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YUYEBHA ITPOI'PAMA

HucuunivHa:

[E[2 [1 [6  [Ouzaitn v ananns Ha anropuTMu

Design and analysis of algorithms
Twum: 3agb/DKUTeTHA AUCIATIIMHATA

IIpenopgaBaten: ri1. acucteHT ['eopru I'eoprues,ri. acuctreHT MuHKO MapKoB

AcucreHT: 171. acucteHT ['eopru I'eoprues, ri1. acucteHT MUHKO MapkoB

YueOHa 3aeToCT dopma Xopapuym
AynuTopHa Jlekuuu 45
3a€TOCT CeMHMHApPHU YIIPayKHEHHSI 30
TTpakTHUeCKU yIpa)kHeHHs (XOCTIeTHPaHe)
OO0111a ayAMTOPHA 32€TOCT 75
V3BbHayautopHa | IToAroToBKa Ha JJOMaIiHA paboTH
33€TOCT KoHTpo/IHK pabOTH M IOJTOTOBKA 3a TSIX 25

YuebeH MpoeKT

CamocrosiTeniHa paboTa B 6ubMoTeka uin ¢ uHTepHeT | 20

pecypcu
Hoxknaz/IlpeseHranys
IToAroTOBKA 3a M3ITUT 30
O011a U3BBHAYAUTOPHA 3a€TOCT 105
OBIIIA 3AETOCT 180
Kpeautu ayauTopHa 3a€T0CT 2.5
Kpeautu n3BbHayJMTOPHA 32€TOCT 3.5
OBIIIO ECTK 6
| Ne | dopMupaHe Ha OLEHKAaTa 10 AUCHUIUIMHATa | % oT oneHKaTa

! B 3aBucumoct ot crenpdukara Ha yuebHaTa AMCLMILIMHA M U3UCKBAHUATA Ha Mperiojapare/is e
BB3MOXKHO /1a ce 100aBsT HeobxoqumuTe (HOPMH, W Jla Ce TPeMaxHaT HeHY)KHUTE.



1. | Kontpomnuu pabotu 5%, 45%, 5%
2. | YuacTHe B yac
3. | Jomamnsu pabotu
4. | YuebeH MpoekT
5. | TecToBa npoBepka
6. | Tekyla camocTosiTesTHa paboTa /KOHTPOJIHO
7 Workshops {vHdopmal[ioHHO ThpceHe U KOJIEKTUBHO
" | obchkaHe Ha JOK/IAH U pedepaTi)
8.
9.
10.
11. | i3nuT — npakTHKa (peliaBaHe Ha 3a/jauu) 45%
12. | 3t - Teopust

AHoOTalMs Ha yue0HATa JUCHUIUIMHA:

YacTTa aHa/u3 BbBEXX/ja TOHATUATA FO/leMYHa Ha BX0/,a U CJIOXKHOCT 110 BpeMe B
Hau-JI0Iys cay4yail. BbBeXXaT ce meTTe CTaHAAPTHU HOTALUMU: TUTA, O-TOISIMO, OMera-
rO/IIMO, 0-MaJIKO ¥ OMera-MajKo, KOUTO Ce U3I10/13BaT IPU U3C/Ie/IBAHeTO Ha
aCUMITTOTUYHOTO HapacTBaHe Ha (yHKLIWH.

OcCBeH CJI0)KHOCTTa B HaW-/I0LLIMs C/Tydau ce

3acsira ¥ aHa/u3vpaHeTo Ha CpefiHaTa CJI0)KHOCT. [leMoHCTHpAT ce (hopManHu
JlOKa3aTeJICTBa 3a KOPEKTHOCT Ha HSIKOU 6a30BU aNrOpUTMHU, KaTo 38 UTePaTUBHUTE
aJIrOPUTMHU Ce BbBeXK/ja MHBapHaHTa Ha LJUKbJla KaToO CPeZiCTBO 3a MpeL3Ha
BepU(UKaLISsL.

