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I TaviI TaviI TaviI TaviI Tavi

maTematikuri modelirebismaTematikuri modelirebismaTematikuri modelirebismaTematikuri modelirebismaTematikuri modelirebis

prprprprprinciinciinciinciinci pebipebipebipebipebi

marTvis avtomatizebuli sistemis (mas) SemuSavebis dros

farTod iyeneben sainJinro praqtikisaTvis damaxasiaTebel

maTematikur meTodebs, romlebic gamoyenebiTi maTematikis

sxvadasxva mimarTulebebis sakmaod msxvil erTobliobas

warmoadgens . did sawarmoo sistemebSi marTveli

gadawyvetilebebis praqtikuli ganxorcieleba dakavSirebulia

materialuri da SromiTi resursebis sagrZnob danaxarjebTan.

aqedan gamomdinare, gadawyvetilebis araswori variantis

amorCevam SeiZleba ganapirobos didi moculobis danakargebi

sameurneo moRvaweobaSi. rasakvirvelia, gadawyvetilebis amorCeva

SesaZlebelia im SemTxvevaSi, rodesac arsebobs variantebis

simravle. amave dros variantis xarisxis SefasebisaTvis saWiroa

mmarTveli gadawyvetilebis Sedegis prognozireba.

swored amis saSualebas iZleva maTematikuri modelireba.

rogorc cnobilia, modeli aris gansazRvrul obieqtSi mimdinare

procesebis an movlenebis miaxloebiTi asaxva (warmodgena).

modelis ZiriTadi daniSnulebaa misi gamoyeneba marTvasa

da prognozirebaSi. garda amisa, modeli saSualebas iZleva

gamovikvlioT samarTavi obieqtis calkeuli Tvisebebis

urTierTgavlena ise, rom ar CavataroT obieqtze raime

eqsperimenti. modelis es Tviseba gansakuTrebiT mniSvnelovania

im SemTxvevaSi, roca obieqtze eqsperimentis Catareba metad

Zviria an sulac SeuZlebelia.

mas-ebSi didi gamoyeneba pova simbolurma an maTematikurma

modelebma, sadac simboloebiT da damokidebulebiT maTematikuri

Tanafardobebis saxiT myardeba kavSiri obieqtis Sesasvlelebsa

da gamosasvlelebs Soris.

rogorc wesi, mmarTveli gadawyvetileba xasiaTdeba

parametrebis simravliT, romlebic warmoadgens amonaxsnis
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elementebs. magaliTad, gamosaSvebi produqciis raodenoba da

asortimenti, gadazidvebis moculobebi, sawarmoSi dasayenebeli

agregatebis simZlavre, saTavsoTa moculobebi, samarTavi obieqtis

koordinatebi da a.S.

obieqtis marTva mdgomareobs misi parametrebis iseTi

mniSvnelobebis uzrunvelyofaSi, romlebic obieqtSi procesebis

aucilebel mimdinareobas gansazRvraven. mmarTveli

gadawyvetilebis Sedegis Sefasebis maCveneblebi n
FFF ,,,
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SeiZleba iyos materialuri SromiTi da energoresursebis

danaxarjebi, fuladi saxsrebi, sawarmoos mogeba, sistemis saimedo

muSaoba, samuSaoebis Sesrulebis dro da a.S.

mas-is ZiriTad daniSnulebas warmoadgens gamomuSaveba

mmarTveli gadawyvetilebebisa (zemoqmedebebis), romlebic

samarTav obieqtebSi uzurnvelyofs procesebis normalur

msvlelobas. amave dros mas-is samarTav obieqts warmoadgens

organizaciuli sistemebi anu sistemebi, romlebSic monawileobs

adamiani an adamianTa koleqtivi.

organizaciuli sistemebisaTvis ki damaxasiaTebelia

organizaciuli marTva, romlis arsia: warmoebis organizacia,

materialuri da SromiTi resursebis ganawileba, warmoebis

momarageba, gamosaSvebi produqciis raodenobisa da asortimentis

gansazRvra, gadasazidi produqciis raodenobis da gadazidvis

mimarTulebis gansazRvra, sawarmoo procesebis parametrebis

operatiuli aRricxva da a.S.

marTvis avtomatizebul sistemebs iseve, rogorc sxva marTvis

sistemebs, gaaCnia klasikuri blok-sqema, romelic moyvanilia

1.1 naxazze. samarTav obieqts gaaCnia Sesasvlelebisa X(x1,x2,
. . .,xn) da gamosasvlelebis simravle Y(y1,y2, . . .,ym). obieqtis
Sesasvlelebi da gamosasvlelebi warmoadgens parametrebs,

romlebic axasiaTebs obieqtSi mimdinare procesebs.

samarTavi obieqtis Sesasvlelebsa da gamosasvlelebs Soris

myardeba garkveuli kavSiri:

nax
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       Y=f(X),                (1)

sadac f - asaxva (funqcia), romelic axorcielebs samarTavi

obieqtis funqcionirebis aRweras, xolo X da Y Sesasvleli

da gamosasvleli veqtorebia. Sesasvleli veqtoris marTva

adamians (gadawyvetilebis mimReb pirs) ar SeuZlia: x
Sesasvlelebi moqmedebs marTvis sistemisagan damoukideblad.

isini asaxaven realurad arsebul pirobebs.

rasakvirvelia, maTi mniSvnelobebis amorCeva SeuZlebelia,

vinaidan isini warmoadgenen fiqsirebul sidideebs da maTi

gansazRvra xorcieldeba im pirobebis gaTvaliswinebiT, romelTa

moqmedebis dros xdeba mmarTveli gadawyvetilebis realizacia.

rac Seexeba gamosasvlelebs, gadawyvetilebis mimRebi piri

(adamiani) dainteresebulia maTi garkveuli mniSvnelobebiT,

radganac isini Seadgenen obieqtis marTvis mizans. y  veqtoris
aucielebeli mniSvnelobebis miRebas uzrunvelyofs marTvis

avtomatizebuli sistema.

mas-is Sesasvlelze miewodeba informacia obieqtis mimdinare

mdgomareobis Sesaxeb. Tu obieqtis faqtiur da miznobriv

mdgomareobas Soris arsebobs ganTanxmeba, maSin mas-Si

gamomuSavdeba mmarTveli zemoqmedeba , romelic gaigzavneba

samarTav obieqtebze ganTanxmebis aRmosafxvrelad, xolo im

SemTxvevaSi, rodesac ganTanxmeba ar arsebobs, mmarTveli

zemoqmedeba 0=
n

U .

aqedan gamomdinareobs, rom Y veqtoris mniSvnelobaze

gavlenas axdens ara marto X veqtoris mniSvnelobebi, aramed

mmarTveli U  veqtoris maCveneblebi, romlebic ganisazRvreba

Semdegnairad:

U=W(X,Y).         (2)

am gamosaxulebaSi W aris asaxva (funqcia), romelic
warmoadgens marTvis Sefasebis kriteriums. me-2 gamosaxulebis
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gaTvaliswinebiT, (1) gamosaxuleba miiRebs Semdeg saxes:

      Y=F(X,U).           (3)

(3) gamosaxuleba warmoadgens maTematikur modelsmaTematikur modelsmaTematikur modelsmaTematikur modelsmaTematikur models,

romelic aRwers samarTavi obieqtis struqturasstruqturasstruqturasstruqturasstruqturas da misi

funqcionirebis marTvis kanonebsfunqcionirebis marTvis kanonebsfunqcionirebis marTvis kanonebsfunqcionirebis marTvis kanonebsfunqcionirebis marTvis kanonebs.

radganac samarTavi obieqtis funqcionireba mimdinareobs

ara izolirebulad, aramed arsebul garemocvaSi (garemoSi),
es ukanaskneli garkveulad zRudavs obieqtis damaxasiaTebeli

parametrebis dasaSveb mniSvnelobebs. es garemoeba aisaxeba
modelSi gansazRvruli SezRudvebis Semotanis saxiT:

ii
byxg ≥

≤
),(

,

sadac i
g  aris i-uri saxis resursis xarjvis funqcia, xolo

i
b _ parametris zRvrulad dasaSvebi mniSvneloba.

