Eicaywyn ornv
EnioTnun Twv YnoAoyioTwyv

4° ggaunvo ZHMMY

5n evoTNnTa:
[pagol: npoBANuaTa kal aAyopiuol

EriueAeia diapaveiwv:
21abng Zaxog, Apng MayoupTqng, AnpuATPNG PWTAKNG

2 XO0Al HAekTpoAOYwv Mnxavikwv kal Mnxavikwv YTToAoyioTwyv
EBvikd MeTooBio MNoAuTexveio




[paPol: KaTeEUBUVONEVOI Kal Un

(V1,E4) (V2:E»)

o Fpaog (f ypagnua): Ceuyog (V,E), V eva un Kevo
ouvoAo, E dipueAng oxeon navw oto V

o Mn KaTeuBUVOHEVOG YPAWPOG: O0Xeon E CUMMPETPIKN
o V: kopugéEcg (vertices), kOpBo1 (nodes)
o E: akpEg (edges)

- B, ={{1.2}, {1,3}, {2,3}, {3,4}, {3,5}, {4.6}}

- E, ={(1,3), (2,1), (2,4), (3,2), (3,4), (3,5), (4,2), (4,6), (5,6), (6,3)}
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pagoi: opoAoyia

(V1,E4) (V2:E»)

o Teirovikeg (adjacent) kopu@Ec: cuvdeovTal JE AKun, M.X.
4 Kal 6

o 'Akpa (endpoints) akung
o MpooninTouoa (incident) akun (o€ KOUBO)

o T[EITOVIKEG aKUEC
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pagoi: opoAoyia

O

O

2-KOVOVIKOG YPAPOG

BaOuocg (degree, valence) kOpu®RNC v: 0 apIBPOC TwWV
aKMWV Nou npooninTouv otnv v, deg(v)

'Evac (NN kaTeuBuvopevoc) ypagoc onou deg(v) = k via

kKaBe kopupn v, Aeyeral k-kavovikog (k-regular)

SnuavTikn 1816TNTa: 2 deg(v) = 2|E|

> € KaTeuBuvouevo ypago: in-deg(v), out-deg(v)
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AIadpouEC O ypaAPOUC

o APOMOC: cykupn akoAouBia ano KOPUPEC-AKHEQ
o MovonaTi: OpOHOG XWPIC ENAVAANWEIC AKHNWV

= ANAO povonari: HovonaTl Xwpic enavaAnYeic Kopupwy
o KUKAOG: KAEIOTO povonarTi

= ANAOG KUKAOG: anAd KAEIOTO povonari

o MRAkog dpopouU: TO NANBOC TWV AKHNWV TOU
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AvanapaoTaocn ypapwv

l (“?".l . 1;'

o .. ME mivaka yeITviaong: Ali, j] = {U (v, Z) &’E

= Av gxoupe Bapn, Ali, j] = w(v;,v;)
m  Mn-KATeUBUVONEVOCG: CUUUETPIKOC Nivakag
s Xwpog: O(n2)

s [lpoonegAaon yeirovwyv: O(n)

m  Apecoc eAeyxoc unapénc akung: O(1)
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AvanapaoTaocn ypapwv

1 (vi,v;) € E
l'!' "

O .. ME mivaka YEITVIiaonG: Afi, j| = {(] (
Ui, Uj

= Av gxoupe Bapn, Ali, j] = w(v;,v;)

s KaTeuBuvopevoc: UN-CUMPETPIKOC Nivakag
s Xwpog: O(n2)

s [lpoonegAaon yeirovwyv: O(n)

m  Apecoc eAeyxoc unapénc akung: O(1)
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— R e e —— R \°)
O @ O & | W
— I AN
N — R —RY | |
S = OO S

S Ut A W N -
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AvanapaoTaocn ypapwv

o ... ME AIOTEG YEITVIAONG: YEITOVIKEC KOPUPEC O AIOTEC
Av £xOoUlE Bapn, Ta anoBnKeUOUNE OTOUC KOMBOUCG
Xwpoc: O(m)

s [lpooneAaon yerrovwv: ©(deg(u))

'EAgyxoG unapéng akung: O(deg(u))

1 > 2 3|/
2 » 1 3|/
a 3 » 1 2| — 4 » 5
4 » 3 » 6| /
5 » 3|/
° 6 » 4|/

Eicaywyn otnv EmoTiun Twv YTToAoyIoTwv pdagor: MpoBAfuata kar AAyopiBuol 8



AvanapaoTaocn ypapwv

o ... ME AIOTEG YEITVIAONG: YEITOVIKEC KOPUPEC O AIOTEC
Av £xOoUlE Bapn, Ta anoBnKeUOUNE OTOUC KOMBOUCG
Xwpoc: O(m)

s [lpooneAaon yerrovwv: ©(deg(u))

'EAgyxoG unapéng akung: O(deg(u))

h 4

h 4
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[pAEOI: OUVEKTIKOI KAl UN

