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Node *pv = new Node;
pv->d = d; pv->next=0; pv->prev =0;
return pv;

}

/I ®yHKUMs gobaBneHus aneMeHTa B KOHeL, crmcka
void add(Node **pend, int d)
{
Node *pv = new Node;
pv->d = d; pv->next =0; pv->prev = *pend;
(*pend)->next = pv;

*pend = pv;
}
3akas Ne oT«__ » 200 Tupax
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YOK 681.3

O6paboTka CTpykTyp [fgaHHbiX. MeTogudeckne ykasaHus K
BbINOMHEHNO nabopaTopHbix paboT no AgucumnnmHe «CuctemHoe
nporpammupoBaHue» / A.W. TeptbluHbin, E.M. Lanumosa. - CeBacTtononb:
N3p-Bo CesHTY, 2008. -32c.

Llenb meToaMYecKknx ykasaHuW — OKa3aHue MOMOLM CTyaeHTaMm B
BbIMONHEeHUM nabopatopHbix paboT no aucumnnuHe. MeTtoaudeckme
yKkasaHua copepxaT KpaTKoe W3MOXEeHUWEe OCHOBHbIX TeopeTUYecKmx
NOMNOXeHU, npumepbl 0B6paboTkn paccmaTpuBaeMblX CTPYKTYP OaHHbIX,
3afjaHns Ha nabopaTopHble paboTbl, NOPSAOK WX BbINOMHEHUS U
TpeboBaHus K OTYETaM, a Takke CMUCOK peKOMeHO0BaHHOW nuTepaTypsbl.

MeToamnyeckne ykasaHUA pacCMOTPEHbl U YTBEpPXOeHbl Ha
3acefaHnn kadeapbl KNOEPHETUKN N BbIYNCIIUTENBHOMW TEXHUKN, MPOTOKON
Ne 9 ot 28 masa 2008 roga.

PeueHseHT:
Kapniycos B.1O. , K.T.H., goueHT kadenpbl NHPOPMALIMOHHBIX CUCTEM.

JonyuweHo yyebHo-meToamyeckum ueHTpoM CeBHTY B kauecTtBe
METOANYECKMX YKa3aHUN.

OTBETCTBEHHbIN 3a BbIMYCK:
3aBegyownn  kadeapon KNOEPHETUMKM W BbIMUCIIUTENBHOW  TEXHUKK
npocpeccop CkaTkoB A.B.
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MpunoxeHune A. NMpumep nporpammbl 06paboOTKK
ABYHanpaBfieHHOro Cnucka Ha fAsbike C++

Mporpamma dhopmupyeT AByHanpaBreHHbIN CMUCOK U3 5 aNeMeHToB
(co 3HauyeHnsamun 1,2,3,4,5) 1 BLIBOAUT €ro Ha 3KpaH.

YkasaTtenb Ha Hauyano cnmncka obosHaveH pbeg, Ha KoHel, crnucka —
pend.

#include <iostream.h>
struct Node

{intd;

Node *next;

Node *prev; };

Node * first(int d);
void add(Node **pend, int d);

int main()
{
/I dopMnpoBaHmne NepBoro arieMeHTa cnmcka
Node *pbeg = first(1);
Node *pend = pbeg;

/l DobaBneHne B KOHEL, CMCKa YeThlpex arieMeHToB 2. 3. 4. n 5;
for (inti = 2; i<6; i++) add(&pend, i);

/I BbiBOA, crncka Ha aKpaH
Node * pv= pbeg;
while (pv) {
cout<< pv->d <<' "
pv = pv->next; }

return O;

}

/] ®YHKUNS HOPMUPOBAHUSA NEPBOro aNeMeHTa
Node * first(int d)
{
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1. OOwmMe nonoxeHns, NOPAAOK BbINONTHEHUS
nabopaTtopHbIX paboT u TpeboBaHUA K OTYEeTaM

B cooTtBeTcTBMM C nporpaMMoin  AMCLUMMMHBI «CucrtemMHoe
nporpaMmmMnpoBaHNE» CTYAEHT [OIKEH BbINOMHUTL Tpu nabopaTopHble
pabotbl no Teme «OB6paboTka CTPyKTyp AaHHbix». Bce nabopaTtopHblie
paboTkbl paccynTaHbl Ha 4 akageMUYecknx Yaca.

Mo pesynbTataM  BbINOMHEHWUs Kaxgon nabopaTopHon paboThbl
ohopMnseTca U 3awmliaeTcs OT4eT, KOTOPbIA [AOMKeH codepxaTb
cnegyowmne OCHOBHbIE 3NIEMEHTbI:

TUTYIbHBIA NINCT;

uenb paboTbl;

NMOCTaHOBKY 3aa4u C ykazaHWeM BapuaHTa 3agaHus;
OnMcaHne UCnorb3yeMblX CTPYKTYP OAHHbIX;
onvcaHve anropMTma peLleHns 3agayv;
cneumndurkaumm nognporpamm;

TEeCTOBble NPUMEPSI;

TEKCT NporpamMmbil;

pesynbTaThl U BbIBOAbI.

OTtyétbl no nabopaTtopHon paboTe O0GOPMASITCS WM 3aLULLAKTCS
KaxxabIM CTyAEHTOM mHAauBUAyanbHO. [pu 3awmTe nabopaTtopHoi paboThbl
CTYAEHT AOMKeH NPOAEMOHCTPUPOBaTL paboTy NporpaMmmei.

P33pa60TaHHble nporpamMmbl  OOJTXHbI obecneunBatb Auanor c
NnOMOLWbKD MEHH W1 MNpPOBEpPKYy MNpaBuUbHOCTU  3adaHUA ncxonHom
VIH(bOpMaLI,I/II/I; Norm4yeckn 3akKOH4Y€eHHbIe CbpaFMeHTbl OOIMKHbI  ObITb
O(*)OpMJ'IeHbI B Buae noanporpamMmm, BcCe HeobxoguMble AaHHble KOTOpbIM
nepeaarTcAd 4yepes CrMcoK napamMmeTposB.

ONoOORWON~

©

10.
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Twun ob6xopa:

1 — npsimon;
2 — obpaTHbIN;
3 — KOHLeBON.

5.3. KoHTponbHbIe BONpoOCHI

[atb onpefeneHve ApeBOBUAHbBIX CTPYKTYP AaHHbIX.

[atb onpegeneHne GUHapPHbLIX 4EPEBLEB.

MepeymcnuTb OCHOBHbIE Onepaunn ¢ 4EPEBbSIMM.

[atb onpegeneHve aepeBa ABOUYHOMO NMomcka.

Kak BbinonHseTcs onepauns nobaBneHns aneMeHTa B 4epeBo?
Kak BblinonHsieTcs onepauus yaaneHus anemeHTa us gepesa?
MepeuncnnTb cnocobbl 06xona buHapHoro aepesa.
CdhopmynupoBaTtb npasuno obxoaa GuHapHOro gepesa B NpsiMoOM
nopsigke.

CcopmynupoBate npaBuno obxoga OwuHapHoro pJepeBa B
obpaTHOM nopsiake.

