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Abstrect. Thik paper noewentn a data fnnctnnal fesdnoe et arhoee wnb-
et mawr he s Eeel & v e onmber of times sl n the noler nerrsacy
fr arrrwing cdata in relatnowhiy ke Data fincimmal fsinmes arme con-
R¥lrreyl a antonmanme and intrrnrpatihle data poeesing Agnothme
and pmgram modnlkw of their rabh=ation. Thne, »4th a change in data
wborinmew, data mntentn, =nd aEroithme of pomblemw, it % powdhle to
change wnhustn of the wets of data fnnctirmal featnre o that one comld
woilve porhlem ionkdern g a differmt witnatiom. This wcalled data s fancs
thnal Eaine wet adeptahdity Mhr wolving new aned d ifernt pohems,
Ting wperdal changing methnew, the wet mayr e wnpplrmented aith newe
fanrtinnal frainrw that wrmld embrare and reabee agoithme of oeer
prmhkms. Threr clawes of date fnurtimmal Estnes are presented and
ilnstraterl heoe by onper exmmpes typral of thowe cluses. The abow
wintmrents apply o the cane mly wher initial datand poblem sohton
an:d ite resnlie tan he porwemtesd s relntnnal webee

EKrywnrdm data fiurtnnal faine fnnctnnal featnre wet adaptahdity,
relatinnshit wet.

1 Imtradoction

S far the strectire of a2 data relatlonehlp owxdel, e Integrlty, lmitatloe,
ete.have heen appreached difiersntly by wadous researchers. [1], [2], [3], [4]. In
enme papers effnrte were madke to a-erellna te and 1mlfy 1he abowe dlstinet Vlaws,
e.g. [3]. Thiz paper deals with the seta of fimetienal features of data finctlene
aml thelr adaptablllty which hare oot heen oneklered earller In the fmme of the
relatlnoehip medel

The t kew nbjectlve of the progent, paper ke to decnetrats feadM ity nfeata
of data fumtlnme az well az ghew thelr adwantages In adaptine data proosing
prehleme to varylng data gtrictares, contente, and problem eslution algnrhhme.

Enr the galke of @lmplclty, the maln strwetires of the data relatlenehlp medel
are repreeentad 1n a Inrmalesd way mers enltable for definlne and eobelme the
ahrwa prohleme.
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ars ralled hore az A rolatinmehip eat. In thie casn, 1 £6 S, 1 £ § & 1.

F[4;] 15 a archeme of the relatienship eat, dlagram made up of the mames of
atirlbitae Leat us rall the attribnte de amd 1ta waliee v of the game § = & 8
an attrfitits demaln doee ). An attributs vale serlee of the zame wahie £ =1
Wil b called a tuple [ AL attribute valee o;; form the relatlonghlp demaln
dotifrg ). The valwes oz of the attribtas 4, C 4;, where any oo o g, d E L
amd 4 3£ ¢ are called a2 the tple kewe. In oir cage, the imetlonal featimes of
atirlbits valiss repregent, ddata imetlonal featires, whils awery fimetlonal featums
za U nf alpnrithm detarmining the nexde of proceedne attribnts wahies of the
game relatinship aot. B 1z evkent that & ot of fumetinal featunes ales heludes
the featimes allywing eeta nf data that beleng ta the game nr enme ether dlagram,
1 be tramsformed nte & cogls eat, or Intagrate varlme eote 1o a different, way 10
preeeas a1l the dafa o nesded for enlving the problem smultanecnely.

Lat. ug ennelder eample provessing of o . For thls pirpees, classss of fime-
tirnal data features, thelr sflcleney and cempatlb ity ac well Az stand Wty
by adding enme ather imetlenal featires oot healing the htagrite of the Hime-
tirnal featimes gyetem ghenld be detarmingsd . The capabllity to manipulate the
game zat, of finetinnal features when enlvhe wmrlons data preeceinge prchlem s
allvwe 16 1o nes differant, appllsd preblem alpgarlthme as well to as adapt o the
altersl ¢data stoctures or contants wWithent, sxtexllng the ramge of i flsnal
featnres. In case the nesd fnr euch an mxtemslon arless, & feaglble meachanlem te
tkr It may he easlly trared form the formallssd expreselon of Hieetienal features.

