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BloAoyIka SIKTLO

H PEAETN TNG TTOALTIAOKOTNTAC TWV PIOAOYIKWY OCLOTNHATWV
TTEEVAEI DTTOXPEWTIKA ATTO TNV ETTIOKOTINON £VOG TEQAOTIOL APIBUOL
SIEQYATIOV  TTOL  AAANAOSIATTAEKOVTAlI  SNUIOLPYWVTAG  TTLKVA,
oLvOeTa SiKTLA.

BioAoylkG &IKTUG OCLVAVTIOLUE OE€ OAQ Ta ETMTTESA HEAETNG TV

EMOTNUWV TNS NS ATTO TO TTIO UIKPOOKOTIIKO (UOPIAKO) WC TO TTIO
UAKOOOKOTIIKO (OIKOCLOTNUATA).

YTTapxel pia mANBwEA  SIKTOUWYV  PIOAOYIKOL evOIAPEOLOVTOS OF
AANOLC TOUEIC TV PIOAOYIKWV ETTIOTNUWY OTTWC TNG PLOIOAOYIAC
(TT.X. KUKAOGPOPIAKO KAl AVATIVELOTIKO OLOTNUA), TNC OIKOAOYIAG
(T7.X. SIATPOPIKESC AANVLTISES, OXETEIC BNEELTN-BNEAUATOC)K.Q.



EiSn BloAoyIK@V SIKTO®V

1. AikTud MNMpWwTEIVIKWV AAANAETIOPACEWV

(Protein-protein interactions PPISs)

O1 TTpwTEivEC €ival oI KOUPBOI Tou BIKTUOU Kal Ol AAANAETTIOPACEIC TOUC Ol AKUEC

Saccharomyces cerevisiae (yeast)
PPI network 1,004 nodes and
8,323 edges (17)




1. Aiktud NMpwTeIvVIKWY AAANAETIOPACEWYV

(Protein-protein interactions PPIs)

Me TNV auoTnEn &vvoia TOL OPOL OAA Ta PIOAOYIKG SiKTLA €ival SIKTLA
TTOWTEIVIKWY AANNAETIONACEWY E€POTOV TIEQIEXOLY TTOWTEIVEC UETALL TWV
OTOIXEIWV TOLC.

[1a TO AOYO AuTO, SIAKEIVOLUE TA SIKTLA TTPWTEIVIKWYV AANNAETISPATEWY ATTO
TA LTTOAOITTA OTAV &€&V UTTOPOLUE PE CAPNVEIQ VA ATTOSWOOLWE TN PLON TNG
AANAETTISPAONG N EVAAAQKTIKO OTAV Ol AAANAETTIOOACEIC €ival TTOIKIAGWY
TOTTWV (T7.X. KAl PLOUICTIKEG AAAG KAl ONUATOSOTIKEG).

ATTO ALTNV TNV atTown 1A SIKTLA ALTOL TOL TOTTOL &ival cLXVA “pIKTA™ SikTLA
LE TTOAANEC KAl SIAPOPETIKES AEITOLPYIKES OXETEIC WETAEL TV TTOWTEVWYV).

'Eva OANO PBACIKO XAPAKTNPEIOTIKO TOLC E&ival OTI TTOALD OLXVA (KAl KATTOIEC
(POPEC ATTOKAEIOTIKA) APOPOLY OXECEIC (PLOIKNG AANNAeTTidpaong, OTav
SNAadn VO 1N TIEPICCOTEPEC TIPWTEIVEGC OLVOEOVTAl POPICKA KATA TN
SNUIOLEYIA TTPWTEIVIKGWV TLUUTTAOKWV.

ATTO TNV GAAN TIAELPA, N TALTOTIOINON TETOIWYV AANNAETIOPACEWY  €ival
e€AIPETIKA  SVOKOAN TTEIPAUATIKA, YEYOVOC TIOL 0bnyel ouLxva OTNV
AVATTAPAOCTACN O€ TETOIOL TOTTOL SIKTLA APKETA ETEPOKAITNG TTANPOPOPIAC
TTOL TTEQIAQUPBAVEI CLVEKPPACN YOVISIWV, EEENKTIKEC OXEOEIC, TTEIDAUATIKES
evéeielc k.Q.



2.MeTaypa@ikd pubuioTiKa dikTua (Transcriptional- Requlator

networks (GRNSs)

MovTeAoTrolgiTal O TPOTTOC TTOU Ol TTPWTEIVES Kal AAAa Biopopia
gMTTAEKOVTAI TNV DIAdIKACIA TNG EKPPACTNS TWV YoVIdiwv
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2.MeTtaypa@ikd puluioTika dikTua (Transcriptional- Regulatory
networks (GRNSs)

AIKTOO TTOL OPICOLY TO TTAEYMA TWV AEITOLPYIKWYV AAANNAETTIOONACEWY TNG
PLOUIONC TNG EKPPAOCNC PETAEL YOVISIWV.

