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Jlornuecko npeacraBsiHe

I'padbT ce onpeaens karo HapeaeHa aBoiika (V, E),

KbAETO V = {Vy, Vs, ..., V,} € KpatiHo MHOXECTBO OT BbPXOBE,
aE={r, I, ..., 1,} € Kpaiino MHOXECTBO OT pedpa.

Bcesiko pebpo ce 3a1aBa upe3 IBOMKa BbPXOBE.

JIBolikute morart aa ovaar Hapenenu (vi,vj eV ul < i,j < n), KOUTO ce HapU4aT
OPMEHTHPAHU pedpa Wik AbIH.

Axo peOpara Ha rpad ca OpueHTUpaHH, rpadbT Ce HaprUya OPUEHTHPAH.

Ako peOpara Ha rpada ca 3aJ1aJieHu Ype3 HeHapeIeHu ABOMKHU (Vi , v))
oT BbpxoBe (Vi ,vjeV ul < i,j <n), rpadbT ce Hapuya HEOPUEHTHPAH.

PeOpara morar J1a ce CBbp3Bar ¢ €TUKUTE — TEIJIa .
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Onepauuu

Chb31aBaHe Ha npaseH rpad;

JloCTBII 10 BPBX;

BxJrouBaHe/M3KIIOUBaHE HA BPBX;

BxirouBaHe/M3KIIIOUBaHE Ha pedpo;

[IpoBepka nanu rpad € mpaseH;

[IpoBepka nanu eIeMeHT € BpbX Ha rpad;

IIpoBepka ganu ChIIECTBYBa PEOPO OT €IHH BPBX JI0 APYT BPbX Ha Ipad;
HamupaHe Ha HAacJIEIHUIIUTE Ha JIaJICH BPBX;

Oo0xo:x1ane;
TohpceHe Ha (ONTUMAJIHHN) MHTUINA W INKJIH,
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JepuHunun

IIPpUMKA — p€6p0, KOCTO M3JIM34a U BJIN3a B CIUH U CbIIl BPbX.

myJaturpadg — rpad, npu KOWTO ce J0MyCKa ce MOBTOPEHHUE B MHOXKECTBOTO Ha pedpara
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JepuHunun
MOJIyCTeNleH HA M3X0/1a Ha BPbX a — OposT Ha aerute (a, b), kpaero b e Bpex Ha rpada
MOJIyCTeNleH HAa BX0/A Ha BpbX a — OposT Ha aerute (b, a), kpaero b e Bpex Ha rpada
CTeNeH HA BPbX — CyMaTa OT IIOJyCTEIeHUTE Ha BX0/la M M3X0/ia Ha BPbX

U30JIMPAH BPbX — BPBX ChC cTemneH ()
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JepuHunun

npasen rpag — rpad, KoUTO HE ChbpKa pedpa
mbJeH rpag — rpad, 3a KOUTO .BCEKH JIBa Pa3JIMYHU BbpXa Ha rpad ca CBbp3aHU C Abra
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JepuHunun

Hanenu ca rpapure G, = (V, E)) u G, = (V, E,).

AXo 3a BCEKH JIBa pa3nuyHu Bbpxa a u b (a, b € V) gprara npunagiexxu wiu Ha E,, win Ha
E,, To rpadsT G, ce Hapuya JombaHeHue HA rpada G,

I'padsT G, chiIO ce Hapu4a JombJIHeHHe Ha rpada G,.
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PU3NYECKO NMPEICTABSIHE:
[TocnenoBaretHO
CBbp3aHo
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[TocieqoBaTeIHO MPEACTABIAHE:
Marpwuiia Ha CbCEICTBO
Marpuiia Ha UHIHJAECHTHOCT
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[TocieqoBaTeIHO MPEACTABIAHE:
Marpwuiia Ha CbCEICTBO

N — 6poil BLpXOBE B rpada.
Marpwuiiara € ¢ pa3aMepHOCT N X N,

Heka (i,]) e apra - e1€MeHTBT B I-TH pPeJl U |-TH CTHJIO Ha MaTpuIiara ¢ 1.
Bcuukn ocrananu eneMeHTH Ha Matpuiiara ca 0.
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Henocrarbsuu Ha npeacTaBaHETO:

ManI/H_II/ITe Ha CbCCACTBO 3aCMaT IMPCKAJICHO MHOI'O IIaMCT U IIPXU MHOI'O aJITOPUTMHU
BOAT 4O KBAAPATUYHO BPEMC 3a U3ITBJIHCHHC.