Bagzed nm the abows ceneldem flnne, thie phenmennn ke callad data prinesesing
ardaptabllity. The wmrlety of Himetlonal data featumes and thelr Inter oemelatisn
a2 wall az the abllity of strmding & eot by addinge anoe mw foatires make 1t
predble tn mmbrane ssemtlal pacullarties and dletnetlve foaturee of il tlenal
thepolmeles and funetlnal Independomelss by fimetisnal featunes algerithon .

2 Composite attribntes and relationahip seta of flad
capahity

A grt of hmetlomal features 1 almed at, data, 1e. oy, proossdng. Therefore, the
mrre elrm emts make np 8 gat axd the mome diweres clasres of theee slements fnr
the eat, the more detalled and imlwereal data prooeesinge may be achlewed, with
cart, extenellng the eat, of Himetlonal featires by adding enoe wew featires. T
tietarmine the pacullar featires of a partirular problem enlitlen, 1t 1s enfilclent,
1o analyer the eemanties of o;; atirlbutes and the relatlone of o; charartarlstis
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of nther relathnehlp sofe. K the atirltutes am compeelte nmilme ncre than
e o pelent, statsment, then the expresslom of ome and the same attrlhins
referting to o parts, A and B, of the relatlomship eot &' Wl be ag fnllows:

U iA, A e A

B |Cus Ciov ey Gy
Bz C21’ C22’ sty C2n
BnlCrts Cmzs t+s Coy-

In thk rage, attrlbites cnodst, off

B A, BA. ... BA
BA., BA. .. BA
B A, BoA, ... B.A.

Thme, 1t may he statad that, the melatlenehp et wf 12 the eame az the g0t o,
a2 4 1z hisrpmtad by many anhom exeapt fnr the fact, that, each attrlbone of
the set +f has & gl vahe o

e B_&, B_du, ... B4,

o | B, BA. .. Ha

| £l Qe eeg Ej_t ees £_p L T c_.
Therefnre, wa may 287 that, there are no farmal diferenees hetween w and o |
hevwewer by presmting «' presesses cnmpeelta atritntes s« by 4 clmgle tiple ag;,
an lnwere actlom e, deccmpesitlon of the attribones Into Inlepewlent, prope-
ghilrng 1z hardly preslhle wlthont maklng ervers. Eog. 1at g hame propreltlome o2
aml 2, whera
da=4A

while & aml g belome to
ha=0

Then by Integratlng the attrlbutes Inte & clngle propealtion we et
dahy= AF

Hrwewar, when tivlfing dafig Inte twn parts agatn an sreer can be sasily mads,
eg. by jolning towether 2 whh g amnd 28 with 4k,

In the Iatter case, rertaln wmlnes of the attrbhites d; wonld acgqmile wreng prop-
ertles net typleal of them If at least e A8 In the complets relatlonehlp set,
dlagram waz recengiructed 1n the wrong way. Therefore, the streture of &' &l
lIawz 12 to get & clear ldea of d; featimes and, moesuiently, to deden more
thetalled and oo prehenlve data prceesing hasod co thelr imetlemal properties
8z geen friem thenretleal and practiral standpelnt.
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The primipal dlffersance fo be emphaslesd referrng to the keye of the taple
of # & that, they do not. make 8 part, of an atitlbne b merely represent, the
atirlbite vahies. Howewer, By, Ba, ... B, are a part, of the respactlve attrlhins
of o1; 695, .. ., oy 6T Y& eub attrara.

3 Prasomiation of attrihime values (strmictural approach)

Eshatlnmship gote may he klentifiod In a differont, way In nrder 10 failltate path-
ering the proper eote to enlwe 4 partlimilar problem sz well az fpeedng them 1n
Teimired crder [1]. Howewer, the ahewe ldentificatlon 1s net suffielmt, to deflne
an adaptlve gemeral data preeeszing problem eshitinn dnee 1t reqines the pe-
flrng of any attributa walie d; In the stnetire of a elatisnship aot. Thls
makez It prasthle foee the game prchlem eshitihn algerthm fnr procseddne aota
of a differant, domaln helroghe to the zame dlagram. Therefrre, 8 momogzary
ermelition 1z that, & andd + be ordered, while 4; be glven conerets addresess In &
relatinnehip eot. The addrese of any de of the ot 4 may b demetad by a diglt,
§ dedlpnatie the mirment nmber of an attrlbute deosln dwee, a2 8 Tile, the
wlues nf the sgame attrihite pregess the zame fiowetivnal featires. In the cage of
the gat w', the address 1= denntad by £ /¢ | which means that, the qument, numbens
rf & fuple and & dom aln ghenuld be pleen. B fnlloes that, any changes of the dla-
grams of & anel «'. lead 1o treating a relatiomebdp got az & different one requiicing
a difemnt, ldentlfer for B ldentlficatlon. The addreseos of attribnte walies In a
relatinnehip sot. may he alen HMenflflad v nther ways. For example, tuple kews
may he ead fnr thils pirpres. Anetler methed 1z fo deflne the dlstanoe finm e
heglnnInge of & cnoaplets arderad et o8 partilar 4; by a natiral mmiher, et

