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Abstract

This document examines a new subject in the areas of routing and computer networks. We

begin with a comprehensive introduction to networks, TCP/IP and Internet technologies.

Next we examine in more detail the IP routing and particularly the OSPF routing algorithm.

We discuss in depth the routing procedure analyzing the problems that occur when a router

becomes overloaded and can no longer handle the network load. An algorithm is being

proposed as a solution to this problem. It is based on the Link State routing protocols

operation and tries to find and use alternative routes to route network traffic without

creating routing loops. This leads to a decrease of the overloaded routers’ load and gives

a boost to network performance. Detailed examples of the algorithm operation are being

presented. The document also includes the complete pseudocode of the algorithm which

was implemented in C/C++. The implementation was tested against more than 800.000

graphs and it resulted in the experimental proof of the algorithm functionality.
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PerÐlhyh

H ergasÐa aut  melet� èna nèo jèma sto antikeÐmeno twn diktÔwn kai thc dromolìghshc. Ar-

qik� gÐnetai mia ekten c eisagwg  sta dÐktua, sto TCP/IP kai stic teqnologÐec tou Internet.

Sth sunèqeia gÐnetai emb�junsh sto tomèa thc dromolìghshc kai pio sugkekrimèna sto dunami-

kì prwtìkollo dromolìghshc OSPF. AkoloujeÐ mia melèth thc diadikasÐac dromolìghshc kai

amèswc met� parousi�zontai kai exhgoÔntai ta probl mata pou prokÔptoun ìtan k�poioc dro-

mologht c uperfortwjeÐ kai den mporeÐ na antepexèljei plèon stic an�gkec tou diktÔou. San

lÔsh twn problhm�twn aut¸n proteÐnetai ènac algìrijmoc o opoÐoc sthrÐzetai sth leitourgÐa

twn Link State prwtokìllwn dromolìghshc kai prospajeÐ na qrhsimopoi sei enallaktikoÔc

drìmouc gia th dromolìghsh thc kÐnhshc qwrÐc na prokalèsei routing loops. Autì èqei san

apotèlesma na mei¸netai o fìrtoc tou dromologht  pou parousi�zei prìblhma dromolìgh-

shc kai na aux�nontai oi epidìseic tou diktÔou. Parousi�zontai analutik� paradeÐgmata thc

leitourgÐac tou algorÐjmou kaj¸c kai pl rhc yeudok¸dikac. 'Eqei gÐnei ulopoÐhsh tou algo-

rÐjmou se gl¸ssa programmatismoÔ C/C++ kai ègine peiramatikìc èlegqoc thc leitourgÐac

tou se perissìterouc apì 800.000 grafouc.
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Kef�laio 1

DÐktua

1.1 Eisagwg 

To Internet apoteleÐ èna apì ta megalÔtera epiteÔgmata thc anjrwpìthtac sth sÔgqronh

epoq  (kai ìqi mìno). Oi lìgoi pou èqoun sumb�lei sto na gÐnei autì pou eÐnai s mera

sumperilamb�noun thn aplìthta, thn euelixÐa, thn prosarmostikìthta, thn epektasimìthta,

thn protupopoÐhsh (standardization), thn eleujerÐa kaj¸c kai �llouc par�gontec. 'Eqei

katafèrei na all�xei to trìpo zw c, leitourgÐac kai ergasÐac sth sÔgqronh koinwnÐa kai eÐnai

praktik� adÔnato na upologistoÔn oi peraitèrw epidr�seic pou ja èqei sto braquprìjesmo

kai makroprìjesmo mèllon.

Kat� th poreÐa thc istorÐac thc anjrwpìthtac, to thlèfwno, to radiìfwno kai h thleìrash

kat�feran na �en¸soun� touc anjr¸pouc tou plan th kai touc epimèrouc politismoÔc, me to

k�je èna apì aut� na èqei megalÔterh epÐdrash apì ta prohgoÔmen� tou. To Internet  rje na

sumplhr¸sei ta parap�nw mèsa epikoinwnÐac kai na katafèrei akìma perissìtera, parèqontac

pollèc parap�nw dunatìthtec kai apotel¸ntac upersÔnolo aut¸n.

S mera to Internet apoteleÐ to megalÔtero mèso epikoinwnÐac kai di�doshc nèwn kai plhro-

forÐac met� apì to thlèfwno kai th thleìrash, èqontac xeper�sei ta antÐstoiqa èntupa mèsa.

Akoloujìntac thn Ðdia poreÐa eÐnai polÔ pijanì na katafèrei na xeper�sei   na enswmat¸sei

sto braquprìjesmo mèllon kai ta prwtopìra aut� mèsa.

Thlèfwno

'Hdh èqei gÐnei h aparaÐthth èreuna ¸ste na mporeÐ na metafèretai ikanopoihtik� h fwn 

mèsw tou Internet. Den eÐnai tuqaÐo pwc polloÐ p�roqoi stajer c thlefwnÐac qrhsimopoioÔn

dÐktua dedomènwn akrib¸c Ðdia me to Internet gia na metafèroun th fwn  twn pelat¸n touc
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se yhfiak  morf . Endeiktik� mporoÔme na anafèroume pwc sthn Ell�da ìloi oi p�roqoi

stajer  thlefwnÐac plhn tou OTE qrhsimopoioÔn teqnologÐec Voice over IP (VoIP). EpÐshc

èqei arqÐsei kai anaptÔssetai mia agor� thlefwnÐac basismènh sto Internet h opoÐa den èqei

touc periorismoÔc kai tic qre¸seic thc sumbatik c thlefwnÐac. Tètoioi foreÐc eÐnai h Altec me

to i-call (http://www.i-call.gr/), to Skype (http://www.skype.com/) k.a. Mia arket�

meg�lh lÐsta up�rqei sto http://www.voipproviderslist.com/

Thleìrash

H èreuna gia metafor� fwn c mèsw tou Internet sumperilamb�nei kai th metafor� eikì-

nac se pragmatikì qrìno. Aut  th stigm  up�rqei h aparaÐthth teqnognwsÐa gia th mazik 

metafor� eikìnac kai  qou all� den èqei anaptuqjeÐ akìmh h aparaÐthth upodom  kai jew-

reÐtai polÔ pijanì na up�rxei apìtomh strof  sto mèso metafor� thc eikìnac sto kontinì

mèllon. To radiìfwno mporeÐ na jewrhjeÐ o prìdromoc thc thleìrashc kai  dh up�rqei plh-

j¸ra radiofwnik¸n stajm¸n, tìso Ellhnik¸n ìso kai xènwn, pou ekpèmpoun se pragmatikì

qrìno mèsw tou Internet. Oi 'Ellhnec foithtèc tou exwterikoÔ eÐnai oi kuriìteroi qr stec

twn Ellhnik¸n aut¸n stajm¸n.

'Entupa

To Internet mporeÐ na jewreÐtai plèon san h megalÔterh phg  kai o megalÔteroc forèac

plhroforÐac ston kìsmo, èqontac pijanìtata xeper�sei tic epimèrouc enallaktikèc lÔseic. Ta

nèa kai h gn¸sh metafèrontai mèsw autoÔ se ter�stiec posìthtec kajhmerin�. Oi perissìteroi

�njrwpoi me prìsbash sto Internet to qrhsimopoioÔn kai san mèso gia thn enhmèrws  touc

kai gia eÔresh plhrofori¸n pou touc endiafèroun. Ta megalÔtera èntupa periodik� èqoun

arqÐsei na prosfèroun thn Ôlh touc kai se hlektronik  morf , tìso par�llhla, ìso kai san

enallaktik  morf  twn entÔpwn touc. Orismènoi ekdotikoÐ oÐkoi poul�ne plèon ta biblÐa

touc kai se hlektronik  morf  mèsw tou Internet se ìsouc endiafèrontai, en¸ up�rqei èna

polÔ meg�lo pl joc biblÐwn kai hlektronik¸n entÔpwn ta opoÐa dianèmontai eleÔjera. Tranì

par�deigma apìteleÐ to Wikipedia (http://www.wikipedia.org/) to opoÐo sugkrÐnetai apì

polloÔc me thn egkuklopaÐdeia Britanica.
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Pèra apì ta parap�nw up�rqoun plèon uphresÐec tou kr�touc ìpwc to Taxis, oi opoÐec

eÐnai diajèsimec apokleistik� kai mìno mèsw tou Internet. An mporoÔsame na fantastoÔme

ton kìsmo qwrÐc to Internet gia mÐa hmèra ja lègame ìti m�llon den ja leitourgoÔse tÐpo-

ta. Autì ofeÐletai sto ìti up�rqei èna sÔnolo apì uphresÐec stic opoÐec basizìmaste gia

na ulopoi soume kajhmerinèc mac an�gkec, ergasiakèc kai mh. Oi perissìterec etairÐec s -

mera sthrÐzontai sthn antallag  e-mail gia na metafèroun keÐmena kai �llec hlektronikèc

plhroforÐec metaxÔ twn ergazomènwn touc, stouc pel�tec touc kai stouc sunerg�tec touc.

Oi teqnologÐec tou Internet qrhsimopoioÔntai kai se kleist� dÐktua gia thn eswterik 

diasÔndesh organism¸n, etairi¸n, trapez¸n, tou stratoÔ kai Ðswc kai �llwn, sta opoÐa den

up�rqei exwterik  prìsbash. Analogizìmenoi ìla aut� apokt�me mia idèa thc shmantikìthtac

twn teqnologi¸n twn diktÔwn pou qrhsimopoioÔntai s mera. Pr�gmati, h omal  leitourgÐa

poll¸n pragm�twn ìpwc twn trapezik¸n sunallag¸n eÐnai �rrhta demènh me thn omal  kai

adi�koph leitourgÐa tou ek�stote diktÔou. Gia to lìgo autì èqoun ereunhjeÐ kai ulopoihjeÐ

di�forec lÔseic oi opoÐec k�noun pragmatikìthta th polÔ meg�lh diajesimìthta twn diktÔwn

pou sunant�me s mera.

1.2 TeqnologÐec DiktÔwn

'Opwc anafèrjhke kai sthn eisagwg , h epituqÐa tou Internet ofeÐletai merik¸c kai stic

dunatìthtec twn teqnologi¸n pou to domoÔn. H kardi� ìlwn aut¸n eÐnai h souÐta prwtokìl-

lwn TCP/IP kai pio sugkekrimèna to Internet Protocol   IP. To TCP/IP me th seir� tou

èqei basisteÐ sto montèlo anafor�c tou OSI1.