CdopmynvpoBatb npaBuno obxoga 6OuHapHoro fgepeBa B
KOHLIEBOM Nopsiake.
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5.2. 3apanue Ha 1a6opaTOpPHYIO padoTy

PaspaboTtaTtb nporpammy hopMMpOBaHNs AepeBa ABONYHOIO Nomcka
N BbIMOJSTHEHUS 3aJaHHOW onepauun ¢ HMM. B nporpamme npegycMmoTpeTb
BbIBOJ, 3NIEMEHTOB [epeBa B COOTBETCTBUM C 3adaHHbIM TUMOM ob6xopa.
BapwuaHTbl 3agaHusa npreegeHsl B Tabnvue 5.1.

MepBbI cMMBON KoOA BapuaHTa 3ajaeT onepauuio, BTOPOMW - TvN
obxoaa.

Tabnuua 5.1-BapuaHTbl 3agaHuns

Ne BapuaHTa 1 2 3 4 5 6
Kopn 11 | 21 | 31 | 41 | 51 | 61
Ne BapuaHTa 7 8 9 10 1 12
Kon 71 | 81 | 12 | 22 | 32 | 42
Ne BapuaHTa 13 | 14 | 15 | 16 | 17 | 18
Kopn 52 | 62 | 72 | 82 | 13 | 23
Ne BapuaHTa 19 | 20 | 21 22 | 23 | 24
Kon 33 | 43 | 53 | 63 | 73 | 83

3ananHas onepaums:

Bbluncnntb cpegHee apumeTndeckoe BCEX A1EMEHTOB.

OnpegennTb KONMYEeCTBO HEYETHLIX 3IEMEHTOB.

OnpegennTtb KONUYECTBO 3NIEMEHTOB, 3HAYEHUST KOTOPbIX Nexar B

awvanasoHe ot ago b.

4. YpanuTb anNeMeHT ¢ kro4om K.

5. Onpenenutb KONMMYECTBO 3MEMEHTOB, 3HAYEHUS1 KOTOPbIX OOonblle
X.

6. Bblumcnutb  cpegHee  apuMETMYECKOE  MUHMMANbHOMO U
MaKkCUMarbHOro 3rIEMEHTOB.

7. Onpegenntb KONMUYECTBO 3MIEMEHTOB, 3HAYEHMSI KOTOPbIX KpaTHbI
X.

8. Ypanutb “npaBoro notomka” anemeHTa c Knovom K.

W=

2. Knaccndmkaumsa CTpykTyp AaHHbIX

B 6GombwwuHcTBE cnyyaeB  MHcopmauus, obpabaTtbiBaemas
BbIYUCITUTENBHOM MalLMHON, npeacTaBnsaeT  cobon  OpraHuM3oBaHHYyH
COBOKYMHOCTb  [aHHbIX, YTO O3HA4YaeT Hanmuume Mexgy ee anemMeHTamu
onpeAeneHHbIX CTPYKTYPHbIX OTHOLLEHWI.

PaccMoTpyM HekoTopble CTPYKTYpbl AaHHbIX, Hallewue LIMpoKoe
npMMeHeHve npu paspaboTke nporpaMMHOrO obecneyeHus, u nx
knaccudpmkaumio. CTpyKTypbl AaHHbIX Oydem nonaraTb COCTOSLWMUMWU U3
3MEeMEHTOB, KaXAbll M3 KOTOpbIX, B  CBOI oyepedb, MOXeT ObITb
HEKOTOPOW  CTPyKTypol. Tak oO6pasyloTca CroXHble uepapxuieckue
CTPYKTYpbl.  OnemeHTapHbiM  OOBEKTOM CTPYKTYpbl  [AaHHbIX Oyaem
cyvMTaTb 3anuMcb. JTO MOHATME CBA3AHO C XapaKTEPUCTUKOW TUMOB WM
MHOXECTB 3Ha4YeHWUN, KOTopble MOrYT MPUHUMATbL 3MeMeHTbl CTPYKTypbl. B
obLem cryyae 3anvMCb MOXeT codepaTb HECKOMbKO MOMen pasfuyHbiX
TUMOB.

MNpumem knaccudukauunio, B COOTBETCTBMM C KOTOPOM CTPYKTYPbI
OaHHbIX NOApasfdensalTca Ha cratudeckme W AuHamudeckve  [1-3].
OTnuynTenbHbIM NPU3HAKOM CTaTU4YeCKUX  CTPYKTyp  dABnsieTcs
PUKCMPOBaHHBIN pas3Mep BblgendemMon um namsatu. [pu aToM namsaTb
BblOeNseTca Ha atane koMnunauuu. [Ons AaHHbIX OUHaMUYecKkoro Tuna
namsaTb BblaenseTcs no mepe HeobXOAMMOCTM Ha 3Tane BbINOfHEHMWs
nporpamMmmbl, TakuMm obpasom, AaHHble OUHAMUYEeCKOro Tuna crnocobHbI B
npouecce BbIMUCINIEHUA U3MEHHATb He TOMbKO CBOW 3HAYEHWUsi, HO WU
CTPYKTYpY.

Ewe ogHuMm npusHakom  knaccudukaumm  CTPYKTYP AaHHbIX
ABMSETCA Hanuune OAHOMEPHOro ynopsgoyeHuss  uMx  3anucen. B
COOTBETCTBUWN C 3TUM MPU3HAKOM CTPYKTYPbl [AaHHbIX MPUHATO AenuTb Ha
NNHENHbIE N HEMNNHENHbIE.

Mpun paspaboTke NnporpaMMHON CUCTEMbI Ha BbIGOP TOW UMM NHON
CTPYKTYpbI, Kak npaBuno, onpeaensiowmmMm obpasoMm BrMseT MHOXECTBO
onepauun, koTopble OydyT BbINOMHATLCA C AaHHbIMW. [loaTomy Ang
Kaxkgow CTPYKTypbl AaHHbIX 6yaem paccmatpuBaTb Havbornee TWUMUYHbIE
onepauuu, KoTopble C 3TUMW AaHHbIMU BbINOMHAITCS.



3. NABOPATOPHAA PABOTA Ne1. ®opmupoBaHue 1
06paboTKa NMMHEeNHbIX CIUCKOBbIX CTPYKTYP AaHHbIX

LUenb paboTbl: u3yyeHMe MPUHUMUMOB  OpraHu3aumu n
NpOrpaMMMPOBaHNE OCHOBHbIX Onepauui, BbINOMHAEMbIX C NMHENHbIMU
CNNCKOBBLIMW CTPYKTYpaMMm.

3.1. llnHenHble CTPYKTYpPbI AAaHHbIX. OCHOBHbIE
TeopeTu4ecKkme NosoXKeHus

JInHelHble CTPYKTYpbl, B cOOTBETCTBUU C [1,2], — 9TO MHOXECTBO,
coctoswee n3 nz0 3anucen Xy, Xz, ... , X,, CTPYKTYpHble CBOWCTBa
KOTOpPOro OnpeaensaTcd OAHOMEPHLIM OTHOCUTENbHLIM  MONOXEHMEM
3anmcen: X4 aBnsieTcs nepBon 3anucbto; ecnn 1 < k < n, 1o k-or 3anuncu X
npeawectByeT (k-1)-aa Xi.1, a 3a Hen cnegyert (k+1)-aa X¢.q; X, ABNsAeTCS
nocneaHen 3anucblo.