4 Tha stricture of a st of data fimetlonal faati1mes

In creder o process data of the eetaw amd W', & eot ol inetlnoal featires F ghenld
he frroned:
£ A A

A
- F
f

i f
fF -

F 4§ .- F

All the attributes A of the et refer to the zane thing, 1e. finetlonal features,
bt ewary § onosleta of an crdered et of finetlomal foatumas:

f={.h.  fa

where k may wary frrm 1 1o &, with k aciqmiiring different, walies for difemnt §.

The fart. that. noe axd the eame valie of an attrlbnts may be applled diferent,
I when enlving dlferent, data processinge probleme mieht be assumed sz ome of
the adaptabllty featnres.
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Prir to cooeklerlng gnoe partlonlar fimetlonal featires 1 ghenld be notad
that, In eezrmer, fimctlooal festires of the attrlhine valwe ;; represent, thelr
provessing algrrlthme whikh technleslly may he mplementsd as Incepemdent,
bt Intarermpatible program mecdulkeg, e, able fo act, cperate together and In
any nrer.

i Functlonal data featnres

The attdbute valwes ¢;; may hawe three kvels of imeflonal feafures. Flrat, thess
are 1mary fnnctlnoal featimes that detamlne the processing of ome @ = off. Bl-
nary fimetlnmal featires sstabllsh & lowleal or arlthm etlecal relatlon between two
efparate ¢ beboglne tn the same relatlomshlp est. Multlprocessinge fimetlomal
features operate with the ameunt of data o; needed 1o be proceessd In enle-
Ing & partlmular problem, which may beleng Ather 1o the eame or to diferent,
relatlnnship eote.

In the fhrmal expressiome of fumrthnal fsatires glven helvw, they wil he
temctad by 7 | where x refrra 10 a8 fimetdooal feature ooxde that, demtifles sach
fimetlonal featire thue dlierentlating . frem others. Every of; In the relationehlp
gt Wil e klentlfed by an address, expresssd az mentlomed abowve, n the eota
# axl v’ by the comproenta §, and £f¢, respectlvely. The address § s enificlent,
Inr the gat v thengh It refiers 1o all the valies of the same atirlbnte belomelng to
the game attrlbute domaln. It k& evklent, that, 1he valies of the mme attrlbints
frrm the zame et presess the eame inetlonal feanires,

Ag pomeerne nuary foweticnal featnres, thelr formal expresdne wil 1n-
rhikle & datim hael Inatead of an ldentdfrlne the datim addrees

ﬂ=ﬂ;_j.

(- (7)

repreeenta & teat, wharshy 1tk preslble to determlmee whether « 1z a dielt, when
Fle=4,

The fumilnal featnra

or whether @ 1s tat, i

Fle=11.
This & lmprrtant, slmee i, for enone reassm, 1o, hecamss of an ermor, the text,
g foimel 1o an ackiress Instead of a diglt, irther prcessing w1 be dlstnrhed

becanee the perfrming of arlthmetlesl cperatlone w1l he lmpresihle.
Annther 1mary i tknal feature Imits the nmerlnal #ahie of @

Flagage)

by the mmbers ¢ amd o3, The Imlitathn oo beoth skles may result net, coly
In the srualty, or coly b more or ez b, alke In any other fnrm of Nmitatin:
T
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K ¢ refers 1o 8 emall amennt of dlferent, vahiss, then all e valies may be
preesntad a8 A formallead expresslon of 8 fnnetlomal featurs:

Flevio e, .. 06l

Thiz means that, @ sheuld he squal to (W] & or o, awd g0 on.