O

'Evacg un KateuBuvopEVOG YPAPOC AEYETAI CUVEKTIKOG
(connected) av unapyel dpopoc NETA&U onolwvONMOTE

dU0 KOpUPWV TOU

*>€ OUVEKTIKO YPAPO IOXUEI: n—1<e < ”"r”j_”, n=|Vl],e=|E|.
'Evac kaTeubuvouevoC ypaPoc AsyeTal

‘1I0XUPA ouVveKTIKOG (strongly connected)
av unapxel Opopoc HETa&u onolwvONMoTE
OU0 KOPUPWV TOU akoAouBbwvTag TIG
KATEUBUVOEIC TWV AKHWV

-a00evwc ouvekTIKOG (weakly connected) av unapxel
OpOHOC PETAEU onolwvonmnoTe U0 KOPUPWV TOU AyvowvTac
TIC KATEUOUVOEIC TWV AKHWV
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AAAEC EVVOIEC

o Mapaywv unoypagog

(spanning subgraph)
o Mapayopevog unoypagog (induced subgraph)
0 ZUVEKTIKEC OUVIOTWOEG (connected components)
o MARpNG ypagog (Kn), dipepng ypapog (NAnpng Knm)

o Eninedoc ypaoc: av dsv nepieXel wc unoypagouc Ta Ks,
K3,3 - oUTE YpA®POUC NOU NMPOKUMTOUV anod auTa He
unodIaIPECEIC TWV AKNWV TOUG

o A&vOpo (tree): OUVEKTIKOC YpAPpOC XWPIC KUKAOUC
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KAaoeic moAunAokoTnTac

o P: npoBAnuaTa anopaonc sniAUCIYa O€
NOAUWVUNIKO XPOVO

o NP: npoBAnuarta anogacnc PE NioTonoinTIKaA
£naAnBeuoipa o€ NOAUWVUUIKO XPOVO
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NpoBANuaTa Npagpwyv otnv KAaon P

o KukAog Euler

o MpooBaocipornTa (reachability) + Aiaoxion (traversal):
DFS, BFS, ...

0 ZUVEKTIKEG OUVIOTWOEC (connected components)

0 ZUVTOHOTEpPA povonaria (shortest paths)

o EAaY1ioTo ouvOEeTIKO BEVOPO (Minimum spanning tree)
o Méeyiorn pon (maximum flow)

o TeAeio Taipiaopa (perfect matching)

o XpWHATIOHNOC aKH®WV JINEPOUC Ypagou (bipartite edge
coloring)
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Alaoxion 0EVOpwWV

= [IpodiaT/vn: KaTaypaen
KOMBou TNV 11 popd TToU TOV
OUVAVTAME

= EvOoodlaT/vn: KaTaypan
KOMBOoU TNV TEAEUTAIO Popa

= Metadiart/vn: @UAAa 1" @opq,
AoItroi Kool Tnv 2N

o TMpodiarerayuevn (preorder): 124536
o Evdodilareraypeévn (inorder): 42516 3
o MeradiareTaypéevn (postorder): 45263 1
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Avalntnon Kata Baboc (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

NoAunAokornTa O(|V|+|E|): o kabe kouBo O(deg(v))
eAeyxol kal kAnoeic Tne dfs (ue noia avanapaoraon;)
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Napadeiyua DFS

()

S

procedure dfs(v:vertex); :
begin
visited|v]:=true;
for all vertices u adjacent to v do
if not visited|u] then dfs(u) @
end
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2° napadeiypa DFS
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2° napadeiypa DFS

Q/; O

Eicaywyn otnv EmoTtiun Twv YTroAoyioTwv Ipdgol: MpoBArjuata kai A\yopiBuor 18



2° napadeiypa DFS
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2° napadeiypa DFS
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2° napadeiypa DFS
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2° napadeiypa DFS
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2° napadeiypa DFS

°
°
.
°
]
°
]
°
[ ]
°
]
°
a 4
4
4
4
4
4
4
4
4
L[4
[ 4

Eicaywyn otnv EmoTiun Twv YTToAoyIoTwv Ipagoi: MpoPAfiuara kair AAyépiBuol 23



2° napadeiypa DFS




2° napadeiypa DFS




2° napadeiypa DFS
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2° napadeiypa DFS
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2° napadeiypa DFS
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Avalntnon Kata MAartoc (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

NMoAunAokoTnTa O(|V]|+]E]|): og kGBe kOUBO vV,
O(deg(v)) €Aeyxol KAl E10AYWYEC OTNV oupd
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Napadeiyua BFS

visited nodes Queue
1 1
2 2
6 2-6
11 2-6-11
3 6-11-3
7 11-3-7
9 3-7-9
10 3-7-9-10
4 7-9-10-4
8 7-9-10-4-8
5 7-9-10-4-8-5
- 9-10-4-8-5
- 10-4-8-5
- 4-8-5
- 8-
S - 5
- ] 0
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2° napadeiypa BFS

OO ©
&—0-
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2° napadeiypa BFS

I
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2° napadeiypa BFS
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2° napadeiypa BFS