OpgHoi M3 cambiX pacrnpOCTPAHEHHbIX JIMHEWHbIX CTaTUY4eCKUX
CTPYKTYp SIBMSIETCS OOHOMEPHbIN MaccuB. [na  XxpaHeHua maccumBa B
namsaTu, KaKk  npasuro, ucnonb3lyetca ee  nocnegoBaTenbHOE
pacnpefeneHve, nogpasymMmeBatoLliee pasmelleHne 3aneMeHToOB MaccuBa B
nocnegoBaTenbHbIX  A4enkax namatn. MecTononoxeHune maccuBa B
namsTy onpeaensieTcsl agpecom ero nepBoro arieMeHTa.

Ona xpaHeHua guHaMUYEeCcKOW NUHEWHOW CTPYKTYpbl MCNONb3yeTcH
bonee rmbkas cxema, HasblBaemasi CBsI3aHHbIM pacnpeaeneHnem. Kaxanas
3anucb OMHaAMUYECKOW TNUHEWHOW CTPYKTYpbl, Ha3biBAEMOW  CMUCKOM,
COOEPXKNT yKasaTenb Ha CcriedyloLlyro 3anuncb. Takon CMMCOK HasbiBaeTcs
OfHOHanNpaBneHHbIM (OOHOCBA3HLIM). YKa3aTernb NocrnegHen 3anucu paBeH
Koy Npu3Haka KOHLA CMWCKa, a ykasaTenb Ha MNepByl 3anucb 3agaeTtcs
[OMNOMNHUTENBHBIM NMapaMeTpoM, Ha3biBaeMbiM NepemMeHHon ceasun. Ecnn B
KaXablh anemMeHT cnucka [JobaBuTb elle OoauWH yKasaTenb — Ha
npeablaywni - 3reMeHT, TO MONy4YnTCA  OBYHaANpaBfieHHbIA  CMMCOK
(aBycBa3HbIN). Tun cnucka NpuvHUMNUaNbLHO He BRMSIET Ha peanusauuio
onepauuin, NO3TOMy Aanee OrpaHUYUMCs PacCMOTPEHWEM OLHOCBSA3HbIX
cnuckoB, a B lNpunoxeHun A npuBedem npumep nporpammMmbl 00paboTKu
OBYHanpaBIeHHOro Ccruvcka.

MycTe Kkaxgbln anemeHT cnucka cogepxuT aBa nons: INFO,
cogepxallee 3HadyeHue anemeHTa gdaHHbix X, M LINK, cogepxaliee
agpec cnegytowero anemeHTta Xg.q1. [lepemeHHyto cBsasn HaszoBem FIRST.
BBeneHHble 0003HadeHuMss OygemM  Mcnonb3oBaTtb B MPOrpamMmMHbIX
UNACTPaUmMaxX onepauun Hag cnuckamu.

CssizaHHOE pacnpefgeneHue Tpebyet [ONONHUTENbHOE
NPOCTPAHCTBO B namaATM Ana cBdAs3ed. Ho npu ero umcnonb3oBaHuu
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Onepauns nuHeapusaumm [aeT JNUHENHYI pacCTaHOBKY Y3NOB
JepeBa B pesyrbTaTe MNpUMEHeHust Kakoro-nnbo npaeuna ux nepebopa
(obxopa). B npouecce obxoaa kaxabl y3en gepeBa MPOXOAUTCS OOUH U
TONbKO OAVH pas.

CyuwectByeT Tpu cnocoba o6xoaa GUHapHbIX AEPEBLEB:

1) B npsAMoOM nopsigke: nonactb B KOPEHb, MPONTU NeBoe
noggepeso, NPoWTW NpaBoe NoAAepeBo;

2) B obpaTHOM mnopsgKe: MPoOWTU NeBoe MnogdepeBo, nonacTe B
KOpeHb, NPONTW NpaBoe NOoAAEPEBO;

3) B KOHUEBOM nopsgKe: MpPoOWTW feBoe MOAAEepeBO, MNPONTM
npasoe nogaepeso, NoONacTb B KOPEHb.

BbinonHmum obxop, aepesa, N3o00paxeHHOro Ha pucyHke 10, kaxabim
N3 Tpex NepeyncrneHHbIX crnocobos.

PucyHok 10 — Npumep opeBOBUAHON CTPYKTYPbI
B pesynbTarte nony4um nvHevHble yNopsaao4eHHOCTH Y3I10B:
ABDCEGFHJ - pesynbtat 06xoga B NpsIMOM MOPSAAKE;

DB AE G CHFJ - pesynstat o6xona B o6paTHOM NOPSAAKE;
DB GEHJFC A - pe3synbtat 06xo4a B KOHLEBOM MOPSKE.
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PucyHok 9 — UnniocTpaumsa yganeHus ns gepesa BepLUMHbI C ABYMS
noToMKamu

7

CYLLLECTBEHHO YMPOLLAIOTCA TakMe onepauvn Hag JIMHEWHOW CTPYKTYpPOW,
KaKk ydaneHue ee 3femMeHTa U BKIYEHME B HEee HOBOMO 3MeMEHTa,
KOTOpble CBOASATCS, KaK MOKa3aHo Ha pucyHke1, K W3MEHEHUIO
cooTBeTcTBYlOWMX nonen LINK anemMeHToB CTPYKTYpbI.

INFO2 | LINK2 INFO3 |LINK3

A 4

A 4

FIRST —p| INFO1 |LINKI ><

a)
FIRST —p| INFOI [LINKI X p»| INFO2 |LINK2
A
) INFOI” | LINKI”
6)

PucyHok 1 — NpeobpasoBaHne NUHENHOro cnucka
a) yoaneHue anemeHTa 2;
©) BkntoyeHue anemeHTa 1'.

OcobeHHO nonesHbl CNMCKOBbIE CTPYKTYpbl B Tex Ccryyasix, korga B
namstm 3BM  TpebyeTcs  pa3mMecTuTb  HECKONbKO  AUHAMUYECKM
N3MEHSIIOLLMXCS CTPYKTYpP AaHHbIX (MaccuBoB, CTPOK, Tabmvy m T.4.) C
3apaHee HeM3BEeCTHbIM YMCIOM anemeHToB. Kpome Toro, umcnonb3oBaHue
cnuckoB UenecoobpasHo, korga — TpebyeTcsa ynopsigouvTb  SNEeMEHThI
OaHHbIX 6e3 ux uanyeckoro nepemMelleHns WnM CcBHA3aTb BOEAMHO
3NeMEHTbI AaHHbIX, pa3MeLLeHHble B pas3HbIX MecTax namaTu [1-4].

Ons onucaHns AMHaMU4eckux CTPYKTYP OaHHbIX  yAOBHbIM
CpeacTBOM MHOMMX $3bIKOB NMPOrpaMMmMpPOBaHNS SABASIOTCA MEePEMEHHbIE -
ykasartenu.