Pa3penenu MaTpuiM Ha ChCEICTBO — MAaTPHUILIM C TOJISIM OpOii HYJIEBHU €JIEMEHTH.
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[IpeauMcTBO HA TIPEICTABAHETO:
[IpoBepkara 1ajiu ChIIECTBYBa PEOPO MEXK/Y ABA BbpXa € OT MOPSAAbKA HA KOHCTAHTA.

HamupaneTo Ha HacIEeIHULINUTE HA JAJICH BPBX € C JIUHEHHA CJIO0KHOCT.
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[TocieqoBaTeIHO MPEACTABIAHE:
Marpuia Ha HTHIHASHTHOCT

N — 6poil BLpXOBE B rpada.

M — Opoii 1bIu B rpada.
Marpwuiiara € ¢ pa3aMepHOCT N X M,

CroitHoctu: -1/0/1
Kpal X Hayajo Ha Jabra
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CBbp3aHO IPEICTABSIHE:
CBbp3aHH COUCHIHN (CIIHCHK HA HACIICTHUIUTE).
CBbp3aHu cIUChIN (CIIUCHK HA pedpara).
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CBbp3aHO IPEICTABSIHE:
CBbp3anu cnuchiy (CIUCHK HAa peOpaTa/MHITUACHTHOCT).
IIpencraBs ce KaTo CIUCHK OT HAPESHU JBOMKH.
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CBbp3aHO IPEICTABSIHE:
CBbp3aHH COUCHIHN (CIIHCHK HA HACIICTHUIUTE).

N — 6poil BLpXOBE B rpada.
CBbp3aH COUCHK C N €JIEMEHTA.

EneMeHTHTE Ha CIIUCHKA Cca CIIUCHIIN.
Bceku crnuchK 3amoyBa ¢ BpbX 1 Ha rpada u ChIbpKa BCUUKU BHPXOBE J, 32 KOUTO
CBIIECTBYBA AbI'a OT 1 J10 J.

* U3nonzeam ce camo opuenmupanu 2pagu.
* Heopuenmupanume epaghu ce npeocmassam kamo opueHmupaHu.
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CBbp3aHO IPEICTABSIHE:
CBbp3aHH COUCHIHN (CIIHCHK HA HACIICTHUIUTE).

CoXHOCT 32 HAMUpPAHE Ha JaJICH BPbX - OT MOPsAIbKa Ha Oposi Ha BBPXOBETE.
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CBbp3aHO MPEICTABSHE:
ToBa mpezcTaBsiHe 111e peanu3upamMe upes madaoHa Ha kinaca LinkedlList,

neduHupalll CBbpP3aH CIHUCHK C €Ha Bph3Ka.

* Mooice 0a ce uznonzea std::vector u opyea nooxoosiuwa cmpykmypa om 0anHu

Crenmanu3anuure:
typedef LinkedList<int> IntList;
typedef LinkedList<IntList> IntGraph;

onpeaensat kinaca IntGraph, 3agaBamy rpad ¢ meau yucia.
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Cob3naBaHe Ha rpad
AJITOpUTHM:

BbBexka ce Bpbx Ha rpada.
CrhIKaTa MOXKE J1a C€ U3ITBJIHSIBAa MHOTOKPATHO.

BbBexmar ce HapeeHH ABOMKH OT BLPXOBE, O3HAYaBaIlU IbI'U B rpada, KOUTO ce
BKJIIOUBAT B rpada.
CrpHokara MOXKe J1a C€ U3I'bIHIBA MHOTOKPATHO.



I'pad

OO6xoxaaHe Ha rpad
OoOxoxmane B mmpuHa, cbkpareHo BFS (ot Breadth-FirstSearch).

