[papol: TpofAfuata xow AlySpLbpol

Mébnuo: Ewcoywyy otnv Enotiun twv Yrohoyiotdy

2xohy Hhextpohdywv Mnyovixdy & Mnyovindy Yrohoylotohy
Yol Egapuoouévey Mabnuoatixdy & Puoixdy Emetnuody
Efvixd Metoofio Ilohuteyvelo

Efvix6 MetodPio IloAuteyveio Eicaywyr oty Emetiun twv Yroloyiotdy



[pdgot (1 [pagpripata)

Ogiowoés. Iodgoc (1 yodonua) G, ovoudletal éva diatetayuévo {elyog
ouvoiwy (V, E), orov V elvar un xevé olvolo otoryelwy xat E éva alvolo

un dtatetayuévoy Ceuydy tou V., dnAadn

v
2

E C

V' xopupéc (vertices) ¥ x6ufol (nodes).

E: axuéc 1) mhevpéc (edges).
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[Mopddetypa [pagou

E = {{vy,vs},{v1,v3}, {vg,v5},{vs,v5}}
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Opoloyia - ZupPolicpol

o Ou xopugéc ocuufoiilovton ue €va yeduua, ouvibwe v, u, w,z,y, 1
evoy apLtiud.

o Ou axuéc ouufBoAlllovtal ue éva yedupa, cuVRInS e, aARd XoL WS UN
Sratetarypévo Lelyog xopuody e = {u, v}, UepXEg Popéc XaL ATAd mg

uv 1) vu.

o ['sitovixéc (adjacent) xopupée, dxpa (endpoints) axure, tpoonintovoa

(incident) axumn, yettovixée axuéc.
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Babpdg wopuerig

Bafuoc (degree, valence) xopupng v: o aplfuds TV axudy mou TpooTi-
mTouy 6Ty v. LuufBoiiletan pe d(v).

"Evoc ypdpog yia tov omoto LoyVel d(v) = k yia x80e xopupr| Tou, AéyeTtol
E-xoavovixog yedgocg.

U1 U3

G1: I-xoavovxog xou Ga: 2-xavovinog Yedpog

YnUovTixn WloTnTo D ey A(v) = 2|E|
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Ynoypdgpot

‘Evac ypdooc G = (V', E') elvan unoypdipoc (subgraph) evog dhhou yed-
pov G = (V,E), av woytet V' CV xau E' C E.
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Apdpol, povomatia, x9xAot

o Apbuoc (walk): €yxupn axoroudio x0pLOGOV-aXUGY.
e Movorndtt (path): dpduog ywelc emavarfels axudy.
e Ami6 povordr (simple path): povondtt ywpels enavalfheic xopupdv.

e Kixhoc (cycle): xhewotd povomdtt. Anhoc xixhog: xhelotd anid

LOVOTATL.

o Mrxoc dpduou: to TAHoC TwV AXUOY Tou.
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[ pagor Euler, Hamilton

O

I'edpoc Euler I'edpoc Hamilton
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[Noapactacn [ pdpov

o Ilivaxac yeitviaong (adjacency matrix)
o Ilivaxag mpbéontwong (incidence matrix)

e Alotec yertviaone (adjacency lists): anodotixn napdotoon og apatoic
Yedpoug.
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[MapactacT pe mivaxa yertvionong

‘Eotw ypdwoe G = (V, E) ue V- =A{vy, v, -, v, }. Tote 0 ypdpog unopel
va tapootabfel pe ) Bordeta evog n x n nivaxa A(G), émou

1, ov{v,v;} €F

A(G) = lag],  ai; =
’ ’ 0, aAALOC

O nivaxac A(G) AMéyetan tivaxoag yettvioone (adjacency matrix), xou elvou

GUUMETEWOC (a4 j = Gj ;).
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[Tapdctacm pe Aicteg yerTviaomg

l]— 2 3 4
2l— 1 4

JJ— 1 4

41— 1 2 3 5
5]— 4
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KatevBépevog ypdoog (directed graph)