es SezRudvebi gansazRvravs mmarTveli gadawyvetilebis

dasaSveb ares. amave dros SesaZlebelia, rom amonaxsnTa dasaSvebi

variantebi ar iyos tolfasovani. es garemoeba warmoSobs

saukeTeso variantis amorCevis amocanas. amisaTvis ki saWiroa

amonaxsnTa variantebis Sefaseba garkveuli kriteriumis

saSualebiT, romelic obieqtis funqcionirebis yvelaze

mniSvnelovan maCveneblebs. am maCvenebels warmoadgens. uwodeben

miznobriv funqcias, xolo dasaSvebi amonaxsenis amorCeva,

romelic uzrunvelyofs miznobrivi funqciis optimalur

mniSvnelobas, warmoadgens optimizaciis amocanas.

im SemTxvevaSi, rodesac mocemulia anu winaswar cnobilia

samarTavi obieqtis Sesasavleli parametrebi da Cvenze

damokidebulia amoxsnis variantis SerCeva, modeli iqneba

determinirebuli.determinirebuli.determinirebuli.determinirebuli.determinirebuli.

xolo im SemTxvevaSi, rodesac obieqtis gansazRvruli

parametrebi warmoadgens SemTxveviT sidideebs, modeli iqneba

albaTurialbaTurialbaTurialbaTurialbaTuri.
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zogierT SemTxvevaSi obieqtis funqcionireba SesaZlebelia

ganxorcieldes ucnob pirobebSi anu obieqtze ucnobi

faqtorebis moqmedebis dros. aseTi saxis procesebisaTvis

agebuli modeli TamaSis tipis iqneba.

aqve unda aRvniSnoT, rom gadawyvetilebaTa miRebis procesebis

adekvaturi modelebis asagebad ar aris sakmarisi mxolod

raodenobrivi meTodebis gamoyeneba. bevrad efeqturia iseTi

marTvis sistemebis ageba, romlebsac safuZvlad udevs

gadawyvetilebaTa miRebis Tvisebrivi modelebi anu modelebi,

romlebic iyeneben semantikur, azrobriv informacias. am saxis

modelebs ganekuTvneba logikuri, grafuli, xelovnuri

inteleqtis modelebi.

winamdebare naSromSi Cven gavarCevT monacemTa relaciur

modelebs, romelTac gansakuTrebuli mniSvneloba aqvs monacemTa

bazebis marTvis sistemebSi.
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2. monacemTa relaciuri2. monacemTa relaciuri2. monacemTa relaciuri2. monacemTa relaciuri2. monacemTa relaciuri

modelimodelimodelimodelimodeli

marTveli zemoqmedebis gamoyeneba marTvis avtomatizebul

sistemebSi xorcieldeba samarTavi obieqtidan Semosuli da

Semdgom damuSavebuli informaciis safuZvelze. garda amisa,

mas-Si farTod gamoiyeneba egreT wodebuli mudmivi informacia,

anu informacia, romelic ar icvleba masmasmasmasmas-is funqcionirebis

ramdenime ciklis ganmavlobaSi. ZiriTadad es aris normatiul-

sacnobaro informacia, obieqtis klasifikatorebi, romlebic

Seicaven obieqtebis saxelebs da  maT kodebs da a.S.

gasagebia, rom mocemuli informacia unda inaxebodes masmasmasmasmas-

Si. aqedan gamomdinare, masmasmasmasmas-is funqcionirebis uzrunvelsayofad

pirvel rigSi, gadasawyvetia sakiTxebi, dakavSirebuli informaciis

akrefasTan, SenaxvasTan da damuSavebasTan. masmasmasmasmas-Si am sakiTxebis

gadawyvetas uzrunvelyofs erT-erTi ZiriTadi informaciuli

nawili - informaciuli uzrunvelyofa.

masmasmasmasmas-is informaciuli uzrunvelyofa Seicavs klasifikaciis

da  kodirebis sistemas monacemTa elementebis saxelebisaTvis,

monacemTa organizaciis da Senaxvis sistemebs.

masmasmasmasmas-is damuSavebis adreul stadiebze ZiriTadSi

gamoiyeneboda monacemTa organizaciis problemur-

orientirebuli forma, romlisaTvis tipuria sqema programa-

monacemTa masivi. monacemTa masivebi, romlebsac iyeneben sxvadasxva

programebi, SeiZleba Seicavdes erTsa da imave elementebs anu

adgili hqondes monacemTa dublirebas. es ki sagrZnoblad

zrdis moTxovnebs operatiul da gare mexsierebis mimarT.

kidev erT uaryofiT mxares monacemTa aseTi organizaciis

dros warmoadgens kavSirebis sirTule programebs Soris,

rodesac erTi programa iyenebs meore programis Sedegebs.

moyvanili naklovanebebis aRmofxvra xorcieldeba monacemTa
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organizaciis  sxva formiT, romelsac ewodeba monacemTa

banki. monacemTa banki warmoadgens monacemTa bazis da monacemTa

bazis marTvis sistemebis kompleqss.

monacemTa baza aris garkveuli obieqtebis maxasiaTeblebis

(parametrebis) da obieqtebs Soris arsebuli mimarTebebis

sacavi, xolo monacemTa bazis marTvis sistema axorcielebs

mimarTvas monacemTa bazasTan, monacemTa koreqcias da ganaxlebas.

amJamad masmasmasmasmas-Si monacemebis organizaciisaTvis yvelaze

farTo gamoyeneba pova monacemTa relaciurma modelma.

monacemTa relaciur models safuZvlad udevs simravluri

mimarTebis maTematikuri cneba. amave dros, mimarTeba mocemul

modelSi SeiZleba iyos warmodgenili cxrilis saxiT, sadac

cxrilis svetebi warmoadgens mimarTebis Tvisebebs an

atributebs.

aviRoT n simravleTa A1,A2 . . . ,An erToblioba.  R mimarTebas
am simravleebze uwodoT simravle, romelic warmoadgens (a1,a2
. . . ,an) saxis elementebis simravles, sadac ai∈Ai, ),1( ni = .

amave dros, mimarTebis maTematikuri gansazRvridan SegviZlia

CavweroT, rom

nAAAR ×××⊆ Κ21

simravleTa A1,A2 . . . ,An erToblioba warmoadgens mimarTebis

gansazRvris ares, xolo Ai simravles uwodeben domens. R
mimarTebis elementebs uwodeben korteJebs an amonakrebebs.

relaciuri mimarTebis cxrili warmoadgens organzomilebian

cxrils, romlis striqonebi Seesabameba atributebis mniSvnelobebis

korteJs, xolo svetebi _ domenebs an atributebs. aqve aRvniSnoT,

rom atributi Seesabameba domenis nawils. davuSvaT, Ci aris

atributi, maSin C1⊆A1,C2⊆A2,. . . Cn⊆An. R mimarTebis simZlavre

ganisazRvreba korteJebis raodenobiT.

moviyvanoT mimarTebis magaliTi (nax. 2.1).
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akademiuri_jgufiakademiuri_jgufiakademiuri_jgufiakademiuri_jgufiakademiuri_jgufi

relaciuri mimarTebis saxelia jgufi, Tu mas aRvniSnavT

R-iT, maSin

654321 AAAAAAR ×××××⊆

sadac A1 domeni aris jgufis nomeri, A2 domeni _ specialoba,

A3 _ specialobis Sifri, A4 _  studentebis raodenoba, A5 _

seqtori, A6 _ swavlebis forma. A1 domeni Seicavs Semdeg

mniSvnelobebs:

A1= {108435, 608536, 108739, 108638, 608534}

analogiurad moviyvanoT sxva domenebi:

A2= {mas, kqs, amts, sst}

A3= {2202, 2201, 2101, 1906}

A4= {14, 16, 11, 12, 15}

A5= {qarTuli, rusuli, inglisuri }

A6= {ufaso, fasiani}

R mimarTebis saxels uwodeben identifikators, xolo

mimarTebis identifikatori da domenebis an atributebis

erToblioba warmoadgens mimarTebis sqemas. R mimarTebis

korteJebis an amonarCevTa konkretuli simravle warmoadgens

mimarTebis sqemis mdgomareobas. am gansazRvrebis gaTvaliswinebiT

zemoT moyvanili cxrili SeiZleba warmovidginoT Semdegnairad:

nax. 2.1.nax. 2.1.nax. 2.1.nax. 2.1.nax. 2.1.