Ta SikTua ALTA ATTOTEAOLVTAI ATTO (EXOLV WG OTOoIXEia TOLG) Yovidia (N
EVAANOKTIKAO TIG KWOIKOTTOIOLPEVES ATTO ALTA TTPWTEIVES) KAl Ol YETALL TOLG
OXEOEIC AVTIOTOIXOLV OTIC OXEOEIC PLOUIONG PETAEL TOLCS

Eival icwg 1O 1Mo oNUAVTIKO €60C BIOAOYIKOUL SIKTOOU.

ATTOTEAOLV AVTAVAKAAON MIAS TTOAD ONUAVTIKNG KLTTAPIKNG AEITOLEYIAG TTOL
ATTOTEAEl TN PACN YyIA TNV KOTTAPIKN €Eeibikevbon, TNV AvaATTLEN KAl TNV
ATTOKPION TV OPYAVIOU®Y O€ TTEQLIRAANOVTIKG £peBiouaTa.

Eivar e€aipeTikd  eOTTAQOTA, PTTOPOLY  6NAAdN VA MPETAOXNUATIOTOLV
SLVAUIKA, YETARAAAOVTAC TOV APIBUO TWV OTOIXEIWY TOLG, TO €60C KAl TOV
APIBUO TWV CLVOECEWYV UETAEL TOLC KATT.

TENOG, TA PLOUIOTIKA SIKTLA KAl CLYKEKPIUEVA TA SIKTLA HETAYPAPIKNG
pLBuIoNG (franscripfion regulatory networks) €ival  €LKOAOTEQPO  va
HEAETNOOLY Ao AAAa SikTva e€AITIAC TOL AUECOL TPOTIOL HE TOV OTTOIO
UTTOQOLUE TTAEOV VA PETONOOLUE TA ETTITTESA EKPOAOCNS TTOAGV YoVISiwv O€
TTOANEG OLVONKEG.



3. Aiktua MeTaywync ZAUATOC

(Signal trasduction networks)

AvaTtraploTaTal o TPOTTOC JETAOOONG TOU ONMATOG ATTO TOV £CWKUTTAPIO OTOV
EVOOKUTTAPIO XWPO, EITE OTO ECWTEPIKO TOU KUTTAPOU.
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3. Aiktua Metaywync augaroc (Signal trasduction networks)

Madi ye Ta PETAROAIKA SiKTLA, TA CNUATOSOTIKA SIKTLA AVAKOLY CE PIA ELPVTEON KATNYOPIA
TTOL Ba PTTOPOVLOANE VA OVOPUACOLUE “SIKTLA AVTISPATEWV".

Ta peAETOLPE EEXWPEIOTA YIATI N AEITOLPYIA TTOL EMMTEAOLY &€ OXeTICETAI PE TNV TTAPAYWYN N
TNV KATAVAAWON EVEQYEIAS AAANA PE TN METASOON TTANPOPOPIAC UECW HOPIAKWY TNUATWV.

YTA OoNUATOSOTIKA SIKTLA TA OTOIXEIA €ival OXeESOV QATTOKAEIOTIKA TTOWTEIVEC (KAl KATTOIEG
(POPEC HIKOPOG APIBUOG MIKPWYV HOPIWYV) KAl O OXEOEIG METAEL TOLG AVTIOTOIXOLV OF€
AVTISPACEIG EVEQYOTTOINONG TTOL ATTOTEAOLY OTASIA OTN PETASOON EVOC CNUATOG.

H cLuxvOTEPN TTEQITITCOON EiVAl N CEIPIAKN METAS0ON £VOC TTEQLIPAANOVTIKOL £0eBICATOC ATTO
TOV €EKLTTAPIO XWPO HECK LTTOSOXEWY, O PIA AALCISa CNUATOSOTIKWY UOPIWYV HECT
ATTO TO KOUTTAPOTIAQOUA HE TEANKOUG QATTOSEKTEC METAYOQAPIKOLS TTAPAYOVTEC EVTOC TOUL
TmopNva. NMoAL cLxVA OUWGS, TTEPICCOTEPOI ATTO £VAG TETOIOI “KATAPEAXTES TTANPOPOoPIag”
(information cascades) aAAnAoSIATTAEKOVTAl PETAEL TOLS SNUIOLEYWVTAS TTOADTTAOKA
SiKTLA.