OO0x0XIaHETO B IIMPHUHA, 3aII0YBAII0 OT AaJeH BPbhX Ha rpada ce OChIISCTBIBA IO CICTHUS
HA4YVH:

* 3amouBa ce OT IMMOCOYCHUAT BPBX, HarmpumMmep V1 (obxoorcoane u mapxkupane);,

* PazrmiexxaaT ce BCMYKHU HerOBH NPEKH HACJAEeIHMITH, KOUTO OIIe HE ca 00XOACHH.

* M3pbpIiiBa ce 00X0XKAaHEe B IIMPHUHA, 3aII0YBAII0 OT BCEKH OT IPEKUTE HACIeAHUIIM Ha V1,

https://www.cs.usfca.edu/~galles/visualization/BFS.html
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Oo6xo1aHe Ha rpad

OoOxoxmane B mmpuHa, cbkpareHo BFS (ot Breadth-FirstSearch).
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OO6xoxaaHe Ha rpad
Oo0xoxxmaHe B 1bpi100ounHa, cbkpareHo DFS (ot Depth-FirstSearch).

OO0x0k1aHEeTO B IBI0OUMHA 3alI0UBaIlo OT JajeH BpbX Ha rpad (DFS(a)), ce peanusupa no
CJICTHUS HAYMH:

* O0xokaa ce BbpXbT, Hanpumep V1.
* BepXbT ce Mapkupa, 4e € 00padboTeH/IoCeTeH.

* 3a Beska awra {(a, b) Ha rpada, TakaBa ue BPXBT D € HEOOXOIEH C€ U3MIbIHIBA
o0xoxaaHe B abi10ounHa DFS(b)

https://www.cs.usfca.edu/~galles/visualization/DFS . html



I'pad

OO6xoxaaHe Ha rpad

Oo0xoxxmaHe B 1bpi100ounHa, cbkpareHo DFS (ot Depth-FirstSearch).
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[I6T B opuentupan rpad G = (V, E) ce Hapuua penuiia ot BbpXOBE
Vi, Vo, «oy Yy, KBICTO 1= 1,2, ..., -1 1 ¢ B cuua, ye <v;,v;> e E.

Bbpxosere v; U v, c€ HapuyaT Kpaulla HA NbTH.
AKO Vv, CBBIIaJA C V,,, IBTAT CE€ HAPUYA HUKB.I.
AKO BCHYKH BBPXOBE Ha ITHTS Ca Pa3IMYHU, IBTAT CC HapHia MPOCT (WX AIMKJINYEH).

AKO BBPXOBETE V; U V,, CbBIIAJIAT, & OCTAHAIUTE BbPXOBE HA ITBTS Vy, Vs, ..., V,, Ca PA3JIUYHH,
IUKBJIBT CE HApUYA MPOCT.

Ako rpad chabpka OHE €IUH ITUKBJ, TOW C€ Hapuia HMKJIMYEH.

B npotuBeH ciydail rpadybT ce HapUya AMUKJIUYECH.
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OpuenTupad rpad e ¢jado cBbp3aH, ako BCSKH JIBa HETOBU BhpXa a U b ca kpauiia Ha
TIOHE C€JIMH ITBT, T.€. ChIIIECTBYBA IIOHE €IMH ITBT OT & 70 b miu ot b 1o a.

OpuenTupas rpad ¢ cMJIHO CBbP3aH (WM cCaMO CBbP3aH), aKO BCEKH JIBa HETOBU BbpXa
a u b ca kpauIa KaKTo Ha BT OT & A0 D, Taka ¥ Ha BT OT b 110 a.

Heopuentupasn rpad € cBbp3aH, ako ChIIECTBYBa MbT MEXY BCSIKa ABOMKA HETOBU
BbPXOBE.

CBbp3aH rpad 0e3 UK ce Hapuda AbPBO.

AIMKIMYeH IbT B Ipad, KOMTO ChabpKa BCUUKU BHPXOBE Ha rpada, ce Hapuda
XaMMWJITOHOB ITBT.
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Hamupane Ha nbTHIA B rpad:
AIUKIMYEH ITbT MEXKY JBa BbpXa.