1.2.1 OSI Reference Model

To montèlo anafor�c tou OSI gnwstì kai san ��ta 7 epÐpeda tou OSI�� eÐnai èna montèlo gia

th swst  dìmhsh prwtokìllwn diktÔwn qrhsimopoi¸ntac th logik  twn epipèdwn. Ta epÐpeda

pou to apoteloÔn faÐnontai sto sq ma 1.2.1. K�je èna apì ta epÐpeda èqei prokajorismènec

kai sugkekrimènec leitourgÐec kai dunatìthtec. Skopìc tou k�je epipèdou eÐnai h paroq 

uphresi¸n sto parap�nw epÐpedo me exaÐresh to epÐpedo 7 to opoÐo eÐnai autì pou parèqei tic

perissìterec uphresÐec sto qr sth. Akolouj¸ntac th logik  aut , k�je èna prwtìkollo
1Open Systems Interconnection
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an kei se èna mìno epÐpedo kai mporeÐ na qrhsimopoi sei tic uphresÐec tou idÐou kai twn

parak�tw epipèdwn mìno.

7. Application
6. Presentation
5. Session
4. Transport
3. Network
2. Data Link
1. Physical

Sq ma 1.2.1 Ta 7 epÐpeda tou OSI

O skopìc tou k�je epipèdou eÐnai diakritìc apì touc upìloipouc:

1. Physical Layer

Apostèllei ta dedomèna me morf  s matoc sto fusikì mèso epikoinwnÐac, p.q. reÔma

sto kal¸dio, radiokÔmata ston aèra kai fwc sthn optik  Ðna.

2. Data Link Layer

K�nei dunat  thn epikoinwnÐa metaxÔ dÔo   perissotèrwn �mesa sundedemènwn stajm¸n.

P.q. dÔo upologistèc pou èqoun mia asÔrmath k�rta diktÔou mporoÔn kai antall�ssoun

dedomèna q�rh sto epÐpedo autì to opoÐo kajorÐzei pwc akrib¸c ja steÐlei o k�je

stajmìc ta dedomèna pou èqei, pwc ja ta omadopoi sei, pwc ja katal�bei o paral pthc

ìti proorÐzontai gia autìn klp. Prèpei na tonÐsoume ìti h epikoinwnÐa ed¸ gÐnetai

akìmh se topikì epÐpedo. Sto epÐpedo autì an koun ta prwtìkolla Ethernet (802.3),

Frame Relay, PPP, 802.1a/b/g k.a. kai ta opoÐa mporoÔn na qwristoÔn se dÔo meg�lec

kathgorÐec:

• Sta Point-to-Point prwtìkolla ìpou mìno dÔo stajmoÐ eÐnai �mesa sundedemènoi

metaxÔ touc, p.q. oi dial-up sundèseic me modem ìpou o topikìc upologist c

sundèetai apeujeÐac kai mìno me ton apomakrusmèno stajmì.

• Sta prwtìkolla pollapl c prìsbashc (Multiple Access) ìpou up�rqoun peris-

sìteroi apì ènac stajmoÐ pou epikoinwnoÔn metaxÔ touc, p.q. ta asÔrmata dÐktua

ìpou ìtan ènac stajmìc ekpèmpei dedomèna prèpei na topojeteÐ kai mÐa ��tampèla��

se aut� h opoÐa na lèei gia poion stajmì proorÐzontai.
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3. Network Layer

Ed¸ gÐnetai dunat  h diadiktuak  epikoinwnÐa, dhlad  h epikoinwnÐa metaxÔ diktÔwn. H

ìlh epikoinwnÐa sto Internet ofeÐletai sto antÐstoiqo epÐpedo tou TCP/IP to opoÐo

epitrèpei ta epimèrouc topik� dÐktua na epikoinwnoÔn metaxÔ touc parìlo pou mporeÐ

se k�je èna apì aut� na qrhsimopoieÐtai diaforetik  teqnologÐa. To gegonìc autì

epitugq�netai q�rh sth dromolìghsh.

4. Transport Layer

Epitrèpei thn axiìpisth epikoinwnÐa metaxÔ dÔo telik¸n stajm¸n kai efarmog¸n. Q�rh

se autì eÐnai dunat  oi tautìqronh metafor� dedomènwn poll¸n efarmog¸n ston Ðdio

upologist . To antÐstoiqo epÐpedo tou TCP/IP èqei elafr¸c diaforetik  leitourgÐa

miac kai den apaiteÐ h epikoinwnÐa na eÐnai axiìpisth.

5. Session Layer

Epitrèpei th dhmiourgÐa, diakop  kai epanaleitourgÐa sessions, anexarthtopoi¸ntac ta

apì thn epikoinwnÐa twn parak�tw epipèdwn.

6. Presentation Layer

KajorÐzei th morf  twn dedomènwn pou metafèrontai. Ed¸ an koun leitourgÐec kru-

ptografÐac, mèjodoi metafor�c dedomènwn ìpwc h XML klp.

7. Application Layer

Perièqei tic efarmogèc oi opoÐec qrhsimopoioÔntai apì ton qr sth.

1.2.2 TCP/IP Protocol Suite

Parìlo pou to montèlo tou OSI apoteleÐ th b�sh k�je didaskalÐac diktÔwn, to Internet

èqei sthriqjeÐ sth souÐta prwtokìllwn pou onom�zetai TCP/IP. Kai p�li akoloujeÐtai h

logik  twn epipèdwn all� up�rqei saf c epikèntrwsh sto diadiktuakì komm�ti. To TCP/IP

asqoleÐtai kurÐwc me ta epÐpeda 3 kai 4 tou montèlou tou OSI kai sumplhr¸nei �lla dÔo

epÐpeda sta opoÐa sumperilamb�nontai ta upìloipa epÐpeda tou OSI, èna gia ta epÐpeda 1-2 kai

èna gia ta epÐpeda 5-7, ìpwc faÐnetai sto sq ma 1.2.2.

Oi leitourgÐec tou k�je epipèdou eÐnai ìmoiec me autèc twn antÐstoiqwn epipèdwn tou OSI.

Ta prwtìkolla ta opoÐa kajorÐzoun th leitourgÐa tou TCP/IP aforoÔn ta epÐpeda 2 kai 3
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TCP/IP OSI

4. Application
7. Application
6. Presentation
5. Session

3. Transport 4. Transport
2. Internet 3. Network

1. Network Access
2. Data Link
1. Physical

Sq ma 1.2.2 Ta 4 epÐpeda tou TCP/IP se antistoiqÐa me ta 7 epÐpeda tou OSI

(Internet kai Transport). Gia lìgouc saf neiac ja anaferìmaste sta epÐpeda qrhsimopoi¸n-

tac to montèlo tou OSI.

H leitourgÐa tou TCP/IP kai epomènwc kai tou Internet basÐzetai sthn dunatìthta meta-

for�c dedomènwn metaxÔ dÔo stajm¸n, asqètwc apìstashc kai epimèrouc teqnologi¸n. Autì

epitugq�netai me to prwtìkollo IP, to opoÐo eÐnai èna best effort, mh axiìpisto2 prwtìkollo

3ou epipèdou.

1.2.2.1 Dieujunsiodìthsh

Mia apì tic shmantikìterec leitourgÐec tou IP eÐnai h dunatìthta monadik c dieujunsio-

dìthshc opoioud pote diasundedemènou stajmoÔ sto Internet. Me �lla lìgia k�je ènac

stajmìc èqei mÐa dieÔjunsh me thn opoÐa anagnwrÐzetai monadik� an� ton kìsmo3

Oi dieujÔnseic pou uposthrÐzei to IP eÐnai arijmoÐ twn 32bit kai epomènwc mporoÔn na

p�roun tic timèc 0�4294967295. Gia na mporoÔn na anaferjoÔn, na diabasjoÔn kai na apo-

mnhmoneujoÔn eukolìtera, oi arijmoÐ autoÐ qwrÐzontai se 4 ��okt�dec�� twn 8bit (octets) kai

anagr�fontai me th morf  A.B.C.D ìpou A,B,C,D eÐnai oi dekadikèc anaparast�seic twn

tess�rwn okt�dwn. H graf  aut  eÐnai gnwst  me to ìnoma Dotted Decimal Notation  

DDN.

'Opwc anafèrjhke  dh, to Internet apoteleÐtai apì epimèrouc topik� dÐktua sundedemèna

metaxÔ touc. H diadikasÐa thc dieujunsiodìthsh kalÔptei tìso thn anafor� stouc epimèrouc
2Eirwnik� anafèretai pollèc forèc ìti èna prwtìkollo pou den metafèrei potè dedomèna ja mpo-

roÔse na apoteleÐ prwtìkollo trÐtou epipèdou, antÐstoiqo me to IP.
3H teqnik  tou NAT (Network Address Translation) ousiastik� omadopoieÐ èna sÔnolo apì staj-

moÔc dhmiourg¸ntac k�poiouc peraitèrw periorismoÔc kai mporeÐ me asf�leia na paralhfjeÐ qwrÐc na
dhmiourghjeÐ k�poia as�feia   k�poio prìblhma stouc sullogismoÔc aut c thc ergasÐac.
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stajmoÔc, ìso kai thn anafor� sta dÐktua aut�. Ousiastik� gÐnetai mia apeikìnish thc eikì-

nac tou Internet sth dieujunsiodìthsh. K�je èna topikì dÐktuo prosdiorÐzetai monadik� me

ènan arijmì o opoÐoc onom�zetai arijmìc diktÔou (N) kai k�je stajmìc mèsa se autì pros-

diorÐzetai monadik� me èna deÔtero arijmì (H). 'Etsi, sÔmfwna me th logik  aut  mporoÔme na

anaferjoÔme monadik� se k�je stajmì qrhsimopoi¸ntac ton sumbolismì N.H. Oi dieujÔnseic

tou IP qrhsimopoioÔn autì akrib¸c to sumbolismì (N.H) qrhsimopoi¸ntac k�poia bit touc

san arijmì diktÔou kai k�poia �lla san arijmì stajmoÔ mèsa sto dÐktuo. Opoiod pote pl -

joc bit mporeÐ na afierwjeÐ gia k�je èna apì touc dÔo skopoÔc me monadikì periorismì to

�jroisma touc to opoÐo prèpei na eÐnai 32. Sto sq ma 1.2.3 faÐnetai èna afhrhmèno par�deig-

ma sto opoÐo qrhsimopoioÔntai 20 bit wc anagnwristikì diktÔou kai 12 bit wc anagnwristikì

stajmoÔ.

NNNNNNNNNNNNNNNNNNNN HHHHHHHHHHHH
Network Host
20 bit 12 bit

NNNNNNNN . NNNNNNNN . NNNN HHHH . HHHHHHHH

Sq ma 1.2.3: Par�deigma IP dieÔjunshc me 20 bit Network komm�ti kai 12 bit Host komm�ti

H anafor� sta dÐktua gÐnetai qrhsimopoi¸ntac ton sumbolismì A.B.C.D/X4, ìpou

A.B.C.D eÐnai o arijmìc tou diktÔou èqontac 0 sta bit pou prosdiorÐzoun touc stajmoÔc

mèsa se autì kai X eÐnai o arijmìc twn suneqìmenwn apì arister� bit pou qrhsimopoioÔn-

tai gia to prosdiorismì tou diktÔou. Ta bit ta opoÐa prosdiorÐzoun to dÐktuo pollèc forèc

anafèrontai kai san ènac arijmìc twn 32 bit o opoÐoc anaparÐstatai me th DDN tou morf 

kai sqhmatÐzetai jètontac ìla ta bit ta opoÐa prosdiorÐzoun ton arijmì tou diktÔou wc 1 kai

ìla ta upìloipa wc 0 kai onom�zetai Subnet Mask. 'Ola aut� faÐnontai sto par�deigma tou

sq matoc 1.2.4.

