Coxep:xanue

IIpegucaoBue

IIpexncrasiaenue aaropuTMoOB
Copeprkanue KHUTHT
YopaskHeHUss
Bunarogapuoctu

I'JTABA 1. IlocTpoenne U aHAJN3 aJIrOPUTMOB

1.1. Or 3amauu K mporpamMmme
Anropurmsl
IIceBmOA3BIK U IOLIATOBAA “KPUCTAJLIN3AINA’ aJIrOPUTMOB
Pesrome

1.2. AGcTpaKTHBIE TUIBI JAHHBIX
Omnpepnenenne abCcTPaKTHOTO TUIIA JaHHBIX

1.3. Tumsl JaHHBIX, CTPYKTYPHI JAHHBLIX 1 a0CTPAKTHBIE TUIILI JaHHBIX
YkazaTenu U KypCcopbl

1.4. BpeMs BBITTIOJTHEHUS IIPOTPAMM
WamepeHre BpeMeHU BBIITOJHEHUA IPOTPaMM
AcuMnTOTHUECKHE COOTHOIITEHU S
OrpaHnYeHHOCTh IIOKAa3aTeJ s CTeIIeHN POCTa
Hewmuoro conu

1.5. BerunciaeHue BpeMeHU BLIIOJHEHU S IPOTrpaMM
Br130BEI IIpOIIEAYD
IIporpammesl ¢ ontepaTopamMu 6€3yCJIOBHOTO Imepexona
Amnasius mporpaMM Ha IICeBA0A3LIKE

1.6. IIpakTukKa MporpaMMUPOBaAHU S

1.7. Pacmupenue asbixa Pascal

VipaxkHeHUs
Bubnuorpadguueckue sameuanus

I'TABA 2. OcHoBHBIE a0CTPAKTHBIE THIIBI JaHHBIX

2.1. A6erpakTHBIN Tun faHHBIX “Croucok”
2.2. Peanusanus CINCKOB
Peanusanus CriucKoOB IIOCPEACTBOM MACCHBOB
Peanusanusa criCcKoB ¢ IIOMOIIILIO YKa3aTeaei
CpaBHeHUe peansalinuii
Peanusanus CriuCKOB Ha OCHOBE KyPCOPOB
I BasK bl CBA3HBIE CIIUCKU
2.3. Crekn
Peanusanus cTeK0OB ¢ HIOMOIIbIO MACCUBOB
2.4. Ouepenu
Peanusanusa ouepejeli ¢ MOMOIIBIO YKasaTeaen
Peanusarusa ouepeseii ¢ MOMOIIBIO ITUKJINUECKIX MACCUBOB
2.5. OroOpakeHus
Peanusamusa orobpaskeHU T0CpeICTBOM MAaCcCUBOB
Peanusarmusa orobpaskeHUH IT0CPEICTBOM CIIUCKOB