WmrocTpupa ce Kak M3I10/13BaHeTo Ha e()MKaCHU CTPYKTYPH JAaHHU NOZ00psiBa CI0KHOCTTA
1o BpeMe. Pasryiexx/jaT ce TeXHUKU 3a OL|eHKa Ha C/I0KHOCTUTE Ha alrOPUTMHU 10 BpeMe U
ce [eMOHCTpUpa W3MO/3BaHETO Ha Te3W TEeXHUKM BBPXY KIacHueckd o00pasiy.
IleMOHCTpUpaT ce TeXHHMKM 3a /[iOKasBaHe Ha aCUMMTOTUYHA /[l0/lHA TpaHuLja Ha
CJIOJKHOCTTA I10 BpeMe upe3 JbpBeTa Ha pelleHUeTo.

Boueexxzgar ce noHatusaTa NP-IbaHOTa, MOJMHOMUAIHU PeAYKLMA U allpOKCUMUpPaHe.
ObsicHsiBa ce 3HaueHWeTO Ha (eHOMeHa NP-MbJHOTa M 3HAUEHWETO HA HepelleHara
3ajaua ,,P = NP ?”. [IeMOHCTpUpaT ce HAKOU OCHOBHU IIOJIMHOMUA/IHU peayKLUU.
AHanv3upar ce HSIKOJIKO allpOKCMMUPpAILY a/IfOPUTbMa KaTo CJI0XKHOCT 10 BpeMe U KaTo
OT/la/IeYeHOCT Ha pellleHUeTo OT ONTHUMA/IHOTO.

B yactTa Au3aiiH ce BbBeXX/aT pe/ivlia airOPUTMUYHN CXeMHU, TIpe/JHa3HaueH! Jja
YJIeCHSIT Ch3/iaBaHeTo Ha e(pUKaCHU aJTOPUTMU: pasjessii U BraZie, AUHaAMUYHO
nporpamupane, greedy U ob6xo)kaaHe Ha rpadu. [TpuaraT ce cxemuTe 3a pelliaBaHe Ha
TUTTMYHU 33/]aul, KaTo Ce JeMOHCTPUPAT TEXHUKUTE 3a OlleHsIBaHe Ha CI0XKHOCT Ha
T0JIyUYeHUTe a/IfOPUTMU. [IeMOHCTpUpAT Ce CXeMU 3a ChCTaBsiHe Ha allpOKCUMUpAIIU
aJrOPUTMHU.

HpE}Z[BapI/lTEJIHI/l HN3NCKBAHUA:

CryneHntuTe TpsibBa /ia ca 3ari03HaTH C MaTepHuasa OT KypCcoBeTe:
E106 [IuCcKpeTHU CTPYKTYpHU

N246 E3uuu, aBTOMaTty U U3UYMUCTUMOCT

K136 IudepeHiagiHO U UHTETpajHO CMsiTaHe-1




K146 [IndepeHLiianHo U UHTErpaqHO CMsITaHe-2
3106 ¥YBog B porpamupaHeTo

OuakBaHM pe3y/1TaTH:

CryzeHTuTe 1a TIpUAOOUST peasieH ONMUT W YMEHWs B pellaBaHETO HA W3UYMCIUTE/THU
3ajlauu:

e Jla cb3gaBarT AMCKpeTeH MoJesn 3a 3ajZiayata Y Ja o KoJupaT B KOMIIaKTHa
CTPYKTypa JaHHH.

e Jla peanu3upar eeKTHBEH aJrOPUTHM Upe3 U3M0/I3BaHe Ha aTOPUTMUYHU CXEMH,
CBEXK/J]aHe /10 W3BECTHU a/rOPUTMH, WX U3M0/I3BaHe Ha KOMOMHAIMS OT MOZ00HU
TeXHUKU.

e [la joKa3BaT KOPEKTHOCTTA U Jia MPaBAT aHa/Ii3 Ha C(JIOXKHOCTTA Ha pelleHueTo. [la
THPCAT MO-00pY pellieHus upe3 U3ToI3BaHe Ha e(UKACHU CTPYKTYPH OT JIaHHH.

¢ Koraro 3ajjauata e NP-TpyHa, fa pasno3HaBaT TO3U (DakT U /1a ThPCSAT MOAXOSIL]

arnpOKCUMMUPALL] aJTOPUTBM WM Ja OTJEJSIT YaCTHM C/ydad, B KOWUTO 3ajadara
Mo)ke fia Obzie pemieHa 6bp30.