2° napadeiypa BFS




2° napadeiypa BFS
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2° napadeiypa BFS
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2° napadeiypa BFS
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2° napadeiypa BFS
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>uvTtopoTepa MovonaTia (Dijkstra)

procedure Dijkstra;

begin (* Apyixornolnon *)
S :={1} NMoAunA/Ta
for i:=2 to n do begin D[i]:=cost[L,i]; P[i]:=1 end; o(|V|2):
for i:=2 to n—1 do

bewi O€ KaBe
egin 2\
Select w from V' — S such that D[w] is minimum; enavasnyn
S:=54+{w}; O([V]) yia
for all v in V' — S do eupeon
begin ehayxioTou,
if D[v] > D[w] 4+ Clw,v] then O(|V]) yia
begin EVNUEPWON
Plv] := w; D[v] := D[w] + Clw,v] dnoGTAGEWY
end
end
end
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Napadeiyua Dijkstra

procedure Dijkstra;

begin (* Apyi.xonolnon *)
S := {1}; for i:=2 to n do begin D[i]:=cost[L,i]; P[i]:=1 end;
for ;=2 to n-1 do

begin

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

S: =85+ {w};
forallvinV — 5 do
if D[v] > D[w] 4+ C[w,v] then D P
Plo] := w; Brua S wll 2|3 [4]5]|6]|2][3[4]5
D[v] := D[w]+C[w,v]
- {1} -l 10| o0 |30 10|11 |11
end
end 2 {1,2} 2 60 | 30 | oo | 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 {1,2,6,4,3,5} | 5
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2° napadeiyua Dijkstra
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2° napadeiyua Dijkstra
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2° napadeiyua Dijkstra
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2° napadeiyua Dijkstra
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2° napadeiyua Dijkstra
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2° napadeiyua Dijkstra
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2° napadeiyua Dijkstra
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2° napadeiyua Dijkstra
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EAaxioTOo ZUVvOEeTIKO Agvdpo (MST)

o Kpimnpilo Prim: AlaAeyoupue kaBe popa TNV akun
eAAXIOTOU KOOTOUC £TCI WOTE O VEOC UMOYPAPOC
va napapevel 0evopo

o Kpirnpio Kruskal: AiaAeyoupe kabe @opd tTnv
aKHN EAAXIOTOU KOOTOUC £TOI WOTE O VEOC
unoypaPoc va UnVv exel KUKAOUC
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AAYyOpI1OOC Prim

o EmAgyeTal evac apxikog kouBog, n.x. o kKoupog v. H
anooTacn Tou apXlkou kouBou TiBeTal oto 0, evw TWV
UNOAOINWYV KOPBwWYV OTO 0.

o Kdabe qpopd eniAEyeTAl 0 KOPPOC, E0TW W, JE TNV EAAXIOTN
anooTacn ano To PMEXPI OTIYUNG KATAOKEUACOHEVO OevOpo,
Kal npooTiBeTal oTto devopo. EvnuepwvovTal ol anooTAoEIC
TWV UNOAOINWYV KOUBWV anod To devOpo PE BACN TO KOOTOC
TWV aKHwV (w,u.):

if cost(w,u.)<dist(u;) then dist(u,):=cost(w,u;)

o MoAunAokornTta: O(|V]?2)
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AAYyOpI1OuOC Prim
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AAYyOpI1OuOC Prim
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AAYyOpI1OuOC Prim
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AAYyOpI1OuOC Prim

Eicaywyn otnv EmoTiun Twv YTToAoyIoTwv Ipdagoi: MpoPAfiuara kair AAyépiBuol 55



AAYyOpI1OuOC Prim

Eicaywyn otnv EmoTiun Twv YTToAoyIoTwv Ipagoi: MpoBAfuara kai AAyépiBuor 56



AAYyOpI1OuOC Prim
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AAYyOpI1OuOC Prim
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AAYyOpI1OuOC Prim
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AAYyOpI1OuOC Prim
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AAyopiBuoc Kruskal

o Or1 akpec Ta&livououvTal o€ au&ouoa osipd KOOTOUC. Kabe
(popa ENIAEYETAI N AKKN EAAXIOTOU KOOTOUC Kal av O€
ONUIOUPYEI KUKAO OTO HEXPI OTIYNNG 0a0c0G NpooTiBeTal o€
auTo, AAAIWC anoppinTeTal.

o [a anodoTikn uAonoinon, N unap&n KUKAOU AEYXETAl UE
xprion npa&ewv ouvoAwv (UNION-FIND).

o MoAunAokornTta: O(|E|log]|E]|)
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AAyopi1Buoc Kruskal
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AAyopi1Buoc Kruskal
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AAyopi1Buoc Kruskal
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AAyopi1Buoc Kruskal
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AAyopi1Buoc Kruskal
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AAyopi1Buoc Kruskal
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AAyopi1Buoc Kruskal
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AAyopi1Buoc Kruskal
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AAyopi1Buoc Kruskal
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NP-nAnpn MpoBAnuaTta Npapwv

n VERTEX COVER

n CLIQUE

o HAMILTON CIRCUIT (HC)

o TRAVELING SALESMAN (TSP)

o 3-COLORABILITY

o0 SUBGRAPH ISOMORPHISM

o 3-DIMENSIONAL MATCHING (3DM)
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