12

12
12
13
14

15

15
16
20
22
23
23
25
26
28
28
29
30
32
32
35
36
37
37
39
40
44

45

45
48
48
50
54
55
58
59
60
62
63
65
68
68
69



2.6. CTeku 1 peKypPCUBHBIE POy PhI
Wckiouenne “KOHIEBBIX PEKYypPCU
ITorHOE UCKIIIOUEeHE PeKYypCcuil

VipaxkHeHUs
Bubnuorpadpuueckue mpruMedaHus

I'JTIABA 3. [epeBbsa

3.1. OcHOoBHAA TEPMUHOJIOTHUA
ITopsapmok ysmnos
IIpsamoii, 0OpaTHBIN 1 CUMMETPUYHBIN 00XO0AbI IepeBa
IIomeuenHEbIe IePEBbA U IePEBbA BHIPAKEHUH
Brruncienune “HaciieCTBeHHBIX” JaHHBIX
3.2. A6erpakTabril Tun ganHbIX TREE
3.3. Peanusanusa nepeBbes
IIpencraBienue 1epeBbEB C IOMOIIBIO MACCUBOB
IIpencraBienue nepeBbEB C UCIIOJb30BAHNEM CIIUCKOB ChIHOBEI
IIpencraBienue JIeBLIX CHIHOBEH U IIPaBBLIX OpPaTheB
3.4. [IBonuHBIE JepeBbA
IIpencraBienvie IBOUYHBIX TePEeBLEB
ITpumep: koasr Xadhdmana
Peanusanusa IBOMYHBIX JePeBbEB C IOMOIIBIO YKasaTeaei
VipaxkHeHUs
Bubnuorpadguueckue sameuanusa

I'’TABA 4. OcHOBHBIE OIIEpPaTOPHI MHOKECTB

4.1. BBegeHus B MHOKeCTBa
Cucrema 0003HaUEHUH AJIA MHOXKECTB
Onepartopsl AT/, ocHOBaHHBIE HA MHOKECTBaX
4.2. AT]I c omepaTopaMu MHOKECTB
4.3. Peanuzamnusa MHOKECTB IIOCPEJCTBOM JBOUUYHBLIX BEKTOPOB
4.4. Peanusanusa MHOMKECTB IIOCPEACTBOM CBA3AHHBIX CIIMCKOB
4.5. CroBapu
4.6. Peanusamnuu cioBapeit
4.7. CTpyKTypHI JaHHBIX, OCHOBaHHbIE Ha XeII-TabInIax
OTKpPBITOE XeITNPOBaHNUe
3aKpbBITOE XeITuPOBaHUe
4.8. Onenka 5 PeKTUBHOCTHU XeII-QyHKITUA
AHanns 3aKPBITOTO XEIMIUPOBAHUA
“Cayuaiinble” METOAUKY PaspelIe s KOJJIn3ui
PecTpykTypusaius xem-TadbaniL
4.9. Peanusanua AT]I nya orobpaskeHUn
4.10. Ouepenu c IPUOPUTETAMU
4.11. Peanusaius ouepezeii ¢ IpuOPUTETAME
Peanusanusa ouepenu ¢ MPUOPUTETAMU MIOCPEACTBOM YACTUYHO
YIOPAJOYEHHBIX TePeBheB

Peannsaunﬂ YaCTUYHO YIIOPAAOYEHHBIX JIepeBbEeB II0OCPEeCTBOM MaCCHUBOB

4.12. HexoTopble CTPYKTYPHI CIA0KHBIX MHOKECTB
OTHOIIeHUA “MHOTHE-KO-MHOTUM”’ ¥ CTPYKTYpa MYJIbTUCIUCKOB
CTPYKTYpPHI MYJIbTUCIIUCKOB
9DhHeKTUBHOCTD IBOMHBIX CTPYKTYP JaHHBIX
ViupaskHeHUs
Bubnuorpaduueckue mpuMedaHus

COOEP:KAHUE

70
72
72
74
78

79

79
80
81
83
84
84
86
87
88
90
93
94
95
101
101
104

105

105
106
107
107
111
113
116
118
119
120
123
126
127
129
131
131
133
135

136
139
141
142
143
146
148
150



I'’TABA 5. CnennajgbHble METOAbI MPEIACTABJICHUS MHOKECTB 151

5.1. JlepeBbsA ABOMYHOIO IOKCKA 151
5.2. AHasu3 BpeMeHU BBITIOJHEeHU S OIIEPaTOPOB 155
AP HEeKTUBHOCTD JePEeBLEB JBOMYHOI'0 IIOUCKA 157

5.3. Harpy:xeHHble 1epeBbs 157
V3abe1 HarpyKeHHOTO AepeBa Kak AT/l 160
IIpencraBienue y30B HATPYKEHHOTO IepeBa MOCPEACTBOM CIIMCKOB 162