Ta onuatodoTika SikTua gival eEQIPETIKA SLVAUIKA, UE XPOVOLC ATTOKPIONG TTOL PTTOPEI VA
gival TA&EIC peEYEBOLG HIKPOTEQOI ATTO TOLS AVTIOTOIXOLGS TWV PLOUICTIKWY KAl UETAROAIKGOV
SIKTOV KAl YIO TO AOYO ALTO ATTOTEAOLY ICWG TNV TTIO SOUCKOAN TTPOC WEAETN KATNYOPIA.

ATTO TNV OAAN TTIAELPA N ONUACIA TOLG YIA TN MPEAETN TNG ATTOKPIONG O€ €EWTEQIKA
£oeBiopaTa KAl TNG KLTTAPIKNG ETTIKOIVAVIAC, AEITOLEYIWV TToL OXeTi(ovTial OTeEVA [E
TTAOOAOYIKEG KATAOTACEIC TA KAVEl I81QITEQA eVEIAPEQLOVTA KLPIWS YIA TOUEIC OTTWC Eival
T.X. N MOPIAKN AVOCOAOQYia.



4. MetaoAika — Bioynuikda dikTua

(Metabolic and Boichemical networks)

MeTaBOAIKO pOVOTTATI BEWpPEITAl I CEIPA ATTO XNMIKEC avTIOPACEIC HECA OTO KUTTAPO O€
OIAPOPETIKEG XPOVIKEC KATAOTACEIG




4. MetaBoAika — Bioxnuika diktTua (Metabolic and Boichemical networks)

Ta peTaPoAiKa SikTLA EXOLY CLVNBWCS OTOIXEIO TTOL AVNKOLY O& SVO
KATNYopieC Kal TTov ovouadlovTal “éipepn” (bipartite).

[epIANapPavouy apevoc Ta evCLUA TTOL KATAALOLV TIC UETAPOANIKES
AVTIOOACEIC KAl APETEQLOL TOLS MHETAPOANTEC TTOL ATTOTEAOLY TA
LTTOOTPWHATA KAI TA TTEOIOVTA TV AVTIOPATEWY ALTWV.

ADO OTOIXEIQ EVVOVTAI AV CLUUETEXOLY OTNV IdlIa avTibpaon.

H pueAETN TV YETAROAIKGV SIKTOWY OLVEEETAI O€ UEYAAO PABUO pe 1O
SIKTLA PETAYPAPIKNG PLOUICNG, UECK TWV OXETIKWYV CLYKEVTPWOEWY
TV evlOUWY TOL €EQPTWVTAI TTOAD OLXVA ATTO CULYKEKPIUEVA
TTOOYPAUMATA EKPEATNGS YOVISIWV.

Eva BACIKO TIAEOVEKTNUA, WOTOOCO, TWV OSIKTLWV ALTWY OE O,Tl
APOPA TN HEAETN TOLC €lVAl O HOVOONUAVTEC OXEOEIC PETAEL TV
OTOIXEIV TOLG. ATTO TN OTIYUN TTOL £€VAC PETARBOANTNG TALTOTTOINOEI
WC LITOOTPWUA (N TPEOIOV) HIAg avTibpaonsg n oxeon avtn oev
aAadel.



5. OikoAovyikd dikTua-0ikTUd d1aTPO@IKWV aAucidwyv (Food Webs)

AvaTtraplioTwvTal ol BIOTIKEG AAANAETTIOPAOEIC O€ Eva oikoouoTnUa. Ta €idn TWV
OPYQVIOUWYV TTOU BpicKovTal O€ £Va OIKOOUOTNUA cuvoiovTal HE AAANAETTIOPACEIC KATA
Celyn Kal UTTOPEI va €ival EITE TPOPIKEC EITE CUMPBIWTIKES

Food Web, el Verde (www.foodwebs.org, Yoon et
al. 2004)



6. Aiktua aocfeveiwyv (Diseases networks)

Aivouv TTANPOQYOpPIEC YIa TNV TTPOEAEUCT A0BEVEIWYV
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AAAa BioAoyika SikTua

7. AikTua Beparteiag aoBeveiwy (freatment networks)
[MTANEOPOPIES YIA TNV ETIKOIVAVIA PAPUAK®Y KAl BEO0ATTEIV KATTOIAS AOBEVEIAC