AJITOpUTHM:
CaIlecTBYBa IIBT OT BPBX & JI0 BPBX D, aKo:
a==Dbmwm
CBIIIECTBYBa BPBX C, Taka 4e OT a 70 C MMa pedpo M MMa ITbT OT BPBX C JI0 BPBX D.

* Ao a He cvenaoda c b u e Hamepen 8pvx ¢, maxa ue om a 00 ¢ UMA pedpo, 8b3MONCHO €
3adauama 3a mvpcene 0aiu uma nvm om ¢ 00 b da ce ceede 0o mvpcerne Ha nom om a 00 b
U 0a ce cmueHe 00 3ayuKIsHe.

* 3a 0a ce uzbezne 3ayuKIAHEmMo Moxce 0d ce U3N0N36a NOMOUeH CNUCDHK, 8 KOUMO 0d ce
3anuceam 8bpxoeeme, KOUmMo ca NPemMuHamu 8 npoyeca Ha mwvpcere Ha novim.
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// 06w anropuTbMm
bool way(int a, int b, IntGraph &graph, IntList &Ilist) {
list.insertLast(a);
if (a == b) {
return true;

}

LinkedListIterator<int> successorsIt = graph.successors(a);
while (successorsIt) {
if (!member(*successorsIt, list) && way(*successorsIt, b, graph, list)) {
return true;

}

successorsIt++;

}

// BpbllaHe Ha3apj
list.deletelLast();
return false;

O(n!*p)
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CI0XHOCT:
N e Opoit Ha BbpXOBETE Ha rpada.
Hamupa BCHUYKHM allMKIWMYHY IBTUINA => CIIOKHOCTTA MOXe Jia JOCTUTHE 70 N!.
member — nuHelHa CII0KHOCT.

O(n'*p)
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// 06w anropuTbm

bool findPathDFSrec(int a, int b, IntGraph &graph, IntList &visited, IntlList &path) {
// Obxoxpame a u ro gobaBaAmMe B MbTA
path.insertLast(a);
visited.insertLast(2a);

if (a == b) {
return true;

}

LinkedListIterator<int> successorsIt = graph.successors(u);
while (successorsIt) {
if (!member(*successorsIt, visited) &&
findPathDFSrec(*successorsIt, b, graph, visited, path)) {
return true;

}

successorsIt++;

}

// He e HamepeH NbT OT BpbX a, TON Ce npexBa OT MbTH
path.deletelLast();

// BbpXbT € 6uUn noceTeH M MbT HEe € HAaMepeH, He ce MpemMaxBa OT CNUCbKA
// visited.remove(a);

return false; O(n*p)
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CI0XHOCT:
N e Opoit Ha BbpXOBETE Ha rpada.
Twpcum manu chbIeCcTBYBa ITBT.
He moBTapsiMe BbpXOBE => CI0KHOCTTA MOXKE J1a IOCTUTHE JI0 N,
member — uHeliHa CII0KHOCT.

O(n*p)
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Hamupane Ha nbTHIIA B rpad
Bcenyku aliuKIM4YHY TBTHUIA MEXKTY JIBA BbpXa.

AJITOpUTHM:
Hammupa Bcruku mbTHINA OT BPBX a 10 BPBX b Ha rpada graph.

Bceku mbT ce KOHCTpyHpa B clichKa list, cien koeTo ce u3Bexia.

I'mobannara OyneBa mpomeninBa flag moaydyaBa CTOMHOCT true ako ChIECTBYBA ITBT OT a 10

b B graph.
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// 06w anropuTbm
void allWays(int a, int b, IntGraph& graph, IntList& list) {
list.insertLast(a);

if (a == b) {
printIntList(list);
std::cout << std::endl;
}
else {
LinkedListIterator<int> successorsIt = graph.successors(a);
while (successorsIt) {
if (!member(*successorsIt, list)) {
allWays(*successorsIt, b, graph, list);
}
successorsIt++;
}
}

