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AwaAeén 29: Mpadot

2TnV evotnta auvtn Oa peAetnOouv ta €€Nc emMuEpoUC Ospatas:
- ['padol - oplopol kot uAormoinon

- Alaoyon Npadwv

Awdaokwv: Mavaywwtnc Avdépeou
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Etcaywyn otouc Mpadouc
e H o yevikn popdn Sopng Sedopévwyv, HE TNV Evvola OTL OAEG oL
TLPONYOUUEVEC SOUEC UIOPOUV VoL BewpnBolv w¢ MEPLITTWOELG
vypadwv.
e Evaypadoc G(V,E) arnoteAeital amo
e £va ouvolo V kopudwv (vertices), 1 onpeilwyv, N KOUPwv, Kal

e £va ouvolo E akpwv (edges), N to€wv, N ypapupwyv. Mua akpn
elval éva (euyoc (u,v) amo Kopudec.

e MMapadeypa ypadou:

/G
F
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padot
e OLypadol mpoodeEpouv pLa xpnotpn nEBodo yla tn dStatunwon Kol
AUon noAAwv mpoBANUATWY, OF
e SlKTUA KOL CLUOTAMATA TNAETILKOWWVLIWV (TT.X. TO Internet),
* YAPTEC - eTAOYN Spopoloyiwy,
e TIpoypappaTIONO epyaoclwV (scheduling),
e avaAvon npoypappatwy (flow charts).

e HBewpla twv ypadwv Bewpeital otL Eekivnoe amo tov Euler ot
apXeG Tou 18ou awwva (1736).




Oplopoi

e Evac ypadoc ovoupadletol

katevBuvouevog (directed graph,
digraph) av kaBe pia amno tic akpeS
TOU €lval MPOOoOVATOALOLEVN TIPOC
uia katevBuvon. (rx: Eva 0dLKo
Slktuo pe Awpildec Hovie
KoteLBuvonc)

‘Evac ypadoc ovopdlstol un-
katevBuvouevocg (undirected) av ot
OKUEC TOU Oev elval
NPOOAVATOALOUEVEC.(TTX: Eva 061KO
Siktuo pe Awpidec HUTANG
KateLBuvonc)

Av (u,v) eival akun tote A€ OTL oL
KOPUPEC U KAl V E(VOL YELTOVLKEC
(adjacent) i} ot yettviailouv.

|
EMA035 - Aopég Asﬁwv kot AAyoptOpot ywor HA: Mny. KovMny. YrtoA. N0



Oplopoi

Movomnadtt i dtadpoun (path) evog ypadou C
LLAKOUC n, gival ot akoAouBia Kc')quv A ~ T~
Vor V1 ey Vy, OTIOU YL KAOE i, O< i<, MAkog=3 | G
(V. v,+1) sival QKL TOU vpacbou

MNKo¢ evVOC povomatiol €ival o aplBpoc aKpwy Ttou
TEPLEXEL (eKTOC KaL eav opiletal SltadopeTKA)

Bpaxutepo Movomnartt petagl duo kopudpwv A —. C
(Shortest Path): To povornartt peta€v duo kopudwv ~
TIOU €XEL TO EAAXLOTO UNKOC.

Mua dtadpoun evoc ypadou ovoudZeraL nA\n
(simple path) av 6Aec ot Kopud)eq NG elval
SLapOPETLKEC pETAEY Toug, EKtoq amno 1) PWTN Kol
TNV TeEAguTaio OL OTIOLEC UTTOPOUV va eival ot (SLec. / \

KukAwkn Awadpoun (cycle) ovopaleton pa dtaxdpoun
Ue unkog >1 omou vy=v,.
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Oplopoi

e Evoc ypadoc mou dev TeEPLEXEL KUKAOUC
ovopaletat akukAog (acyclic graph)

e Eotw G=(V,E) katG'=(V’, E’) ypadol,
omou V'cV katl E'c E.
Tote o ypadoc G sivat urtoypadoc

(subgraph) tou ypadou G.