SÔmfwna me th logik  tou CIDR h opoÐa eÐnai aut  pou qrhsimopoieÐtai s mera, h an�jesh

twn dieujÔnsewn sto Internet gÐnetai ierarqik� me an�jesh block dieujÔnsewn se providers kai

efarmìzontac th diadikasÐa tou subnetting. 'Etsi, ènac meg�loc provider mporeÐ na l�bei to

eÔroc dieujÔnsewn 120.120.0.0/15 to opoÐo sumperilamb�nei tic dieujÔnseic apì 120.120.0.0

èwc 120.121.255.255. Autìc me th seir� tou mporeÐ na anajèsei se k�poion mikrìtero provider,

o opoÐoc eÐnai ��pel�thc�� tou, to eÔroc dieujÔnsewn 120.120.128.0/17 k.o.k. Parìla aut� sto
4O sumbolismìc A.B.C.D/X onom�zetai CIDR (Common InterDomain Routing) morf  kai ofeÐlei

thn onomasÐa tou sth met�bash thc dieujunsiodìthshc sto Internet apì classfull se classless logik .
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Network (20 bit) Host (12 bit)
Arijmìc diktÔou - stajmoÔ: 10110000110011000011 000000000000

DDN xeqwrist�: 10110000 . 11001100 . 0011 0000 . 00000000
DDN enwmèna: 10110000 . 11001100 . 00110000 . 00000000
Subnet Mask: 11111111 . 11111111 . 11110000 . 00000000

Network Number: 176 . 204 . 48 . 0
CIDR: 176 . 204 . 48 . 0 / 20

Sq ma 1.2.4: Par�deigma ArijmoÔ diktÔou me 20 bit Network komm�ti kai 12 bit Host komm�ti

tèloc ja katal xoume kai p�li na èqoume èna topikì dÐktuo to opoÐo ja anagnwrÐzetai monadik�

apì ton arijmì diktÔou tou kai ja èqei k�poia bit me ta opoÐa ja mporeÐ na arijmodot sei

touc stajmoÔc pou brÐskontai mèsa se autì. P.q. to 120.120.129.192/26 to opoÐo eÐnai èna

dÐktuo pou mporeÐ na arijmodot sei mèqri 64 stajmoÔc ergasÐac.

1.2.2.2 Morf  tou IP pakètou

To prwtìkollo IP (Postel 1981a) orÐzei th morf  pou prèpei na èqoun ta dedomèna ìtan

apostèllontai sto dÐktuo,  , me �lla lìgia, th morf  tou IP pakètou, ìpwc aut  faÐnetai

sto sq ma 1.2.5.

0-3 4-7 8-15 16-18 19-31
Version Header Length Type of Service Total Length

Identification Flags Fragment Offset
Time to Live Protocol Header Checksum

Source Address
Destination Address

Options
Options Padding

Data
. . .

Sq ma 1.2.5 Morf  tou IP pakètou

Ta pedÐa pou to apoteloÔn èqoun wc ex c:

Version

Perièqei th duadik  tim  ��0100�� h opoÐa upodhl¸nei pwc prìkeitai gia IPv4.

Header Length

To mègejoc se pollapl�sia twn 32 bit thc epikefalÐdac tou IP. To mègejoc den eÐnai
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stajerì miac kai mporoÔn na up�rqoun metablhtoÔ megèjouc kai pl jouc options mèsa

sthn epikefalÐda.

Type of Service

'Ena pedÐo to opoÐo mporeÐ na qrhsimopoihjeÐ gia to kajorismì politik c ìtan up�rqei

sumfìrhsh.

Total Length

To sunolikì mègejoc tou IP pakètou se bytes. 'Ena IP pakèto mporeÐ na èqei mègejoc

mèqri 65536 bytes (64K).

Identification

'Enac arijmìc o opoÐoc qrhsimopoieÐtai ìtan gÐnetai katakermatismìc (fragmentation)

tou pakètou apì endi�mesouc stajmoÔc. H perigraf  thc diadikasÐac aut c xefeÔgei

apì touc stìqouc thc ergasÐac.

Flags

Orismèna Flags ta opoÐa kajorÐzoun paramètrouc gia th sumperifor� tou IP pakètou.

Fragment Offset

To byte thc arqik c akoloujÐac apì to opoÐo arqÐzei to sugkekrimèno fragment. Qrh-

simopoieÐtai se sunduasmì me to Identification kai k�poia flags.

Time to Live

'Enac arijmìc o opoÐoc paÐrnei arqik  tim  apì ton apostolèa kai mei¸netai kat� èna se

k�je endi�meso stajmì pou paralamb�nei to IP pakèto. An o arijmìc autìc gÐnei 0 to

pakèto aporrÐptetai. Me th teqnik  aut  eÐnai sÐgouro ìti èna IP pakèto den prìkeitai

potè na taxideÔei ep'�peiron sto Internet.

Protocol

'Enac arijmìc o opoÐoc prosdiorÐzei to prwtìkollo tou parap�nw epÐpedou to opoÐo

emperièqetai mèsa sto IP pakèto (p.q. 6:TCP, 17:UDP klp).

Header Checksum

'Ena checksum apì thn epikefalÐda tou IP pakètou gia na eÐnai dunat  h anÐqneush

laj¸n. Se perÐptwsh pou up�rqei k�poio l�joc to IP pakèto aporrÐptetai.
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Source Address

H IP dieÔjunsh tou apostolèa.

Destination Address

H IP dieÔjunsh tou paral pth.

Options

Mia akoloujÐa metablhtoÔ m kouc h opoÐa perièqei peraitèrw plhroforÐec gia th sum-

perifor� tou IP pakètou.

Padding

Mia akoloujÐa apì mhdenik�, ¸ste na gÐnei to mègejoc twn Options pollapl�sio twn

32 bit.

Data

Ta dedomèna pou metafèrei kai ta opoÐa metafr�zontai sÔmfwna me th tim  tou pedÐou

Protocol.

1.3 Dromolìghsh

H dromolìghsh eÐnai mia diadikasÐa h opoÐa apoteleÐ qarakthristikì tou trÐtou epipèdou

kai eÐnai o kÔrioc upeÔjunoc gia thn par�dosh (h ìqi) twn pakètwn twn dedomènwn ston

telikì paral pth. H dromolìghsh eÐnai h kentrik  leitourgÐa exeidikeumènwn suskeu¸n oi

opoÐec onom�zontai dromologhtèc kai èqoun san skopì na lamb�noun IP pakèta kai na ta

apostèlloun ìpou qrei�zetai.

MporoÔme na poÔme pwc se genikèc grammèc ènac dromologht c apoteleÐtai apì:

• K�poio kentrikì epexergast .

• 'Ena sÔnolo apì interfaces sta opoÐa sundèonta ta epimèrouc dÐktua pou analamb�nei

na en¸sei.

• K�poio leitourgikì sÔsthma.

• Mn mh.

'Enac dromologht c lamb�nei IP pakèta apì èna Interface kai analamb�nei na ta steÐlei

se k�poio �llo ¸ste aut� na ft�soun ston proorismì touc. H apìfash gia to an kai pou
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ja ta steÐlei onom�zetai dromolìghsh kai lamb�netai me b�sh tic kataqwr seic tou pÐnaka

dromolìghshc. O pÐnakac dromolìghshc eÐnai ènac pÐnakac me eggrafèc oi opoÐec perièqoun

tic parak�tw plhroforÐec:

• DÐktuo proorismoÔ

• Epìmenoc kìmboc

• Interface

• Ton trìpo me ton opoÐo apokt jhke h gn¸sh thc sugkekrimènhc eggraf c

• 'Ena endeiktikì protÐmhshc thc sugkekrimènhc eggraf c (Metric   Administrative Di-

stance)

Oi plhroforÐec autèc èqoun th morf  tou sq matoc 1.3.6.

Network Next-Hop Interface Routing Protocol A/D
195.251.123.0 195.251.240.23 GigabitEthernet 0/0 Static 1
195.251.120.0 195.251.240.122 FastEthernet 1/0 OSPF 110

. . .

Sq ma 1.3.6 'Enac pÐnakac dromolìghshc

1.3.1 Par�deigma pÐnaka dromolìghshc

'Ena apìspasma enìc pragmatikoÔ pÐnaka dromolìghshc faÐnetai sto sq ma 1.3.7. K�je

gramm  thc eikìnac aut c èqei mÐa apì tic parak�tw morfèc:

• <P> <Network> is directly connected, <Interface>

• <P> <Network> [<AD> /<Metric> ] via <Next-hop>

• <P> <Network> [<AD> /<Metric> ] via <Next-hop>, <Age>, <Interface>

• <Network> is subnetted, <XX> subnets

ìpou:

P: 'Ena gr�mma to opoÐo upodhl¸nei to trìpo me ton opoÐo apokt jhke h gn¸sh thc sugke-

krimènhc eggraf c. Pijanèc timèc eÐnai oi:

C: Directly Connected - Gia dÐktua sta opoÐa eÐnai �mesa sundedemènoc o dromologht c.
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S 195.251.120.192/26 [1/0] via 195.251.240.245

D 195.251.120.128/26 [90/130816] via 195.251.240.227, 1d01h, GigabitEthernet2/1

C 192.168.12.0/24 is directly connected, Vlan2

192.168.192.0/32 is subnetted, 11 subnets

D 192.168.192.8 [90/2298368] via 195.251.240.34, 2d05h, GigabitEthernet1/1

O E2 192.168.192.9 [110/20] via 195.251.240.62, 2d21h, GigabitEthernet4/4

D 192.168.192.10 [90/130816] via 195.251.240.34, 4d21h, GigabitEthernet1/1

D 192.168.192.11 [90/131072] via 195.251.240.34, 4d21h, GigabitEthernet1/1

C 192.168.192.2 is directly connected, Loopback1

D 192.168.192.3 [90/131072] via 195.251.240.34, 4d21h, GigabitEthernet1/1

O E2 192.168.192.5 [110/20] via 195.251.240.62, 2d21h, GigabitEthernet4/4

O E2 192.168.192.6 [110/20] via 195.251.240.62, 2d21h, GigabitEthernet4/4

D 192.168.192.7 [90/2298368] via 195.251.240.34, 4d21h, GigabitEthernet1/1

Sq ma 1.3.7 Apìspasma pÐnaka dromolìghshc apì dromologht  Cisco

S: Static Route - Eggrafèc oi opoÐec èqoun kajoristeÐ apì to diaqeirist  me kat�llhlo

configuration.

