Yovleta AlkTLO

com+plex: with+ -fold (having parts)
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Elcaymytkec Evvolec

Tu. HMMY, I1.0. 2



['papnpa: Opropog

‘Eva ypapnpa G eivar eva {euyog (V,E), ne xopupeg oto
ouvoAo V kal pra ouldoyn akpev E

KaBe akpun e € E Ba Aepe otr ouvoeel 6Uo Kopu@eg U,V €
V, xat Oa oupBoAidetal g e = <u,v>

YupBoAwopog: V(G), E(GQ)

To cupnmAnpopa G’ evog ypaenuatog G, £xetl to 1010
oUVOAO KopupwV Jie 1o G, adda e € E(G)) eav xau povo
eav e ¢ E(G)

I'ia kaBe ypapnua G xav kopugn v € V(G), Tto cuvolo
vertovev N(V) tTng v elval To 0UVOAO0 Kopu@emV (€KTOg TNg
V) II0U IIPOCKELVTAL OTH V

Nw)={w € V(G) | v!=w, <v,w> e E(G)}

Tu. HMMY, I1.©.



['papnna: Iapaderypa
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Tp. HMMY, I1.©.



BaBpnog xopupnge

* O aplOpog akp®V Imou IPOOKELVTAL 0L Pld KOpu®Pn),
Aeyetal fabuoc tne kopvepnc v, oupBoAidetal pe d(v)

* O Bpoxol mpoopetp@vTal OUO POPES

OEQPHMA.
[va 0Aa ta ypagnuata G, 2_g vy 0(V) elvar 2| E(G) |

AITOAEIZ=ZH.

Orav petpape tig akpeg evog ypagnuatog G
QATTAPIOUWVTAC TIC AKMEC TTOU TTPOCKEIVTAI O€ KABE KOPUYN
Tou G, OTnV oudia YETPAMNE KABE akur akpIBws duo POPEC

Tu. HMMY, I1.©.



ﬂ  BaBpog xopupng

H axolouBia BaBpwv eivar pia Atota, oe @Bivouoa
olataén, TV Babpwv tov Kopupav evog ypapnpatog. Mia
akolouBOia BaBpwv etvar ypagikn (graphic) eav vapxel
eva (amAo) ypa@nua mou va £Xel auTl) Thv akoAouBia

OEQPHMA [Havel-Hakimi].

Muia akodouBia Babpwv s = [k,d,,d,, . .. ,d, ;] elval
YPOA@LKI], €AV KAl JOVO eaVv 11 akoAouBOia

s*=[d,—1,d,—1,...,d _{,dpsq, . . . ,d,_{] €lvar emiong
YPA@QLKD

LNpelaon).
To pnkog tng s = n, aAAd to pnkog tng s* = n—1

Tu. HMMY, I1.©.
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©  IlpaxTikn Kataokevy ...

v dz’ds,""dn

Assume the degree sequence is S S=d,
d. >d

i+1

1.1f any d. > n then fall

2. If thereis an odd number of odd degrees then falil

3. 1f thereisa d, <0 then falil

4.1f all d, = 0 then reportsuccess

5. Reorder Sinto non -increasing order

6.Letk =d,

7.Remove d, from S.

8. Subtract 1 from the first k terms remaining of the new sequence
9. Gotostep3above

Note: steps 1 and 2 are a pre-process |

Tu. HMMY, I1.©.



IIpaxTikn Kataokev ...

5=43331

3. If thereis a d, < 0 then fail

4.1f all d; = 0 then reportsuccess
5.Reorder Sinto non - increasing order
6.Letk=d, $=4333]1
7.Remove d, fromS.

8. Subtract 1 from the first k terms remaining of the new sequence
9. Gotostep3above

Tu. HMMY, I1.©.



IIpaxTikn Kataokev ...

5=2220

4 ! !

3. If thereis a d, < 0 then fail

4.1f all d; = 0 then reportsuccess
5.Reorder Sinto non - increasing order
6.Letk=d, $=4333]1
7.Remove d, fromS.

8. Subtract 1 from the first k terms remaining of the new sequence
9. Gotostep3above

Tu. HMMY, I1.©.
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© llpaxtikn Kataokevy ...

5=110

3. If thereis a d; < 0 then fail

4.1f all d; =0 then reportsuccess

5.Reorder Sinto non - increasing order

6.Letk =d,

7.Remove d, fromS.

8. Subtract 1 from thefirst k terms remaining of the new sequence
9. Gotostep3above

S$S=43331

Tu. HMMY, I1.©.



IIpaxTikn Kataokev ...

S

0,0

3. If thereis a d. <0 then fail

4.1f all d; =0 then reportsuccess
5.Reorder Sinto non - increasing order
6.Letk =d, $=4,33,3,1
7.Remove d, fromS.

8. Subtract 1 from the first k terms remaining of the new sequence
9. Gotostep3above

Tu. HMMY, I1.©.
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© llpaxtikn Kataokevy ...