MpuBegeM npuMepbl peanusauun npoxoda CrMCKOBOW CTPYKTYPHI,
BKIIOMEHNS B HeEe HOBOrO 3fleMeHTa W yAaneHus U3 Hee 3feMeHTa
cpegctBamn A3bika [lackanb. MNpu atom Oygem nonaratb, YTO CMNUCOK
3apaeTtcs nepemeHHon cBs3n FIRST u onmcaHue cnucKOBOW CTPYKTYpbI
umeeT BuUAa:



type
NLINK="LIST;
LIST=record
INFO:integer;
LINK:NLINK
end;
var FIRST:NLINK;

Mpouenypa npoxoga cnucka LISTPRINT BeinonHAeT BbiBOO, BCeX
€ro afIeMEeHTOB, HA4YMHasi C aneMeHTa, ykasaHHoro FIRST, u 3akaH4ymBas
anemeHToM, cogepxaiumm nil B none LINK.

procedure LISTPRINT(FIRST:NLINK);
var
BASE:NLINK;
begin
BASE:=FIRST;
while BASE<>nil do
begin
writeln(BASE”.INFO);
BASE:=BASE".LINK
end;
end;

Mpouenypa BkntoyeHus anemeHta LISTADD goGaBnsieT B CNMCOK
HOBbIM SfIEMEHT MOCNe JfeMeHTa C 3adaHHbiIM  Homepom K, ecnn B
cnncke He MeHee K oanemeHToB. B npoTtmBHOM criyyae anemeHT
pobaBngaeTcs K CNUCKy B KadyecTBe nocrniegHero. lNMone gaHHbIX HOBOro
afieMeHTa MnpuM 9TOM 3anofIHAETCS 3HaYeHMEeM, 3aJaHHbIM MepeMeHHOWN

NEWINFO.

procedure LISTADD(K, NEWINFO:integer; var FIRST:NLINK);
var
L:integer;
NEWNODE,BASE:NLINK;
begin
new(NEWNODE);
NEWNODEN.INFO:=NEWINFO;
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PucyHok 8 — UnntocTpaumst yoaneHus U3 gepesa BEPLUUHBI C OOHUM
NOTOMKOM
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MnnocTpaumst UCKMOYEHMS 3NEMEHTOB U3 AepeBa NpeacTaBreHa
Ha puUcyHKax 7 — 9, rae CUMBOJIOM ' OTMEYEH yaAansieMbI SNIEMEHT.

PucyHok 7 — WnntocTpauns yaaneHnsa n3 gepesa TepMnHansHon
BEPLUMHbI

if FIRST<>nil then
begin
BASE:=FIRST;
for I:=1 to K-1 do
if BASE”.LINK<>nil then BASE:=BASE".LINK;
NEWNODE".LINK:=BASE".LINK;
BASE” LINK:=NEWNODE;
end
else begin FIRST:=NEWNODE;
NEWNODE". LINK :=nil;
end;
end;

Mpouenypa ypaneHuss anemeHta LISTDEL ypnansetr wm3 cnucka
3NeMEeHT ¢ 3afjaHHbIM HomMepoM K, ecnn B criucke He MeHee K anemeHToB.
B npoTmBHOM cnydae npouenypa He M3MEHSIET CTPYKTYpPY Cnncka.

procedure LISTDEL(K:integer; var FIRST:NLINK);
var
L:integer;
DELNODE,BASE:NLINK;
begin
if FIRST<>nil then
begin
BASE:=FIRST;
for I:=1 to K-2 do
if BASE<>nil then BASE:=BASE" . LINK;
DELNODE:=BASE”.LINK;
BASEN.LINK:=DELNODE".LINK;
end;
end;

B nporpamMmmupoBaHumM 4acTo BCTPeYalTCs NIMHEWHbIE CTPYKTYpbI, B
KOTOPbIX BKMOYEHME W  UCKIIOYEeHue UNn JoCcTyn K 3Ha4YeHusaAMm
NPOM3BOAATCA TONbLKO B MEPBON WUNWN NocnegHen 3annucu. 3tm CTPYKTYpbl
UMEKT cneuunanbHble Ha3BaHUA: CTek, odepeap, Aek [1,2].

Mpn pabote ¢ atmmu cTpykTypamu Oygem  nonaratb, 4TO
npouenypa n3BneYeHnst aneMeHTa npeanonaraeT u ero yaaneHuve.
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CTEK — nuHelHas CTpykTypa, B KOTOPOW BCE BKIYEHUA U
WCKIMIOYEHMS 1 BCAKMI JOCTYN AenarTcs B OOHOM KOHLE CTPYKTYpPbI.

N3 cTeka Bcerga nassnekaetca "mnagwmn' anemMeHT n3 MMerLnxcs
B CMMCKe, T.€. TOT, KOTOpbIN Obin BKMOYEH MO3KE OPYrUX. DTOT AEeMeHT
Ha3blBalOT BEPLUMHON CTeKa.

MpuBegeHHas HWXKe npouedypa BKMAYEHUS 3feMeHTa B CTeK
STACKADD nonaraet cTek 3agaHHbiM ykasatenem TOP Ha ero BepLuvHy,
a none AaHHbIX HOBOrO 9remMeHTa 3arnofHaeT 3HayeHueM, 3adaHHbIM
nepemeHHon NEWINFO.

procedure STACKADD(NEWINFO:integer; var TOP:NLINK);

var
NEWNODE:NLINK;

begin
new(NEWNODE);
NEWNODE".INFO:=NEWINFO;
NEWNODE".LINK:=TOP;
TOP:=NEWNODE;

end;

Mpouenypa STACKSEL BbiOupaeT anemeHT M3 cTeka, 3agaHHOro
ykasaternem TOP Ha ero BeplinHy, 1 BO3BpallaeT ero 3HayeHue uyepes
nepemeHHy X.

procedure STACSEL(var TOP:NLINK; var X:INTEGER);
var P:NLINK;
begin
if TOP<>nil then begin P:=TOP; X:=TOP".INFO;
TOP:=TOP~.LINK;
dispose(P);
end;
end;

OYEPE[b - nuHeiHas CTpyKTypa, B KOTOPOW BCE BKITHOYEHUS
NPOU3BOAATCA Ha OOHOM KOHLE CTPYKTYpbl, @ BCE UCKIOYEHUSA U OOCTYN
Ha gpyrom ee koHue. Ovepenb 3agaeTcs ABYMS yKasaTensMmu: Ha NepByto
3anucb (ykasatenb Hayana oyepeaM) W Ha MOCNEdHIOK  3anucb
(ykasaTenb koHUa odepeawn). [NpuBeaem npoueaypy BKIOYEHUS dnemMeHTa
B o4yepeab QADD, yka3saTernb KOHLa KOTOPOW nepedaeTcs Yepes napameTp
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[obaBneHve anemeHTa NPOM3BOAMTCA Ha MECTO MpPaBOro MM
neBoro nycToro noggepeBa B 3aBUCUMOCTM OT 3HAYEHMs  Kouya
pgobaBnsiemMoro anemeHTa.

UnntocTpauusa BKMOYEHUs anemeHTa ¢ knovom 20 B OmHapHoe
AepeBo npusegeHa Ha pucyHke 6.

PucyHok 6 — BkntoyeHne anemeHTa B 4epeBO.

Onepauus yganeHusi M3 ynopsiAOYeHHOro JepeBa  HECKOSbKO
CnoxHee onepauuun gobaesnenuns. 3gecb HeobxooMMo paccMaTpuBaTth Tpu

cnyyas:

1) NcknoYaeMbIn ANEMEHT — TepMUHarnbHas BepLuMHa (MUCT);

2) vcKknioYaembli ANeMeHT  — BHYTPEHHSAS BepwnHa C OOHWUM
NOTOMKOM;

3) VCKMoYaeMbll 3nemMeHT  — BHYTPEHHSS BepluMHa C ABYMS
NoTOMKaMMu.