O: OSPF - Apì to prwtìkollo dromolìghshc OSPF (Open Shortest Path First). Oi

sugkekrimènec eggrafèc mporoÔn na sunodeÔontai kai apì ta endeiktik� E1 kai E2

ta opoÐa apoteloÔn idiaiterìthta tou sugkekrimènou prwtokìllou.

D: EIGRP - Apì to prwtìkollo dromolìghshc EIGRP (Enchanced Interior Gateway

Routing Protocol).

R: RIP - Apì to prwtìkollo dromolìghshc RIP (Routing Information Protocol).

Network: O arijmìc tou diktÔou thc eggraf c.

AD: Administrative Distance - EÐnai èna noÔmero to opoÐo kajorÐzei th seir� protÐmhshc an

up�rqoun dÔo Ðdiec h allhloepikalupt¸menec eggrafèc ston pÐnaka dromolìghshc. Oi

eggrafèc me th mikrìterh tim  èqei megalÔterh proteraiìthta. H tim  aut  orÐzetai apì

ton diaqeirist  an prìkeitai gia statik  eggraf  (S),   prokÔptei apì to prwtìkollo

dromolìghshc apì to opoÐo proèrqetai h sugkekrimènh eggraf , sÔmfwna me ton pÐnaka

1.1. 5

Metric: EÐnai ènac arijmìc o opoÐoc up�rqei sto pÐnaka dromolìghshc gia plhroforiakoÔc

kai mìno skopoÔc. H timèc pou paÐrnei eÐnai sugkrÐsimec mìno metaxÔ eggraf¸n oi opoÐec

proèrqontai apì to Ðdio prwtìkollo dromolìghshc.
5To Administrative Distance eÐnai qarakthristikì twn dromologht¸n Cisco kai den sunant�tai

se �llouc dromologhtèc. Parìla aut�, pantoÔ up�rqei èna antÐstoiqo endeiktikì stoiqeÐo to opoÐo
sun jwc onom�zetai metric. H prosèggish thc Cisco sto sugkekrimèno jèma jewreÐtai kalÔterh miac
kai diaforopoieÐ to ��eswterikì�� metric tou k�je prwtokìllou dromolìghshc me th seir� protÐmhshc
tou prwtokìllou.
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A/D Routing Protocol
0 Directly Connected
1 Static *
5 EIGRP Summary
20 External BGP
90 EIGRP
100 IGRP
110 OSPF
120 RIP
170 External EIGRP
200 Internal BGP
255 Unknown **

* Sta static routes h tim  aut  mporeÐ na kajoristeÐ apì to diaqeirist . An ìqi tìte isqÔei
to 1 ìtan orÐzetai Next-Hop kai to 0 ìtan orÐzetai exerqìmeno Interface.
** H tim  255 kajorÐzei pwc h eggraf  aut  eÐnai san na mhn up�rqei. Den prìkeitai na
emfanisteÐ potè ston pÐnaka dromolìghshc miac kai o dromologht c ja jewreÐ ìti h phg  apì
thn opoÐa proèrqetai h eggraf  aut  den eÐnai ègkurh.

PÐnakac 1.1: PÐnakac antistoÐqhshc prwtokìllwn dromolìghshc kai Administrative Dista-
nce gia Cisco dromologhtèc

Next-Hop: H dieÔjunsh tou amèswc epìmenou dromologht , dhlad  tou dromologht  o

opoÐoc pisteÔetai pwc eÐnai pio kont� sto proorismì apì opoiod pote �llo geitonikì

dromologht . Autìc eÐnai o dromologht c ston opoÐo stèlnontai ta pakèta ta opoÐa

proorÐzontai gia to sugkekrimèno dÐktuo gia peraitèrw dromolìghsh.

Interface: H sugkekrimènh tim  èqei dÔo metafr�seic:

1. An sunodeÔetai apì Next-hop tìte eÐnai to Interface sto opoÐo brÐsketai o dromo-

loght c pou anafèretai san Next-hop.

2. An den sunodeÔetai apì Next-Hop tìte jewreÐtai pwc to dÐktuo brÐsketai �mesa

sundedemèno sto sugkekrimèno Interface. H dromolìghsh proc to sugkekrimèno

dÐktuo den gÐnetai me b�sh to Next-hop, all� me apeujeÐac ARP request gia th

destination address tou IP pakètou. Oi eggrafèc autèc anagr�foun ��is directly

connected��.

Age: 'Allh mÐa entel¸c plhroforiak  èndeixh h opoÐa deÐqnei to qronikì di�sthma kat� to

opoÐo h sugkekrimènh eggraf  brÐsketai sto pÐnaka dromolìghshc.

K�je mÐa eggraf  tou pÐnaka dromolìghshc onom�zetai ��route�� kai pio sugkekrimèna

��route proc to dÐktuo N��, ìpou N to dÐktuo to opoÐo anagr�fetai sth sugkekrimènh eggraf .
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'Otan o dromologht c l�bei èna IP pakèto tìte ekteleÐ k�poiec diergasÐec me th parak�tw

seir�:

1. Blèpei th dieÔjunsh gia th opoÐa proorÐzetai to pakèto (destination address) (p.q.

192.168.2.5)

2. Elègqetai h pr¸th eggraf  tou pÐnaka dromolìghshc wc ex c:

• Lamb�netai o arijmìc tou diktÔou mazÐ me to network prefix pou anagr�fetai kai

diaqwrÐzontai aut� ta dÔo (p.q. 192.168.1.0/24 → [192.168.1.0, 24]).

• SqhmatÐzetai h subnet mask apì to network prefix ìpwc eÐqe anaferjeÐ prohgou-

mènwc (p.q. 24 → 11111111 11111111 11111111 00000000 → 255.255.255.0).

• Efarmìzetai logikì KAI (AND) metaxÔ thc dieÔjunshc proorismoÔ tou IP pakètou

kai thc subnet mask (p.q. 192.168.2.5 AND 255.255.255.0 → 192.168.2.0).

• Elègqetai an o arijmìc pou proèkuye apì to teleutaÐo b ma eÐnai o arijmìc tou

diktÔou (p.q. 192.168.2.0 == 192.168.1.0).

• An eÐnai tìte h eggraf  aut  eÐnai h kat�llhlh, alli¸c elègqetai h amèswc epìmenh.

3. Efìson k�poia eggraf  èqei tairi�xei, elègqei an aut  dhl¸nei to dÐktuo san �mesa

sundedemèno,   perièqei k�poio Next-hop:

• An eÐnai �mesa sundedemèno o dromologht c elègqei an xèrei thn MAC address

tou upologist  gia ton opoÐo proorÐzetai to pakèto. An den th gnwrÐzei k�nei

èna ARP request gia na th brei. Sth sunèqeia stèlnei to pakèto sto kat�llhlo

Interface proc to stajmì gia ton opoÐo proorÐzetai.

• An den eÐnai �mesa sundedemèno, tìte elègqei an xèrei th MAC address tou Next-

hop. An ìqi k�nei èna ARP request gia na th brei. Sth sunèqeia stèlnei to pakèto

sto kat�llhlo Interface proc to Next-hop.

4. An den èqei tairi�xei kami� eggraf  elègqetai to default route an up�rqei. Autì eÐnai

mia eidik  kataq¸rhsh me arijmì diktÔou 0.0.0.0/0, h opoÐa qrhsimopoieÐtai ìtan den

èqei brejeÐ k�ti kalÔtero kai exet�zetai p�nta teleutaÐa. Kai p�li isqÔoun oi kanìnec

tou prohgoÔmenou b matoc.

5. An den up�rqei k�poia eggraf  pou na tairi�zei kai den èqei kajoristeÐ k�poio default

route tìte to pakèto aporrÐptetai.
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1.3.2 Teqnikèc beltistopoÐhshc

H diadikasÐa thc eÔreshc thc kat�llhlhc eggraf c mèsa ston pÐnaka dromolìghshc eÐnai

mia seiriak  diadikasÐa, h opoÐa pragmatopoieÐtai se grammikì qrìno (O(x)) ektìc kai an

ulopoihjeÐ k�poia teqnik  beltistopoÐhshc tou algorÐjmou. Oi teqnikèc beltistopoÐhshc den

mporoÔn na qrhsimopoi soun algìrijmouc ìpwc hashing kai dèntra giatÐ to prìblhma den

eÐnai h apl  anaz thsh, all� h ��anaz thsh thc eggraf c me to megalÔtero prìjema�� (Best

Matching Preffix (BMP)). Gia to lìgo autì up�rqoun belti¸seic (Marcel Waldvogel and

George Varghese and Jon Turner and Bernhard Plattner 1997) ìpwc:

Tropopoi seic twn koin¸n algorÐjmwn anaz thshc

Prìkeitai gia lÔseic pou sthrÐzontai stouc klassikoÔc algìrijmouc oi opoÐec apaitoÔn

ligìtero qrìno apì th seiriak  anaz thsh:

• O Butler Lampson èqei proteÐnei mia lÔsh h opoÐa elatt¸nei tic epanal yeic se

log2 (2N) (Radia Perlman 1992), ìpou N eÐnai to mègejoc tou pÐnaka dromolìghshc

se eggrafèc, h opoÐa apaiteÐ mÐa prìsbash sth mn mh an� epan�lhyh.

• Up�rqei �llh mÐa lÔsh kat� thn opoÐa gÐnontai pollaplèc anazht seic, mÐa gia

k�je pijanì prefix (Keith Sklower 1993). Ed¸ pragmatopoieÐtai pl joc epanal -

yewn Ðso me to mègejoc thc dieÔjunshc se bit kai se k�je mÐa epan�lhyh gÐnetai

anaz thsh me k�poio klassikì algìrijmo.

Qr sh Tries

Mia apì tic pio diadedomènec lÔseic eÐnai aut  pou qrhsimopoieÐtai ston kernel tou BSD

(Keith Sklower 1993). SthrÐzetai se èna radix trie sto opoÐo apojhkeÔontai oi eggrafèc

kai gia thn anaz thsh se autì qrei�zontai to polÔ Ω(W ) epanal yeic, ìpou W eÐnai to

mègejoc thc dieÔjunshc se bit (32 gia IPv4). O algìrijmoc k�nei mÐa prospèlash sth

mn mh gia k�je epan�lhyh kai èqei sqetik� uyhlèc apait seic se mn mh.