swavlebis
forma

studentebis
raodenoba

specialobis
Sifri

jgufis
nomeri

specialoba

ufaso
fasiani
ufaso
ufaso
fasiani

qarTuli
qarTuli
rusuli

inglisuri
qarTuli

14
16
11
12
15

2202
2201
2101
1906
2202

108435
608536
108739
108638
608534

seqtori

mas
kaqs
amts
sst
mas
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mimarTebis sqemebis erToblioba Seadgens monacemTa bazis

sqemas, xolo monacemTa bazis sqemis mdgoamreoba warmoadgens

uSualod TviT bazas. aqedan Cans, rom baza sakuTriv warmoadgens

mimarTebis sqemebis mdgomareobis erTobliobas.

magaliTisaTvis movyvanoT monacemTa bazis Semdegi sqema da

misi mdgomareoba (nax.2.3).

realur sistemebSi monacemTa bazis sqema Seicavs asobiT

mimarTebaTa sqemas, xolo yoveli mimarTeba aTiaTasobiT korteJs.

relaciuri mimarTebis simravleze operaciebi xorcieldeba

e. kodis algebris saSualebiT. aRvniSnoT es algebra Aq-Ti
da warmovadginoT Semdegnairad:

Aq=(N,S),

sadac N am algebris matarebelia (relaciuri mimarTebebis

simravle), xolo S  signatura _ operaciebis simravlea

mocemul mimarTebebze. es operaciebi SeiZleba daiyos or

jgufad: Teoriul-simravluri da specialuri. Tavdapirvelad

ganvixiloT Teoriul-simravluri operaciebi.

nax. 2.2nax. 2.2nax. 2.2nax. 2.2nax. 2.2

swavlebis
formaseqtorispecialo-

ba

jgufis
nomeri

mimarTebis
sqema

studen-
tebis

raodenoba

specialo-
bis

Sifri

ufaso
fasiani
ufaso
ufaso
fasiani

2202
2201
2101
1906
2202

qarTuli
qarTuli
rusuli
inglisuri
qarTuli

14
16
11
12
15

mas
kqs
amts
sst
mas

108435
608536
108739
108638
608534

mimarTebis
sqemis
mdgoma-
reoba
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gaerTianebagaerTianebagaerTianebagaerTianebagaerTianeba. aviRoT ori mimarTeba R1 da R2. davuSvaT,

isini gaerTianebadi arian anu aqvT erTi da igive atributebi.

maSin maTi axali gaerTianeba iqneba R mimarTeba, romelic

ganisazRvreba 2.1 cxrilSi me-2 striqoniT.

TanakveTa: TanakveTa: TanakveTa: TanakveTa: TanakveTa: me-3 striqoni.

sxvaoba: sxvaoba: sxvaoba: sxvaoba: sxvaoba: me-4 striqoni.

simetriuli sxvaoba: simetriuli sxvaoba: simetriuli sxvaoba: simetriuli sxvaoba: simetriuli sxvaoba: me-5 striqoni.

dekartuli namravli: dekartuli namravli: dekartuli namravli: dekartuli namravli: dekartuli namravli: 1-eli striqonia, sadac r1  da r2
SeerTebaa (konkatenacia) (m+n)-ur amonarCeviT, romelic

ganisazRvreba Semdegnairad:

nax .2 . .3nax .2 . .3nax .2 . .3nax .2 . .3nax .2 . .3

specialobis
Sifri,

swavlebis
forma

jgufis
nomeri,

108435108435108435108435108435
608536608536608536608536608536
108739108739108739108739108739
108638108638108638108638108638
608534608534608534608534608534

m a sm a sm a sm a sm a s
k q sk q sk q sk q sk q s
a mtsa mtsa mtsa mtsa mts
s stsstsstsstsst
m a sm a sm a sm a sm a s

22022202220222022202
22012201220122012201
21012101210121012101
19061906190619061906
22022202220222022202

1 41 41 41 41 4
1 61 61 61 61 6
1 11 11 11 11 1
1 21 21 21 21 2
1 51 51 51 51 5

spec. stud.
raod.

seqtorijgufi

mona -mona -mona -mona -mona -

cemTacemTacemTacemTacemTa

bazisbazisbazisbazisbazis

sqemissqemissqemissqemissqemis

mdgoma-mdgoma-mdgoma-mdgoma-mdgoma-

reobareobareobareobareoba

qarTuliqarTuliqarTuliqarTuliqarTuli
qarTuliqarTuliqarTuliqarTuliqarTuli
rusulirusulirusulirusulirusuli
inglisuriinglisuriinglisuriinglisuriinglisuri
qarTuliqarTuliqarTuliqarTuliqarTuli

ufasoufasoufasoufasoufaso
fasianifasianifasianifasianifasiani
ufasoufasoufasoufasoufaso
ufasoufasoufasoufasoufaso
fasianifasianifasianifasianifasiani

kaTedris
saxeli

kaTedris
nomeri

kaTedris
gamge

telefoni

36-60-0036-60-0036-60-0036-60-0036-60-00
36-65-4436-65-4436-65-4436-65-4436-65-44
36-41-0136-41 -0136-41 -0136-41 -0136-41 -01
36-67-0236-67-0236-67-0236-67-0236-67-02

kamkamiZekamkamiZekamkamiZekamkamiZekamkamiZe
jiblaZejiblaZejiblaZejiblaZejiblaZe
gogiCaiSviligogiCaiSviligogiCaiSviligogiCaiSviligogiCaiSvili
zedgeniZezedgeniZezedgeniZezedgeniZezedgeniZe

g tg tg tg tg t
a mtsa mtsa mtsa mtsa mts
m a sm a sm a sm a sm a s
s stsstsstsstsst

5 15 15 15 15 1
7 17 17 17 17 1
9494949494
8 68 68 68 68 6

kaTedra

specialoba, specialobis
Sifri,

studentebis
raodenoba,

swavlebis
forma

jgufis
nomeri,

jgufimonamonamonamonamona

cemTacemTacemTacemTacemTa

bazisbazisbazisbazisbazis

sqemasqemasqemasqemasqema

telefoni
kaTedris
gamge

kaTedris
saxeli

kaTedris
nomeri

kaTedra
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xolo
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21
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axla ganvixiloT specialuri operaciebi.

proeqciaproeqciaproeqciaproeqciaproeqcia. es operacia aris unaruli anu xorcieldeba

erT mimarTebaze. aviRoT R(A1,A2 . . . ,An) mimarTeba da

atributebis A sia, sadac Ai _ i-uri atributi, xolo A iRebs
mniSvnelobebs mTel ricxvTa (1,2,. . . m) simravlidan. maSin

mimarTebebis proeqcia A-ze ganisazRvreba me-6 operaciiT:
proeqciis operacia sruldeba or etapad. pirvel etapze

mocemuli mimarTebis cxrilSi darCeba yvela sveti, romlebic

Seesabameba A siaSi moxvedril atributebs. amis Semdeg

cxrilidan amocvivdeba erTnairi striqonebi (simravlis cnebidan

gamomdinare).
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3. monacemTa relaciuri bazis struqturis3. monacemTa relaciuri bazis struqturis3. monacemTa relaciuri bazis struqturis3. monacemTa relaciuri bazis struqturis3. monacemTa relaciuri bazis struqturis

optimizaciaoptimizaciaoptimizaciaoptimizaciaoptimizacia

monacemTa relaciuri modelis idea da ZiriTadi cnebebi

mocemuli iyo wina paragrafSi. amjerad ganvixilavT problemas,

romelic exeba relaciuri bazis damokideblebaTa optimaluri

erTobliobis SerCevas (daproeqtebas) anu monacmeTa modelis

agebis problemas.

aRniSnuli amocanis gadawyvetis procesSi fundamenturi

mniSvneloba aqvs relaciebis normalizaciis Teorias.

