
6 bmuli siebi

6.1 rwyili da WianWvela

cnobil qarTul zRaparSi Yrwyili da WianWvelaA rwyili WianWvelis gadasarCenad RorTan midis da
TokisTvis jagars Txovs. Rori mosTxovs rkos da gaagzavnis muxasTan. muxa sTxovs, rom moaSoros yvavi
da gaagzavnis yvavTan. yvavi sTxovs wiwilas da gaagzavnis kruxTan. kruxi sTxovs fetvs da gaagzavnis
ormosTan. ormo sTxovs Tagvis moSorebas da gaagzavnis TagvTan. Tagvi sTxovs katis moSorebas da
gaagzavnis katasTan. kata sTxovs rZes da gaagzavnis ZroxasTan. Zroxa sTxovs balaxs da gaagzavnis
mindorSi, sadac rwyili mokrefs balaxs, miutans Zroxas, is miscems rZes da gaagzavnis ukan katasTan.
kata rZes rom miiRebs, moeSveba Tagvs da a.S.: rwyili ganvlil jaWvs ukan gahyveba, bolos miva RorTan,
miutans rkos, misgan miiRebs jagars, dawnis Toks da Tavis megobars wylidan amoiyvans.
am zRaparSi Cven erTi saintereso faqti SegviZlia davinaxoT, romelic farTod gamoiyeneba infor-

matikaSi:
Seqmnilia monacemTa jaWvi, romlis TavSic dgas Rori. Rorma icis, sad dgas muxa, anu monacemTa

jaWvSi Semdgomi elementis misamarTi. muxam icis yvavis (jaWvSi misi Semdgomi elementis) misamarTi
da a.S.: jaWvis yovel elementSi Cawerilia sami komponenti: informacia imis Sesaxeb, Tu ra aris es
komponenti (Cvens magaliTSi ra cxoveli an mcenarea), misi wina komponentis misamarTi da misi Semdgomi
komponentis misamarTi. grafikulad es naCvenebia nax. 31. monacemTa aseT jaWvs bmuli sia ewodeba. bmuli
imitom, rom am jaWvis yoveli komponenti mis wina da mis Semdgom komponentzea YgadabmuliA: mas Tavis
wina da Semdgomi elementis misamarTi aqvs daxsomebuli.

nax. 31: zRapris Yrwyili da WianWvelaA bmuli sia

aRsaniSnavia, rom radgan Rori am siaSi pirvelia, mas wina elementi ar hyavs da, Sesabamisad, misi
misamarTic ver eqneba. amitomac wina elementis misamarTis magivrad uweria 0. analogiuri situaciaa
balaxTan: radgan igi bolo elementia jaWvSi, misi Semdgomi elementis misamarTis adgilas weria 0.

aRsaniSnavia, rom

bmul siis erT-erTi upiratesobaa is, rom masSi elementis mosaZebnad araa saWiro yvela elementis
misamarTis codna, sakmarisia mxolod misi sawyisi elementis misamarTi vicodeT: gadavalT im element-
Tan da Tu es araa is, rasac veZebT, gavigebT misi Semdgomi elementis misamarTs. Semdeg gadavalT am
Semdgom elementze (Tu aseTi arsebobs) da CavatarebT igive proceduras: vnaxavT, aris Tu ara es is el-
ementi, romelsac veZebT. Tu ar aris, vigebT misi Semdgomi elementis misamarTs (Tu arsebobs) da igives
vimeorebT. Tu Semdgomi elementi ar arsebobs, maSin saZebni elementi am siaSi ar yofila.
Cvens konkretul magaliTSi, Tu gvainteresebs, aris Tu ara kruxi am bmul siaSi, viwyebT pirveli

elementiT, romlis misamarTi unda vicodeT (am SemTxvevaSi amboben, rom saZiebeli elementia YkruxiA).
vadarebT mniSvnelobebs: katas veZebT, magram gvxvdeba Rori. amitom vamowmebT, arsebobs Tu ara Semd-
gomi elementi (anu Sesabamis grafaSi Tu weria 0). radgan am grafaSi weria misamarTi (da ara 0), gadavdi-
varT am misamarTze. vadarebT aqtualuri Canaweris mniSvnelobas saZiebeli elementis mniSvnelobas.
aqtualuri Canaweris mniSvnelobaa Yyvavi". radgan Cven veZebT katas, unda gadavideT Semdeg elementze,
magram jer SevamowmoT, arsebobs Tu ara aseTi elementi. radgan Sesabamis grafaSi ar weria 0, amitom
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aseTi elementi arsebobs da gadavdivarT mis misamarTze. axla aqtualuri Canaweris mniSvnelobaa
YkataA. vadarebT saZebn mniSvnelobas. radgan emTxveva, procedura unda dasruldes: saZebni Canaweri
napovnia.
Tu Cvens konkretul magaliTSi gvinda gavigoT, arsebobs Tu ara Canaweri YspiloA, isev viwyebT Tavi-

