eﬂ%%¥é%@1%ﬁﬁaQﬁ ROYRAGE ke¥d 18
keymordslbaV|ng a predeflned rel ati onship, said one or nore 19 keywords

t hus sel gted ser S sa dudegl naélo of {@e 20 . grnahgfn to be
extracted from sa da 1pERe.15% ery a%JOl I %n]cPLfs a}lnh Wl?%ﬂrfty

as in cli¥mSaifcthas subtype“ binary relationship is one in which its -
18 source file has a ‘one~to-one relatlonshlp with its target
19 file and the target file is a subtype entlty of the source
20 file.
21
22 17. An end user query facility as in claiﬁ-ll wherein

-

23 said "inverse of_ has subtype" binary relationship is one in
24 which its target file has a one-to-one relationship with its
25 source file and the source file is a subtype entity of the
26 target file.

27

28 18. An end-user query facility as in claim 1 or 2

29 wherein said information scout comprises an interface that
30 displays all or selected said classes and.that allows a user
31 to formulate a query by picking the desired class attributes
32 from said class as a_designation of the information to be

33 extracted from said database.

34 _

35 19. An end-user query facility as in claim 2 wherein a
36 said simple query results is one that does not contain

37 repeated numeric values in any of the column(s) that

38 corresponds to a non-key numeric item of said database.
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23 said semantics extractor 24 further conprises neans for deriving basic
know edge threads 25 conprising a set of |inkages of said database nodel
and 26 rstoring said basic know edge threads in said know edge base. 27 28
31. An epd-user ggier yad aidldder sl Faci ity il 3adh 2Miedidieach
sai d basic know edge thread conprises ' a set of 30 _two or nore qQf said

dat abase i 13313 F1mple queneFetydihds Pre fhat doss art m"%ailgl Gk EF t o
t he next 3 i |mordrcshimme BéFohdithg ttatitas Whdseadatabasien fdd elshariet em i n
the next fil aj_this i tem. | und rr at:in of

t he next 4&%-.&%]5“%36] éepemé%%’.aﬂ%n ogﬁ&nl?}gférq@g%%% %& |Ita% LéLx %glé'?cl)r as
in clai mB0O Gytak@reei n each sai d basic know edge thread conprises a set of
38 two o nore of said database files serially linked together This is the

repl acenent sheet Dat e: 81 1 such that ,one file has.,a repeating or
foreign kby that 2%reffh SREVSS FYUL G IFEYn@Sy R FLBAMENE rnéxt OFi Pe. 3
4 3B. wiiclenfuriSesr @onipr fad |d Mo ipurdifdied® fbr a uderoto3 altetei n

sai d i nference, engi,ne conmpri ) . s ans for. i riNg New

cqui 1 ed kndTT IR TSR BAeE by’ desinipa, ey KoVEaC3n PRTSRASH Sdgee

t hreads 10 et doy8 &oest iy eestimtuinon key®s of databasengadesf of detidr ni ni ng an
access ppf h 4059 h Lbadgt abase using either said basic know edge 'threads
or said 11 acd%?%ed%ﬁ%o edge threads as required to neet the user 12
query. 1¥ 14 34. An end-user query facility as in claim33 wherein
15 |SFU :dm]g:qui reObimovxlredgﬂif -td_yfgd;qe&yilgfraic\ée_qvatyh?@ughhalsgmscQr)‘ﬁbr)ﬁbh:oB in
parall e two .or_npre of sai asi_c now.edge reads _such t one
of the shf o TRETR SR SORY 1591 o Bo%eds PRATaReSPE Bf LPEE £8naEat: ve
files i Mzomrsmid database modedr s glefdinigon mebe i tem (sdnsoewt key (B)| oz

starti N @0 nd o 186 Nl "R o MAITacY £136d- BRSL ibnaYkaTARE2] |

-

t hr eads.

17 wmodel. : -
18

19 23. An end-user query facility as in claim 21 or 22

20 wherein said keys comprise unique or repeating keys.

21 o

22 - 24. An end-user query facility as in claim 21 or 22

23 wherein said keys comprise primary or foreign keys.

24

25 25. An end-user query facility as in claims 1,

26 2, or 3 which further comprises a program analyzer for

27 analyzing and deriving new item(s), new key(s) or new file(s)
28 from source code of applications that access said database
29 model, and for altering said database model using said new
30 item(s), new key(s) or new files. -
31 ' )
32 26. An end-user query facility as in claims 22 or 25
33 wherein said program generator comprises means to generate
34 source program that produce data from said new items of said
35 new files and wherein said end-user query facility further
36 comprises a compiler for compiling said source program.