AP PHEeKTUBHOCTL CTPYKTYPhI JAaHHBIX HATPYKEHHBIX IePeBbeB 162

5.4. Peanuzamnusa MHOXKECTB IIOCPEACTBOM COAJIaHCUPOBAHHBIX JepPeBbeB 163
BcraBka ssemenTa B 2-3 nepeBo 165
YnaneHnue siemMeHnTa us 2-3 mepesa 166
Tunsl TaHHBIX 014 2-3 IepeBbeB 167
Peanusamnusa omepatopa INSERT 168
Peanusamnusa onepatopa DELETE 172

5.5. Muo:xkecTtBa ¢ onneparopamu MERGE u FIND 174
IIpocrasa peanusanua AT MFSET 175
BricTpas peanusanua AT MFSET 176
Peanuzanua AT MFSET nocpexncTBoM fepeBbEB 179
C:xaTue myTen 180
dyurnusa a(n) 181

5.6. AT]I c oneparopamu MERGE u SPLIT 182
3amaua HambOIbIIeH 00IIel MOAIIOCIe[0BATEIbHOCTH 182
Ananus BpeMeHHU BHIIIOJHEeHUA ajaropurma Haxo:xkgenusa HOII 184
VipaskHeHUs 186
Bubnuorpadpuueckue mpruMedaHus 188
I''TABA 6. OpuenTupoBanHsie rpagsl 189
6.1. OcHOBHEBIE OIpEIeIeHU S 189
6.2. IIpencraBieHus OpPHEHTUPOBAHHLIX I'padoB 190
ATl nnst opueHTUPOBAaHHBIX Irpad)oB 192

6.3. 3amaua HaXOXKAEHUA KPATUAKIIIETO ITyTH 193
O6ocHoBaHue aaropurma JlefKcTphl 195
Bpewms BrinosiHeHuA anropurma JeifKcTpol 196

6.4. Haxo:kaeHre KpaTUalnux IyTell MeKay ITapaMu BepIInH 197
CpasHeHue anroputrmoB Puroiiga u [lefiKCcTPhI 199
BrIiBog Ha meuaTh KpaTuyalminx myTei 199
TpaH3uTUBHOE 3aMbIKAHUE 200
Haxo:xmenue meHTpa OprueHTUPOBAHHOTO rpada 201

6.5. O06X01 OpHUEeHTHPOBAHHLIX I'Pad)OB 203
AmHanus npoienypsl IONCKA B IIyOUHY 204
I'nmy6uHHBITT OCTOBHBII JIeC 204

6.6. OpueHTUpPOBaHHBIE AITUKJINYECKHE Ipadbl 206
IIpoBepka amuKJINYHOCTH oprpada 208
Tomosoruueckas COpTUPOBKA 208

6.7. CusbHaA CBA3HOCTD 209
ViupasxkHeHUs 211
Bubnuorpadpuueckue mpruMedaHus 213
I'JIABA 7. HeopuenTupoBanusbie rpadsl 214
7.1. OcHOBHEIE OIIpeeIeHU 214
IIpencrasienue HEOPUEHTUPOBAHHBIX I'padoB 216

7.2. OcToBHBIE IePEBbS MUHUMAJIbHON CTOMMOCTU 217

COOEP:KAHUE



CBOICTBO OCTOBHBIX JIePEBHEB MUHUMAJIbHOU CTOMMOCTU
Anaropurm ITpuma
Anaropurm Kpyckamaa
7.3. 00x01 HEOPHEHTUPOBAHHBIX I'padoB
ITouck B riryouny
ITouck B mupuny
7.4. Touku couieHeHU U IBYyCBA3HbIE KOMIIOHEHTHI
7.5. ITapocoueranus rpados
VipasxkHeHus
Bubnuorpadguueckue mpuMedaHus