monacmeTa relaciur modelSi dasaSvebia mxolod iseTi

relaciebi, romlebic akmayofilebs Semdeg pirobas:

relaciaSi yoveli mniSvneloba (anu atributis mniSvneloba

korteJSi) atomuria (ganuyofelia), e.i. relaciis Sesabamis
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cxrilSi yoveli svetisa da striqonis gadakveTze unda

arsebobdes mxolod erTi mniSvneloba da ara simravle

mniSvnelobebisa. aqve saWiroa aRiniSnos, rom igi SeiZleba

iyos ganusazRvreli (nuli), magaliTad, atributisaTvis _

qaliSvilobis gvari relaciaSi TanamSromeliTanamSromeliTanamSromeliTanamSromeliTanamSromeli mamakacisaTvis

eqneba nulovani an atributisaTvis _ gamomuSavebuli-saaTebis-

raodenoba TanamSromlisaTvis, romelic imyofeboda SvebulebaSi

da a.S.

relacias, romelic akmayofilebs aRniSnul pirobas, uwodeben

normalizebuls.

aranormalizebuli relaciebis gardaqmna ekvivalentur

normalizebul relaciebad naCvenebia 3.1 naxazze, aq ganixileba

relacia dakveTadakveTadakveTadakveTadakveTa atributebiT S# _ mimwodeblis nomeri da

PK _ detalebis raodenoba. PK _ TviTon relaciaa P# _
detalebis nomriT da K _ raodenobiT.

calke cxrilebiT (nax. 3.2) mocemuli relaciebi.
mimwodebelimimwodebelimimwodebelimimwodebelimimwodebeli atributebiT: SN _ mimwodeblis dasaxeleba,

ST _ statusi, C _ qalaqi da detalidetalidetalidetalidetali atributebiT: PN _

μ

S# sP#
P#
1
2
3
4
5
6
1
2
2
2
4
5

K
300
200
400
200
100
100
300
400
200
200
300
400

4

KPKS#

2

3

1
1
1
1
1
1
2
2
3
4
4
4

300
200
400
200
100
100
300
400
200
200
300
400

1
2
3
4
5
6
1
2
2
2
4
5

1

nax.3.1. aranormalizebuli (a) da normalizebuli (b) relaciebinax.3.1. aranormalizebuli (a) da normalizebuli (b) relaciebinax.3.1. aranormalizebuli (a) da normalizebuli (b) relaciebinax.3.1. aranormalizebuli (a) da normalizebuli (b) relaciebinax.3.1. aranormalizebuli (a) da normalizebuli (b) relaciebi

dakveTadakveTadakveTadakveTadakveTadakveTadakveTadakveTadakveTadakveTa
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S#
1
2
3
4
5

SN
ivaniZe

abaSiZe

dvali

fifia

zariZe

ST
20
10
30
20
30

P#
1
2
3
4
5

PN
detali 1

detali 2

detali 3

detali 4

detali 5

Col
Savi

yviTeli

lurji

Savi

lurji

C
Tbilisi

quTaisi

quTaisi

Tbilisi

Telavi

W
120
170
170
140
120

DOMAIN S# (5)
DOMAIN SN (20)
DOMAIN ST FIX-DEC (3)
DOMAIN C CHAR (10)
DOMAIN P# CHAR (6)
DOMAIN PN CHAR (20)
DOMAIN COL CHAR (6)
DOMAIN W  FIX-DEC (4)
DOMAIN K  FIX-DEC (5)

RELATION S (S#, SN, ST,C) KEY(S#)
RELATION P(P#,PN,COL,W,C) KEY(P#)
RELATION SP(S#,P#,K) KEY(S#,P#)

mimwodebelimimwodebelimimwodebelimimwodebelimimwodebeli detalidetalidetalidetalidetali

a

b

C
Tbilisi

quTaisi

quTaisi

Tbilisi

Telavi

nax.3.2. monacemTa bazis relaciuri modeli (a), sqema (b)nax.3.2. monacemTa bazis relaciuri modeli (a), sqema (b)nax.3.2. monacemTa bazis relaciuri modeli (a), sqema (b)nax.3.2. monacemTa bazis relaciuri modeli (a), sqema (b)nax.3.2. monacemTa bazis relaciuri modeli (a), sqema (b)

detalebis dasaxeleba, Col _ feri, N _ wona, C _ qalaqi.
aq mocemulia relaciis modeli (a) da relaciuri sqemis

aRwera (b) ganxiluli magaliTisaTvis: S _ mimwodebeli, P _
detali da SP _ dakveTa, DOMAIN, RELATION, KEY _ Sesabamisad
aRniSnaven domens,  relacias da gasaRebur atributs relaciaSi.

relacia normalizebul formaSi, rogorc es naCvenebi iyo
ganxilul magaliTSi, SeiZleba kidev Seicavdes garkveul
arasasurvel Tvisebebs, romelTa aRmofxvrac ekvivalenturi
gardaqmnebis safuZvelze relaciaTa warmodgenis ufro sasurvel
(optimalur) formas iZleva. am gardaqmnis process uwodeben
normalizacias.

amerikelma maTematikosma ernst kodma pirvelad 1970 wels
gansazRvra normalizaciis sami done, romelTac Sesabamisad ewoda
pirveli, meore da mesame normaluri formebi (1nf, 2nf da 3nf).

yoveli normalizebuli relacia imyofeba 1nf-Si, 1-is nawili
amave dros imyofeba 2 nf-Si, xolo nawili am ukanasknelidan _
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3nf-Si. mogvianebiT, 1976 wels amerikelma mecnierma r. feiganma
Semoitana meoTxe normaluri formis (4nf) cneba. 3.3 naxazze
naCvenebia normalizaciis doneebi.

rogorc aRvniSneT, 4nf-is misaRebad ZiriTadi amocana aris
damokidebulebaTa analizis safuZvelze ekvivalenturi gardaqmnebis
(normalizaciis) ganxorcieleba, romelic, rogorc Semdgom iqneba
naCvenebi, yvela danarCenze ufro efeqturi formaa (Tumca
dReisaTvis ukve cnobilia mexuTe nf da sxva saxis nf-ebi).

normalizaciis (normalur formaTa) Teoriis safuZvelia
relaciur damokidebulebaTa Teoria, romelic ganixilavs
damokidebulebaTa iseT ojaxebs, rogoricaa: funqcionaluri,
sruli-funqcionaluri, tranzituli da fsevdotranzituli,
mravalsaxa da zogadi arafunqcionaluri damokidebulebani.
es sakiTxebi mokled ganxilulia qvemoT [1].

3 .1 . relaciur damokidebulebaTa klasebi3.1 . relaciur damokidebulebaTa klasebi3.1 . relaciur damokidebulebaTa klasebi3.1 . relaciur damokidebulebaTa klasebi3.1 . relaciur damokidebulebaTa klasebi

rogorc aRvniSneT, atributTa dasaxelebis simravleze,
U={A1,A2,...An} gansazRvrulia R(U) relacia.

)}()()({)( 21 nAdomAdomAdomUR ×××⊆ Κ .

relaciis elementia (a1,a2,...an}  korteJi, romlisTvisac
)( 11 Adoma ∈ . R(U) damokidebulebisaTvis mocemulia agreTve

P(U) mTlianobis SezRudvebi (predikati).
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funqcionaluri damokidebuleba (fd)funqcionaluri damokidebuleba (fd)funqcionaluri damokidebuleba (fd)funqcionaluri damokidebuleba (fd)funqcionaluri damokidebuleba (fd). magaliTad,

relaciaSi mimwodebeli 2.25 naxazidan misi yoveli SN, ST da
C atributi funqcionaluradaa damokidebuli S# gasaReburi
atributTan, e.i. S#-is gansazRvruli mniSvnelobisaTvis arsebobs
mxolod erTaderTi Sesabamisi mniSvnelobebi SN, ST da C
atributebisa. es funqcionaluri damokidebuleba mocemulia

3.4 naxazze diagramis saxiT.

naxazze mocemulia Sedgenili gasaReburi atributis
magaliTi. am SemTxvevaSi detalis P# nomeri da mimwodeblis
S# nomeri orive erTad funqcionalurad gansazRvravs K
raodenobis atributis mniSvnelobas.

funqcionalur damokidebulebaTa gamovlena monacemTa
semantikis gagebis mniSvnelovani nawilia. magaliTad, C
funqcionaluradaa damokidebuli S#-ze (S#→C), niSnavs, rom
yoveli mimwodebeli ganlagebulia (cxovrobs) mxolod erT
qalaqSi. aseTi SezRudva situaciis semantikis nawilia da igi
garkveulad asaxuli unda iyos monacemTa modelSi. amis
uzrunvelyofa ki xorcieldeba swored funqcionaluri
damokidebulebis gamocxadebiT.