LÔseic sthrigmènec sto Hardware - Content Addressable Memory (CAM)

H CAM eÐnai èna eÐdoc mn mhc to opoÐo mporeÐ na k�nei anaz thsh sÔmfwna me ta

dedomèna kai ìqi me th dieÔjunsh mn mhc. 'Ena akribèc taÐriagma (qwrÐc prefix) apaiteÐ

mÐa mìno epan�lhyh me mÐa mìno prospèlash sth mn mh. H CAM eÐnai akrib  kai h

qr sh thc se sunduasmì me tic prohgoÔmenec teqnikèc den èqei kal� apotelèsmata miac
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kai h anaz thsh se aut  mporeÐ na eÐnai pio arg  apì th sumbatik  mn mh (sugkrÐnontac

mÐa anaz thsh me b�sh ta perieqìmena kai me b�sh th dieÔjunsh).

Route cache

H pio diadedomènh teqnik  se dromologhtèc eÐnai h qr sh miac cache. H route cache

krat�ei mèsa ta apotelèsmata twn anazht sewn stouc pÐnakec dromolìghshc. Autì

èqei san apotèlesma na up�rqei mia deÔterh mn mh h opoÐa apojhkeÔei eggrafèc thc

morf c Destination IP ⇒ Routing entry. H anaz thsh se aut  th mn mh mporeÐ plèon

na gÐnei me ìlouc touc sumbatikoÔc algìrijmouc se mikrìterouc qrìnouc. To kalÔtero

dunatì apotèlesma thc teqnik c aut c epitugq�netai me th qr sh Route cache kai thn

apoj keus  thc se CAM. H teqnik  aut  mporeÐ na efarmosteÐ mìno se hardware

lÔseic, ìpwc eÐnai oi dromologhtèc, giatÐ apaiteÐ thn Ôparxh CAM h opoÐa eÐnai arket�

exeidikeumènh kai akrib .

1.3.3 EÐdh dromolìghshc

Gia na leitourg sei epituq¸c èna opoiod pote dÐktuo, opoiasd pote klÐmakac, eÐte prì-

keitai gia èna dÐktuo me èna dromologht , eÐte prìkeitai gia to Internet eÐnai aparaÐthto na

up�rqei swst  dromolìghsh. Genik�, up�rqoun dÔo trìpoi gia na gÐnei k�ti tètoio:

1. Oi diaqeiristèc tou diktÔou na k�noun to aparaÐthto configuration se ìlouc touc dro-

mologhtèc tou diktÔou, b�zontac ekatont�dec   qili�dec eggrafèc se k�je dromologht 

kai prosèqontac mhn k�noun k�poio tupografikì l�joc kat� thn eisagwg  twn dedomè-

nwn. H lÔsh aut  eÐnai gnwst  kai san ��statik  dromolìghsh��.

2. Na qrhsimopoihjeÐ k�poio dunamikì prwtìkollo dromolìghshc. H antimet¸pish aut 

onom�zetai ��dunamik  dromolìghsh��.

Apì to pr¸to kairì thc Ôparxhc tou Internet, h pr¸th lÔsh apotèlese thn exaÐresh kai

h deÔterh ton kanìna6 giatÐ eÐnai praktik� adÔnato na mporèsei k�poioc na ulopoi sei 100%

statik  dromolìghsh se èna dÐktuo mesaÐou megèjouc.

Ed¸ prèpei na anafèroume ìti to Internet eÐnai qwrismèno se meg�lec autìnomec mon�dec

oi opoÐec onom�zontai ��Autìnoma Sust mata��, “Autonomous Systems”   “AS”, k�je mÐa

apì tic opoÐec eÐnai èna dÐktuo meg�lou megèjouc k�tw apì koin  diaqeÐrish K�je Autìnomo
6O algìrijmoc twn Bellman-Ford, o opoÐoc qrhsimopoieÐtai apì to RIP, qrhsimopoi jhke to 1969

san o arqikìc algìrijmoc dromolìghshc tou ARPANET, to opoÐo apoteleÐ to prìgono tou Internet
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SÔsthma efarmìzei eswterik� touc dikoÔc tou kanìnec kai epikoinwneÐ me �lla Autìnoma

Sust mata sÔmfwna me th politik  pou akoloujeÐ.

ExaitÐac thc adunamÐac thc qr shc thc statik c dromolìghshc, efeurèjhkan kai qrhsi-

mopoioÔntai mia plhj¸ra dunamik¸n prwtokìllwn dromolìghshc, ta opoÐa me th seir� touc

qwrÐzontai se dÔo meg�lec kathgorÐec.

EGPs: Exterior Gateway Prtocols - Prwtìkolla ta opoÐa analamb�noun na sqhmatÐsoun

th dromolìghsh metaxÔ Autìnomwn Susthm�twn. Ta krit ria gia thn epilog  twn

kalÔterwn diadrom¸n kajorÐzontai apì touc diaqeiristèc sÔmfwna me thn politik  pou

jèloun na akolouj soun. Gia to lìgo autì ta EGPs dÐnoun th dunatìthta stouc

diaqeiristèc na parèmboun stic apof�seic pou paÐrnoun, b�zontac paramètrouc sÔmfwna

me k�poia politik . H an�gkh gia Ôparxh politik c ofeÐletai sthn Ôparxh oikonomik¸n

sumfwni¸n kai sto ìti ta di�fora Autìnoma Sust mata den brÐskontai k�tw apì koin 

diaqeÐrish. Sta EGPs jewreÐtai pwc ta dedomèna pou lamb�nei ènac dromologht c gia

tic an�gkec thc dromolìghshc den eÐnai axiìpista kai epomènwc up�rqei kai h an�gkh

prosj khc periorism¸n kai fÐltrwn pèra apì touc kanìnec politik c. To Internet aut 

th stigm  qrhsimopoieÐ sto sÔnolì tou to BGP (Border Gateway Protocol) wc EGP,

to opoÐo brÐsketai sthn èkdosh 4 kai eÐnai èna anoiqtì kai p�ra polÔ isqurì prwtìkollo

dunamik c exwterik c dromolìghshc.

IGPs: Interior Gateway Protocols - Prwtìkolla ta opoÐa analamb�noun na sqhmatÐsoun

th dromolìghsh sto eswterikì enìc Autìnomou Sust matoc. JewreÐtai pwc èna Au-

tìnomo SÔsthma brÐsketai k�tw apì koin  diaqeÐrish kai sunep¸c den tÐjentai jèmata

empistosÔnhc. Epakìloujo autoÔ eÐnai to na mhn up�rqei h an�gkh efarmog c kanìnwn

politik c kai plèon dÐnetai b�sh sthn eukolÐa egkat�stashc kai sunt rhshc, stic duna-

tìthtec kai sth taqÔthta leitourgÐac. Up�rqei mia plhj¸ra apì IGPs me epikratèstera

ta RIP, OSPF kai EIGRP7.
7To EIGRP eÐnai apokleistikìthta thc Cisco kai den apoteleÐ k�poio anoiqtì prwtìkollo. Su-

nant�tai mìno se suskeuèc thc sugkekrimènhc etairÐac kai gia autì to lìgo den èqei eureÐa di�dosh
sto Internet

23



1.3.4 EÐdh prwtokìllwn dromolìghshc

Sto Internet mporoÔme na sunant soume mia plhj¸ra apì IGP ta opoÐa qwrÐzontai se dÔo

kathgorÐec8, me k�je mÐa na èqei pleonekt mata kai meionekt mata. Oi kathgorÐec autèc eÐnai

genikìterec sth logik  thc dromolìghshc kai sunant¸ntai kai se prwtìkolla dromolìghshc

pèra apì to IP kai to Internet9.

1.3.4.1 Distance Vector Routing Protocols

Ta Distance Vector prwtìkolla eÐnai ta pr¸ta pou qrhsimopoi jhkan sto Internet me

kuriìtero ekprìswpo touc to RIP. H logik  twn Distance Vector prwtokìllwn lèei ìti

k�je dromologht c sullègei ìsec plhroforÐec mporeÐ gia to dÐktuo kai sqhmatÐzei ton pÐnaka

dromolìghs c tou. Sth sunèqeia stèlnei ta dedomèna tou pÐnaka dromolìghs c tou (sqedìn

olìklhro ton pÐnaka dromolìghshc) se ìlouc touc geitonikoÔc tou dromologhtèc. AutoÐ me

th seir� touc sullègoun ta nèa stoiqeÐa, ta en¸noun me ta  dh up�rqonta kai ta stèlnoun

se ìlouc touc dikoÔc touc geÐtonec, sumperilambanomènou kai tou dromologht  pou touc ta

èsteile. Met� apì merikèc epanal yeic ìloi oi dromologhtèc ja èqoun apokt sei ��koin 
10�� eikìna tou diktÔou kai tìte lème pwc to dÐktuo (kai oi dromologhtèc) èqoun sugklÐnei

(converged).

Ta Distance Vector prwtìkolla èqoun polÔ lÐgec apait seic se mn mh kai upologistik 

isqÔ all� prokaloÔn mia plhj¸ra apì probl mata ta opoÐa pollèc forèc den eÐnai eÔkolo

na lujoÔn. H kardi� ìlwn twn problhm�twn touc eÐnai to ìti oi dromologhtèc afoÔ l�boun

th plhroforÐa, thn epexerg�zontai kai sth sunèqeia stèlnoun stouc geÐtonèc touc ta sum-

per�smata pou oi Ðdiou bg�zoun kai ìqi thn arqègonh plhroforÐa. Autì sunep�getai pwc h

plhroforÐa pou lamb�nei ènac dromologht c den eÐnai p�nta swst  miac kai up�rqoun arketoÐ

par�gontec pou mporoÔn na odhg soun èna dromologht  sto na èqei bg�lei l�joc sumper�-

smata se mia dedomènh qronik  stigm .

Ta l�jh sta Distance Vector prwtìkolla prokÔptoun ìtan up�rqoun anataraqèc sto

dÐktuo kai prèpei na enhmerwjoÔn ìloi oi dromologhtèc gia ta nèa dedomèna. Sth perÐptw-
8Up�rqei kai mia trÐth kathgorÐa h opoÐa prokaleÐ dromolìghsh on-demand all� den sunant�tai

ston Internet miac kai oi efarmogèc thc eÐnai se dÐktua ta opoÐa all�zoun th dom  touc suneq¸c
9Prwtìkolla dromolìghshc qrhsimopoioÔntai kai gia thn epituq  metafor� dedomènwn sto deÔtero

epÐpedo se Ad-Hoc dÐktua, sto 7o epÐpedo se Peer-to-peer dÐktua kai alloÔ.
10Koin  eikìna den shmaÐnei Ðdia. 'Otan lème koin  eikìna shmaÐnei pwc oi dromologhtèc mporoÔn

plèon na leitourg soun ìpwc qrei�zetai ¸ste na metafèronta ta dedomèna me to kalÔtero dunatì
trìpo mèsa sto dÐktuo.
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sh aut , efìson den mporeÐ na up�rxei akariaÐa enhmèrwsh twn p�ntwn, up�rqoun qronik�

diast mata kat� ta opoÐa oi dromologhtèc èqoun diaforetik  eikìna gia to dÐktuo. 'Otan

k�poioc dromologht c èqei ��l�joc�� pÐnaka dromolìghshc eÐnai polÔ pijanì na mhn prol�bei

na enhmerwjeÐ kai epomènwc na metafèrei stouc geÐtonèc tou th lanjasmènh gn¸sh pou o Ðdioc

katèqei. Qarakthristikì par�deigma eÐnai ìti to RIP mporeÐ na qreiasteÐ mèqri kai 7 lept�11

gia na odhg sei èna dÐktuo se sÔgklish met� apì k�poia anataraq .