8. Nevpwvikd SikTua (neural networks)
[TANEOPOPIES YIA TOV TPOTTO PYETASOONG OCNUATWY OTO VELPIKO CLOTNUA

9. AiKTLA £YKEPAAOL (Brain networks)
O TPOTTOC TTOL TA SIAPOPA TNUEIA TOL EYKEPAAOL EVEQYOTTOIOVVTAI- ETTIKOIVGVOULV

Brain network: directed links in large scale functional networks network of 10 treatments involved in the MTC analyses of the COPD
G.A. Cecchi, A.R. Rao, M.V. Centeno, M. Baliki, A.V. Apkarian data: chronic obstructive pulmonary disease;
& D.R. Chialvo, BMC Cell Biology 8(Suppl 1):S5 (2007)



: MIa Sourn TTOL ATTOTEAEITAI ATTO &va SiateTayuevo (VYOG
G =(V, E)

G: o F'pagpoc
V: cLVOAO KOUPRWV ( )

E: cOVOAO KV | ), OI OTTOIEC EVAOVOLV TOLG KOUPOLGS HETAEL TOLG

KaTtevBuvopuevol (directed), un katevBuvouevol (undirected)




Me Bdon TIG AKMEG:
«  KateuBuvouevog/un kateubuvouevog
* 2T0BuIouEVOG.

Me Baon tn doun:
« KarteuBuvouevol akukAikoi ypagol (DAG)
* Auadika dEvTpaQ.

* AluepEic ypaooil.




Aluepeic ypagol (Bipartite graphs)
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Napadeiyuara diyepwv
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Biomedical Networks
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From: Bipartite graphs in systems biology and medicine: a survey of methods and applications

Gigascience. 2018;7(4). doi:10.1093/gigascience/giy014

Gigascience | © The Author(s) 2018. Published by Oxford University Press.This is an Open Access article distributed under the
terms of the Creative Commons Attribution License (hiip which permits unrestricted
reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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[ivakag yerrviaong (adjacency matrix)
H TANoNG paBnuaTikn avarmapaoTach eVOog SIKTOOU.
[NapovolAdel TIG OXEOEIG METAEL KOUPWY PE TTOOOTIKO TPOTTO.
Mepiexel O kar 1 yia pun otaBuiopéva SikTua.

Ta un pN&eviKA TOL OTOIXEIO UTTOEEI VA €ival OTTOIOCONTTOTE APIBUOG (weight) oe
oTaBuioueva SikTua.

Ma evav ypagpo G = (V, E), o mivakag yerviaong
ammoTeAeiTal ammo évav |V | x| V| = nxn mivaka,

A=(qij) eTo1 woTe aij=1 av (i,j) eV 1N aij=0




AioTa yeiTviaong (adjacency list)
o “tTokvn” avamapAaocTacn ToL SIKTLOU.
KaBe KOuPROG ypaperal otn AioTa pAdi Pe TOLS KOUPOLC TTOL Eival
ovvoedeuevog.

Evacg ypagpog G=(V,E), avamapioTaTal ¢ £vag povosdiaoTaTog TivakKag, OTToL

KOBe KOUPOC i, €ival SEIKTNG o€ pia cvvdedepevn AioTa, OTNV OTTOIA ATTOONKELOVTAI Ol
KOUPOI TTOL YEITVIAJOLY WE TOV i KOUPRO




AvVATTapAoTAoN S60UEVAV

Aiota Akpov(edge list)
Koiralel yovo TIC AKUEG.
Eivar icob\uvapn pe To COVOAO TV AKUV.

[1a puN-KATeLBLVOPIEVOLS YPAPOULS (Vi, Vj) = (Vj, Vi)



AvVATTOOAOTAON EVOC KATELOLVOPIEVOL
SIKTOOL PE PAPEN

a) Mg ypago ot1Tou ol KaTeuBuvoelg atrodidovTal JE BEAN Kal Ta BAPN AVTIOTOIXOUV OTA TTAXN
TWV YPAUMWYV

B) Mg Aiota yeirviaong. KaBe aAAnNAETTiOpaon TTou ouvavtartal TTpwTn Qopa KATAYPAPETAI HE
TN POPA TNG £CEpXOMEVNG AKMNG. OAeg oI TINEC Papwv gival £TO1 BETIKEC

y) Me trivaka yeirviaong otmou n idia aAAnAetTidopacn Kataypdgetal dUO POPEC UE AVTIBETN
popad (A—T:0.2aA\d [ — A:-0.2)



Baoikol Oplouoil

®OnA&id/Loop: MIa akun TTov
EXEl OAV APXN KAl TEAOG TOV
i510 KOUPoO.

BaBuocg/Degree: O apiBuog
TV AKU®V TTOL cLvoEovTaAl
O¢ (":VOV K(')UﬁO Degree 5

Mn katevBuvvouevo: O PaBuocC
£iVval TO ABPOICUA TV AKUWV.