37 .
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23 35. An end-user query facility as in claim34 wherein 24 said
thread head is a first file on a said basic know edge 25 thread. 26 27
36.* An end-user query facility as in clains 1, 28 2, or 3 wherein said
know edgel base coapsi ke @id-usentqueryp fadim ©foes sacldihsll, 2, o873

o | : : e . :
know edget bABLEEH nfFned YoBine fode % ety sivac, shalift el S8 A1p0w o
38. An chd-user 'qauexlyputaoa | $equintty madel mhilch 3pei fims Fegtaridtions d

know edgey bage QRIPILE6SmA 15K St S Gh Mrﬁdﬂf‘m@%d Hhtdhasd s the
repl acenent sheet Date: 10 APR 1996 82 1 . An end-user query

facility Bqs inclains 1, 2 2, or 3 wherein said knomﬁedge base conprises a
transi enté 3 know zglge Ansend 4u§er querlﬂ(racﬂrh.wtkslsﬁf cleeims facility as ' n

clainms 1, -6 2 r erein. s know edge base is i D in data
dictionary of %Ig.l d%gé?lé%’%es :'éi program, COmpAL 8GR - K “rﬁ?ercipcfeacﬂqcf rfnhs
inclainB1, 10 2, or 3 wherein said knomﬁedge base inplemented in system
11 catalgg of sajg, dARARGRE- ué@r Jdery facﬁzll ryAréseri(ill Qﬁ%ﬁn{yefy facility

as in claim1l0 wherein 14 said "jnverse of | ookup™ bl nary relatlonshlp
is a biy A5 °F ¢f AhFRID Pk igmatdan I%’q"st &Wéﬁﬁﬁcup entity. 16
17 1¥3. An emhmsaromlwtaimd ifroraa ivser al Mskr Wiwppliiedl keyvdird

(Pt s o ind S S ot Gt fredidd B v, eoletalnedl el PRHE | 710"
as in clkﬁrndaWﬁhﬁS§a1 22 sald class further conprises a set of
rel ationghi p NnaMBReHACFor determining all keywords in said database
15 model having a predefined relationship with said user
16 supplied keyword; and
17 means for causing a user to select one or more of said .
18 keywords having a predefined relationship, said one or more
19 keywords thus selected serving as said designation of the
20 information to be extracted from said database.
21 ] '
22 30. An end-user query facility as in claim 7 wherein
23 said semantics extractor .
24 further comprises means for deriving basic knowledge threads
‘25 comprising a set of linkages of said database model and
26 storing said basic knowledge threads in said knowledge base.
27 '
28 31. An end-user query facility extractor as in claim 30
29 vwherein each said basic knowledge thread comprises a set of
30 two or more of said database files serially linked together
31 such that one file is linked to the next file through an item
32 that has the same domain as the item in the next file and
33 that this same item is a unlque or repeatlng key of the next
34 file.
35
36 32. An end-user query facility extractor as in claim 30
37 wherein each said basic knowledge thread comprises a set of
38 two or more of said database files serially linked together
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23 of which specifies the nature of the relationship between two 24

adj acent database files in each branch of said tree of said 25 <class. 26
27 45. An end-user query facility as in claim44 wherein 28 said

cl ass genkr asechcthati epe: £2%e has aarepsahingsorxforeign keydthate a set
of blnary 30pef SSPhLAS bLOoid pghgy tREvEHE | £Ne I XOEE OF 1 £&CH 31

dat abase |Iee §*sa| dg?gbgggqﬁndg# B Y @y neanseto derive said set
of classed and their said set 33 of relatlonshlp nanes usi ng said set of

bi nary regati onsh3ps 3#n end-asés qné'ryyprmﬁfr gacindelabeserfil e of said
dat abase 35 . nogel IS LS:Lkh e APR 1996 83 1
46. An e%d uSeggquééeeggéﬁl?$§&a§n¥§9% ﬁé é% égmé#éﬁesald cl ass
gener at or6f urt her conpnéans ﬁoneanﬁerULna nsﬂraGQH$¢¢ﬂukm9WkﬁﬂGh threads

relat'OHSQ'paﬂ@”?éoffn?h§a§&'Heﬁeacﬂﬁlféésﬁﬁéwlédéb threa&g in Ala f§d- user

query facility as in claim?2 25 wherein said class generator
further c%npk?%@%e§9ﬂ9%§§eioa¥d read said altered database nodel -to
regenerateg said set 0fm8an§|ﬁ5ﬁeaeﬁéﬂm5ﬁiﬁg5&-‘lﬁ aécdsnlpppas t& diq 48.