Ecnn ucknioyaembln anemMeHT — 3T0 TepMUHanbHas BeplumHa, TO
COOTBETCTBYHOLLEMY YyKa3aTento npegka 9TOM BepLUMHbl MpUCBavBaeTCs
3HayeHue NMYCTOIO YKASATESA.

Ecnn ypansembii aneMeHT — BepluMHa C OAHWM MOTOMKOM, TO
yAansieMbli 9NeMeHT 3aMeHSeTCs ero HenocpeacTBEHHbIM NMOTOMKOM.

Ecnu ygansembii aneMeHT — HeTepMuHarnbHas BeplinHa C ABYMS
noToMKamu, TO B 9TOM Criyyae yaansembli dneMeHT 3ameHdeTcs nnbo Ha
caMblil NeBbIN  ANEMEHT ero npasoro nogaepesa, NGO Ha cambivi NpaBbIn
3MeMeHT ero nesoro noaaepesa.
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Cpeﬂ,CTBaMI/I A3blKa Mackanb Takas CTPYKTYypa MOXeT ObITb

onucaHa criegyowmm obpasom:

type
TREELINK = *TREE;
TREE=record
INFO:integer;
NLINK,RLINK:TREELINK
end;

YnopsagoveHHoe OepeBO — 3TO AEPEBO, Yy KOTOporo pebpa (BeTBM)
UcxoasLime u3 Kaxaow BeplUuHbl, ynopsaodeHsl [1]. MoaTomy aBa oepesa
Ha puUcyHKe 5 ecTb pasHble AepeBbs.

PucyHok 5 — [1Ba pasnnyHbix 4BOUYHbLIX AepeBa

BepwuHa Y, Haxogswascs HenocpeACTBEHHO HWXe BepLUnHbl X,
HasblBaeTCs NpsMbIM NOTOMKOM X, a BeplunMHa X — npeakom Y [1]. Takum
obpasom, ecnn X HaxoguTCs Ha ypoBHE i, TO ee MpsMble MNOTOMKU — Ha
ypoBHe i+1. BepwunHa, nmetowias Tonbko NOTOMKOB, Ha3blBAaeTCs KOpPHEM
aepesa u nexuT Ha yposHe 0. Ecnu anemMeHT He MMeeT MOTOMKOB, TO €ro
HasblBalOT TepMUHaNbHOW BepLUMHOM wunu nmuctoMm. Bce ocTanbHble
BEPLUNHBI HA3bIBAOTCA BHYTPEHHUMW UNN HETEPMUHANBHBIMMN.

Ha kaxgbln y3en, KpOMe KOpHS, YKasbiBaeT TOMbKO OAWMH Yy3en
BEPXHEro YPOBHS, NO3TOMY UMEETCH €ANHCTBEHHBIN NyTb OT KaXXAoro yana
K KOPHIO epeBa (M OT KOPHS AepeBa K KaxaoMmy ysny).

N3 MHOXecTBa onepauui ¢ BUHapHbIMU AepeBbAMU PacCMOTPUM
onepauuMn  nuHeapu3auun, [o06aBNeHUss (BKMIOYEHMS) 3neMeHTa U
yaaneHusi (UcknoveHus) anemeHTa u3 Jepesa. [lpu  atom  Gygem
nonarate, 4TO onepauun fobasneHus u yaaneHus BbINOMHATCA AnA
ynopsgoYeHHbIX BUHapHbIX AepeBbEB.
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R, a 3HayeHMe nons [aHHbIX HOBOrO 3NieMeHTa - 4yepe3 napameTp
NEWINFO.

procedure QADD(NEWINFO:integer; var R:NLINK);
var
NEWNODE:NLINK;
begin
new(NEWNODE);
NEWNODE".INFO:=NEWINFO;
NEWNODE” . LINK :=nil;
if R<>nil then R*".LINK:=NEWNODE;
R:=NEWNODE;
end;

Mpouenypa QSEL BbiGupaetr anemeHT oyepean, 3agaHHoOM
ykaszaTenamm L Havyana u R koHuUa, 1 BO3BpallaeT ero 3HayeHve 4epes
nepemMeHHyo X.

procedure QSEL( var R,L:NLINK; var X:integer);

var P:NLINK;

begin

if L<>R then begin P:=L; X:=L".INFO;
L:=L".LINK;
dispose(P);
end;
end;

OEK - aTo nuHenHas CTpPyKTypa, B KOTOPOW BKITOYEHWE U UCKNIOYEHMEe
3NIEMEHTOB M [JOCTYyN K 3feMeHTaM BO3MOXHbl Ha 000OMX  KOHUax
CTPyKTYpbl. O4eBMOHO, YTO ANA peanusauun 3TMX OeVCTBUA HeODXOAMMO
3agaBaTb, C KAKOro KOHUa TpebyeTcs BbINOMHWUTL OnepaLmio.

3.2. 3apaHue Ha nabopaTopHyo paboTy

PaspaboTtatb nporpamMmy ¢OpMUpPOBaHUSI CMWCKa W BbINOSTHEHMUS
3adaHHOW onepauMM € HUM. B nporpamme npedycMoTpeTb BbIBOA
3/1EMEHTOB MCXOAHOrO Chmucka W, ecrim HeobxoauMo, pPe3yrnbTUPYHOLLEro
cnucka.
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Kogobl BapuaHTOB 3agaHusi npuBedeHbl B Tabnuue 3.1. [Nepsas
KOMMOHEHTa KOAa BapwaHTa 3ajaHus 3agaeT onepauuio, BTopas — Tun
cnucka.

Tabnuua 3.1- BapuaHTbl 3agaHus

Ne BapuaHTa 1 2 3 4 5 6
Kon 1.1121]131]| 4.1 51 6_1
Ne BapnaHTa 7 8 9 10 11 12
Koo 71181191 ]10_1|11_1]12_1
Ne Bapuanta | 13 | 14 | 15 16 17 18
Kon 12|122(32| 42 |52 |62
Ne BapuaHTa | 19 | 20 | 21 22 23 24
Koa 7218292102 |11.2|12.2

3apaHHas onepaums:

1. YnopsagounTb 3eMeHThI CrMcka no yobIBaHWio.

2. [No6aBuTb 3r1eMEHT nocre sfemMeHTa ¢ HoMepom K.

3. BcTtaBuTb 3anemMeHT nepesg 3fieMeHToOM ¢ HOMepPoM K.

4. Ypanutb arneMeHT ¢ HoMepom k.

5. Ypanutb anemMmeHTbl, MHHPOPMaLMOHHOE MOfe KOTOPbIX PaBHO X.

6. Ypoanutb anemeHT, NpeaLlecTBYOLWNA ANeMEHTY C HOMepoM K.

7. MNepecTtaBuTb K -bit 1 Kk +7-bIi 3NEMEHTbI cnucka.

8. YganuTb snemeHT, cnefylowuin 3a 3afieMeHToM ¢ HoOMepoMm K .

9. [lepecTtaBuTb NepBbIN N K-bIl 3NIEMEHTLI CNmncka.

10. Haintu cymMmy NONoOXuTENbHbIX 3M1IEMEHTOB ChUCKa M 3anucaTb ee
nocneaHMM 3rieMeHTOM.

11.[Jo6aBnTb 3nMeMeHT nocre 9SneMeHTa, WH(OpPMaUMOHHOE none
KOTOPOro paBHO X.