ECVxV

£ )
Y
<)
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YuvexTixdtnta (connectivity)

o 'Evog un xatevbuvduevog yedpog Aéyetal cuvextixde (connected) av

UTdEYEL dPOUOC UETALY OTOLWVYOINTOTE V0 XOPLUPEGY TOU.

o 'Evac xatevbuvouevog yedpog AéyeTol:

— Loyupd ocuvextixog (strongly connected) av umdpyel dpbuog arnd
x8&be xopuytn oe xdbe xopuyn axohovbdvTog Tig xateLbivoelg TV
AXUOV.

— aobevig ouvextinde (weakly connected) av av undpyel dpOUOC UE-

Ta&Y OTOLWVOATOTE BU0 XOPLUPEY TOU ALY VOMOVTAS TS XATELHUVOELS.

e Yc ouvextixd ypdwo toyler: n —1 <e < "("2_1), n=|Vl],e=|E|.
— Apatot (sparse) ypdool: e = O(n).
— Tluxvot (dense) ypdoou: e = Q(n?).
— TN apatoteg ypdpoug GUUGEREL 1) AVATOEAGTACY) UE ALOTES YELTVIO-

ong.
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AAAEC £VVOLEC
o Ilopdywy unoypdpog (spanning subgraph), nopayduevog vroypedpocg
(induced subgraph).
e YuvexTixéc ouviot®oeg (connected components).
o IIMenc yedpos (Kn), duleprc yedpos (thipng dueprfic: Ky m).

o Eninedoc ypdpog: avy dev meplEyel we unoypdgoug To Ky, K3 3 oUte

YEAPOUC TOL TEOXUTTOUY ATLO AVTA UE UTOOLAULOETELS TV AXUGDY TOUC.

o Aévdpa (trees).

Efvix6 MetodPio IloAuteyveio Eicaywyr oty Emetiun twv Yroloyiotdy



Bacikég Khaoetg MNolvmAoxdtntog

P: npofAjuata andpaonc emtAiolUo 68 TOAVGYLULXO YPOVO ATtd XATOLOV

VIETEQULILOTIXG ahydpLhuo.

NP: npoAfuato andgaong emAOCLA GE TOAUWYLULXO YeOVO amd xJ-
ToLOY UN VIETEPULVLGTIXG ahybplBuo. TIibavéc Moelc (tLototointixd, aro-

dellele, UdpTupes) ENEYELUES OE TOALLYUULXS XpOVO.
To peydro avolytd cpOhTNUA: P ~ NP

NP-completeness, avaywyéc.
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NP-nAfpn mpofAjpata ypdewy

VERTEX COVER

CLIQUE

HAMILTON CIRCUIT (HC)

TRAVELING SALESMAN PROBLEM (TSP)
3-COLORABILITY

SUBGRAPH ISOMORPHISM
3-DIMENSIONAL MATCHING (3DM)

Efvix6 MetodPio IloAuteyveio Eicaywyr oty Emetiun twv Yroloyiotdy
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Avayoyd, 3SAT < VERTEX COVER

b (Ul V —ug V _|U4) /N\ <—|U1 V us V _I”LL4)

H & elvow wcavonoujolun avy urtdpyet vertex cover pyeyéboug < k =n +
2m = 8 0TOV YPAPO TOU KATACGHEUNGUUE.
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Any NP Cook

—_—

problem

AN\ec Avaywyéc

HC—TSP

VO—, Subgraph
/ Clique—

SAT— 3SAT—3DM —_ Isomorphism
Partition — DKnapsack

3-Graph Colorability
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[MpoPAjpata ypdewy ctny xAdcr P

Kidxhoc Euler.

Reachability - Aiwdoyion I'cdowv: DFS, BFS, D-Search.
2JUVTOUOTEQA UOVOTIATLAL. 2LUVEXTIXES GUVLOTOOES.
EXdyLtoto cuvdetind 3¢v8po (minimum spanning tree).