I'’TABA 8. CopTtupoBka

8.1. Mogenb BHYTPEeHHEH COPTUPOBKU
8.2. IIpocThbie cXeMbl COPTUPOBKIU
CopTuUpoOBKa BCTaBKaMU
CopTupoBKa IOCPEACTBOM BbIOODA
BpemeHHaAs CII0KHOCTD METONOB COPTUPOBKY
IToacuer mepecTaHOBOK
OrpaHnYeHHOCTh IIPOCTHIX CXE€M COPTHUPOBKU
8.3. BricTpas copTUPOBKA
Bpemennas ci10:KHOCTDH OBICTPOM COPTUPOBKU
Bpems BuimosiHeHUs: OBICTPOM COPTUPOBKU B CPEIHEM
Peanusarusa anropurma 6bICTPOI COPTUPOBKH
8.4. ITupaMmugaibHasd COPTUPOBKA
Ananus nupamMugaaIbHOU COPTUPOBKH
8.5. “KapmanHasa’” cOpTUPOBKA
Ananus “xapMaHHON’ COPTUPOBKU
CopTHUPOBKA MHOKECTB € OOJBIITNMY 3HAUEHUSIMU KJII0Uein
O611as mopaspAgHas COPTUPOBKA
Ananus nmopaspsaaHOil COPTUPOBKU
8.6. BpeMs BHIITOJIHEHUA COPTUPOBOK CPABHEHUAMU
IepeBbsa pertieHU
Pasmep nepeBa perrenuii
Amnanus BpeMeHU BBIIIOJIHEHUS B CPeIHEM
8.7. IlopAgKOBBIE CTATUCTUKH
BapuauT 661cTPOI COPTUPOBKH
JIuHelHbIIT MeTOI HAaX0KIeHUS MOPAIKOBBIX CTATUCTUK
Crayuaii paBeHCTBA HEKOTOPHLIX 3HAUEHU KJII0Ue
VipaxkHeHUs
Bubnuorpadguueckue mpuMedaHus

I'JTABA 9. MeToasl aHaJiu3a ajJropuTMOB

9.1. 9 (peKTUBHOCTL aJITOPUTMOB
9.2. AHanns peKypCUBHBIX IIPOrpPaMM
9.3. Perrenue peKyppeHTHBIX COOTHOIIIEHUM
OrenKa peleHni PeKyPPEeHTHBIX COOTHOIIIEHUHA
OrenKa pelneHus: PeKyPPEeHTHOTO COOTHOIITEHUSA METO[OM ITOJCTAHOBKY
9.4. OG111ee pelreHre 0OJIBIITOTO KJIacCa PEKYPPEHTHBIX YPaBHeHU
OpHopoAHbIe U YaCTHbIE PeIeHU s
MyabTuniankaTuBubie GQYHKIIAN
Hpyrue ynpapisiomniue GQyHKIIAT

COOEP:KAHUE

217
218
220
223
223
225
226
228
232
233

234

234
235
237
238
239
239
240
241
245
247
249
250
253
254
257
257
259
260
261
262
263
264
265
265
266
268
269
271

272

272
273
274
275
276
277
278
279
280



VipasxkHeHUs

Bubnuorpadguueckue mpruMedaHus

I'’TABA 10. MeTtoasl pa3padoTKH aJropuTMOB

10.1.

10.2.

10.3.

10.4.

10.5.

Anropurmsl “pasgensii U BJacTByi”’

VMHOMKeHNe JINHHBIX I[eJI0YNCACHHLIX 3HAUCHUHN
CocrasieHue rpa)uKa IpoBeJeHnsa TEeHHUCHOrO TYpHUpa
Bananc nmoxsamau