12.3aMeHnTb 3nemMeHT, MHpOpPMaLMOHHOE Nose KOTOPOro paBHO X.
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5. TABOPATOPHAS PABOTA Ne 3. ®opmupoBaHue u
obpaboTka ApeBOBUAHBLIX CTPYKTYP AaHHbIX

LUenb pa6OTbI: n3yvyeHne npuHUMNnoB opraHm3aumm un nocTpoeHusa
OPEeBOBUOHbLIX CTPYKTYP AaHHbIX, a TakKXKe nporpaMmmMmmpoBaHue onepau,vu7|
BKITIOMEHUA 3N1eMeHTa, yaaneHua anemMmeHTa u obxopa nepesa.

5.1. lpeBoBUAHbIE CTPYKTYPbl. OCHOBHbIE
TeopeTuyeckme nonoxXeHus

OpHo M3 Haubornee  BaXHbIX  HENWHEWMHbIX  CTPYKTYp,
BCTPEYalOLLNXCH B BbIYMCIIMTENBHBIX anropnutmax, aBfsieTca Aepeso.

B [1] npuBegeHo cneaytollee onpeaeneHue:

OEPEBO - koHeyHoe MHOXecTBO T, cocTosiliee U3 ogHon unu donee
3anucen (y3noB), Takmx, YTo:

a) uMeeTcd OOuH creumanbHO 0B03HaYeHHbIM y3en, HasbiBaeMbIN
KOpHEM JepeBa;

©) ocTtanbHble y3nbl (MCKMOYas KopeHb) cogepxaTtca B m>=0
nonapHoO HenepecekarLwmuxcss MHoxecTBax T1,...,Tm, kaxgoe u3 KoTopbIX
B CBOW ouepedb saBndetca AepeBoM. [epeBba T1,...,Tm HasbiBaloTCSH
noagaepeBbsMU JAHHOMO KOPHS.

OTO peKypCcMBHOE OMnpeaerneHne oTpaxaeT PeKypCUBHOCTb CTPYKTYP
TMNa OepeBo, YTO, B CBOK O4yepedb, ONpedenisieT peKkypCUBHbIA XapakTep
MHOIMX npoueayp 06paboTku Taknx CTPyKTyp.

M3 onpepeneHnst gepeBa SICHO, YTO CMMCOK €CTb AEPEBO, B KOTOPOM
Kakgasa BeplvHa MMeeT He bonee ogHoro nopaepesa. [1osTomy ChnMcok
MHOr4a HasblBaloT BbIPOXOEHHBIM 4EPEBOM.

OgHym 13 Hambonee BaXHbIX TUMOB AepeBa sABMsieTcs OGuHapHoe
nepeBo. bnHapHoe OepeBO - KOHEYHOE MHOXECTBO Y3rOB, KOTOpOE WUnu
nycTo, WM COCTOMT M3 KOPHA W ABYX Henepecekawwmuxcs OGuHapHbIX
[epeBbEB, Ha3bIBAaEMbIX JIEBLIM M NPaBbIM NOA4EPEBLAMU AAHHOIO KOPHSI.

Kaxgbin ysen OwuHapHoro pgepeBa  MoxeT ObiTb npencTaBreH
3anucbto 3 Tpex nonen: INFO, cogepxallumm 3HaYeHne anemMeHTa gaHHbIX,
LLINK mn RLINK, cogepxawumm COOTBETCTBEHHO agpeca feBoro Mu
npaBoro NoaaepeBbLEB AAHHOIO y3na:

| LLINK | INFO | RLINK |
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©CoNoO>ORA~LON =

4.3. KOHTpOnbHbIe BOMNPOCHI

HaTtb onpegeneHne TabnmyHbIX CTPYKTYP AAHHbIX.
MMepeyncrnmTb OCHOBHbIE TUMLI C TabNKWL,.

Kakoe none HasbIBalOT KNoYEBbIM?

[MepeyncnmTb OCHOBHbIE Onepauun ¢ Tabnuuamu.

Kak BbinonHsieTcsa onepaums BbIGOPKKU 3anncu 13 Tabnmubl?
Kak BbINnonHsieTca onepaums BKIIOYEHNS 3anucK B Tabnuuy?
HaTb onpegenerne XELL —cyHKumn.

MpueecTtn npumepsbl Bbibopa XEL —dyHkumn.

YkasaTb cnocobbl paspelleHns koHpnuktos B XELLI-Tabnmuax.
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Twun cnucka:

1. — ogHOHaNpaBEHHbIN;
2. — OByHanpaBriEHHbIN.

3.3. KoHTponbHbIe BONPOCHI

[atb onpeneneHne cTaTUYeCKUX CTPYKTYP AaHHbIX.

[aTtb onpegeneHne AMHaMMUYECKUX CTPYKTYP AaHHbIX.

Kakne cTpyKTypbl AaHHbIX Ha3blBaOTCH NIMHEWHBIMN?

Kakyto CTpyKTypy UMEIOT 3f1eMeHTbl OgHOHAaMNpaBneHHOro cnucka?
Kakyto CTpyKTYpy MMEIOT aNeMeHTbl ABYHanpaBneHHOro cnucka?
Kak BbinonHseTcs onepauua yaaneHuna anemMeHTa n3 cnucka?
Kak BbinonHseTcs onepauna BCTaBKU 3J1eMeHTa B CMUCoK?

[aTb onpeneneHne creka.

. [atb onpegeneHue oyepeam.

0. Jatb onpeneneHune geka.

SOV NoORWN =
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4. NABOPATOPHAA PABOTA Ne 2. ®opmMupoBaHue u
0b6paboTKa TabNMUYHbIX CTPYKTYP AaHHbIX

LUenb paGOTbI: n3dydyeHme npuHUKMNnoB NOCTPOEHUA HEKOTOPbIX TUNOB
Tabnuu N OCHOBHbIX onepau,mﬁ, BbIMOJIHAEMbIX C HUMW.

4.1. Tabnuuybl. OCHOBHbIE NOHATUA U onpeaerneHns

OpHo n3 Hambornee 4acTo BCTpevaloLMXCsi B MPOrpammMmpoBaHnm
OEeNcTBUA — MNOUCK [aHHbIX, XPaHALWUXCH c onpeaeneHHon
naeHTudmkaumen. Takne CTpyKTypbl HOCSAT Ha3BaHus Tabnuu,.

TABIIMUA — asto Habop 3anucei, kaxgasi M3 KOTOPbIX uMeeT
OTNINYMTENBHBIV NPU3HAK, Ha3biBaeMbI KIOYOM. 1S KaXX4on 3anmcu KoY
OOIMKEH MMETb YHMKarnbHOE 3HavyeHue, Taknm obpa3om, He MOXET ObiTb B
Tabnuue 2-x 3anucen C OOWHAKOBBLIM KMOYOM. [lomMmmo Kmoya 3anuch
Tabnuupbl MMeeT None AaHHbIX (MM CCbINKU Ha HUX), HECYLLUX HEKOTOPYIO
nHcpopmaumio [1,4].