An end-ugsger query facilit 1 further co | ses:
15 SV Sealard unlng, fichen Slp her it Frdtladus tutends i WATS

i nt erfacblvm’ adqaired nhilbw]sqégerrthrhedsaads fequired neo Imegferthd usdaei ng used
to post ?ﬂg§§ gnation of information to be 15 extracted from said
database to e Tai | box of said inference 16 engine: 17 a
second el?mil agent for the said inference engine 18 to interface with

said e-nmpal systesa. th&nsaﬁd-ﬁgéﬁndueryra'féciﬂltﬁg@@tnb&'tmlmswl Wi PELRSS
I Lt e R T e e e
end- userlguecqmbimationy s paralibebsoB tm04@r2morQWmfeaandmbaﬁs%cond e-mail >
agent fujjhegn G044 SEnFESAS £8ch that one of the said basic knowledge _

18 threads has one or more of its consecutive files in common

19 with the corresponding number of consecutive files starting

20 from the thread head of another of said basic knowledge

21 threads. - ' '

22

23 35. An end-user query facility as in claim 34 wherein
24 said thread head is a first file on a said basic knowledge
.25 thread.

26

27 36. An end-user query facility as in claims 1,

28 2, or 3 wherein said knowledge base comprises pre-created
29 knowledge base.

30

31 '~ 37. An end-user query facility as in clains 1,

32 2, or 3 wherein said knowledge base comprises a run-time
33 created knowledge base.

34 _

35 38. An end-user query facility as in claims 1,

36 2, or 3 wherein said knowledge base comprises a persistent

37 knowledge base.
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25 post said desired information extracted from said database to 26 the

user mail box. 27 28 50. An_end-user query facility as in claim 28
which 29 further conprises a conpiler to conpile said source code 30
program 3Bl 32 333%hi sAnsendireusep| guergnfachkity B cin clains\R 1996
2 2, or 3 wherein said knowledge base comprises a transient
3 knowledge base.
4
5 40. An end-user query facility as in claims 1,
6 2, or 3 wherein said knowledge base is implemented in data
7 dictionary of said database.
8 '3
9 41. An end-user query facility as in claims 13,
10 2, or 3 wherein séid knowledge base is implemented in system
11 catalog of said database.
12
13 42. An end-~user query facility as in claim 10 wherein
14 said "inverse_of pure lookup" binary relationship is a binary
15 relationship whose source file is a pure_ lookup entity.
16 _
17 43. An end-user query facility as in claim 11 wherein.
18 said "pure lookup" binary relationship is a binary
19 relationship whose target file is a pure lookup entity.
20
21 44. " An end-user query facility as in claim 6 wherein
22 said class further comprises a set of relationship names each
23 of which specifies the nature of the relationship between two
24 adjacent database files in each branch of said tree of said
25 class.
26
27 45. An end-user query facility as in claim 44 wherein
28 said class generator comprises: '
29 a semantics extractor to derive a set of binary
30 relationships and to identify the entity type of each
31 database file of said database model; )
32 a means to derive said set of classes and their said set
33 of relationship names using said set of binary relationships
34 and said entity type of each database file of said database
35 model. '
36
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46. An end-user query facility as in claim 45 wherein

'said class generator further comprises a means for a user to

modify said relationship names in the said set of classes.

47. An end-user query facility as in claim 21, 22, or
25 wherein said class generator further comprises a means to
read said altered database model to regenerate said set of
classes and said set of linkages.

48. An end-user query facility as in claim 1 or 2 which
further comprises:

a first e-mail agent for said information scout to
interface with an e-mail system, the sail first e-mail agent
being used to post said designation of information to be
extracted from said database to the mailbox of said inference
engine:

a second e-mail agent for the said inference engime
to interface with said e-mail system, the said second e-mail
agent being used to access said mailbox of said inference
engine to obtain said designation of information to be
extracted from said database. '

49. An end-user query facility as in claims 3 or 48
wherein said second e-mail agent further comprises means to
post said desired information extracted from said database to
the user mailbox.

50. An end-user query facility as in claim 28 which
further comprises a compiler to compile said source code
program.

Sheet Has Been R

|

i

83

Ly

eﬂlaced