MunamMuuecKoe MporpaMMHUPOBaHIe

BeposaTHoCTh 1106EABI B CIIOPTUBHLIX TYPHUPAX
3agava TPUAHTY AN

ITouck pelreHnit Ha OCHOBE TAOIUIBI

“Kanmupie” aaropuTMbl

“amupie” aJIropuTMbl KaK S9BPUCTUKHI

ITouck c BosBpaToM

DYHKIMY BBHIUTPHIIIA

Peanusanus moncka ¢ BO3BpaToM

Annda-6era oTceuenue

Merton BeTBel 1 rpaHuUIl

OrpaHnYeHNs S9BPUCTUYECKUX AJITOPUTMOB
AropuTMBI JJOKAJIBHOIO IIOKCKA

JlokanabHbIe 1 II06aIbHBIE ONITUMAIbHBIE PEIIeHUA
3azaua KOMMUBOSIIKepa

Pasmernienue 6;10K0B

VipaxkHeHus

Bubnuorpaduueckue mpruMedaHus

280
282

283

283
284
286
287
287
288
290
295
295
296
298
300
301
302
304
304
309
310
310
313
315
317

I'JTABA 11. CTpyKTypsl JaHHBIX U AJTOPUTMBI JJIsI BHEITHEH
MaMATH

11.1.

11.2.

11.3.

11.4.

10

Mopenb BHETITHUX BHIYUCTICHUH

CrouMocTs onepaIuii co BTOPUYHOM HaMATHIO
Bremnraasa coprupoBka

CopTUpOBKA CAUSAHIEM

YcxopeHVe CODTUPOBKY CIAUAHUEM
MuHUMM3a1A TOJTHOTO BDEMEHU BHITIOJTHEHU
MnuoroxkananbHOe CIUAHTIE

M=uorodas=uasa copTupoBKa

Korga ckopocTs BBOa-BBIBOIA HE ABIAETCA “‘Y3KUM MECTOM ™’
CxeMa c IIecThI0 BXOAHBIMU Oydepamu

Cxema ¢ ueTsIpbMA Oydepamu

XpaHeHUe TaHHBIX B (paitmax

IIpocras opranmsanus qJaHHBIX

YcropeHue onepanuii ¢ pansmamu
XemupoBaHHble (halIbl

WNunexcupoBauuble haiiin

HecoprupoBauubie haiiasl ¢ IIOTHLIM UHIEKCOM
Bropuunbie nHAEKCHI

BremrHue epeBba IOUCKA

PasBeTBiieHHBIE IePEBbA IOUCKA

B-nepeBna

ITouck 3anuceit

318

318
319
320
320
323
323
324
325
326
328
329
331
332
332
333
334
336
336
337
337
338
338

COOEP:KAHUE



BcraBka zamnuceit 339

YaaneHnue samnucei 339
Bpems Brimosinenus onepaiiuii ¢ B-mepesom 340
CpaBHeHUE MeTOI0B 341
VipaxkHeHus 342
Bubnuorpadguueckue mpuMedaHu s 345
I'TABA 12. YupaBjeHue namMaTbio 346
12.1. IIpo6yeMbl yIIpaBIeHUS TaMATHIO 346
12.2. YupaieHue 6JI0KaMu OUHAKOBOT'O pazMepa 350
KouTpoabHbIe cCueTUNKHT 351

12.3. AropuT™MbI YMCTKY IaMATH AJIs1 0JIOKOB OAMHAKOBOIO pasMepa 351
COopka Ha MecTe 353
Auroputm Jloiiua | [lloppa | YaiiTa 6e3 ucmonbzoBanus mous back 359

12.4. BeigeneHnue maMAaTU AJI 00BEKTOB PA3HOT0 pasMepa 360
dparmeHTanusg 1 yILIOTHEHNE MYCTHIX 6JIOKOB 361
Br160p ¢BOOOAHEBIX OJIOKOB 365

12.5. MeTozp! 6JIM3HEIIOB 367
Pacnpegenenue 6,10K0B 368
Brigeaenue 6J10K0B 369
Bosspat 6,10K0OB B cBOGOJHOE IIPOCTPAHCTBO 369

12.6. YioTHeHre IaMATH 371
3agaua yIJIOTHEHUS MaMSATH 371
Anaropurm Moppuca 373
VipaxkHeHUs 374
Bubnuorpaduueckue mpuMedaHus 376
Coucok aureparypsl 377
ITpegMeTHBII YKasaTelb 383

COOEP:KAHUE 11