Yue6Ho co0opiicaHue

Ne | Tema: Xopapuym

1 | MaTemaTuecKd WHCTPYMEHTH 3a aHa/lvM3 Ha aaroputMu — | 5+8
aCMMNOTOTMYHU HOTAlLMM U TeXHWUTe CBOMCTBA, METOAW 3a
pelllaBaHe Ha PeKYPEHTHU OTHOLLEHUSI.

2 | AITOpUTMUYHU CXEMHU. 5+8

3 | CopTHpOBKH. 12+5

4 | bbp3u airopuTMu BbpXY rpadu. 12+5

5 | KnacoBe Ha CJIO)KHOCT ¥ TPYAHOPELWMHU 3a/lauu. 11+4

Koncnexkm 3a usnum

Ne | Berpoc

1 | AnroputMud — CbIHOCT U HedopManHO ompejeneHye. VI3uMCIUTeNTHU 3afauM.
lonemuHa Ha Bxoza Ha anropuTMu. CII0KHOCT IO BpeMe B Hal-JIoIIMs CTyuai,
cpefHa W B Hal-#oOpus ciydail. [Ipyru acrekKTH Ha aHaAM3UPAHETO Ha
aJITOPUTMUTE — CJIOJKHOCT T10 NaMeT ¥ KOPEKTHOCT.

2 | ACUMNITOTHYEH aHa/IU3 Ha CJIOXKHOCTTA — Ba)KHOCT, MPeJUMCTBA U HeJJOCTaThLU.
HoTaiuu, u3nosi3Banu npu acumnrotuunus aHamus: O, o, 0, Q, w.

CBOICTBa Ha HOTAI[UHUTe.

3 | CoptvpaHe — TNpU/IOKEHMS, Ba’KHOCT, IPYMEPU 3a M3I0J/I3BaHe Ha COPTUPaHEeTO
KaTo TbpBa (pa3a OT pellleHWeTo Ha JPYry U3uucauTesiHud npobieMu. CTabuiHu U
HecTaOWIHU COPTUPALIY a/ITOPUTMHU. Ba)KHOCT Ha CTaOMIHOCTTA.

4 | EnemeHTapHu copTtypaiy anroputmu: Selection Sort u Insertion Sort. BeBexzaHe
Ha TMOHATHETO WHBAapuaHTa Ha LMKbJa. AHaIM3 Ha KOPEKTHOCTTa Ha JBaTa
aJrOpUTbMa 4pe3 WHBapUaHTa Ha L[UKbja. AHaIM3 Ha CJIOXKHOCTTA IO UM TIO
BpeMe U 110 ramMeT. AHa/Ii3 Ha CTabUIHOCTTa M.

5 | /JlBonuHa nvpamuza. JJBOMYHNWTe NTMpaMUM KaToO IOMb/IHEHU [JBOMYHU JbpBeTa U
KaTo MacuBu. POpMYJ/IM 3a MHJEKCUTe Ha POJUTess M Ha JeljaTa Ha [aZleH BpPbX,
ako nupamyziata e macub. [locTposiBaHe Ha NMpamMyzia: HavMBeH HAuWMH 4Ype3
Heaplnsert.

6 | [NocTtposiBaHe Ha mupamuja upe3 ¢yHkuus Heapify. AHamu3 Ha C/I0)KHOCTTa IO
BpeMe Ha /iBaTa HauWHa 3a TMOCTposiBaHe Ha nupamuza. [Ipoiieaypa Build Heap.
AHanu3 Ha C/I0)KHOCTTa: HavBHA uMruieMeHTarus (O(n.lg(n))) u 6bp3a
umMrieMeHTanus (@(n)). [MupamuganHa copTupoBka Heapsort.

7 | IlpuopureTHu onamku Kato abcrpakted tun AaHHu (AT/). VimryiemeHTarus Ha
TIPUOPUTETHU OMAIlKKA Ype3 0OMKHOBEHH MaCHBU U Upe3 JBOUYHU MTUPaMUAN —
CpaBHHUTe/IeH aHa/Iu3 Ha Te3U /iBe UMIUIEMEHTaL1H.