sruli funqcionaluri damokidebuleba (sfd)sruli funqcionaluri damokidebuleba (sfd)sruli funqcionaluri damokidebuleba (sfd)sruli funqcionaluri damokidebuleba (sfd)sruli funqcionaluri damokidebuleba (sfd) .
relaciaSi mimwodebeli atributi _ qalaqi funqcionaluradaa

damokidebuli Sedgenil atributze (S#, ST), magram araa srul
funqcionalur damokidebulebaSi masTan, vinaidan C
funqcionaluradaa damokidebuli mxolod S# atributze (nax.
3.5-a).

nax.3.4. funqcionaluri damokidebulebebinax.3.4. funqcionaluri damokidebulebebinax.3.4. funqcionaluri damokidebulebebinax.3.4. funqcionaluri damokidebulebebinax.3.4. funqcionaluri damokidebulebebi

a) mimwodebeli; b) dakveTaa) mimwodebeli; b) dakveTaa) mimwodebeli; b) dakveTaa) mimwodebeli; b) dakveTaa) mimwodebeli; b) dakveTa

SN

STS#

C

S#

P#

K
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tranzituli da fsevdotranzituli funqcionaluritranzituli da fsevdotranzituli funqcionaluritranzituli da fsevdotranzituli funqcionaluritranzituli da fsevdotranzituli funqcionaluritranzituli da fsevdotranzituli funqcionaluri

damokidebuleba (tfd)damokidebuleba (tfd)damokidebuleba (tfd)damokidebuleba (tfd)damokidebuleba (tfd).(nax. 5.28 b da g).

3.2. normalur formaTa Teoria3.2. normalur formaTa Teoria3.2. normalur formaTa Teoria3.2. normalur formaTa Teoria3.2. normalur formaTa Teoria

da ganaxlebis anomaliebida ganaxlebis anomaliebida ganaxlebis anomaliebida ganaxlebis anomaliebida ganaxlebis anomaliebi

normalur formaTa Teoria Seiswavlis normaluri formebis

gardaqmnaTa process monacemTa bazis struqturis

optimizaciisaTvis. ganvixiloT es procesi monacemTa ganaxlebis

TvalsazrisiT.

relacias, romelic 1nf-Sia, magram ar aris ufro maRal

normalur formaSi, aqvs struqtura, romelic arasasurvelia

mravali mizezis gamo. amis sailustraciod ganvixiloT relacia

mimwodeblis-dakveTa (md), romelic Seicavs atributebs

relaciebidan _ mimwodebelimimwodebelimimwodebelimimwodebelimimwodebeli da dakveTadakveTadakveTadakveTadakveTa.

mdmdmdmdmd (S#,ST,C,P#,K), sadac S# _ mimwodeblis nomeri,  ST _
statusi,  C _ qalaqis saxeli, P# _ detalis nomeri da K _
raodenoba.

damatebiT davuSvaT, rom statusi funqcionalurad

ganisazRvrebodes qalaqis saSualebiT. gamartivebis mizniT

gamovricxeT SN atributis mimwodeblis saxeli. mdmdmdmdmd relaciis

gba

nax.3.5 . a-sdf; b-tfd da g-fsevdo-tfd.nax.3 .5 . a-sdf; b-tfd da g-fsevdo-tfd.nax.3 .5 . a-sdf; b-tfd da g-fsevdo-tfd.nax.3 .5 . a-sdf; b-tfd da g-fsevdo-tfd.nax.3 .5 . a-sdf; b-tfd da g-fsevdo-tfd.

S#

ST

C

S# C

ST

S#

ST

W

C
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pirveladi gasaRebia Sedgenili atributi (S#,P#). 3.6 naxazze
warmodgenilia funqcionalur damokidebulebaTa diagrama.

ganvixiloT 1 nf-iT warmodgenil relaciebis naklovanebani

(anomaliebi) mocemuli magaliTis safuZvelze. SemovitanoT

mdmdmdmdmd relaciis Sesabamisi cxrili (nax.3.7). anomaliebi

dakavSirebulia monacemTa ganaxlebis operaciebTan.

damatebadamatebadamatebadamatebadamateba. am faqtis aRwera, rom konkretuli mimwodebeli

imyofeba konkretul qalaqSi, SeuZlebelia manam, sanam es

mimwodebeli ar daamzadebs erT detals mainc. mdmdmdmdmd cxrili

faqtobrivad ar asaxavs, rom S5 mimwodebeli imyofeba TelavSi.

amis mizezia is, rom sanam S5 mimwodebeli ar daamzadebs

nax.3.6. rnax.3.6. rnax.3.6. rnax.3.6. rnax.3.6. relacia funqcielacia funqcielacia funqcielacia funqcielacia funqcionaluronaluronaluronaluronaluri kavSiri kavSiri kavSiri kavSiri kavSirebiT,ebiT,ebiT,ebiT,ebiT,     S#,P#→→→→→ST,C,K

S#

K

ST

P#

C

S#
S1
S1
S1
S1
S1
S1
S2
S2
S3
S4
S4
S4

ST
20
20
20
20
20
20
10
10
10
20
20
20

P#
P1
P2
P3
P4
P5
P6
P1
P2
P2
P3
P4
P5

K
300
200
400
200
100
100
300
400
200
200
300
400

C
Tbilisi
Tbilisi
Tbilisi
Tbilisi
Tbilisi
Tbilisi
rusTavi
rusTavi
rusTavi
quTaisi
quTaisi
quTaisi

nax.3.7. rnax.3.7. rnax.3.7. rnax.3.7. rnax.3.7. relacia funqcielacia funqcielacia funqcielacia funqcielacia funqcionaluronaluronaluronaluronaluri kavSiri kavSiri kavSiri kavSiri kavSirebiT,ebiT,ebiT,ebiT,ebiT,     S#,P#→→→→→ST,C,K
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detals, manam ver ganvsazRvravT pirveladi gasaRebis (S#,P#)
mniSvnelobas, vinaidan P# aqvs ganusazRvreli (nulovani)

mniSvneloba.

amoSlaamoSlaamoSlaamoSlaamoSla. Tu cxrilidan amovSliT erTaderT korteJs

konkretuli mimwodeblisaTvis, maSin amiT dairRveva ara marto

informacia dakveTis Sesaxeb, Tu es mimwodebeli romel detals

amzadebs, aramed informaciac, rom es mimwodebeli cxovrobs

gansazRvrul qalaqSi. magaliTad, (S3,P2) korteJis amoSliT

ikargeba informacia imis Sesaxeb, rom S3 mimwodebeli cxovrobs

q. rusTavSi.
ganaxlebaganaxlebaganaxlebaganaxlebaganaxleba. atributis mniSvneloba qalaqis saxeli C mdmdmdmdmd-

relaciaSi gvxdeba ramdenjerme. es siWarbe iwvevs ganaxlebis

problemas. magaliTad, Tu S1 mimwodebeli gadavida Tbilisidan

soxumSi, maSin saWiroa moiZebnos yvela korteJi, romelic

dakavSirebulia S1-Tan da misi Sesabamisi qalaqis mniSvneloba

yvelgan Seicvalos. winaaRmdeg SemTxvevaSi bazaSi iarsebebs

azrobrivad sawinaaRmdego informacia, erT adgilas S1-Tvis
gveqneba Tbilisi, meore adgilas _ soxumi.

zemoT aRniSnuli problemis gadawyveta SesaZlebelia Tu

mdmdmdmdmd-s SecvliT ori relaciiT mimwodebeli (mmmmm) da dakveTi

(ddddd).

m(S#,ST,T) da d(S#,P#,K)

 3.8-a da b naxazebze mocemulia am relaciaTa

funqcionaluri kavSirebi da Sesabamisi cxrilebi.

am SemTxvevaSi SesaZlebeli gaxda S5 mimwodeblis CarTva

md relaciaSi miuxedavad imisa, amzadebs Tu ara igi mocemul

momentSi raime detals. aseTi SesaZlebloba ki gamowveulia

imiT, rom moxda md relaciebis `gaxleCa~ or nawilad da

informaciebis Senaxva cal-calke.
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S#

ST

C

S#

P#

K

a

S#
S1
S1
S1
S1
S1
S1
S2
S2
S3
S4
S4
S4

P#
P1
P2
P3
P4
P5
P6
P1
P2
P2
P3
P4
P5

K
300
200
400
200
100
100
300
400
200
200
300
400

S#
S1
S2
S3
S4
S5

ST
20
10
10
20
30

C
Tbilisi

rusTavi

rusTavi

Tbilisi

Telavi

R1=mmmmm R2=ddddd

b

SesaZlebelia ddddd cxrilidan dakveTis amoSla (S3,P2)
gasaReburi atributiT. am SemTxvevaSi ar ikargeba informacia

imis Sesaxeb, rom S3 mimwodebeli imyofeba rusTavSi.

mimwodeblisaTvis qalaqis saxeli mb-Si Cawerilia mxolod

erTxel, amitomac, Tu moxda misi Secvla, magaliTad, Tu S1
gadavida soxumSi, maSin m-cxrilis pirvel korteJSi Seicvleba

C-s Sesabamisi mniSvneloba ̀ Tbilisi~-`soxumiT~, xolo sxvagan

cvlileba ar iqneba saWiro.