Méyiotn pov|. Perfect matching.

Xpouatiopnds axuoy ot dipepr| Yedoo (bipartite edge coloring).
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KOxAoc Euler - Movomratt Euler

O
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Aldcylon SEVOpwY

o mpodotetayuévn: 124536

o uctodlotetayuevn: 452631

e cvoodlateTayuevn: 42516 3
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Accessibility problems - Aidcylon ypdepwy

AvalAtnon xatd Bdbog (Depth First Search - DFS).
Aval¥tnon xatd mhdtog (Breadth First Search - BFS).

D-search: 6upoio ue BEFS, ahAd pe otolfo avtl yia ovpd.
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Aldcytom ypaewy: DFS

procedure dfs(v:vertex);
begin

visited[v]:=true;

for all vertices u adjacent to v do

if not visited|u| then dfs(u)

end

[Tohumhoxdtnto: O(|V | + |E]).
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Aldcyiomn ypaewy: BFS

procedure bfs(v:vertex);
begin
initialize queue with v; visited|v]:=true;
repeat
dequeue(u);
for all vertices w adjacent to u do
if not visited|[w| then
begin visited|w| := true; enqueue(w) end
until queue is empty
end

[Tohumhoxdtnto: O(|V | + |E]).
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2 uvtopotepa povomdtia: Dijkstra

procedure Dijkstra;

begin (* Apywonoinon *)

S :={1}; for i:=2 to n do begin Dli]:=cost|[1,i]; P[i]:=1 end;
for 1:=2 to n-1 do

begin

select w from V — S such that D]w] is minimum;

S =85+ {w};
forallvinV — S do

if D[v] > D[w] 4+ C|w,v] then

[v

P
D

end

end

[

(%

] :
] :

w;

D|[w]+4Clw,v]

[Hohumhoxdtnta: O(|V]?)

All-pairs shortest paths: O(|V|?)
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ANyéptBpog Dijkstra: moapddetypo
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D P
By S w| 2134|561 2[3]4|5]|6
i {1} 100030010111 ]1]1
2 (1,2} 2 60 | 30 | co | 10 2
3 {1,2,6) 6 60 | 30 | 80 6
4 {1,2,6,4} | 4 50 80 4
5 (1,2,6,4,3} | 3 60 3
6 | {1,2,6,4,35} | 5

Metovéxtnuoa Dijkstra: dev douhelel dtav undpyouy axUES UE apVNTIXS
Baen (yuat;)
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Eldyioto Zuvdetind Aévdpo (Minimum Spanning Tree
- MST)

AXyépluoc Prim: Awahéyouue xdbe popd tnv mAcupd ehaylotou x66TOUC
ETOL MOTE O VEOC UTOYPAPOC VA TAPUUEVEL BEVTEO.
AXyéplBuoc Kruskal: Aiaréyouue xdbe @opd tnv mhevpd elaylotou x6-

GTOUG ETOL MGTE O VEOG UTOYEAPOS VoL NV EYEL xUXAOUC.
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ANy SpLOpog Prim
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ANy SpLbpog Prim: vhomoinen

Kdbe gopd emhéyetar o xéufog ue tny eAdyLotn andéotacn and To Uyl
OTLYUNS XATAOHEVACUEVO BEVEPO xal TpooTihetal 6To dEvdpo.

[Hohumhoxdtnra: O(|V]?)
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ANySpLOpog Kruskal
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ANYSpLOpog Kruskal: vhomoinom

Kdbe gopd emhéyetor axuy) ehaylotou x66T0UC %ol €4V SEV dNULOVEYEL

©UxAo 670 UEYEL OTLYUNC ddcoc Tpoatihetal o auTd, AAALOC ATOPELTTETAL.

[Tohumhoxétnta: O(|E|log |E|)
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