Gia thn antimet¸pish twn laj¸n èqoun anakalufjeÐ teqnikèc ìpwc oi:

• Split-Horizon

• Poison Reverse

• Route Poisoning

• Holddown timers

oi opoÐec ìtan efarmìzontai se Distance Vector prwtìkolla ta opoÐa leitourgoÔn me triggered

updates, dhlad  se prwtìkolla sta opoÐa oi dromologhtèc stèlnoun enhmer¸seic amèswc

mìlic katal�boun k�poia allag  sto dÐktuo, mporoÔn ousiastik� na exaleÐyoun ta parap�nw

probl mata. Parìla aut� up�rqoun peript¸seic ìpou h efarmog  twn teqnik¸n aut¸n den

eÐnai dunat    epijumht  lìgw twn parenergei¸n pou èqoun.

1.3.4.2 Link State Routing Protocols

Ta Link State prwtìkolla dromolìghshc èkanan thn emf�nis  touc met� apì ta Distance

Vector gia na antimetwpÐsoun ta probl mata pou anafèrame. Gnwstìteroc ekprìswpìc touc

eÐnai to OPSF. Ta Link State prwtìkolla sthrÐzoun th leitourgÐa touc sth kajolik  gn¸sh

tou diktÔou kai ston Shortest Path algìrijmo, gnwstì kai san ��algìrijmoc tou Dijkstra��.

Sta Link State prwtìkolla o k�je dromologht c eÐnai upeÔjunoc gia na enhmer¸nei touc

upìloipouc dromologhtèc me ta dik� tou stoiqeÐa. Mìlic sumboÔn allagèc sth kat�stash

enìc dromologht , autìc analamb�nei na enhmer¸sei ìlouc touc �llouc gia tic allagèc autèc.

H enhmèrwsh gÐnetai me k�poia teqnik  flooding kai katal gei se ìlouc touc dromologhtèc.

Me to trìpo autì k�je ènac dromologht c apokt� kajolik  gn¸sh tou diktÔou kai Ðdia me

ìlouc touc upìloipouc. Sth sunèqeia efarmìzetai o algìrijmoc tou Dijkstra apì ìlouc
11O qrìnoc autìc apoteleÐ ton kanìna kai ìqi k�poio akraÐo par�deigma kai prokÔptei apì jewrhtik 

melèth twn pio sunhjismènwn topologi¸n diktÔou
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touc dromologhtèc kai efìson ìloi èqoun thn Ðdia akrib¸c eikìna tou diktÔou prokÔptei to

epijumhtì apotèlesma. Ta Link State prwtìkolla onom�zontai ètsi epeid  oi dromologhtèc

stèlnoun se k�je allag  th nèa kat�stas  touc, h opoÐa perilamb�nei kurÐwc thn kat�stash

twn sundèse¸n touc me �llouc dromologhtèc kai dÐktua. Oi enhmer¸seic autèc stèlnontai se

pakèta dedomènwn ta opoÐa onom�zontai Link State Advertisements (LSAs).

Ta Link State prwtìkolla apaitoÔn perissìterh mn mh apì ta Distance Vector giatÐ o

k�je ènac dromologht c prèpei na krat�ei ìla ta Link State Advertisements pou èqei l�bei.

EpÐshc èqoun megalÔterec an�gkec se epexergastik  isqÔ giatÐ k�je for� pou sumbaÐnei k�-

poia allag  sto dÐktuo oi dromologhtèc efarmìzoun xan� ton algìrijmo tou Dijkstra sta nèa

dedomèna. Parìla aut� èqoun kalÔtera apotelèsmata miac kai den emfanÐzoun ta probl mata

twn Distance Vector prwtokìllwn kai katanal¸noun ligìterouc diktuakoÔc pìrouc miac kai

ìtan up�rqoun allagèc sto dÐktuo anakoin¸noun mìno ta nèa dedomèna kai ìqi olìklhrouc

touc pÐnakec dromolìghshc, ìpwc k�noun ta Distance Vector prwtìkolla.
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Kef�laio 2

Open Shortest Path First

2.1 Genik�

To Open Shortest Path First (OSPF) eÐnai èna anoiqtì, Link State prwtìkollo dro-

molìghshc, to opoÐo qrhsimopoieÐtai kat� kìron sto Internet. OrÐsthke arqik� me to RFC

1131 (Moy 1989) kai sth sunèqeia anajewr jhke kai epekt�jhke arketèc forèc1. S mera

qrhsimopoieÐtai to OSPFv2 to opoÐo orÐzetai me to RFC 2328 (Moy 1998) kai to OSPFv3

(Coltun, Ferguson, and Moy 1999), to opoÐo apoteleÐ epèktash tou OSPFv2 gia na uposth-

rÐzei to IPv6. Prìkeitai gia èna sÔgqrono prwtìkollo me praktik� aperiìristec dunatìthtec

epèktashc. Ta shmantikìtera pleonekt mata tou eÐnai:

• EÐnai Link State.

• EÐnai anoiqtì prwtìkollo.

• UposthrÐzei Classless Routing.

• UposthrÐzei Variable Length Subnet Masks.

• EÐnai asfalèc qrhsimopoi¸ntac aujentikopoÐhsh.

• K�nei dunat  thn ierarqik  sqedÐash twn diktÔwn kai sunep¸c thc dromolìghshc.

• EÐnai epekt�simo.

• UposthrÐzei ìla ta eÐdh diktÔwn (Point-to-point, Broadcast, Non Broadcast Multi-

Access (NBMA)).
1http://www.ietf.org/html.charters/ospf-charter.html
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• MporeÐ na qrhsimopoihjeÐ kai san prwtìkollo dromolìghshc gia multicast pakèta (Moy

1994).

• UposthrÐzei pollaplèc diadromèc idÐou kìstouc.

2.1.1 Perioqèc sto OSPF

'Ena apì ta shmantikìtera pleonekt mata tou OSPF eÐnai to ìti parèqei th dunatìthta

stouc diaqeiristèc na qwrÐsoun èna dÐktuo (  kalÔtera èna Autìnomo SÔsthma (AS)) se

mikrìterec perioqèc (areas). K�je mÐa perioq  leitourgeÐ en mèrh san èna autìnomo komm�ti,

merik¸c anex�rthto apì to upìloipo dÐktuo, me apotèlesma:

• Oi allagèc se mÐa perioq  na mhn prokaloÔn ast�jeia stic upìloipec.

• Oi dromologhtèc miac perioq c na qrei�zetai na katèqoun mìno tic aparaÐthtec plhro-

forÐec thc k�je perioq c kai ìqi tou sunìlou tou diktÔou, mei¸nontac kat� polÔ tic

apait seic se mn mh kai upologistik  isqÔ.

• H dromolìghsh, h sqedÐash kai h diaqeÐrish na mporoÔn na gÐnontai ierarqik� kai apì

diaforetikèc om�dec, qwrÐc na ephre�zei h mÐa thn �llh.

Sto sq ma 2.1.1 faÐnetai èna par�deigma diktÔou me treic perioqèc. H k�je mÐa perioq 

èqei ènan arijmì pou th qarakthrÐzei kai o opoÐoc mporeÐ na eÐnai ènac apì touc:

1�65535: Upodhl¸nei mia kanonik  perioq  sthn opoÐa leitourgeÐ to OSPF sqedìn anex�r-

thta apì tic upìloipec perioqèc

0: ApoteleÐ eidik  perioq  h opoÐa onom�zetai backbone. EÐnai aut  mèsw thc opoÐac epi-

koinwnoÔn ìlec oi upìloipec perioqèc. P.q. gia na metaferjoÔn plhroforÐec apì th

perioq  1 sth perioq  2 eÐnai aparaÐthto na per�soun apì th perioq  0.

'Opwc faÐnetai kai sto sq ma, up�rqoun dromologhtèc oi opoÐoi eÐnai sundedemènoi se pe-

rissìterec apì mÐa perioqèc. K�je interface enìc dromologht  mporeÐ na an kei se diaforetik 

perioq  kai mèsw autoÔ na pragmatopoieÐtai h epikoinwnÐa metaxÔ twn dÔo. Oi dromologhtèc

pou brÐskontai sta ���kra�� miac perioq c kai thn en¸noun me to backbone onom�zontai Area

Border Routers (ABRs) kai ekteloÔn perissìterec leitourgÐec apì touc upìloipouc. 'Oloi

oi ABRs eÐnai sundedemènoi mèsw thc perioq c 0 kai epikoinwnoÔn mèsw aut c.

28



Sq ma 2.1.1 Par�deigma OSPF diktÔou me perioqèc

29



Pèra apì touc ABRs up�rqoun kai oi dromologhtèc oi opoÐoi analamb�noun na en¸soun

to parìn Autìnomo SÔsthma me k�poio �llo Autìnomo SÔsthma (p.q. me k�poio p�roqo gia

prìsbash sto Internet). Oi dromologhtèc autoÐ lème ìti brÐskontai sta ��ìria�� tou Autìnomou

Sust matoc kai onom�zontai AS Boundary Routers (ASBRs). Tèloc, oi dromologhtèc pou

brÐskontai mèsa sto backbone onom�zontai backbone routers kai èqoun san basikì skopì th

dromolìghsh kÐnhshc metaxÔ twn upoloÐpwn perioq¸n.

Se aplèc peript¸seic to OSPF leitourgeÐ me mÐa mìno perioq  (to backbone) sthn opoÐa

emperièqetai olìklhro to dÐktuo. Gia tic an�gkec aut c thc ergasÐac den ja asqolhjoÔme

kajìlou me peript¸seic perissìterwn apì mÐa perioq¸n giatÐ k�ti tètoio den eÐnai aparaÐthto.

Lìgw tou trìpou leitourgÐac tou OSPF, ìsa ja anafèroume mporoÔn na efarmostoÔn kai se

perissìterec apì mÐa perioqèc qwrÐc kami� tropopoÐhsh.

2.1.2 DÐktua sto OSPF

To OSPF anagnwrÐzei ta parak�tw eÐdh diktÔwn2:

Point-to-point

Prìkeitai gia thn pio apl  perÐptwsh sÔndeshc dÔo kìmbwn ìpou sundèontai apeujeÐac.