dan da Tu aqtualuri Canaweris mniSvneloba ar emTxveva saZiebo Canawers, gadavdivarT Semdeg ele-
mentze, Tu aseTi arsebobs. rodesac mivadgebiT Canawers YbalaxiA da davaskvniT, rom igi ar emTxveva
saZiebo Canaweris mniSvnelobas, unda gadavideT Semdegze, magram jer SevamowmoT, aris Tu ara es aq-
tualuri Canaweri bolo mocemul bmul siaSi. radgan Semdegi Canaweris misamarTis Sesabamis grafaSi
weria 0, SegviZlia davaskvnaT, rom es siaSi bolo elementia da procedura davasruloT: Canaweri Yspi-
loA am siaSi ar gvxvdeba.
wina naxazSi bmuli siis mezobeli elementebi erTi meores miyolebiT arian warmodgenilni. es araa

aucilebeli: Sesazloa, rom isini areulad iyvnen ganlagebuli (nax. 32). mTavaria, rom yovelma ele-
mentma misi wina da momdevno elementebis misamarTebi icodnen.

nax. 32:

bmuli siis yoveli elementi sami komponentisagan Sedgeba: esaa TviTon am komponentis mniSvneloba
(anu gasaRebi), misi cina elementis misamarTi da Semdgomi elementis misamarTi. nax. 33-Si zemoT naCvenebia
es sam komponentiani elementi. Tu igi ganTavsebulia misamarTiT x, misi wina elementis misamarTi aRin-
iSneba funqciiT L(x) (grafikulad iwereba marcxena ujraSi), xolo misi momdevno elementis misamarTi
ki aRiniSneba funqciiT R(x) (grafikulad iwereba marjvena ujraSi). TviT misi mniSvneloba aRiniSneba
funqciiTKey(x) (grafikulad Sua ujraSi). amrigad, L(kruxis misamarTi) =YyvaviA, R(katis misamarTi) =
YZroxaA, xolo Key(muxis misamarTi) =YmuxaA.

savarjiSo 6.1: risi tolia L(x), R(x) da Key(x), Tu x =YZroxis misamarTiA, x =YTagvis misamarTiA,
x =Ybalaxis misamarTiA, x =Yormos misamarTiA ?

zogadad, Tu mocemulia bmuli siis romelime elementis misamarTi x,Key(x) am Canaweris mniSvnelobaa,
L(x) misi wina Canaweris misamarTi, xolo R(x) ki - misi momdevno Canaweris misamarTi.
aqedan gamomdinare, R(L(x)) aris x misamarTze myofi elementis wina Canaweris marjvena grafas mniSvneloba

savarjiSo 6.2: ras niSnavs Canawerebi R(R(x)), L(L(x)), L(R(x)), Key(L(x)) da Key(R(x)) ?

rodesac vwerT L(x), Key(x) an R(x), imis da mixedviT, Tu risi tolia x, es Canawerebic sxvadasxva
iqneba. am SemTxvevaSi ityvian, rom x aqtualur Canawerze miuTiTebs. rodesac x bmuli siis romelime
Canaweris misamarTia (anu am Canawerze miuTiTebs), mis Semdgom elementze YgadasvlaA (anu mis Semdgom
elementze miTiTeba) SeiZleba brZanebiT x = R(x). aq x cvlads mieniWeba aqtualuri Canaweris Semdegi
elementis misamarTi da igi am Semdeg elementze miuTiTebs (Semdeg elementze YgadavaA).
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nax. 33:

savarjiSo 6.3: ra brZanebiT unda YgadavideTA aqtualuri Canaweris wina elementze?

cxadia, sanam gadavalT wina an momdevno elementze, unda SevamowmoT, arsebobs Tu ara es elementi
(anu aqtualuri Canaweri bolo an pirveli xom araa).

savarjiSo 6.4: ra brZanebiT SeiZleba Semowmdes, aris Tu ara x misamarTze myofi Canaweri bmuli siis
bolo an pirveli elementi?

axla warmovidginoT, rom gvinda zRapris gadakeTeba ise, rom am jaWvidan amovagdoT yvavi: muxa pir-
dapir agzavnis kruxTan (anu Canaweri YyvaviA am bmuli siidan unda amovardes). ese igi, Tavidan mocemuli
gvaqvs situacia, romelic naCvenebia nax. 33-Si SuaSi da gvinda miviRoT situacia, romelic naCvenebia
igive naxazSi qvemoT. Canaxeri YyvaviY bmuli siidan amovardeba im TvalsazrisiT, rom am siaSi moZrao-
bisas am elements veRar wavawydebiT. Canaweri YyvaviA sadRac ki iarsebebs, magram igi am siis elementi
aRar iqneba.
rogorc zeda naxazidan Cans, yvavis wina elementi (am SemTxvevaSi YmuxaA) unda miuTiTebdes YyvavisA

Semdgom elementze, am SemTxvevaSi Canawerze YkruxiA da piriqiT: yvavis Semdgomi elementi (am SemTxvevaSi
YkruxiA) unda miuTiTebdes YyvavisA wina elementze, am SemTxvevaSi Canawerze YmuxaA. aqedan gamomdinare,
Tu gvinda raime elementis bmuli siidan amoSla, misi wina elementis marjvena grafaSi unda Caiweros
am elementis Semdgomi Canaweris misamarTi, xolo am elementis Semdgomi elementis marcxena grafaSi
unda Caiweros am elementis wina Canaweris misamarTi.
brZanebebiT es ase Caiwereba:

moc.: x aris im Canaweris misamarTi, romelic unda amovSaloT.