F we haws tn detarme the eqpldwalmnee of © to at least, nme of the many
attrihita vahies of the zame demaln (et meosezarlly In a dngle relatlonship eet,
of the zam e Intantienal], then

Flev A,

whera § k& the murrent, mmber of the demaln or an addoess In the st {n}.
E a certaln amomt, of data haz o be enbelmtad fnr a ¢, then

Flevitd i 8

where ¢, In caee of e eoloncklence with a cerfaln datum 1o the atrlbife domaln
§ , 18 replased by data of the adedresges (f, §,. .., §) fiom the game tiple which
Lad » arual o the § adedrees comtemt.

Obwlmely, Y 1z preslhle fo constreet, the requiieed amennt of fimetlomal fea-
tares that, rnahle 1 to manipulats coe attribute wale [Le. to oontrel or changs
It, eta).

Binary fmectional featnres should be analyesd ¥ the relatlonehlp est o
1z awallable and by perfrrming enoe arbthmetleal speratinme wih the attrlbits
wlues nf thls eat.

Let, the relationehlp eat «f be glven:

WA A A A A
'EI.

£, iy o g Py My

ir ir iP

', P

i

L T - L

Where diglt attrhite vahies are arlthmetleally relatad as fnllows:
a4 a3 % [az — a4 X (a5 — aa)] + a7 ! (as —as x ain).
The abrwe artthmetleal nperatlone can be replaned by referemwee to thie +f addrees
reotents ag fnlleme:
i, — e, 1/5 — 16— 1/5
Anee the oootant, of the address 175 w10 0o lenger be uesd In cperatlons, we

may wrhe the resilt of subtracticn @ the address 1/5. Cther cperathne are
perfnrmed amalogrmdy and the centent of an address ke written In brackata M.

(1/5):
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ey Xen,, 2/dx /5 - 2/d,
wxW3).  yaxss - ya;
ery —(2/4), 2/3-3/d - 33,
er, — (1/4), Yi-Vd - U3,
"?:(2/3;' 2/2:3/3 - 3,

ery % (1/3 121x13 - 1/3;
e +(Y3)+ (/1) Y1+Y3+ Y3 - /3,

me can 2w o the abows sample that the resilt of all cperatlone wIl he
written lnto the addregz 272, and, what, 1z ewem ore Impertant, all the finetienal
features at a certaln meoent, of thelr prwwesding are Munary, 1o, ane perfoormed
with twn attrlhins walies. Morenwer, a comelisinn can he defindtaly drawn that,
any arlthmetiral ralatlemehipe between the attribrte vahiss may be progented In
tarme of adkdressns Interrnnnactad by arlthm etleal speratlon gems:

Lyl gLk

where L & n adkdress § or « address £, while o 1z & gn of additlen (+), sub-
tractlen (-], multiplleatien (=), diXlen () or refers to eeme ather arlthmetieal
rperatlon. The capabllity i manipulats the atirlbits vahies can be coneklerably
extexied I a bygleal comparlayn of the abowe cperatlon b nioeducsd:

Lywr Ly g or Ly = Ly
Loyt Lyt oo o Ly — Ly
Ly Ly,

where Bl ome of =, 3, <, =, %, 7, ... Tk, the ermparlzsm of arthmetlcal and
lopdeal nperatione as well az thelr diverss mulilpke appllcatlon allows e 1o enlve
warlnue mathematkal problems, applylng the game finnwethmal featires. Inm this
raze | the adaptatlon manlfesta teslf by a8 wmrylng amennt, and crder of the zame
fimetlonal featires amllable Inr enlvlne warlone mathematloal problemes.

Mot iprocesang Fowctioanl fatnrea can be qute diverss. In thls papar,
enme majer types, 1e. the imcflonal featires of relatlsnshlp ot transfhrm atlne
awe bemn comsldered.

A frrmal expresslon of the tmmafcrmatlomne of relatlonship eote b of the form:

Ay Ay g (A e

Thls expresslsm may crontaln at mest four este of addresses codded by 1, 2, 3, 4
Mrrenwer, the Imrth &et, ora data evmee, may kawe the reqpidred onmbar cf the
acklreaseae of data este helnnglng fo the zame dlagram. Thie, A, Ay, Az and 4,
actually are oot data eets, helng merely the Intarnal addresses of the ahowe eots,
the comtent, of which ls compars] imeder the comdtlon

', where # may he! = 3£, 5, <, A ..
The comtent, of the eot, adkdresses ke comparsd as fnlloee
Ay g e,
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while, If the crmeditlon k& satlefled, the data are franeferred from A4 fo Ag s8t
arkiresrag

Ay — Ay |wae .