8 | PeKypcUBHM a/rOpuTMM U pPeKypeHTHU OTHOLIeHus. MeToAu 3a pellaBaHe Ha
pPeKypeHTHM OTHOLIeHMs: pa3BMBaHe, JbPBO Ha peKypcusiTa, MHAyKUus, Master
Theorem, MeTObT C XapaKTepPUCTUUHOTO ypaBHeHMe. [IprmMepH.

9 | AnroputmuuHa cxema Pasziensii v Bnazieli: CbILHOCT, IPUIOXKEHUE U OrpaHUYeHUs

BbPXY BB3MOXKHOCTMTe 3a mnpuiaraHeto M. CopTupaly aaropursM Mergesort.
AHanm3 Ha (JIOKHOCTTa T10 BpeMe U Ha cTabuHOCTTa Ha Mergesort. AHaau3 Ha
KOPeKTHOCTTa Ha Mergesort ype3 MHBapyaHTa Ha LIMKbJIA.




10

Coptupai anroputbM  Quicksort . AHamu3: CIOXKHOCT IO BpeMe U TlaMer,
CTabM/THOCT, aHa/IM3 Ha Cpe/iHaTa CJI0XHOCT T10 BpeMe, KOPEKTHOCT.

11

[Momobpenust Ha QuickSort: HamansHe Ha w3nos3BaHaTa namet g0 O(lg(n)) upe3
M3II0/I3BaHe Ha OraIikoBa pekypcus (tail recursion), mo-edekTHBHO M30UpaHe Ha
paszienuTes1, TEXHUKH 3a U30siTBaHe Ha JIOIHS CTyJai.

12

[omHu rpaHvLM BbpPXY aCUMITOTMYHATa CJIO)KHOCT TI0 BpeMe Ha aJrOpUTMHU.
[bpBeta Ha pereHueTo (decision trees). MeTo/ 3a /joKa3BaHe Ha JOJIHM TPaHULH,
0a3vpaH JbpBeTa Ha pelieHWeTo. JlosiHAa TrpaHUIlA BBPXY aCHUMIITOTHYHATA
CJIOKHOCT TI0 BpeMe Ha COpPTHpAId a[ropuTMu, 0asupaHW Ha JAUPEKTHO
CpaBHEeHHUe.

13

JonHa rpaHuiia, [JoKasaHa 4Ype3 aHa/W3 Ha [AbPBOTO Ha peLIeHUeTO, BBbPXY
aCUMIITOTMYHATAa CJIO)KHOCT Ha H3uMciauTenHata 3ajava Element Uniqueness.
Jloka3BaHe Ha aCUMNTOTWYHM [OJIHU TPaHULA uype3 pefyKLMW MeXAy MaCOBU
3agaun — npumep c Closest Pair.

14

CoptupaHe, KoeTo He e 6asupaHo Ha IMPeKTHO cpaBHeHHe. CopTHpaHe B JIMHEHHO
BpeMe — anroputmu Counting Sort u Radix Sort. AHanM3 Ha KOpeKTHOCTTa UM U
Ha CJIOXKHOCTTA UM I10 BpeMe.

15

OpueHTHPaHU U HeopreHTUpaHu rpady OT alrOPUTMUYHA TI7le/{Ha Touka. [Ipumepu
3a 3ajaud, KOUTO ce MogenupaT upe3 rpadu. IlpencraBsHusi Ha rpacdu upe3
MaTpULM Ha ChCEJCTBA M Upe3 COMCBHLM Ha CbcecTBa. CpaBHUTE/EH aHa/IU3 Ha
rpeJ¥MCTBaTa M HeJOCTaThLUTe Ha Te3W MpeZCTaBIHUS. AHa/lW3 Ha CI0XKHOCTTa
0 BpeMe Ha aJirOPUTMU BBPXY rpadu — BbBeXKJaHe Ha aCUMITTOTUYHU HOTAallMy Ha
(GYHKLMM Ha jBe TpOMeH/IMBU. JIMHelHa CI0)KHOCT 0 BpeMe Mpu rpadu.