LLAKOC TNC ocuvTtopoTEPNC SLdPOUNC TTOU

' . . A
e Anootacn Kopudwv (Vertex Distance): To l
odnyel amo tn pa Kopudn otnv aAAn. -




Oplopoi

o Juvektikdc Mpddoc (Connected Graph): Evac D
Un-koteuBuvouevoc ypadoc oTov omoLo
UTTAPXEL TOUAQXLOTO Lo Stadpoprn HETOED
OAWV TWV KOPUDWV. /

A C

14 1 4 14 D
e loyupa Juvektikoc Mpadocg (Strongly

Connected Graph): Evac katevduvouevoc
vypadoc otov omnolo urapyetl pio dStadpoun amno /
oroLadnmote Kopudn oe onolavdRmote AAAn.

v

C

A <

B
B
e EAadpd Tuvektikog Mpadoc (Weakly
Connected Graph): Evac kateuSuvduevoc v
(ouvekTikoc) ypadoc otov omoio Sgv umapyel B
uta Stadpoun amno omoladnmote kopudn o€ / \
oroLavénmoTe AAAN. A
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Oplopoi
e [100EC AKMEC UTTOPEL va EXEL Evac YPpAdOC LLE N KOPUPEC;

A) KatevBuvopevoc: nx(n-1) B) Mn-katevBbuvopuevoc: nx(n-1)/2
e Apauoc padoc (Sparse Graph): Av o0 aplBuoc Twv oKWV Tou lva

¢ taénc O(n), omou n elvat o aplBUOC kKopupwv Tou, SLadpopeTIKA
Aéyetal Nukvog Mpadocg (Dense Graph)

e [padogpe Bapn (Weighted Graph): Zuxva cuoyetioupe KaBe akun
gVOC ypadou pe kamolo Bapoc (weight).

e [lOLEC LOLOTNTEC LKOWOTIOLOUV OL TILO KATW YPAdOoL;

Connected, undirected, Weakly connected, Strongly connected

unweighted directed, weighted directed, unweighted,

N B N
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EMAO035 - Aopég Ae wv Kot AAyoptOpot ywa HA. Mny. Kou Mnyx. YoA. n1.0 -



Avanapaoctoon ypadwv otnv Mviun

Avanapaotocon ypadwv e MNivakeg Fertviaong
(Adjacency Matrix)

e Evoc ypadoc G=(V,E) e n kopudEc pumopet va
avarmapooTtabel we Evac nxn Mvokag Tou
TIEPLEXEL TLC TIMEC O Kat 1, KoL 0Tou

e avn (i) etvat akun tote A[(i,j)]=1, Stadopetika

Al[(i,j)]=0. 3
e Av o ypadoc eivat ypadoc pe Bapn, Kol To
Bapoc kdBe akpunc eivat TUTOU t, TOTE yLo TNV Nivakag lewtviaong
avarnopaotoon Tou ypadou Uropel va (Adjacency Matrix)
xpnotpomnotnBet mivakoc tumovu t pe 0 /11234
e A[(i,j)] = Bapog(i,j), av umtdpxet akun (i,j) 0 11
e Al(i,j)] = oo, av dev umapyxel akun (i,j) 1 1
e AUTA N oVATIOPAOTAON ATOLTEL Ywpo O(n?), 2 1
omou n=|V|. 3 1
* Avoypadog eivatl apatog (6niadn tagng O(n)) [, 1

n LEBodoc odnyel o€ omATaAn YwWpPOU.

|
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Avanapaoctoon ypadwv otnv Mviun

Avanopadaoctaon ypadwv pe Aiotec Mettviaong [pédoc
(Adjacency Lists) 0 1
e ‘Evac ypadoc G=(V,E) avamnapiotatal we Evoc \ / t
Lovodlaotatoc niivakoc A. 2
e [l kABe kopudn v, A[v] elval Evacg deiktng o€ v /
ula couvdedepevn Alota otnv omotla 3 > 4
amoBnkevovtal oL KOpuPEC ov yeLtvialouv
LLE TNV V. Mivakag Fewtviaong
(Adjacency Matrix)

e H pebodoc amattei ywpo O(|V|+ [E]).