3anucu Tabnuubl BbIGBUPaOTCA U3 Hee No KoYy 1 406aBNsOTCA B
Hee no kniodvy. 3agaya onpegeneHns no 3afjaHHOMY Krlody agpeca
XpaHeHus TabnuyHoW 3anuMcy HasblBaeTcs 3ajadven noucka. OTa
3ajjaya peluaeTcs No-pasHOMY, B 3aBMCUMOCTM OT crnocoba opraHusauuu
Tabnuupbl.

OCHOBHOIM  XapakTepucTukon cnocoba opraHusauum Tabnuubl
ABNSETCA cpedHee BpeMsi Moucka OfHOW 3anucu. JTo BpeMs
NpONOpUMOHanbHO CpedHen AnvHe Moucka, Mof, KOTOPOW MOHMMaloT
cpegHee KONMUYECTBO 3anucelrl, MpocMaTpyMBaeMblX Afs  OTbICKAHUSA
Tpebyemown 3anucu.

PasnuyaioTr Tabnuubl HeynopsgoyveHHble U ynopsigodeHHble. B
YyNopsiA0YEHHbIX Tabnuuax 3anncu ynopsgoyveHbl Mo 3HaYEHUsIM KIoyen.
Mpouenypa BHeceHnss 3anucu B Tabnuuy BkniovaeT B cebs npouenypy
novcka ¢ nocnegylowmum pasmelleHneMm 3anucu B Tabnuue, ecnu nouck
3aKOHUMNCS Heydaden, nNubo  3aknyveHneM O TOM, YTO  3anucb C
3aaHHbIM KIIOYOM YXe uMeeTcs B Tabnuue, ecrnv MOMCK 3aKoH4YMNcH
ycneLHo.

B HeynopsgoyeHHbIX Tabnuuax 3anucu pacrnonaratoTcs ofgHa 3a
OPYror, n HoBad 3anucb NpocTto pobaensieTcd B KoHewy Tabnuubl. Ons
novcka MPUMEHSIETCA  MnocnefoBaTenbHbI MPOCMOTP, MPU  KOTOPOM
3anMcy MNpocMaTpuBaloTCsa noapsd, HadnHas ¢ nepBon.  OdeBugHo,
HeynopsaoYeHHble Tabnuubl HESKOHOMUYHBLI MO BPEMEHW MoucKa, Ho, C
OpYron CTOPOHbI, Ha  BK/IOYEHME HOBOW 3anucu B Takux Tabnuuax
pacxogyeTcs MUHUMarbHOE BPEMS.
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4.2. 3apaHune Ha nabopaTtopHyro paboTty

PaspaGoTtaTe nporpammy, peanusyiollylo onepauum  3anucu U
BLIGOPKK B Tabnuue 3agaHHoro Buaa. B nporpamme npenycMoTpeTsb BblBOA,
COCTOsIHVA Tabnuubl. BapnaHTbl 3agaHus npuseaeHs! B Tabnuue 4.1.

MepBbI CMMBOMN KoAa BapuaHTa 3adaHus 3ajaeT Tun Tabnuubl,
BTOPOW - TUM A@HHbIX, TPETWI - TUM KMoya.

Tabnuua 4.1 — BapmnaHTbl 3aganuns

Ne BapuaHTa 1 2 3 4 5 6
Kon 111 | 122 | 131 | 212 | 221 | 232
Ne BapunaHTa 7 8 9 10 11 12
Kon 311 | 322 | 331 | 412 | 421 | 432
Ne BapunaHTa 13 14 15 16 17 18
Koo 112 | 121 | 132 | 211 | 222 | 231
Ne BapuaHTa 19 20 21 22 23 24
Koa 312 | 321 | 332 | 411 | 422 | 431

Twvn Tabnuubl:

1 — XELlLl-Tabnu1ua ¢ uenoykamm nepenosiHeHns;

2 — XELlU-Ttabnuua ¢ oTKpbITbIM NepeMeLLINBaHNEM;

3 — ppeBoBuaHasa Tabnuua (peanm3oBaTb MacCUBOM);
4 — ynopsigodeHHas Tabnuua.

Twvn gaHHbIX:

1 - CMMBOMBHbBIN,

2 - uenbin,

3 - BELLIECTBEHHBIN.

Twun knova:

1 - CMMBOMBHbBIN,
2 - uenbln.
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PucyHok 3 — 3anonHeHne XELI —Tabnumubl ¢ OTKPbITBIM
nepemMelLMBaHMEM 3aaHHOM NOCNef0BaTENbHOCTLIO KItoYen

KM

OCHOBHaA Ta 'ﬁﬂ}]].lﬂ

JaHHBI¢ YRa3aTe b

Ta 6.1']1]1[3 IIePeITOTTHEHIA

KN JaHHBIC VEazaTelb
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PaccMoTpyM NpUHLMMBI OpraHM3aumnm  ynopsigoYeHHbIX Tabnuy, aByx
BMOOB: APEBOBUAHbLIX Tabnvy 1 Tabnuy, ¢ BbIMUCNISEMbIMU BXOOAMU.
[peBoBuaHble Tabnuubl OpraHU3ylTCA B BUOE OBOUYHOrO Aepesa.
Kakgas sanuck Takoi Tabnvubl ConpoBoXaaeTcs ABYMS yKasaTensMu:

- NeBbIN — COAEPXKUT afpec XpaHeHus 3anucu C MeHbLUUM
3HaYEeHMEM KIOYa;
- NpaBbll — COOAEPXUT adpec XpaHeHus 3anucu ¢ Bonblum

3HaYeHVeM Kriova.

Mpumep OpeBoOBUAOHOM TabnuUbl U COOTBETCTBYHOLLErO el AepeBa
Kntodel npuBedeHbl Ha pucyHke 2. [Ina HarnsaaHoCTU UNCTpauun agpeca
3anuncen nonaratoTcs paBHbIMU X HOMEpaM.

al___3 a Y1 —p 3 al ¥ 3
a2 »
h > hil 0
hl— » a2 0
“—> h )( 2 —thl

PucyHok 4 — 3anonHeHnne XELW —tabnuubl ¢ uenoykamm
nepenosiHEHN 3agaHHOW NOCNefoBaTENbHOCTLIO KMtoYen

OyeBUgHo,

4yTO

XEL-Tabnuubl

3aMoNHAITCA OTHOCUTENBHO
NpocTo, He TpebytoT yrnopsaoveHus 3anvceint U obecrnednBaloT AOBOSbHO
ObICTpbIV Mouck [4].

Ne 3anuncu 3anucb Tabnuubl
KMntoY | JaHHble INeBbIn npasbIN
yKasartenb yKasaternb
1 5 2 4
2 3 5 3
3 4 0 0
4 7 0 6
5 1 0 0
6 9 0 0
a)

0)
PucyHok 2 — lNpymMep ApeBOBUAHON Tabnumubl:
a) nocriegoBaTeNbHOCTL 3anucen Tabnuubl;
©) OepeBo knoYen.
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B paccmoTpeHHOM npumepe gpeBoBuaHas Tabnuua 3anofnHeHa ans
cryyas, Korga 3anvcu MMenu criegyloLume 3HayeHms KIoven (B nopsgke
ux noctynnenus): 5,3,4,7,1n 9.