16

Obxoxkmane Ha rpadu. OcHOBHa cxema 3a OOXO)KJAaHETO — MapKHpaHe Ha
BbpXOBeTe C LiBeToBe. KOpeKTHOCT U e(pUKaCHOCT Ha OCHOBHAaTa CXema.
OOxoX/laHeTo B IIMPUHA W B ABJAOOUMHA KATO pa3/IMUHA MMITIEMEHTALMK Ha
OCHOBHATa CXema.

17

Obxoxpane B mmpuHa (BFS) Ha rpadm. IppBOo Ha 00XO0X/JaHeTO B INIMPHHA.
BugoBe pebpa B 00xokgaHeTo B mmpuHa. O0xokgaHe B qbabourHa (DFS) Ha
rpadu. [IbpBo Ha 0OxoxJaHeTo B AbjbourHa. BugoBe pebpa B 00X0KZaHETO B
[b100YMHA MPU HEOPHUEHTHUPaHUTe U OpUEeHTUPAHUTe rpadu.

18

OpueHTrpany auukmnuHu rpadu (dags). AITOPUTMH 3a TOTIOJIOTUUHO COPTHpPaHe
Ha OpUEeHTHUpaHU alMK/IWYHU rpadu. AHaiv3 Ha C/A0XKHOCTTa IO BpeMe Ha Te3u
JICOPUTMH.

19

CuHO CBBbp3aHU KOMIIOHEHTU Ha OPUEHTHMPAHW alUK/IWYHU rpadu. AITropyuThbM C
JIMHEeMHa C/I0)KHOCT TI0 BpeMe 3a OTKPUBAHETO Ha CUJTHO CBbP3aHUTe KOMITIOHEHTH
Ha OpUEeHTHUPaHU rpadu.

20

Cpsi3Baiiii BEpXoBe (cut vertices) u cpsi3Baiiiu pedpa (bridges) B HeopueHTUpaHUTe
rpadu. [IBycBbp3aHM KOMITIOHEHTH B HEOPUeHTHpaHW rpadu. ANroputMud C
JIMHEeMHa CJIOKHOCT TI0 BpeMe 3a OTKpHBaHe Ha Cps3BallliTe BbPXOBe Ha rpad u Ha
cpsi3BaimTe pedbpa Ha rpad.

21

MuHuManHyM TIOKpUBallM [JbpBeTa Ha HeopueHTWpaHu rpadu. Ilpumepu 3a
TIPU/IOKEHUsT HA MUHUMAJTHU TIOKpHUBAIU AbpBeTa. OOIa amropuTMUYHa Cxema 3a
aJICOPUTMHU 3a OTKpUBaHe Ha MUHUMaJIHU MMOKpUBAaIlY AbpBeTa. Greedy cTpaTteruu.
AnroputeM Ha [Ipym — 1CeBJOKO/ ¥ aHa/IM3 Ha CJI0KHOCTTA 110 BpeMe.

22

AnroputeM Ha Kpyckan 3a OTKpMBaHe Ha MMHHMAIHO TIOKPHBAILO0 [bPBO.
CnoXHOCT 1O BpemMe Ha HaMBHara HKMIUIEMEHTalusi. YCbBBPIIEHCTBAHE Ha
HavBHaTa wuMmIieMeHTaluss — Union-Find onepauyu BBPXy MHOKECTBa,
VMIJIeMeHTHpaHu ype3 abpBeTa. EBpuctrku Union by rank u Path compression.

5



AHanu3 Ha CJI0KHOCTTa 10 BpeéMe Ha a/IrOpUTbMa Ha KPYCKaJI MpX MU3I10J/I3BAHETO
Ha /IB€Te €eBpHUCTUKH.

23

Haii-kbcu mbTHIa B~ OpveHTHpaHuTe Tpadu. [IpuMepu 3a MpUIOKEHHSI.
[ToTeHIMaHU TPYAHOCTU MPH HAJWMYMETO Ha OTpULIATe/JHU Tersia. AHaiu3 Ha
3a/jauaTa U CpaBHEHMETO U ChC 3ajjauaTa 3a Hal-Abablr BT B rpad. AAropuTbM Ha
JviikcTpa 3a HaMupaHe Ha HaW-KbCHUTe MbTHIA OT JaJeH BPbX [0 BCUYKU
OCTaHa/lIu BbpXOBe. AHa/M3 Ha KOPEKTHOCTTA M CJI0XKHOCTTa IO BpeMe Ha TO3U
AJITOPUTBM.