KatevBovopevo: O RaBuoc /'
XWPIZETAl O€ EICEPXOUEVO KAl \ A
EgﬁpXC')UEVO. In-degree —> —> Out-degree

2N



Baoikol Opiouol

MovortraTl/Path: Mia
AAANAOLXIO AKUWYV TTOL OLVOEE]
50L0 KOUPRoLC.(av TO SIKTLO Eival
KATELOLVOPEVO AKOAOLBEITAI N
POPA TV AKUWV)

KovTivotepo MovotraTi/Shortest
Path: To o KovTo amo OAd TA
LOVOTIATIA TTOL CLVEEOLY SLO
KOUPOULGS.(oe oTABUICUEVA
SikTua aBpoilovpue Ta
EMMUEOLOLG BapN)

Aiauetpoc/Diameter: To
LAKOLTEOQO ATTO OAG TA
KOVTIVOTEQQA POVOTTATIA EVOG
SIKTOLOU.




Eicaywyn otnv AvaAvon
AIKTOWV

Eival xoNoIuo va avamtuEoLE TOOTTOLC PE TOLC
OTTOIOLC Ba cLyKpPIvoLuEe SiKTLA YIA VA:

AvabeiEovuE KOIVEC apxeC oxedlaouoL (design principles)
AVAKOADWOULUE KOIVEC (N TTAPEUPEPEIC) TOTTOAOYIEC.

©a avanmTuEOLUE TA KATAOAANAG TOTTOAOYIKQA UETOQ
SIKTOWV TETOIQ WOTE:

Na eival amAa (oTn XeNnon Kal ToV LTTOAOYIOUO).
Na KaTaypa@poLyV TNV CLVOAIKN OPYAVWON TOL SIKTOLOD.
Na gival mOavawc “onuavTika’.



MeyeBOC AIKTOOL

Opilovue TO PEYEBOC €VOC SIKTLOL WC TOV AKEPAIO APIBUO N TTOL
ICOUTAI PJE TO TTANBOC TV KOUPWY TTOL ALTO TTEPIEXEL.

To KATQ TTOCO £va SIKTLO BewpEEITAl “UEYOND” N “uIKPO™ oXeTieTal E
TO €i60C TV AVTIKEIMEVWYV TTOL TTEQIYPAPEL.

BioAoyIika SiKTua AAANAETTIOPAOCNC TTOWTEIVWY UTTOPE VA TTEPIEXOLY
AKOPA KAl XINGSEC KOUPOULG.

'Eva GAANO HETPO TOL PEYEBOLC TOL SIKTLOL Eival N SIAUETPOC, N OTTOIC
AauPBavel vTown OXI UOVO TOV APIBUO TV KOUPWV AANG KAl TO
BaBuo dilacvvdeonc Toud.



[TokvOoTNTA AIKTOOUL (density)

'Eva SiKTLO PEYAAOL PEYEOBOLG (UEYOAOL APIBUIOL KOUPWYV) UTTOPEI VA
EXEl EANAXIOTEC OLVOETEIC (AKUES) METAEL TV OTOIXEIV TOL, TNV I8IC
OTIYMN TTOL £VA TTOALD PIKQOTEQO UTTOPEI VA €ivAl TTOAD TTUKVOTEQO.

TNV €vvola auTn TNG TTLKVOTNTAC TOL SIKTOOL TNV OPICOLHE TTOTOTIKA
OCO TO TTNAIKO TGV TTRAYMATIKWY OCLVOECEWYV (AKUWYV) TTOL LTTAPXOLY
OTO SIKTLO TTPOC TOV APIBUO TWV CLVOECEWY TTOL BA €iXE EVA TTANPWGS

Silaocuvvdedepevo (fully-connected) SikTuo ICOL PEYEBOLG.




O ouvoAIKOG apIBPOGC TWV AKUWY TTOU
TIPOCTTITITOUV O€ £vav KOU[Bo

Koupol ue 1oxupry ouvdeoiuotnta (high degree)
ovouadlovTtal “hubs”

Undirected: [eHOEXSLE))
BICMCORN C (i) =deg,, )M C, (i)=deg,, ()







Known visualization tools

NetDraw

Otter




Cytoscape

*/AOYIOMIKO QVOIXTOU TTNyaiou KwOIKA

[MAatpopua oxediaong, oUVOETNS avaAuong Kal TTapouaiaons dla@opwy dIKTUWV
=

5EQe06/@ 8@
Control Panel &) i E @@

$s Network| VizMapper™
LK L k and Edge Attributes from Table
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@ @ Import Network from Table
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Schwikowski B, Ideker T: Cytoscape: a software environment for integrated models of biomolecular interaction networks. Genome Res 2003, 13(11):2498-2504



Network-Analyzer

EpyaAgio avaAvong mou viroAoyidel o€ éva SIKTLO
TIG PACIKEG KAl TIG CLVOETEG TOTTOAOYIKEG
TTAPAMETPOLG

Eicaywyn SIKTOoL

EmAoyn TOTToL SIKTLOL (KATELOLVOUEVOG- UN
KOTaueuvopavoq Y O O (patwmereerymem

(6] NetworkAnalyzer - Network ]nlerpretabcn‘/

The network contains only directed edges and they are not paired.