The tramsformatinn of dats 1n & dngle cperatlen for the este v axd + harhge the
game or different, stretire 18 performed (A the cenefitlon & fulfllled) as fellows:

— oo taple to taple, 82 tky +— th)

— gat, domaln 1o et domaln, a2 6 +— g
— from demsln to taple, 82 ty +— hy)

— from taple 1o demaln, a2 4 +— iy,

E. ghenlkd be notad | that, evme razes represmnt, panlal trangfcrmatinn, whers
the fnrmalkesd mpresdden of 8 finetiinal feature Inchidee three or fwe eote. It
fnllvws that the comdltion @ 1z fulflled In owe or both rolatlemchip eete In which
tramfrirmatloneg are perfnrmed

FlA Aa Al
FlAa Az A,
FlAy Ay leme,

¥ a conedflen 1 mot, gated, then a comdlflnm less transformaticm 1 made:

Fldy— 4.

A diferent, case & where & oomelltln 1z gleen, wlth oo lndlcatlon of eets, foom
the acklresses of which data fmamafnrmatlomns aned data transfers gheld he made,
1s.

In thls cage, & croiparlzen of enme data esled for thelr proresing shonld
he mada.

The tramfrrmatisne may bhe divlded nts ceveral rlagess, Theee ame ool
tirnal and comdtional continiens tmnafirmatlomne.

Crnditional transfrrmatiyme are helng perfnrmsd coly untdl the croltlon @
haz been zatlefled fnr the frat tlma.

A mootlomee coxdltional fransfrrmathn e belng perinrmed 1mfll the whele
gnmee of data (d4) rin ghort.

hnrenwer, all enrta of tramfrrmatinne may be performed In & tuple, a demaln
aml In & comblned tuple. Transfermatlon: 1o & tuple W result, 1

tha | tiy | |
)k —F i by =
kg by fiz By

gy dg 8 fy
gy By Oy

The resnlt of transfnrmationg made In the demalne for the zame vy and wg, w1
ke of the fnrm:
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E &
b-il
Er.

T

LU

The transfnrmatlon In 8 combloed tuple conld be perfnrmed 1o the Hllswing
way. Let the acklresees of A4 be 150, and the addresses of 4, he 2 amd 4, then
=1, 838> + <213 wlll 7leld a reqult, glwen helow Ity aned 1y have
oot changed !

L lg evldent, that coly 2 parh of capabllhy of the fransformatizn metbhed s
temrnefrated e, In gemeral, spealing abot, ouultlproesssing fimetinnal data
features, 1t ghwenkl be mentloned that they emabhle a great many of dlverse dla-
grams of relatlnehlp ot attrlbnte vahies 1o be preeentedd 8z & glngle relathnehip
errles of AtheT ta 6T + which conslederably lmpfies the perreption of an alen-
thhm 1eeel allowlng 1o deslgn & hetter enlutlcn of an applled problem wlith the
elp of warlons imctlomal featires.

4 Concldon

The problms conddersd and the remilte cbtalnxd can comslderahly faciltate
tecienlng eficlent, enhitlome of prhleme 8z well as adapting the evstems of Hime-
tinal grta tn wrrhe coxdtlone.

Important cooclnsk:ne can be drawn referrlng adaptabllty which, o gen-
eral, may he coneklered az 8 means allswhng fo enlwe warlme prohblems or thess,
with altersd algrrithme, data etk hires or cootents by manipulating the same
fimetlonal featires, with oo nesd fnr developlng mew orlglnal pmgrams. K, In
enme cases, avallablk fimetlnmal featires nexd fnr data prowesslnge cperatlsme are
oyt enifickent, the ways of creatlme new fimetlonal fFatires o sctamd &8 get of
fimetlonal features can be easlly eeem. The atter, when creatad, conld he wesd
1o perinem lmpresible g far procsdires, wlithont #lolatine the adaptablllty of
fimetlonal srts and the ntegrlty of & partkular sst.
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