// Bpblla ce Ha3apg 3a TbpCeHe Ha gpyru nbTuwa
list.deletelLast();
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TonosioruyHo coprupane
V3nbaHsABa ce caMO 3a OpUEHTUPAHU allMKIWYHU rpadu.
PesynTar — peauiia OT HoMepa Ha BbpXOBe, HapedeHa TOTOJIOTHYCH Pel Uin
TOIIOJIOTMYHA ToApeaoa.
Ha enun rpad morar ga ChOTBETCTBAT HAKOJIKO TOMOJIOTUYHHU peia, HO OOUKHOBEHO €
JOCTAaTBYHO JIa C€ HAMEPH €IUH OT THAX.
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TonosiornyeH pex ce noayyana 1o CIEAHUS AITOPUTHM:
Ako rpadbT HAMa BHPXOBE 0€3 MPEAIICCTBEHUIN, TON € IUKJIUYEH U HE MOJJICKU Ha
TOIOJIOTUYHO COPTUPAHE.
EnuH no enuH, B MpOU3BOJICH PEJl 3alIUCBAME B TOIIOJIOTUYHUSA PEJl BBpXOBETE 0€3
MPEAIIECTBEHUIIN U TH U3TPUBAME.
AKO 0O11I€ UMa HEU3TPUTH BbPXOBE, IPEMUHUHABAME KbM omnepanus 1, ako ca u3TpuTu
BCUYKHU, TOTIOJIOTUYHOTO COPTUPAHE € 3aBbPIIUIIO.



0,1,2, 3,5, 4-
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Henocrarspnu:

IIporpamuara peanu3zaiys TpsOBa Jia M3M0JI3Ba BTPEIIHOTO MpeAcTaBIHe Ha rpada.
Hexka cMe n30panu Marpuiia Ha CbCEJCTRO.
AKo ucKaMe Ja cjieJIBaM€ OIMCaHUs aJITOPUThM TOUHO, I1I€ TPsOBa clie/l BCIKO U3TPUBAHE
Ha BPBX JIa IPOMEHSIME MaTpuiiaTa Ha ChCEJICTBO.
ITo TO31 HaYMH CH3aBAHETO HA TOIIOJOTHYEH PEJl € ChIPOBOJCHO OT YHHUIIOKABAHE HA
MaTpuliaTa Ha ChCEJICTBO, KOETO YECTO HE € JKEJIATEIIHO.



I'pad

[IporpamMeH aropuThbM:
Peructpupar ce BCUUKU BbPXOBE KaTO HEMOCETEHHU.
Hamupa ce BxojHara cTeneH (mpedposiBaT ce MPEeAIIeCTBEHUIIMTE) HA BCEKU BPbX.
Bcuuku BbpxoBe 0€3 NpeAIIeCTBEHUIM CE€ U3MpallaT B ONaIlIKaTa Ha YaKaluTe
BHPXOBE.
EnuH no enuH ce B3eMar 4akalluTe BbpXOBE OT OIaIllKaTa, U3BEXKAaT CE B
TOIMOJIOTUYHUS PEJl, PETUCTPUPAT CE€ KaTO MOCETEHH, TPEOPOosiBAT CE€ KAaTO MOCETEHH,
HamMmaJsiBa C€ BXOJHATa CTENIEH Ha BCEKU TEXECH HACJICTHUK.
Bcuuku HacienHUIM ¢ BXoAHa creneH 0 ce u3npaiiar B OIaiikara.
AJTOpUTBMBT NPOBIAKABA JOKATO B OMNAIllKaTa UMa 4akaiiy BbpxoBe. Korato
oralnikara ocTaHe Ipa3Ha uMa JIB€ Bb3MOKHOCTU:

ITocerenu ca BCUUKM BHPXOBE M TOIIOJIOTUYHUAT PEJl € Ch3AJICH.

IToceTenu ca camo 4acT OT BbPXOBETE - rpadybT € UKJINYSH U HE Ce T0/JaBa Ha
TOIIOJIOTUYHO COPTUPAHE.
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HamMupaHne Ha Ha-KbCUTE ITBTUINA OT BPBX
AnropuThM Ha JluikcTpa

AnroputbM Ha Onon
MuHUMaTHO TOKPUBAIIO IBPBO

AunroputhM Ha [Ipum

AnroputbM Ha Kpyckan
MakcumaiieH oTok B rpad

AnroputbM Ha Oopa-PynkepcoH



CnepgBa npoabiikeHue...