Lègontac Point-to-point dÐktua ennooÔme k�je dÐktuo to opoÐo uposthrÐzei mìno point-

to-point sÔndesh kai apokleÐei thn perÐptwsh na up�rxei kai trÐtoc stajmìc. P.q. èna

Ethernet link metaxÔ dÔo dromologht¸n den jewreÐtai point-to-point giatÐ to Ether-

net den eÐnai Point-to-point teqnologÐa. Sth kathgorÐa aut  an koun kurÐwc oi WAN

sundèseic me PPP, Frame Relay me Point-to-Point subinterfaces klp.

Broadcast

Ed¸ an koun ta perissìtera dÐktua an� ton kìsmo miac kai aut� qrhsimopoioÔn thn

teqnologÐa tou Ethernet. Genik�, opoiod pote dÐktuo uposthrÐzei perissìterouc apì

ènan kìmbouc kai parèqei th dunatìthta broadcast3, an kei se aut  th kathgorÐa.

Non-Broadcast Multi-Access (NBMA)

Prìkeitai gia thn pio sp�nia kathgorÐa miac kai brÐskei efarmog  mìno sto Frame Relay.

H kathgorÐa aut  sunep�getai pwc ènac stajmìc mporeÐ na brÐsketai sto Ðdio dÐktuo me
2Sth pragmatikìthta up�rqoun kai merikèc akìmh peript¸seic all� h perigraf  touc eÐnai pèra

apì touc skopoÔc thc ergasÐac aut c.
3Gia na eÐnai broadcast èna dÐktuo prèpei h teqnologÐa tou na parèqei èna trìpo ¸ste na mporeÐ o

apostolèac na stèlnei k�ti kai na to lamb�noun ìloi oi kìmboi pou brÐskontai mèsa se autì.
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�llouc, all� eÐte den mporeÐ na steÐlei broadcasts, eÐte den mporeÐ na epikoinwn sei me

ìlouc.

2.2 O gr�foc

Met� apì thn antallag  twn plhrofori¸n k�je dromologht c sqhmatÐzei èna gr�fo pou

anaparist� to dÐktuo. Sto gr�fo autì k�je dromologht c eÐnai kai ènac kìmboc. Pèra apì

touc dromologhtèc up�rqei kai ènac kìmboc gia k�je èna Broadcast dÐktuo. Met� apì touc

kìmbouc topojetoÔntai kai oi sundèseic san akmèc wc ex c:

• K�je mÐa amfÐdromh sÔndesh topojeteÐtai san dÔo monìdromec. Autì èqei san apotèle-

sma na uposthrÐzontai kai sundèseic me mh summetrikèc taqÔthtec.

• K�je mÐa point-to-point sÔndesh topojeteÐtai san mÐa sÔndesh twn dÔo dromologht¸n

me to apènanti interface touc.

• K�je mÐa sÔndesh se telikì dÐktuo topojeteÐtai san mia monìdromh sÔndesh apì to

dromologht  proc to dÐktuo autì.

• K�je mÐa sÔndesh enìc dromologht  me èna broadcast dÐktuo topojeteÐtai san sÔndesh

tou dromologht  me to dÐktuo kai tou diktÔou me to dromologht .

• ta NBMA dÐktua an�gontai se point-to-point me th teqnik  point-to-multipoint   se

broadcasts kai antimetwpÐzontai an�loga.

Sto sq ma 2.2.2 faÐnontai ta trÐa eÐdh diktÔwn kai oi pÐnakec oi opoÐoi deÐqnoun tic sun-

dèseic pou ja sqhmatistoÔn. H parap�nw diadikasÐa èqei san apotèlesma na kataskeuasteÐ

ènac kateujuntikìc gr�foc me kìmbouc touc dromologhtèc kai ta broadcast dÐktua kai akmèc

tic sundèseic pou up�rqoun. Sto gr�fo autì k�je sÔndesh èqei kai èna ��b�roc�� to opoÐo ono-

m�zetai ��kìstoc�� (cost) thc sÔndeshc kai eÐnai autì to opoÐo kajorÐzei to telikì apotèlesma

thc dromolìghshc. To RFC tou OSPF den orÐzei k�poia mèjodo gia autìmato kajorismì tou

kìstouc miac kai k�ti tètoio den ja mporoÔse na l�bei upìyh pijanèc mellontikèc taqÔthtec

kai sunÐstatai o kajorismìc apì touc diaqeiristèc tou sust matoc.
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**FROM**

* |RT1|RT2|
+---+Ia +---+ * ------------
|RT1|------|RT2| T RT1| | X |
+---+ Ib+---+ O RT2| X | |

* Ia| | X |
* Ib| X | |

Physical point-to-point networks

**FROM**
+---+ *
|RT7| * |RT7| N3|
+---+ T ------------

| O RT7| | |
+----------------------+ * N3| X | |

N3 *

Stub networks

**FROM**
+---+ +---+
|RT3| |RT4| |RT3|RT4|RT5|RT6|N2 |
+---+ +---+ * ------------------------

| N2 | * RT3| | | | | X |
+----------------------+ T RT4| | | | | X |

| | O RT5| | | | | X |
+---+ +---+ * RT6| | | | | X |
|RT5| |RT6| * N2| X | X | X | X | |
+---+ +---+

Broadcast networks

Sq ma 2.2.2 Anapar�stash diktÔwn sto OSPF
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2.2.1 'Ena par�deigma

Sto sq ma 2.2.3 faÐnetai èna par�deigma enìc diktÔou. To par�deigma autì proèrqetai

apì to RFC 2328 kai eÐnai antiproswpeutikì tou OSPF miac kai perièqei ìlec tic pijanèc

sundèseic. ParathroÔme ìti up�rqoun:

• Point-to-point sundèseic (RT6—RT7).

• Broadcast dÐktua (N3, N6, N8, N9) sta opoÐa summetèqoun polloÐ dromologhtèc.

• Stub dÐktua (N1, N2, N4, N7, N10, N11), dhlad  dÐktua sta opoÐa up�rqei sundedemènoc

mìno èna dromologht c.

• Point-to-point sundèseic se mh dromologhtèc (H1—RT12).

• DÐktua ektìc AS (N12, N13, N14, N15) kai me èna apì aut� (N12) na sundèetai se dÔo

dromologhtèc (RT5, RT7).

Apì to sq ma prokÔptei o gr�foc pou perigr�fetai sto sq ma 2.2.4. Sto p�nw mèroc

tou pÐnaka up�rqei to ��apì�� kai sto aristerì to ��tou�� thc k�je sÔndeshc, en¸ mèsa ston

pÐnaka up�rqei to kìstoc thc. 'Opou den anagr�fetai k�poia tim  shmaÐnei pwc den up�rqei

fusik  sÔndesh. 'Opou up�rqei o arijmìc 0 shmaÐnei pwc prìkeitai gia sÔndesh apì dÐktuo se

dromologht .
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2.3 LeitourgÐa

To OSPF leitourgeÐ me elafr¸c diaforetikì trìpo an� eÐdoc sÔndeshc. Stic point-to-

point sundèseic ta pr�gmata eÐnai apl� kai o k�je ènac dromologht c gnwrÐzei pwc otid pote

staleÐ sto fusikì mèso ja to paral�bei o apènanti kai mìno. Autì sunep�getai pwc den

qrei�zetai k�poia idiaÐterh prìbleyh gia thn antallag  plhrofori¸n metaxÔ twn dÔo. Mìlic

dÔo dromologhtèc pou brÐskontai sta dÔo �kra enìc point-to-point link entopÐsoun ì ènac ton

�llon, ��eklègoun�� èna apì touc dÔo san ��master�� kai arqÐzoun thn antallag  plhrofori¸n

h opoÐa ja diarkèsei mèqri na termatÐsei h leitourgÐa tou OSPF   na p�yei na up�rqei epikoi-

nwnÐa. H eklog  tou enìc dromologht  san ��master�� qrei�zetai gia na kajoristeÐ poioc apì

touc dÔo ja zht sei pr¸toc dedomèna apì ton apènantÐ tou.

Se broadcast dÐktua h epikoinwnÐa eÐnai elafr¸c pio polÔplokh. To OSPF leitourgeÐ

amèswc p�nw apì to IP me apotèlesma na prèpei to Ðdio to prwtìkollo na diasfalÐsei thn

axiìpisth metafor� dedomènwn. Gia na mporèsei na gÐnei autì, k�je ènac dromologht c pou

lamb�nei nèa stoiqeÐa epibebai¸nei th l yh touc ston apostolèa. H diadikasÐa thc epibe-

baÐwshc akoloujeÐtai kai sta point-to-point dÐktua kai apaiteÐ apì k�je èna dromologht  na

èqei èna eÐdoc amfÐdromhc kai axiìpisthc epikoinwnÐac me touc dromologhtèc me touc opoÐouc

antall�ssei dedomèna. Gia na eÐnai dunat  aut  h epikoinwnÐa oi dromologhtèc sqhmatÐzoun

metaxÔ touc geitonÐec (adjacencies) me apotèlesma na krat�ne plhroforÐec o ènac gia ton

�llon. Akolouj¸ntac aut  th logik , se èna broadcast dÐktuo me N dromologhtèc, o k�je

ènac dromologht c ja èprepe na sqhmatÐsei N-1 geitonÐec kai sunolik� na up�rqoun:

N−1∑

n=1

n

Pèra apì to jèma ton geitoni¸n up�rqoun kai �lla probl mata ta opoÐa k�noun èna tètoio

sq ma leitourgÐac mh apodotikì kai mh jemitì.

Gia na apofeuqjeÐ to parap�nw prìblhma, sta broadcast dÐktua eklègetai ènac dromo-

loght c o opoÐoc analamb�nei na epikoinwneÐ me ìlouc touc �llouc kai o opoÐoc onom�zetai

Designated Router (DR). Gia na eÐnai exasfalismènh h suneq c leitourgÐa tou diktÔou kai

na mhn up�rqei k�poio single point of failure, pèra apì ton DR eklègetai kai ènac Backup

DR, o opoÐoc pragmatopoieÐ tic Ðdiec leitourgÐec me ton DR kai paÐrnei th jèsh tou ìtan qajeÐ

h epikoinwnÐa mazÐ tou. SÔmfwna me aut  th logik , o DR sullègei plhroforÐec apì ìlouc

touc �llouc dromologhtèc tou diktÔou kai tic stèlnei xan� stouc Ðdiouc. Pèra apì autì,
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o DR analamb�nei na k�nei tic aparaÐthtec anakoin¸seic sthn perioq  tou OSPF ek mèrouc

tou diktÔou to opoÐo antiproswpeÔei, ¸ste na mporèsei na up�rxei to dÐktuo san kìmboc tou

graf matoc.