e Emutuyxavetat e€0LKOVOUNCH XWPOU yLa 00— 2—3
opaloug ypadouc. 1 — o

e JTnv nepintwon ypddwv pe Bapn otn Alota 5 — 3
yeLtviaong anobnkevoupe emniong to Bapog 3 — 4
KABe aKUNC. |y
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Awaoxion Mpadpwv

e Av Bgloupe va emlokePTOUME OAOUC TOUC KOUBOUC evoc ypadou
LLTTOPOULLE VAL XPNOLLOTIOLACOUE Evayv ato TIOAAOUC TpOTIoUC, Ol
omoioL SltadpEPOUV 0T CELPA UE TNV omola e€eTalouv Touc KOpBouc.

e Awadikaoiec dtaoxonc xpnotpormotovvtal yia tn dtakpifwon
uTtaPENC povormatiov petaél duo KOpBwV K.a.

AN\a Nopadeiypata

1. Owpnxavég avalitnong (search engines m.x. Google),
XPNOLUOTIOLOUV ITpoypappata ta onoia ovopalovtal crawlers, yio va
Sdlaoxioouv OAec TIc LotooeAidec Tou WWW. Auteg ekteAoUve
avadpoutka TNV €€nc dtadikaoia: a) KateBaoe tnv oeAida X, b) Bpec
OAouc¢ Tou enopevouc cuvdeopouc (links) amo tnv X, ¢) MNa kabe
oUVOEOO EKTEAEDE TA BApaTa a-C.

2. Mpoypappota avtaAAaync apxeiwv (P2P File-sharing Systems, 1t.x.
Gnutella), xpnowuomotoUve aAdyoplBuouc SLaoxLonc yLa voL LImopouve
oL XpNOTeC va amooteAAouv TNV avalntnon touc (query) otoug
KOUPouc Tou SkTtUou. Av KATTIOLOC KOUBOC £XEL KATIOLO APXELO TO
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Awaoxion Mpadpwv

1.

Ot o Stadedopévol Ttumol dLaoyLong eival:
Kato Badoc¢ Awaoyion(Depth-First Search (DFS))

2. Kata lMAatoc Awcoyion (Breadth-First Search (BFS))

Depth-First Search

[evikevon TNC mMPOBEUATIKAC SLaoxLong SEVEPwWV: =eKLVWVTAC OO Eva KOUBO v,
ETILOKETITOUOLOTE TIPWTA TOV V Kol Votepa KaAoU e avadpoptkd tn Stadlkaoio oto
KaBeva aro ta bl tou. AnAadn:

Print_Preorder (treenode u)
Output data at u;
for each child v of u
Print Preorder (v)

Ye éva 6EVOpOo Sev Exoupe KUKALKEG SLOAOPOUEC. 2€ Eva ypA PO OPWCE EXOULLE
KUKALKEC Sladpopec. Apa mwe Oa dtacxiooupe tov ypado;

Oa dLatnpnooupe éva Tivaka Visited o omoilog Oa kpatd mAnpodopileg we TPog
TO TIoLoUC KOpBouc €xoupe emlokedBOel ava taca otypn. Agv Ba EMLOKEMTOUOOTE
¢ava tov 16lo koupo

3 ¥
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Awadikaoia NMpoBspatikne Ataoxiong
DepthFirstSearch (graph G,vertex v) { [pdboc

for each vertex w 1n G 0 1
A

visited|[w] = False; \\\ ,///
DFS (v) ; 2
} o

3 > 4
DEF'S (vertex v) {
visited[v] = True; Xpovog Ekteleong:
. R . o(|Vv] + |E])

print “Visited node v , ,
Oa EMLOKEPTOUUE AKPLPWG
for each w adjacent to v UL popd OAEC TLC KOPUDEC

KOLL OLKLEC

1f (visited|[w]==False)
YnoBeon: O ypadog eival
DF'S (w) OUVEKTLKOC (connected).