24

ATOpUTMH 3a HaMUPaHe Ha Hal-KbCU IThTUILA MEX/Y BCUUKU J[BOMKH BHPXOBE —
aJITOPUTHM, H3MOJI3BAll] aAropuThMa Ha JIUWKCTpa, W [JBa aJTrOPUTHMA,
W3I10/I13BaIIM HjlesiTa Ha JMHaMUYHOTO TporpamMupaHe: 1o O6posi Ha pebpara B IbTs
¥ M0 Hal-rosieMUsi HOMep Ha BPbX B ITbTS (aaropuTbMm Ha Djoiia-Yopirbi).
AHanM3 Ha CJI0)KHOCTTA T10 BpeEME.

25

JIMHaMUYHO TporpaMupaHe — CBLIHOCT, MpeAUMCTBa U NpuaoxkeHus. [Ipumepu:
yucna Ha @duboHAauM, ONTUMaJHO BEPW)KHO YMHOXKEHHWe Ha MaTpHLY,
nsuncresneH rpobsem Independent Set mpy HeopueHTHpaHUTe Tpadu, OrpaHUUYeH
Jo [nbpBetata. CpaBHeHHWe MeX[y /[AWHAMUUHOTO TporpaMupaHe U cxemaTa
,Paszensay U Bjagen”.

26

[MpakTHyecKu pemMMH  U3UMCJIMTENIHM 3aJaud — KjJac Ha cJiokHocT P.
[Mpaktryeckn Hepewmmu (intractable) 3agauu. Ilpyrmepy BBPXY HeOpHMEHTHpPaHU
rpagpu: VERTEX COVER, INDEPENDENT SET, DOMINATING SET.
[lpakTyeckata HepelMMOCT KaTo  (yHJaMeHTasqHO, He3aBUCEIl0  OT
TeXHOJIOTUUHUS TIpOrpec, orpaHuueHre — npuHUMN Ha Landauer. ITpakTuyecku
HepeLIMMU 3a/laui C KPaTbK CepTU(UKAT — K/aac Ha cioxHocT NP.

27

HeperepmuHupaHy alropuTMy 3a pelllaBaHe B II0JIMHOMUA/IHO BpeMe Ha 3aauu C
KpaTku ceptu¢ukati. Berpocst gamu P = NP karo ¢yHzameHTanHa HepelleHa
3a/jaya Ha TeopeTUYHaTa KOMITIOTbpHA HayKa. Kiiacose Ha cioxHocT co-P 1 co-NP
— cprioctaBka. [Ipyumepu 3a 3amaum ot co-NP.

28

ITonuHoMuanHu pesyKUUU MexXay MacoBU 3azauu. NP-mbiHoTa. WM3umcivrenHa
3amaya SATISFIABILITY. [oka3BaHe Ha NP-nbiiHoTata Ha SATISFIABILITY —
Teopema Ha Kyk.

29

N3uucnurenna 3agauva 3-SATISFIABILITY. /loka3BaHe Ha INP-mbsiHOTara Ha 3-
SATISFIABILITY. CbnioctaBka Ha 3-SATISFIABILITY c¢ 2-SATISFIABILITY.
HokasBane Ha NP-nbsiHotata Ha VERTEX COVER, CLIQUE, HAMILTON
CYCLE u LONGEST PATH. [Ipyru NP-mb/iHM MacoBHY 3a7jauM.

30

ArnpokcumarnusaTa KaTo CpefCTBO 3a ,,CIIpaBsiHe® € IIpakTUyecKaTa HepermmocCT.
ATIpOKCHMMHUpAILld  &ITOPUTMHA € TOYHOCT [0 MYJITUIUVIMKAaTUBHA KOHCTaHTA.
IIpumepu ¢ VERTEX COVER u 3azauaTta 3a TbPrOBCKUS ITbTHUK B ,IIJIlaHApeH
BapHaHT". YCJIOBHA HEBB3MOKHOCT 3a J00pPO ampOKCHMHpaHe Ha HIKOW MaCOBH
3a/lauul.
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