Report Success

3. If thereis a d; < 0 then fail

4.1f all d; =0 then reportsuccess
5.Reorder Sinto non - increasing order
6.Letk=d, $=43331
7.Remove d, fromS.

8. Subtract 1 from thefirst k terms remaining of the new sequence
9. Gotostep3above

Tu. HMMY, I1.©.
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&‘ [Iivaxag yevtviaong
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* O mivakag yevtviaong eitval cuppetpikrog: All, j] = A[y, 1]
* To G etvar anmdo < Af1,j] <1and A[1,1] =0
* T'a xaBe v, Z_{jzlmn}A[i, j] = 6(v;)

Tp. HMMY, I1.©. 13



s"’ [Tivakag mpoomteong
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IHlapatnpnoelc.

* To G elvar amAo povo eav M1, j] <1
* TaxaBe v X2y M3, 5] = 0(vy)
* TakaBe e 2oy M, 5] =2

Tp. HMMY, I1.©.
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Ioopop@ropog ypapnuatwoyv

* Ta Gy kav G, elval 100pop@ELKA €AV UTIAPXEL KATIOA €Va-
IIPOG-EVA ATIELKOVION @ : V,;—V, teTola wote yla Kade
akun e, € E; pe e; = <v,u> umnapxel pia povaolkr oaKpn
ey € Ey pe ey = <(v),0(u)>
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2uvoeomkotnta: Oplopotl

Evag (vy,v,,)-walk (tepimatog) elvar pra akoAoubia

[V0,€1,V1,€9, - - . ,Vi_1,8k ,Vi] e € = <v._;,vi>. Eva trail
elval £vag IIePLIIATog 1e OL0KPLTES aKES; eva path
(novorari) pe oraxplrteg Kopugee. Evag cycle (kvrxAog)
elval eva trail pe 0larplTeg Kopueg eKTOg ATI0 Vy = Vi

Ov kopupeg u !'= v tou G elval ouvoeoeeveg, eav UIAPXEL
eva (u,v)—povoratt oto G. To G elval ouvoeoepevo eav
OAd ta {euyn OLAKPLT®V KOPUP®V £Lval oUuvOoeoeeva

H < G eival ovviotwoa tou G eav to H etval ouvoeoepevo
KAl 02V IIEPLEXETAL 08 €VA OUVOLOEUEVO UIIOYPU@PN LA TOU
G pe eploootepeg Kopupeg 11 akpeg. O aprbpog tov
oUuV10TROo®V ToUu G ocupBoAidetal pe o(Q3)

Tu. HMMY, I1.©. 16



2 UVOEOUIKOTNTA KAl EUPKOTLA

* H ouvoeomkotnta 6etxvel eav 0Aot ol KouBoul oe eva
OLKTUO £lval IIpooBAcL0l aII0 OII0LOVONIIOTE AAAO KOpBo

* IHapadervypa.

TnAemKrolwvaviaka OLKTUd, OII®S TO ALaO1LKTUO,
AIIOLTOUVTAL VA €LVaL OUVOEOeEVa, KAl £€X0UV 0XEOLA0TEL
£TOl WOTE VA IAPAIEVOUV OUVOLOEPEVA, KOO KAl OTAV
u@lotavtal embeoeig

* For a graph G ¢otw V¥ < V(G) and E* <« E(G). Eav
R(G—V*) > o(G) tote to V* Aeyetar vertex cut. Eav
R(G—E*) > o(GG) tote to E* Aeyetar edge cut

Tu. HMMY, I1.©.
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ﬂ ~ EAaxwoteg topeg (minimal cuts)

« T'va Aoyoug eupwotiag, pag evolagepel va Bpoupe tov
eAaX10To aplfo Kopue®V 1] 0KU®V II0U HIPLIeL V’
a@ALPEOOUIE Yid Va Olapeplooue eva ypa@nua

« XupfoAiopot.
KG) etval to peyebog evog eAaxiotou vertex cut tou G
A(G) etval to peyeBog evog eAaxiotou edge cut

- O@EQPHMA.
®(G) < MG) < ming, v (0(v)

Tu. HMMY, I1.©. 18
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ﬂ  To Bewpnpa tou Menger

* Oprvopoc.
Eotw P(u,v) etval pua cUAAOYT POVOIIATI®V LETALU TOV
KOPUP®V U KAl V

Vertex independent: I'va xaBe P,Q € P(u,v):V(P)nV(Q)

={u, v}

Edge independent: I'va xaBe P,Q € P(u,v):E(P)nE(Q) =/0.
- OEQPHMA [Menger].

Eotw eva ypapnpa G e Ovo un yeitovikege KOPUPES U KAl V.