Y

|
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MpoBspatikin Awdoyion

e Av o ypadog dev gival cuvekTLkOg (disconnected) autr n otpatnylkn
rmBavo va ayvonoel LEPLKOUC KOUBoUC. Av 0 0TOXOC Lo Elval va
emlokedpBoU e OAOUC TOUC KOUPBOUC TOTE UETA TO TEAOC TNG EKTEAEONC
tou DFS(v) Ba rtpemel va eAeyEoupe Ttov niivaka Visited va Bpoupe
TOUC KOMPouc tou dev €xou e emloKeDOEL Kal va KAEOOU UE OE
autouc¢ tn dtadikaoia DFS:

DepthFirstSearch (graph G,vertex v) {
for each vertex w in G
Visited[w] = False;
DES (v) ;
for each vertex w in G
if (Visited[w]== False)
DE'S (w) ;

| nooa F ﬂﬁ
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Napadswypa Depth-First-Search

e oc KatevBuvopuevo Npado
Nivakac Mettviaong

fpadog (Adjacency Matrix)
0 1 Oo(1(2 (3|4
N / 1 0 1|1
2 1 1
e 2 1
3 > 4 3 1
4 1

e DFS(G,1)=1,2,3,4 O .
2TOV apyLKo ypado

1 0 &evumdpyxel pa
/ Stadpoun petalu
/ 2 OAwvV Twv {Euywv
3 > 4 Nn.x. 1->0

l oooo Q: J
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Napadswypa Depth-First-Search

e o Mn-KateuBuvopuevo Npado

fpadog
N |
S

3 4

0

e DFS(G,0)=0,2,1,4,3
0
N
2

3 <

1

4

Nivakac Mettviaong
(Adjacency Matrix)

0

1

2

3

4

1

B (W=D
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Mepika ZxoALa

H dtadikaoia kaAeital og kabe kOpBo to MoAu pla popa.

Xpovoc EkteAeonc: O(|V]| + |E|), SnAadn ypo koS wC TtpoC ToV
APLOUO TWV AKUWV Kol KOpUDWV.

Apidunon DFS twv Kopudwv evoc ypadou OVOUALETOL N OELPA UE
NV omola emiokemtetol N Stadikaoia DepthFirstSearch tic kopudec
Tou ypadou.

H dtadikaoio pmopel var KAnNBel kal yla pn-KateuBuvopeEVoUC Kol YL
KatevBuvopevouc ypagdouc.

Avti pe avadpoun n dtadikaoia pmopet va uhomotnBel, we cuvnOweg,
LLE TN Xpnon otolBwv.
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Breadth-First Search (BFS)

® ZEKLVWVTOC OO £va KOUPO V, EMLOKEMTOMAOTE TIPWTA TO V, UoTEPQL
TOUC KOMPouG Ttou yeltvialouv e ToV V, UOTEPA TOUC KOUBoUC Ttou
Bplokovtal o€ amootacn 2 oo Tov V, Kol oUTw KaBeEnc.

e ©
e Aldoywon pe BFS 5
A ~ C
5
1
\/3vD 4/ \
le
B F G
E

"4
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Awadikacia Breadth-First Search
Awdoylon Npadou G EekvwvTtag amo To Vv

Weudokwdikac
BFSearch (graph G, vertex v) {
Q=MakeEmptyQueue () ;
for each w in G
Visited[w]=False;

YAomnoinon BFS pe xprion
OUPAC

Visited[v]= True;

Enqueue (v, Q) ; Xpovog ExtéAeonc: O(| V| + |E|)

while (!IsEmpty (Q)) {
w = Dequeue (Q),
Print (w) ;
for each u adjacent to w
if (Visited[u]==False) {
Visited[u]=True;
Enqueue (u, Q) ;
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