3.6 da 3.8 naxazebis Sedareba gviCvenebs, rom monacemTa

struqturis gardaqmnis safuZveli aris mdmdmdmdmd relaciebidan

arasruli funqcionaluri damokidebulebis amogdeba. miiReba

ori (mmmmm da ddddd) damokidebuleba 2nf-Si.

nax.3.8. funqcionaluri kavSirebi (a) danax.3.8. funqcionaluri kavSirebi (a) danax.3.8. funqcionaluri kavSirebi (a) danax.3.8. funqcionaluri kavSirebi (a) danax.3.8. funqcionaluri kavSirebi (a) da
maTi Sesabamisi cxrilebi (b)maTi Sesabamisi cxrilebi (b)maTi Sesabamisi cxrilebi (b)maTi Sesabamisi cxrilebi (b)maTi Sesabamisi cxrilebi (b)
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R relacia imyofeba 2nf-Si, Tu is imyofeba 1nf-Si da misi

yoveli aragasaReburi atributi srul funqcionalur

damokidebulebaSia (sfd) pirveladi gasaRebTan.

atributs uwodeben aragasaReburs, Tu igi araa pirveladi

gasaRebis nawili.

magaliTad, mmmmm da ddddd relaciebSi pirveladi gasaRebebia S#
da (S#,P#). relacia mdmdmdmdmd ar imyofeba 2nf-Si, magram yovelTvis

SeiZleba misi gadayvana 1nf-dan 2nf-Si. amisaTvis saWiroa mdmdmdmdmd

misi ori proeqciiT:

  mdmdmdmdmd(((((S#,ST,C,P,P#,K)=)=)=)=)=mmmmm[[[[[S#,ST,C]*]*]*]*]*ddddd[[[[[S#,P#,k]]]]]    (3.1.)

kvadratuli frCxilebiT aRniSnulia proeqciebi. relaciaTa

aseT gardaqmna dekompoziciis process uwodeben. mdmdmdmdmd relacia

ganicdis dekompozicias mmmmm da ddddd relaciebad. *kompoziciis

proceduris niSania da axorcielebs relaciaTa ekviSeerTebas

(join) sawyis relaciad informaciis danakargis gareSe, e.i.

dekompoziciisa da  SeerTebis operaciebi urTierTSeqcevadia.

unda aRiniSnos, rom relacias, romelic 1nf-Sia da ar

imyofeba 2nf-Si, unda hqondes Sedgnili pirveladi gasaRebi.

radgan relaciaTa aseTi gardaqmnis procesSi informacia

ar ikargeba, amitom nebismieri informacia, romelic arsebobs

1nf-Si SeiZleba miRebul iqnes 2nf-idan, magram piriqiT ar

xdeba. magaliTad, 1nf-Si gvaqvs informacia S5 mimwodeblis

Sesaxeb, romelic cxovrobs TelavSi, xolo 1nf-Si aseTi

informacia ara gvaqvs. e.i. 2nf SedarebiT zustad asaxavs

realur samyaros, vidre 1nf.

garkveuli TvalsazrisiT, 2nf-c araa ganaxlebis

anomaliebisagan Tavisufali forma. ganvixiloT es naklovanebani

mimwodeblis (m) relaciis magaliTze (cxrili, nax.3.8-b).

damatebadamatebadamatebadamatebadamateba. SeuZlebelia im faqtis dafiqsireba, rom yovel

konkretul qalaqs (C) Seesabameba konkretuli statusi (ST).
magaliTad, imis Cveneba, rom q. gors aqvs statusi 50,
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SeuZlebelia manam, sanam am qalaqSi ar gveyoleba mimwodebeli,
e.i. mimwodeblis ararsebobis SemTxvevaSi ar iarsebebs misi
pirveladi gasaRebi da SeuZlebeli iqneba korteJis formireba
qalaqiTa da statusiT.

amoSlaamoSlaamoSlaamoSlaamoSla. Tu konkretuli qalaqisaTvis mmmmm relaciidan
amoiSleba korteJi, maSin ikargeba informacia ara marto misi
Sesabamisi mimwodeblis Sesaxeb, aramed imis Sesaxebac, rom am
qalaqs aqvs statusis konkretuli mniSvneloba. magaliTad, S5
korteJis amoSliT ikargeba informacia, rom Telavs aqvs
statusi 30.

ganaxlebaganaxlebaganaxlebaganaxlebaganaxleba. statusis mniSvneloba mocemuli qalaqisaTvis
Cawerilia ramdenjerme. Tu saWiro iqneba am qalaqis statusis
Secvla axali mniSvnelobiT, maSin aucilebelia mmmmm relaciebis
yvela korteJis gadasinjva da saTanado cvlilebebis Setana.
winaaRmdeg SemTxvevaSi gveqneba azrobrivad sawinaaRmdego
informacia. magaliTad, Tu Tbilisis statusi gaxda 70, maSin
S1 da S4 korteJebSi unda moxdes saTanado cvlilebebi.

zemoT aRnSnuli anomaliebis arseboba mmmmm relaciaSi
ganisazRvreba tranzituli funqcionaluri damokidebulebebiT
(tfd) mis atributebs Soris. atributi-statusi (ST)
funqcionalurad damokidebulia mimwodebelze (S#), magram
qalaqis mniSvnelobis gavliT (tranzitulad) anu yoveli S#
mniSvneloba gansazRvravs C-qalaqs, es ukanaskneli ki _ ST
statuss. aseTi tranzituli kavSirebis arseboba ganapirobebs
damaxsovrebis anomaliebs.

aRniSnuli problemis Tavidan acileba SesaZlebelia mmmmm

relaciis Semdgomi dekompoziciiT or relaciad: mqmqmqmqmq mimwodebeli
_ qalaqi da qsqsqsqsqs _ qalaqis statusi.

mdmdmdmdmd(((((S#,ST,C)=)=)=)=)=mqmqmqmqmq[[[[[S#,C]*]*]*]*]*qsqsqsqsqs[[[[[C,ST] .] .] .] .] .

3.9-a da b naxazebze mocemulia miRebuli relaciebis
Sesabamisi diagramebi da cxrilebi.

tfd-is amogdebiT dekompoziciis Sedegad aRmoifxvreba
aRniSnuli anomaliebi. miRebuli relaciebi imyofeba 3nf-Si.
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S# C

C ST
a

ST
20
10
30

S#
S1
S2
S3
S4
S5

R1=mqmqmqmqmq R2=qsqsqsqsqs
C

Tbilisi

rusTavi

rusTavi

Tbilisi

Telavi

C
Tbilisi

rusTavi

Telavi
b

nax.3.9. dekompoziciis Sedegad miRebulinax.3.9. dekompoziciis Sedegad miRebulinax.3.9. dekompoziciis Sedegad miRebulinax.3.9. dekompoziciis Sedegad miRebulinax.3.9. dekompoziciis Sedegad miRebuli

kavSirebi (a) da cxrilebi (b)kavSirebi (a) da cxrilebi (b)kavSirebi (a) da cxrilebi (b)kavSirebi (a) da cxrilebi (b)kavSirebi (a) da cxrilebi (b)

R relacia imyofeba 3nf-Si, Tu is imyofeba 2nf-Si da misi

yoveli aragasaReburi atributi aratranzituladaa

damokidebuli pirvelad gasaRebze.

rogorc aRvniSneT, dekompoziciis procesi Seqcevadia da

yovelTvis SeiZleba sawyisi relaciis aRdgena informaciis

danakargis gareSe.