Interpretation

Treat the network as directed.

Treat the network as undirected.

Visualize Parameters




Network-Analyzer

Network Analysis of ®0AAe1.1 (undirected)

a+b

b =-0.089

0.370

MNetworkénalyzer - Fitted Function

ver law of the form as fitted.

Correlation = 0,450
R-zquared = 7

Note: R-squared is computed on logarithmized values.




App Store Submit an Apgp Search the App Store

Sortby ~name A  downloads votes newestrelease

All Apps
Categories 01011) AdjExporter 50 LitSearch  AgilentLiteratureSearch 501

Cytoscape app that enables e} Mines scientific literature to find
AdjacencyMatrixExport formats " publications related to search

for directed & undirected

network generation networks

graph analysis W o o o W (1) 2448 downloads aMatReader @

online data import e i App to read adjacency matrix
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JUNG (Java Universal Network/Graph) (O'Madadhain, Fisher, White, &
Boey, 2003) is a free, open-source software for the manipulation, analysis,
and visualization of network data. JUNG can handle various types of
networks, including bipartite and multipartite graphs, multigraphs, and
hypergraphs directed and undirected graphs. The tool offers the ability to
annotate graphs, entities, and relations with metadata. Additionally, contains
Implementations of a number of algorithms from graph theory, social
network analysis and machine learning. These include routines for
clustering, random graph generation, statistical analysis, decompaosition,
optimization, and calculation of network distances and ranking measures
(centrality etc). Finally, JUNG provides also visualization tools for the
interactive exploration of network data. Users can choose among the
provided layout and rendering algorithms, or use the software to create their
own custom algorithms
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Network analysis tools

work Analysis
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graph-tool

Graph-tool is an efficient module for
manipulation and statistical analysis of

( ).


http://www.python.org/
http://en.wikipedia.org/wiki/Graph_(mathematics)
http://en.wikipedia.org/wiki/Network_theory
http://graph-tool.skewed.de/

Network Workbench

Network Workbench: A Large-Scale Network
Analysis, Modeling and Visualization Toolkit for
Biomedical, Social Science and Physics
Research. This project will design, evaluate,
and operate a unique distributed, shared
resources environment for large-scale network
analysis, modeling, and visualization, named
Network Workbench (NWB).


http://nwb.cns.iu.edu/doc.html

igraph

igraph is a collection of network analysis tools with
the emphasis on efficiency, portability and ease
of use. igraph is open source and free. igraph can
be programmed in R, Python and C/C++.


http://igraph.org/redirect.html

Networkx

NetworkX is a Python language software
package for the creation, manipulation, and
study of the structure, dynamics, and functions of
complex networks.


https://networkx.github.io/

NetworkX.

High-productivity software for complex networks

NetworkX is a Python language software package for the creation, manipulation, and study of the
structure, dynamics, and functions of complex networks.

Documentation Examples Reference
all documentation using the library all functions and method's

Features

e Python language data structures for graphs, digraphs, and multigraphs.

Many standard graph algorithms

Network structure and analysis measures

Generators for classic graphs, random graphs, and synthetic networks

Nodes can be "anything” (e.g. text, images, XML records)

e Edges can hold arbitrary data (e.g. weights, time-series)

e Open source BSD license

e Well tested: more than 1800 unit tests, >90% code coverage

e Additional benefits from Python: fast prototyping, easy to teach, multi-platform




BioPerl (Network
package)

The bioperl-nefwork or Bio::Network package
parses and analyzes protein-protein interaction
data provided by databases such as

Nelgle . It replaces the
B|odGroph* modules written by
an :

This package is based on Perl's module
and uses it to supply an underlying suite of graph
algorithms. In theory any method can be
used to query or analyze @
Bio::Network::ProteinNet object. The Bio::Network
package is currently maintained by