MpuBegem anropuTMm BKITHOYEHUS OYepedHOM 3anucu ¢ KN4Yom X B
ApeBoBuaHyto Tabnuuy, nonaras, 4to Tabnuua 3agaHa ykaszatenem ROOT
Ha MepBYIO 3annCb, PACMONOXEHHYI0 B KOPHE COOTBETCTBYHOLLEro AepeBa.
Ona ccoinkn Ha nons "kmoy", "neBbln ykasatenb" 1 "npaBbln ykasaTens"
O6yonem nomnb3oBatbcsi  obo3HaveHusmu  KEY, LLINK, wu RLINK
COOTBETCTBEHHO.

AnrOpMTM BKI1KOY4eHuns 3anucu B ApeBOBNOHYIO Taﬁnuuy.

n.1.Ecnn ROOT=0, To NOMecTUTb 3anucb C Krno4om X B CBOOOAHYIO
CTPOKYy  Tabnuubl.

n.2.P:=ROOT

n.3.Ecnn X < PAKEY, To nepentu k n.4;

ecnn X > PAKEY, T0o nepentu Kk n.5;

ecnm X = PAKEY, TO nouck 3aBepLUeH, 3anucb C KIIOYOM X yxe
umeeTcsa B Tabnuue; KoHew anroputTma.

n.4.Ecnu PALINK < > nil, To P:=PA.LLINK n nepentn k n.3, nHadve
nepenTu K n.6.

n.5.Ecnn PA.RLINK < > nil, To P:=P*.RLINK 1 nepentu k n.3, nHaye
nepenTu K n.6.

n.6.NMomectntb 3anucb ¢ kNMo4oM X M nyctbiMu nonamu LLINK w
RLINK B cBOOOAHYO CTpOKy Tabnuubl; ecnm X OblIO  MeHbLue
PAKEY, To PALLINK npucBonte agpec aton ctpoku; nHade PA.RLINK
NPUCBONTbL aAdpec 3TOM CTPOKW; KOHEL, anroputma.

CpegHsass onuHa  noucka B OpeBOBWAHOW Tabnuue 3aBUCUMT OT
nopsiaka MNOCTYNSfIeHNa 3anucer npu 3anofiHeHun Tabnuubl. B xyawem
crny4yae, ecnv 3anucu nocTtynanu B nopsiake Bo3pacTaHus Unv yobiBaHMSA
3Ha4yeHWn kno4a, JgepeBo OyaeT MMeTb BCero OfgHy BeTBb MU,
crnepoBaTtenbHO, CpedHsis AnvHa noucka GydeT TOYHO TakoWm Xe, Kak 1 B
HeynopsigodeHHon Tabnuue. Bo Bcex gpyrux criydasix 3TOT nokasaTenb
Oynet meHble. [peBoBugHas Tabnvua MoxeT ObiTb OpraHmsoBaHa C
NMOMOLLbIO HEMNMHENHOIO CrMcKa C ABYMS yKa3aTensMu Ha NeBoe 1 MpaBoe
nogaepeso.

B ocHoOBY nocTpoeHusi Tabmuubl C BbIMUCMASIEMbIMKA  BXOOaMM
NMosioXXeH MeTof, W3BECTHbIM MOA4 HasBaHueM "xewwwuvpoBaHue". B
COOTBETCTBMM C 3TUM METOAOM npenraraeTcs Hag 3adaHHbIM 3HAYeHUEM
X Kknoda npousBectM Hekotopoe npeobpasosaHve f(X), pesynbTart
KOTOPOro ykaxeT agpec B Tabnwuue, raoe xpaHuTcs X U accoulmMMpoBaHHas
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C HUM MHGOpMaumsa (Mnu Kyda cnegyet NOMecCTUTb 3anucb C KoYoM X)
[1,4].

MycTtb Tabnuua oTobpaxkaeTca B BEKTOp AnuHbI N. Torga yHKUmMA
f(X) Takas, yto 1 < f(X) < nwungnai#j f(i) # f(j), HasbiBaeTCca yHKUNEN
paccTaHoBKM uUnn Xeww-dyHkumen. Tabnuupl, ANsS KOTOPbIX N3BECTHa Takas
YHKLMSA, HasblBaloTCs Tabnuuamm ¢ npsiMbiM JOCTYMOM.

Ob6ecneunTb OAHO3HAYHOCTL NpeobpasoBaHWsa knya B agpec
npakTuyeckn HeBo3MOXxHO. OT aToro TpeboBaHNs 0OObIYHO OTKa3blBalOTCA,
4YTO MPUBOAMT K HanoXeHuto 3anvcer. Cutyaumsi, B KOTOPOW 3HA4YeHUs
XELW-hyHKUMN ANS pasnUuHbIX 3HAYEHWA Kniova coBMajaroT, HasbiBaeTcH
Konnuaven (nepenonHeHnem unm KoHdnuktom) [4]. PaccmoTpum aBa
MeToda YCTpaHeHWs KOMMW3uM: MEeTOA OTKPbITOrO MNepemMeLlunBaHns |
MeToA NepemMeLlnBaHNs C LienoYKkaMm nepenosiHEHNS.

MpuBegem HedopmanbHoe onucaHue anropmTma, OCHOBAHHOMO Ha
NepBOM M3 yKa3aHHbIX METOAOB W MpeAHa3Ha4YeHHOro ANS BbIMOSHEHWS
BblOOpkn nnn Bkmodenna B XELU-tabnuuy, oTobGpaKeHHyt0 B BEKTOP
ONWHBI N, 3anNncK ¢ Kno4om X.

AnropuTtm BKno4eHnA n noucka 3anucu B XELL-tabnuue.

n.1 Bblaucnute i=f(X).

n.2 Ecnv npu BkMYeHun B Tabnvuy HOBOW 3anucu nosuvuus i
cBoboaHa, a npu BbIDOPKE 3anucK 3Ta No3nUMst COOAEPXKNUT 3adaHHbIN KITHoY
X, TO MOUCK 3aBepLUEH, NHa4e - NepenTm K n.3.

n.3 i:=i+1(mod n); nepentn k n.2.

Paccmotpum npumep. lMyctb B Tabnuue uMmeH, umewowen 8
nosuumin, TpebyeTtcs pasmecTuTb naeHTudmkaTopsl: a, al, h, h1, a2.

YcnoBmMcsl, YTO MAEHTMMUKATOP MOXET HayuMHaTbCsl C OOHOW U3
BoCbMK OyKB naTtuHckoro andasuta: a, b, ¢, d, e, f, g, h, a 3HayeHune
(PYHKLMN pacCTaHOBKM paBHO MOPSiAKOBOMY HOMepy B andaBute MNepBOK
OykBbl maeHTUdukaTopa. Cxema 3anofniHeHus Tabnuubl 3a4aHHBIMM
Krntoyamm n3obpaxeHa Ha pucyHke 3.

MeTog nepemewmvBaHus C UenodYkamMu NEpenorniHeHus npegnaraet
AN 3anucen nepenonHeHns 3aBecTu AOMOoNHWUTEnbHy Tabnuuy. MNpu
39TOM 3arnucu, KOTOPbIM COOTBETCTBYET OOHO M TO Xe 3HayeHue (PyHKUUU
paccTaHOBKM, CBA3LIBAIOTCA B LIEMOYKY, Kak B crnucke. Cxema 3anosiHeHus
Takmx Tabnuy Ans pacCMOTPEHHOro Bbille Mpumepa npvBedeHa Ha
pucyHke 4.