O elayrotoc apiBuoc kopvewy os eva vertex cut IIov
QITOOUVOEEL TIC U KAl U €IVAl 100C JUE TO UEYLOTO aplBlo Twv
pairwise vertex-independent paths amo u mpog v. O
elayioroc apiBuoc axuwy os eva edge cut mov arroovvOEet TiC
U Kai v, €lval 1oo¢ ue ta ueyroto apifuo twv pairwise edge-
independent paths petaltnuntsan U 19



& - 2Xe0laon YPoPnpaTOV

* ITapatnpnon.
Eival onpavtiko va 0oulie IIog PIOPOUNE Va 0XeO01a00Ule
eva ypagnua, onAaodn, va oke@toupe to graph embedding

Tu. HMMY, I1.©. 20
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5
ﬁ‘* AraBaBuiopevn (ranked) avamapaotaon

- Opuvopoc.

To G etvan Owpepeg if V(G) =V, UV, and V,NV, = /0 wote
E(G) c{<ujuy>|u; € Viuy e Vy
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“Duoikeg nnyeg” OLKTURDV

Collaboration Graphs

Collaboration graphs record who works with whom in a specific
setting; co-authorships among scientists and co-appearance in
movies by actors and actresses are such examples

Who-talks-to-Whom Graphs

The Microsoft IM graph is a snapshot of a large community

engaged 1n several billion conversations over the course of a month.

In this way, it captures the “who-talks-to-whom” structure of the
community. Similar datasets have been constructed from the e-
mail logs within a company or a university, as well as from records
of phone calls

Technological Networks

Interconnections among computers on the Internet or among
generating stations in a power grid

Tu. HMMY, I1.©.
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“Duoikeg nnyeg” OLKTURDV

Information Linkage Graphs

Snapshots of the Web are central examples of network datasets.
The field of citation analysis has, since the early part of the 20th
century, studied the network structure of citations among scientific
papers or patents, as a way of tracking the evolution of science

Networks in the Natural World

Food webs represent the who-eats-whom relationships among

specles In an ecosystem (reasoning about issues such as cascading extinctions:
if certain species become extinct, then species that rely on them for food risk
becoming extinct as well, if they do not have alternative food sources; these

extinctions can propagate through the food web as a chain reaction.). The
structure of neural connections within an organism's brain

Tu. HMMY, I1.©. 24
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& Aoxnon

* OuunOeite oTL a shortest path petadu 6Uo kopBwv etvar
£Va JLOVOIIATL e eAdX10To OUvaTto pnkKog. Oa Aepe otL evag
KopBog X eival pivotal yia eva {eUyog OLaKplteVv KOopbBov Y
Kal Z eav 1o X Bploketal mave oe kabe shortest path
petadu Y kal Z (xat o X 0ev tautidetal oute pe Tov Y oUTe
pne tov 7))

O xopBog B eival pivotal yva 6uo {euyn: to
{evyog mou aroteAeital amo tov A kat C, xatl to
{evyog mmou aroteAeital amo tov A xau D.
(ITapatnpetote 0TL 0 B 0ev etval pivotal yia to
(evuyog 11ou aroteAettar amo tov D xal E, agou
UIIAPXOUV Ouo Oragopetika shortest paths
petalu tou D xav E, ¢va amo ta omoia
(xpnoitponownvtag to C xau F) dev mepva
olapeoou tou B. Xuvenag to B 6ev Bploketau
rmave oe Xabe shortest path petady tou D xau
tou E.) Ao tnv adAn pepid, o xopBog D Gev

etval pivotal yia kaveva {euyog
Tu. HMMY, I1.0.
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& Aoxnoeg

- Ep@tnpa 1.
A®oTe eva Iapadelypa ypa@atog oto ornolo Kabe
KopBog eival pivotal yva toulaxiotov eva {euyog KouBav.

- Epe@tnpa 2.
A®oTe £va Imapadelypa Ypa@nuatog 0to oIrolo xabe
KopBog eival pivotal yuva TouAaxiotov 0Uo O1a@poPETIKA
(euyn KopbBov.

- Epotnpa 3.
A®oTe eva rmapadetypa ypa@nuotog, IIoU arIoteAeltal aIIo
TOUAQX1OTOV TE0OEPELE KOIBOUE, 0TO OO0 UIIAPXEL £VAC
single xopBog X o omotog eival pivotal yia xaBe {evyog
KopBav (xwpig va efetadoupie ta {euyn IIOU IEPLEXOUV
tov X).

Tu. HMMY, I1.©. 26
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©  Aoxknon

- Epotnpa 4.
To line graph L(G) evog ammhou ypapnuatog G eivatl
£KelVO TO Ypa@nua mou ol Kopbou tou gival og 1-1
avtiotolxla pe tig akpeg tou G. Avo xopBot tou L(G)
£1lVal YELTOVIKOL, €AV KAl LIOVO €0V Ol AVTLOTOLXEC AKES
tou G “yertovikeg’. A) Aeilte otu ta line graphs tov
IIOPAKATR Ypapnpatev etval woopop@ika. B) Na Bpette
Pl AVAAUTLKI] EK@PA0T Yid TOV aplOlo ToV aKUI®V £VOg
L(G) oe oxeon pe toug BaBpoug tov xopbBwv tou G.

Tu. HMMY, I1.©. 21