The |O module is used to read a file and create a
network. The formats that are currently
supported are DIP and PSI MI 2.5. If you are
parsing PSI Ml read


http://dip.doe-mbi.ucla.edu/
http://www.bind.ca/
http://www.ebi.ac.uk/intact/
http://www.hprd.org/
http://160.80.34.4/mint/Welcome.do
http://www.bioperl.org/wiki/Nat_Goodman
http://www.bioperl.org/w/index.php?title=Richard_Adams&action=edit&redlink=1
http://search.cpan.org/search?query=Graph&mode=all
http://search.cpan.org/search?query=Graph&mode=all
http://www.bioperl.org/wiki/Brian_Osborne
http://www.bioperl.org/wiki/Module:Bio::Network::IO
http://www.bioperl.org/wiki/Module:Bio::Graph::IO::psi_xml

PowerClust

powerClust

I I I e

Home

powerClust is an easy-to-use web apphcation for clustenng analysis. It comes with several supenised and
unsupervised algorithms to cluster and group heterogeneous data. application to run
The algorithms supported by powerClust are shown below

= Affinity Propagation
= Spectral Clustening
= Markov Clustering (MCL)

The main idea behind powerClust project is to provide a strong coilection of clustering algorithms that can be
applied to various data to address different problems. Ideas of how this software can be useful for biologists for

= Abstract clustering of literature that are related between each other

= Microarray clustering
Identification of protein families
Prediction of protein complexes from protein-protein interaction data
Prediction and visualization of homologous proteins
Clustering of heterogeneous dala to see connections between clusters
Chemucal clustering using Tanimoto distances

and many many other case studies



http://www.compgen.org/tools/powerclust/

PowerClust

Avartrugn TTAQTQOPUAG OTITIKOTTOINONG OEOOUEVWV powerClust

To epyaAegio Odiver TR duvatotNTa OTOUG XPNOTEG va TO XPNOIMOTIOINOOUV YiId
OTTTIKOTTOINON €iTE O€ aTTAd €iTE O€ dIEPr dikTUA.

To powerClust déxeTal W £i0000 £Eva OPYEIO KEIMEVOU UE TIC OUVOEDEIC TOU DIKTUOU EiTE
pe Bapn eite Xwpig Bapn.

To gpyaleio TTapEXEI OTTTIKOTTOINON O€ dIAPOPES DIATACEIC OTTWG: diaTtagn Fruchterman-
Reingold, KUKAIKA d1dTagn, Tuxaia diatagn, d1atagn o€ TALyua.

[Mpoo@Epel €TTioNG ETITTAEOV ETTIAOYEG VIO VA KAVEI TNV OTITIKOTTOINCON TTIO KATATOTTIOTIKNA
OTTWG: aTTOKpUYN/ep@Avion ETIKETWV, ATTOKpUYN/epPAvION KOMBWYV,
aTToOKpUYN/ep@Avion atrevdeiag n/kal EPNECWY CUVOECEWV.

O XpAoTNG MTTOPEI va €l0ayel OTO €PYaAEio Eva OIMEPES YPAPOo Kal va eEAyel duo
a1TrAOUG YPAPOUGC.

To apyeio 660U PTTOPEI va Xpnolyotroinbei wg €icodo o€ epyaAcia TPIOdIAOTATNG
(3D) aTtreikoviong dIKTUWV.


http://www.compgen.org/tools/powerclust/

powerClust

ApXIKN o€Aida TTPOYPAMMATOG OTTTIKOTTOINONG BIOAOYIKWY
OIKTUWV

E Graph Layout About
Open

Export Indirect Connections
Export Indirect Connections Left Bipartite
Export Indirect Connections Right Bipartite




powerClust

[Mapddelyua OTITIKOTTOINONG VOGS OIMEPOUC BIOAOYIKOU BIKTUOU (YOVidlo-ao0EVEIR) O
Tuxaia didtagn (Random)

fie Graph Layout About
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|
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powerClust

Mapd&delypa oTITIKOTToINONG €VOG OINEPOUC BIoAoyIKOU OIKTUOU O€ Tuxaia dIATagn
(Random) Kkai eTTITTAEOV EUPAVION TWV EUHEC WYV CUVOECEWV (KOKKIVIN OIOKEKOUMEVN

qup“r']) Fe Graph Layout About




Clustering

AvamTuoén TAATPOpuUAs opadotroinonsg bedopevayv  powerClust
hittp://www.compgen.org/tools/powerclust/

MNepiAapPaver 3 aAyoplBuouvs opadoroinong:

MCL (Markov Clustering), Affinity Propagation: un emPAETTOUEVOI
AAyOpIBuol opadottoinong SNAAdr o aAyopIBUOC LTTOAOYICEI TV APIBUO
TV opAdwyv OTIC oTToieC TallivounBei Ta sedopueva.

Spectral Clustering: emPAETOUEVOS AAYOPIBUOC opadottoinong dnAadn

O XPNOoTNG Oa TPETTEl VA OPICEl TV APIBUO TV OUAdWY OTIC OTTOIEC
emBvuel va taivounBouy ta §edoueva Tou.