3nf-Si SesaZlebelia iseTi informaciis arseboba, rogoricaa

q. gori statusiT 50. amave informacias ver movaTavsebT

2nf-is relaciaSi manam, sanam ar gveyoleba Sesabamisi

mimwodebeli. amitomac SeiZleba iTqvas, rom 3nf ufro zustad

aRwers relaciur samyaros, vidre 2nf da 1nf.

rogorc normalur formaTa analizi gviCvenebs, 1,2,3nf-ebis

safuZvelia funqcionaluri kavSirebis arseboba atributebs

Soris. magram realur samyaroSi arsebobs SedarebiT  rTuli

kavSirebic, romlebic ar emorCileba funqcionalur

damokidebulebaTa kanonzomierebebs. aseTebs miekuTvneba

mravalsaxa (msmsmsmsms) da zogadi arafunqcionaluri (zazazazaza) kavSirebi.

relaciaTa Semdgomi dekompozicia agebulia swored aseT

kavSirebis safuZvelze.
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relacia SeiZleba iyos 3nf-Si da amasTanave mainc hqondes

arasasurveli anomaliebi.

magaliTisaTvis ganvixiloT relacia leqcia, romelic

gansazRvrulia atributebze _ sagani (sssss), leqtori (lllll),

saxelmZRvanelo (wwwww) da romlis korteJi <s,l,w> lllll-leqciis

mier wwwww-wignis gamoyenebiT arsebobs mxolod maSin, rodesac

sssss-sagani ikiTxeba (saxelmZRvanelos) gamoyenebiT.

SemovitanoT mTlianobis SezRudvebi (predikatebi),

romlebiTac ganisazRvreba realuri obieqtis yofaqceva.

magaliTad, mocemul sagans SeiZleba kiTxulobdes ramdenime

leqtori da iyenebdes ramdenime saxelmZRvanelos. amasTanave

davuSvA, rom leqtori da saxelmZRvaneloebi araa erTmaneTze

damokidebuli. aseTi kavSirebi atributebs Soris warmoadgens

mravalsaxa (ms) damokidebulebebs. 3.10-a da b naxazebze

mocemulia damokidebulebaTa diagrama da Sesabamisi relacia

gansaxilveli magaliTisaTvis.

sagani

fizika

fizika

fizika

fizika

saxelmZRvanelo

meqanikis safuZvlebi

optikis kanonebi

meqanikis safuZvlebi

optikis kanonebi

leqtori

wivwivaZe

wivwivaZe

doliZe

doliZe

R=leqcialeqcialeqcialeqcialeqcia

nax.3.9. ms damokidebulebebi (a) danax.3.9. ms damokidebulebebi (a) danax.3.9. ms damokidebulebebi (a) danax.3.9. ms damokidebulebebi (a) danax.3.9. ms damokidebulebebi (a) da
Sesabamisi relaciis fragmenti (b)Sesabamisi relaciis fragmenti (b)Sesabamisi relaciis fragmenti (b)Sesabamisi relaciis fragmenti (b)Sesabamisi relaciis fragmenti (b)

l

s

w

relacia leqcia Seicavs siWarbes, romelic gamovlindeba

damaxsovrebis operaciebis sirTuleSi. magaliTad, imisaTvis,
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rom davumatoT informacia fizikaSi axali wignis, magaliTad,

`Tanamedrove meqanikis~, gamoyenebis Sesaxeb, saWiroa cxrilSi

daematos ori korteJi (ori leqtoris arsebobis gamo). relacia

3nf-Sia da mis gasaRebur atributebs Seadgens samive atributi

erTad aRebuli. aq intuiciurad gasagebia, rom aRniSnuli

sirTule gamowveulia leqtorebsa da saxelmZRvaneloebs Soris

urTierTdamoukideblobiT. advili SesamCnevia, rom ukeTesi

iqneba, Tu relacia-leqcialeqcialeqcialeqcialeqcia dekomponirdeba or proeqciad:

sagani-leqtori (sl) da sagani-wigni (swswswswsw):

leqcia (s,l,w) = sl(s,l)*sw (s,w)leqcia (s,l,w) = sl(s,l)*sw (s,w)leqcia (s,l,w) = sl(s,l)*sw (s,w)leqcia (s,l,w) = sl(s,l)*sw (s,w)leqcia (s,l,w) = sl(s,l)*sw (s,w)

amboben, rom atributi sagani mravalsaxad gansazRvravs

atributs leqtori, anu arsebobs mravalsaxa damokidebuleba

am atributebs Soris da Caiwereba ase; s→→l. aseTive kavSiri

arsebobs atributebs Soris _ sagani da wigni: s→→w.

s
fizika
fizika

l
wivwivaZe
doliZe

s
fizika
fizika

w
meqanikis safuZvlebi
optikis kanonebi

slslslslsl swswswswsw

rogorc viciT, X→→Y damokidebuleba arsebobs, Tu R(X,Y,Z)-
saTvis marTebulia Semdegi piroba:

R[x,z,Y]=R[x,Y] da X,Y,Z⊂ U; Z=U-X∪Y,

sadac x∈R[X], z∈R[Z], anu X-is mniSvnelobas Seesabameba Y-
atributis mniSvnelobebis gansazRvruli simravle Z
m niSvnelobisagan damoukideblad . funqcionaluri
damokidebulebis SemTxvevaSi ki X-is mniSvnelobas Seesabameboda
mxolod erTi mniSvneloba Y atributisa. amitomac fdfdfdfdfd

ganixileba rogorc mravalsaxa damokidebulebis kerZo SemTxveva.
mocemuli R damokidebulebisaTvis marTebulia dekompoziciis

pirobis Cawera:
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R(X,Y,Z)=R'[X,Y]*R''[X,Z]

3nf-Si arsebuli ganaxlebis anomaliebi dakavSirebulia
relaciaSi (magaliTad, leqcia) mravalsaxa kavSirebis
arsebobasTan, romlebic amave dros ar aris funqcionaluri
kavSirebi. proeqciebi sl (sl) da sw (sw) ar Seicavs mravalsaxa
kavSirebs, amitomac anomaliebis TvalsazrisiT ukeTesi formaa
relaciaTa gamosaxatavad.

relacia imyofeba meoTxe normalur formaSi (4nf) maSin
da mxolod maSin, rodesac mravalsaxa kavSirebis arsebobis
SemTxvevaSi, magaliTad, A→→R, relaciis yvela danarCeni
atributi funqcionalurad ganisazRvreba A atributiT, e.i.
relacia 3nf-Si yovelTvis ar imyofeba 4nf-Si: piriqiT, relacia
4nf-Si yovelTvis imyofeba 3nf-Si SeiZleba aRiniSnos, rom
aqac SesaZlebelia SeerTebis (join) operaciis gamoyeneba da
sawyisi relaciis aRdgena informaciis danakargis gareSe.