• R(L(x)) = R(x) (aqtualuri elementis wina elementi unda miuTiTebdes aqtualuri elementis
momdevno elementze);

• L(R(x)) = L(x) (aqtualuri elementis momdevno elementi unda miuTiTebdes aqtualuri elementis
wina elementze);

• x = L(x) aqtualuri elementi siidan amogdebulia. amitom gadavdivarT mis wina elementze.

savarjiSo 6.5: davuSvaT, x aris bmuli siis pirveli elementis misamarTi. brZanebebiT CawereT, rogor
SeiZleba am elementis bmuli siidan waSla.

savarjiSo 6.6: davuSvaT, x aris bmuli siis bolo elementis misamarTi. brZanebebiT CawereT, rogor
SeiZleba am elementis bmuli siidan waSla.
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axla ki warmovidginoT, rom Cveni mgaliTis bmul siaSi Canawer YmuxasaA da YyvavsA Soris unda CavsvaT
Canaweri YspiloA (nax. 34 marcxniv). sawyis jaWvSi Canaweri YmuxaA Semdgom elementad miuTiTebs Canaw-
erze YyvaviA, xolo Canaweri YyvaviA wina elementad miuTiTebs Canawerze YmuxaA. imisaTvis, rom CavsvaT
Canaweri YspiloA, unda SevqmnaT iseTi bmulebi, rogoric naCvenebia nax. 34 marjvniv.

nax. 34:

brZanebebiT es Semdegnairad Caiwereba:

moc.: x aris im Canaweris misamarTi, romlis Semdegac unda Cajdes axali Canaweri; S aris axali
Canaweris misamarTi.

• R(S) = R(x) (axali elementi unda miuTiTebdes aqtualuri elementis momdevno elementze);

• L(S) = x (axali elementi unda miuTiTebdes aqtualur elementze);

• L(R(x)) = S (aqtualuri elementis momdevno elementi unda iyos axali elementi);

• R(x) = S (aqtualuri elementis momdevno elementi unda iyos axali elementi).

savarjiSo 6.7: mocemulia bmuli sia da S misamarTze ganTavsebuli axali Canaweri. dawereT brZanebaTa
mimdevroba, romelTa saSualebiTac SeiZleba axali elementis siis pirvel elementad Camateba.

savarjiSo 6.8: mocemulia bmuli sia da S misamarTze ganTavsebuli axali Canaweri. dawereT brZanebaTa
mimdevroba, romelTa saSualebiTac SeiZleba axali elementis siis bolo elementad Camateba.

imisaTvis, rom vipovnoT bmuli siis bolo Canaweri, unda YviaroT marjvnivA manam, sanam ar Segvxvdeba
bolo elementi. aqedan gamomdinare, es SeiZleba moxerxdes Semdegi brZanebebis saSualebiT:

mocemulia: bmuli sia da misi erT-erTi elementis misamarTi x.

• while( R(x) != 0)

x = R(x)

savarjiSo 6.9: daamtkiceT, rom am ciklis damTavrebis Semdeg x cvladSi siis bolo elementis misamarTi
ewereba.

savarjiSo 6.10: dawereT brZanebaTa mimdevroba, romliTac bmuli siis pirveli elementis povna Sei-
Zleba.

savarjiSo 6.11: mocemulia bmuli sia da misi erT-erTi elementis misamarTi x. agreTve mocemulia
raRaca mniSvneloba M . dawereT brZanebaTa mimdevroba, romelTa meSveobiTac SeiZleba imis dadgena,
gvxvdeba Tu ara bmul siaSi elementis Canaweri, romlis mniSnvelobacaa M (anu, sxva sityvebiT rom
vTqvaT, Tu x raime Canaweris misamarTia, Key(x) = M ).
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savarjiSo 6.12: mocemulia n elementiani bmuli sia. gamoiangariSeT am siaSi elementis Camatebasa da
waSlisaTvis saWiro operaciaTa raodenoba da SeafaseT misi zeda zRvari O aRniSvniT.

savarjiSo 6.13: mocemulia Cveulebrivi masivi, romelic Sedgeba n elementisagan. dawereT am masivSi
elementis Camatebis algoriTmi. gamoiangariSeT misi bijebis raodenoba da SeafaseT misi zeda ZRvari
O aRniSvniT.

savarjiSo 6.14: ra upiratesoba aqvs bmul sias masivTan SedarebiT?
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