Q¢ €ic0bo OoTOLE AAYOPIBUOLE bivETE Eva OET SESOUEVV TO OTTOIO
TeQIAQUPAVEL Eva SIKTLO PE N XWPIC PAPN OTIC CLVOETEIC TOV.

O xpnoTng ecocayel Ta 6edopeva OTOV AAYOPIBUO TTOL BEAel va
XONOIUOTIOINCEl KAl ALTOG TOL EMOTPEPEI TA  OUASOTIOINUEVA
dedoueva Tov.



Online AoYIOUIKO
AvaALONG AIKTO®WV

NORMA - Network annotation visualization

NORMA: The NetwORk Makeup Artist ~ weLcome

Welcome to NORMA, the NetwORk Makeup Artist

a tool that enables the visualization of annotation groups.



http://bib.fleming.gr:8084/app/norma

Online AoYIOUIKO
AvaALONG AIKTO®WV

NAP - Topological network analysis and

comparison

NAP(v2.0): The Network Analysis Profiler

B Welcome £, Upload File(s) & Topology 12 Ranking © Intersection ? Help/About

Welcome to the Network Analysis Profiler

a mediator for shaking hands between graph theory and systems biology.

other
othinadynamic

8 People



http://bib.fleming.gr:8084/app/nap

Online AoYIOUIKO
AvVOALONG AIKTO®V

VICTOR - Visual analytics for clustering comparison

Home File Handling Compare Cluster Sets Metric Barplots Hierarchical Heatmaps Sankey Plots Interactive Networks Circos Plots Conductance Help

VICTOR is the first fully interactive and dependency-free visual analytics web application which allows the comparison and visualization of various clustering outputs.

With VICTOR one can:
« Handle multiple clustering results simultaneously
= Apply t holds on t ster sizes

“ompare different clustering results using ten different arison metrics.
- Visualize cluster set comparisons using interactive heatmaps, bar plots, networks, sankey and ¢
= Apply thresholds on the cluster set comparison me

lculate the - entation on a given network

- Expont publication-ready figures



http://bib.fleming.gr:8084/app/victor

Online AoylouIkda
AvaALONC AIKTOWV

» Arena3Dweb - Interactive 3D visualization of multilayered
graphs

http://bib.fleming.gr:8084/app/arena3d

Home MainView File  LayerSelection&Layouts  SceneActions  LayerActions NodeActons  EdgeActions FPS  Help

Arena3Dweb

Visualizing multiayered networks

Arena3D*eb is the first, fully interactive and dependency-free, web application which allows the visualization of multi-layered graphs in 3D space. With
ArenaSD“h, users can integrate muitiple networks in a single view along with their intra- and inter-layer connections. For clearer and more informative
views, users can choose between a plethora of layout algorithms and apply them on a set of selected layers either individually or in combination_
Users can align networks and highlight node topological features, whereas each layer as well as the whole scene can be ftranslated, rotated and
scaled in 3D space. User-selected edge colors can be used to highlight important paths, while node positioning, coloring and resizing can be adjusted
on-the-fly. In its current version, Arena3D"eb supports weighted and unweighted undirected graphs, is written in R, Shiny and Javascript

— To start using Arena3D"e® click on the File menu tab and upload a network.

— Follow this link or visit the Help page to download some Arena3Dweb example files.

© 2022 P; P Lab | Bioil lics and ive Biology
_—



http://bib.fleming.gr:8084/app/arena3d

TuuTTEPAOoMATA

H peEAETN TV SIKTOWV ATTOTEAEI Eva ISIQITEQA EVEQPYO ETTIOTNHOVIKO
medio.

TopogoboTeital amo TNV avénon TOL OYKOL TwWV SIABECIUWY
6e60UEVYV O TTOAOUG £€0ELVNTIKOLG TOUEIC.

H peAeTn Twv SIKTOWV OPYAVWONC O& YOVISIOKA, TTOWTEVIKG KAl
UETOROAIKG OLOTAUATA APNVE LTTOOXECEIC YIA TNV KATAvVONON
TTOADTTAOKV SIASIKACIWYV TTOL EVEEXOUEVC VA ATTOTEAOLY TO TTOWTO
Bhua vyia Tnv karavonon O&l1adikaoiwyv Tov  oxetilovial e
TTABOAOYIKEC KOTAOTAOCEIC
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5.The Barabési—Albert Mod¢
Network Science —=

by Albert-Laszl6 Barabasi & Evolving Networks



http://hdl.handle.net/11419/1577
http://barabasi.com/networksciencebook/
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