4nf relaciebis analizma gamoavlina maTi zogierTi naklovani
mxare ganaxlebis anomaliebis TvalsazrisiT. SesaZloa iseTi
SemTxvevis arseboba, rodesac relacia 3nf-dan ar dekomponirdeba
4nf-Si informaciis danakargis gareSe. am SemTxvevaSi atributebs
Soris arsebobs zogadi arafunqcionaluri damokidebulebebi
(zadzadzadzadzad). ganvixiloT magaliTi. davuSvaT, gvaqvs relacia leqcia,
romelic ganvixileT 4nf-is axsnisas. 3.11 naxazze mocemulia
damokidebulebaTa diagrama da relacia.

s
fizika
fizika
fizika
fizika
fizika

w
meqanikis safuZvlebi
optikis kanonebi

meqanikis safuZvlebi
optikis kanonebi

eleqtromagnetizmi

l
wivwivaZe
wivwivaZe
doliZe
doliZe
razmaZe

R=leqcialeqcialeqcialeqcialeqcia

s l

w

nax.3.11. zad (a) da Sesabamisi relacia (b)nax.3.11. zad (a) da Sesabamisi relacia (b)nax.3.11. zad (a) da Sesabamisi relacia (b)nax.3.11. zad (a) da Sesabamisi relacia (b)nax.3.11. zad (a) da Sesabamisi relacia (b)



30

Tu gamoviyenebT relaciebis dekompoziciis proceduras

4nf-Si gadasayvanad, miviRebT Semdeg relaciebs:

s
fizika
fizika
fizika
fizika
fizika

slslslslsl
l

wivwivaZe
wivwivaZe
doliZe
doliZe
razmaZe

s
fizika
fizika
fizika
fizika
fizika

swswswswsw
w

meqanikis safuZvlebi
optikis kanonebi

meqanikis safuZvlebi
optikis kanonebi

eleqtromagnetizmi

miRebuli relaciebidan sawyisi relaciebis aRsadgenad,

ekviSeerTebis operaciis gamoyenebiT vRebulobT qvemoT mocemul

relacias.

s

fizika

fizika

fizika

fizika

fizika

fizika

fizika

fizika

fizika

w

meqanikis safuZvlebi

optikis kanonebi

eleqtromagnetizmi

meqanikis safuZvlebi

optikis kanonebi

eleqtromagnetizmi

meqanikis safuZvlebi

optikis kanonebi

eleqtromagnetizmi

l

wivwivaZe

wivwivaZe

wivwivaZe

doliZe

doliZe

doliZe

razmaZe

razmaZe

razmaZe

leqcialeqcialeqcialeqcialeqcia

*

*

*

*

rogorc vxedavT, aRdgenil relaciaSi Tavi iCina realurad

ararsebulma informaciam (e.w. `xafanguri~ korteJebi

aRniSnulia *-iT). es ki niSnavs, rom sawyisi relacia leqcia

3nf-dan ar dekomponirdeba 4nf-Si informaciis danakargebis

gareSe. xafanguri korteJebis gaCenis mizezi isaa, rom relaciis

atributebs Soris aRar arsebobs mravalsaxa kavSirebi, rac

gvqonda 3.11 naxazze, e.i. relacia leqcia ukve imyofeba

4nf-Si. es ki gamoiwvia korteJis (fizika, razmaZe, eleqtro-

magnetizmi) Semotanam. man Secvala monacemebs Soris arsebuli

semantikuri kavSiri (predikati) da kerZod: konkretul sagans
(x) kiTxulobs leqtorTa gansazRvruli simravle (Y), magram
ukve saxelmZRvanelos (wigni) z-is gaTvaliswinebiT, e.i. dairRva
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piroba R[x,z,Y]=R[x,Y]. amitomac mocemuli relaciis leqcia
dekompozicia informaciis danakargebis gareSe SesaZlebelia
ara or, aramed sam proeqciad:

leqcialeqcialeqcialeqcialeqcia (s,l,w)= (s,l,w)= (s,l,w)= (s,l,w)= (s,l,w)=slslslslsl(s,l)*(s,l)*(s,l)*(s,l)*(s,l)*swswswswsw(s,w)*(s,w)*(s,w)*(s,w)*(s,w)*wlwlwlwlwl(l,w)(l,w)(l,w)(l,w)(l,w)

aseT SemTxvevaSi ekviSeerTebis procesSi xdeba Z-is, anu
wignis gaTvaliswinebac da xafanguri korteJebic ar
warmoiqmneba. am dros amboben, rom relacia dekomponirebulia
mexuTe normalur formaSi (5nf).

axla ganvsazrvroT 5nf-is cneba.
relacia imyofeba 5nf-Si maSin da mxolod maSin, Tu is

imyofeba 4nf-Si da am realciis konteqstSi ar arsebobs
zogadi arafunqcionaluri damokidebulebebi.

davuSvaT, mocemulia relacia R[X,Y,Z], sadac X,Y,Z⊂ U;
Z=U-X∪Y, maSin arsebobs zadzadzadzadzad X→→Y, Tu sruldeba Semdegi
pirobebi:
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nax.3.12. relaciebis dekompozicia me-4 danax.3.12. relaciebis dekompozicia me-4 danax.3.12. relaciebis dekompozicia me-4 danax.3.12. relaciebis dekompozicia me-4 danax.3.12. relaciebis dekompozicia me-4 da

me-5nf-ebSi: a) sawyisi varianti; b) 4-nf;me-5nf-ebSi: a) sawyisi varianti; b) 4-nf;me-5nf-ebSi: a) sawyisi varianti; b) 4-nf;me-5nf-ebSi: a) sawyisi varianti; b) 4-nf;me-5nf-ebSi: a) sawyisi varianti; b) 4-nf;

g) kompoziciiT aRdgenili varianti; d) 5-nfg) kompoziciiT aRdgenili varianti; d) 5-nfg) kompoziciiT aRdgenili varianti; d) 5-nfg) kompoziciiT aRdgenili varianti; d) 5-nfg) kompoziciiT aRdgenili varianti; d) 5-nf

if  not 4NF, then ),,(],[*],[*],[ 321 ZYXRZYRZXRYXR ⇒  R=R' and
it's 5NF

R1=sagnis leqtorisagnis leqtorisagnis leqtorisagnis leqtorisagnis leqtori

X=sagani
maTematika musxeliSvili

maTematika vekua

maTematika xaraZe

Y=leqtori

b
maTematika maTematikuri analizi

maTematika analizuri geometria

maTematika astronomia

R2=sagnis wignisagnis wignisagnis wignisagnis wignisagnis wigni

Z=wigniX=sagani

maTematika musxeliSvili maTematikuri analizi

maTematika musxeliSvili analizuri geometria

maTematika musxeliSvili astronomia *

maTematika vekua maTematikuri analizi

maTematika vekua analizuri geometria

maTematika vekua astronomia *

maTematika xaraZe maTematikuri analizi *

maTematika xaraZe analizuri geometria *

maTematika xaraZe astronomia

X=sagani Y=leqtori Z=wigni `xafangi~

R'=leqcia leqcia leqcia leqcia leqcia )'( RR ≠

g

d

Y=leqtori Z=wigni

R3=leqtori-wgnileqtori-wgnileqtori-wgnileqtori-wgnileqtori-wgni
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],[*],[),,( ZXRYXRZYXR = *R[Y,Z],
 if  R[X,Y]*R[X,Z]

⇒

R(X,Y,Z)=R. Then 4 NF

gamosaxuleba (nax.3.12) warmoadgens relaciis dekompozicias

5nf-Si, romelic gamoricxavs zadzadzadzadzad-ebs da uzrunvelyofs sawyisi

relaciis aRdgenas informaciis danakargebis gareSe.

normalur formaTa Teoria disci plinaa, romlis

safuZvelzec monacemTa bazis administratori an damproeqtebeli

agebs models, romelic saSualebas iZleva aisaxos realuri

samyaros semantika (nawilobriv).

4 . sakontrolo kiTxvebi da savarjiSoebi. sakontrolo kiTxvebi da savarjiSoebi. sakontrolo kiTxvebi da savarjiSoebi. sakontrolo kiTxvebi da savarjiSoebi. sakontrolo kiTxvebi da savarjiSoebi

1. raSi mdgomareobs maTematikuri modelirebis ZiriTadi

principebi ?

2. daxazeT marTvis avtomatizebuli sistemis funqcionirebis

sqema.

3. rogor Caiwereba formalurad marTvis procesis

maTematikuri modeli ?

4. ras warmoadgens relaciuri algebris operaciebi ?

5. axseniT SeerTebis da SezRudvis operaciebi ?

6. raSi mdgomareobs proeqciis operacia ?

7. rodis gamoiyeneba gayofis operacia ?

8. ras warmoadgens normalur formaTa Teoria ?

9. relaciur damokidebulebaTa romel klasebs icnobT ?

10. ras niSnavs normalur formebSi relaciaTa anomaliebi,

daaxasiaTeT isisni.

11. moitaneT praqtikuli magaliTebi 1,2 da me-3 normaluri

formebisaTvis.

literatura:

 g. CogovaZe, g. gogiCaiSvili, g. surgulaZe, T. Serozia, T.

Sonia. marTvis avtomatizebuli sistemebis daproeqteba da

ageba. saxelmZRvanelo. stu, Tbilisi, 2001.
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