H eklog  tou master, h eklog  tou DR, h dhmiourgÐa twn adjacencies kai o èlegqoc gia

nèouc dromologhtèc   gia dromologhtèc pou èqoun p�yei na epikoinwnoÔn gÐnontai me th qr -

sh twn Hello pakètwn. Aut� apostèllontai apì k�je dromologht  kai sumperilamb�noun mia

lÐsta me ìlouc touc dromologhtèc tou antÐstoiqou diktÔou touc opoÐouc gnwrÐzei o aposto-

lèac. H lÐsta me touc dromologhtèc tou diktÔou touc opoÐouc gnwrÐzei o k�je dromologht c

eÐnai apojhkeumènh topik� se ènan pÐnaka o opoÐoc onom�zetai Neighbor Table.

AfoÔ oi dromologhtèc sqhmatÐsoun tic aparaÐthtec geitonÐec, arqÐzei h epikoinwnÐa gia

antallag  plhrofori¸n, ìpwc akrib¸c kai sta point-to-point dÐktua, me thn eklog  enìc

master, o opoÐoc eÐnai sun jwc o DR4. AfoÔ gÐnei autì oi dromologhtèc antall�ssoun mia

seir� apì Database Description Packets (DDPs), ta opoÐa perièqoun sunoptikèc perigrafèc

twn plhrofori¸n pou gnwrÐzei o k�je ènac. Sth sunèqeia sugkrÐnoun ta dedomèna pou gnwrÐzei

o apènantÐ touc me aut� pou gnwrÐzoun oi Ðdioi kai an qreiasteÐ zht�ne tic epiplèon plhroforÐec

pou up�rqoun. H topik  b�sh h opoÐa krat�ei ìlec tic plhroforÐec pou gnwrÐzei o k�je

dromologht c den eÐnai tÐpote parap�nw apì to sÔnolo twn LSA ta opoÐa èqei l�bei kai

onom�zetai Link State Database.

Mìlic oi dromologhtèc apokt soun tic plhroforÐec pou qrei�zontai kai sqhmatÐsoun thn

eikìna tou gr�fou pou anafèrjhke, efarmìzoun ton algìrijmo tou Dijkstra kai brÐskoun tic

suntomìterec diadromèc proc ìlouc touc pijanoÔc proorismoÔc.

2.4 Pakèta tou OSPF

Gia thn leitourgÐa tou to OSPF qrhsimopoieÐ 5 eid¸n pakèta:

Type 1 - Hello

Prìkeitai gia ta Hello pakèta ta opoÐa anafèrjhkan prohgoumènwc.

Type 2 - Database Description (DDP)

Perièqoun sunoptikèc perigrafèc twn plhrofori¸n pou èqei o dromologht c pou ta

stèlnei.
4Autì ofeÐletai sto trìpo me ton opoÐo eklègontai o DR kai o master
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Type 3 - Link State Request (LSR)

QrhsimopoioÔntai apì touc dromologhtèc gia na zht soun plhroforÐec apì �llouc dro-

mologhtèc

Type 4 - Link State Update (LSU)

Perièqoun tic plhroforÐec pou zht jhkan me ta LSR.

Type 5 - Link State Ack (LSACK)

Epibebai¸noun th l yh dedomènwn apì touc apènanti dromologhtèc.

Apì aut�, ta Link State Updates perièqoun èna h parap�nw Link State Advertisements

(LSAs). H basik  leitourgÐa tou OSPF qrhsimopoieÐ 5 tÔpouc LSA:

Type 1 - Router LSAs

Stèlnontai apì ìlouc touc dromologhtèc kai perièqoun th kat�stash twn Interface tou

k�je dromologht .

Type 2 - Network LSAs

Stèlnontai mìno apì touc DR kai perièqoun plhroforÐec gia to poioi dromologhtèc

eÐnai sundedemènoi se k�je broadcast dÐktuo. Q�rh se aut� dhmiourgoÔntai sto gr�fo

oi kìmboi pou antiproswpeÔoun ta Broadcast dÐktua.

Type 3,4 - Summary LSAs

Stèlnontai apì touc ABRs kai h perigraf  thc leitourgÐac touc xefeÔgei apì touc

stìqouc aut c thc ergasÐac.

Type 5 - AS-external-LSAs

Stèlnontai apì touc ASBRs kai ìpwc kai prin, h perigraf  thc leitourgÐac touc den

eÐnai antikeÐmeno aut c thc ergasÐac.

2.5 O algìrijmoc tou Dijkstra

H leitourgÐa tou algìrijmou tou Dijkstra sthrÐzetai sth eÔresh tou epìmenou kon-

tinìterou kìmbou se k�je b ma ektèleshc tou. Prìkeitai gia ènan polÔ gr goro kai

apodotikì algìrijmo me grammik  poluplokìthta. O algìrijmoc sunoyÐzetai sto parak�tw

yeudok¸dika:
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Dedomèna:

G: Gr�foc

w: B�rh

s: Kìmboc rÐzac

Metablhtèc:

E[G]: Oi akmèc tou gr�fou

V[G]: Oi kìmboi tou gr�fou

d: PÐnakac me tic apost�seic/kìsth pou èqoun kajoristeÐ mèqri to trèqon loop

p: PÐnakac me to prohgoÔmenouc tou k�je kìmbou sÔmfwna me to Shortest Path

ArqikopoÐhsh:

for n ∈ V[G]

d[n] ← +∞
p[n] ← ∅

d[s] ← 0

Q ← V[G]

Main loop:

while Q not empty do

u ← find min du(d)

Q ← Q − u

for each (u,v) ∈ E[G]

if (d[u] + w(u,v)) < d[v] then

d[v] = d[u] + w(u,v)

p[v] = u

Me lìgia mporoÔme na anafèroume th leitourgÐa tou algorÐjmou wc ex c:

1. ArqikopoioÔme ta dedomèna:

• JewroÔme pwc h apìstash tou k�je kìmbou X eÐnai �peiro (d(X) = +∞), ektìc

apì ton arqikì kìmbo s, o opoÐoc apèqei 0 (d(s) = 0).
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• Gia k�je kìmbo X eÐnai aparaÐthto na krat�me thn apìstas  tou d(X) (sÔmfw-

na me to shortest path) kai to prohgoÔmeno kìmbo thc diadrom c apì thn opoÐa

ft�noume me aut  thn apìstash (p(X)). Arqik� orÐzoume ìti den up�rqei kanènac

prohgoÔmenoc se ìlouc touc kìmbouc.

2. 'Oso up�rqei kìmboc pou den ton èqoume episkefjeÐ:

• Epilègoume ènan kìmbo N ton opoÐo den èqoume episkefjeÐ, ètsi ¸ste na eÐnai

autìc pou apèqei ligìtero apì opoiod pote �llo sÔmfwna me ton pÐnaka d(). Autì

jewreÐtai epÐskeyh tou kìmbou. An up�rqei isodunamÐa epilègoume ènan tuqaÐo

kìmbo metaxÔ twn isodÔnamwn.

• Gia k�je geÐtona K tou N upologÐzoume thn apìstas  dnew = d(N) + w(N,K)

mèsw tou N. An h apìstash dnew eÐnai mikrìterh apì thn  dh up�rqousa (d(K)),

tìte krat�me thn nèa (d(K) = dnew) kai orÐzoume san prohgoÔmeno kìmbo tou K

ton N (p(K) = N).
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Kef�laio 3

Sumfìrhsh kìmbwn

3.1 Eisagwg 

'Opwc anafèrjhke sth par�grafo 1.3.2, oi dromologhtèc qrhsimopoioÔn teqnikèc belti-

stopoÐhshc thc diadikasÐac thc anaz thshc ston pÐnaka dromolìghshc gia na mporèsoun na

epitÔqoun touc epijumhtoÔc rujmoÔc metafor�c dedomènwn. Sth pr�xh qrhsimopoioÔntai ar-

ket� pio polÔplokec kai exeidikeumènec teqnikèc sthrizìmenec kajar� se hardware lÔseic.

'Enac apì touc periorismoÔc twn dromologht¸n eÐnai to ìti o epexergast c touc apoteleÐ

sun jwc to pio adÔnamo shmeÐo touc. Gia to lìgo autì oi kataskeuastèc k�noun ìsa peris-

sìtera mporoÔn ¸ste na mhn qrei�zetai na apasqoleÐtai kajìlou, ìpou autì eÐnai dunatìn.

Gia na epiteuqjeÐ k�ti tètoio gÐnetai ekten c qr sh exeidikeumènwn kuklwm�twn, afierwmènwn

se sugkekrimènec (kai sqetik� aplèc) diadikasÐec, ta opoÐa onom�zontai “Application Specific

Integrated Circuits” (ASICs). K�je Interface enìc dromologht  perièqei mia plhj¸ra apì

ASICs ta opoÐa ekteloÔn leitourgÐec ìpwc:

• Apostol /l yh dedomènwn proc/apì to fusikì mèso.

• 'Elegqoc thc akeraiìthtac twn dedomènwn.

• 'Elegqoc laj¸n.

• DiaqeÐrish thc our�c l yhc/apostol c.

• Anaz thsh sthn CAM, h opoÐa mporeÐ na eÐnai topik  sto Interface.

• EpikoinwnÐa me to/ta bus.
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Me to trìpo autì epitugq�netai h aÔxhsh twn dunatot twn tou dromologht , oi opoÐec me-

trioÔntai se packets per second (pps) ta opoÐa mporeÐ na qeiristeÐ kai na dromolog sei.

'Opwc prokÔptei apì ta prohgoÔmena, h isqÔc enìc dromologht  eÐnai �mesa exart¸menh

apì to trìpo eswterik c leitourgÐac tou kai den mporeÐ na metrhjeÐ par� mìno k�tw apì

sunj kec. Pr�gmati, ènac dromologht c o opoÐoc exuphreteÐ lÐgouc stajmoÔc ergasÐac den

apaiteÐ na eÐnai tìso teqnologik� prohgmènoc ìso ènac o opoÐoc exuphreteÐ polloÔc. Autì

eÐnai èmmeso epakìloujo thc qr shc thc Route cache kai thc taqÔthtac anaz thshc mèsa

ston pÐnaka dromolìghshc. Par�gontec ìpwc:

• PolloÐ qr stec tou topikoÔ diktÔou.

• Qr sh programm�twn ìpwc peer-to-peer, Ôparxh i¸n klp ta opoÐa prokaloÔn thn epi-

koinwnÐa me polloÔc diaforetikoÔc kìmbouc.

• 'Uparxh meg�lou Routing Table.

eÐnai autoÐ oi opoÐoi epibarÔnoun touc dromologhtèc perissìtero apì th metafor� meg�lou

ìgkou dedomènwn.

3.1.1 AdunamÐa dromolìghshc

Parìlh th teqnologik  exèlix  touc, up�rqei p�nta h perÐptwsh k�poioi dromologhtèc

na xeper�soun tic ikanìthtèc touc, kurÐwc an prìkeitai gia sqetik� mikr� montèla. Tètoia

paradeÐgmata mporoÔn na anafèroun oi perissìteroi diaqeiristèc diktÔwn kai pollèc forèc

eujÔnontai se apl  qr sh peer-to-peer programm�twn kai sthn Ôparxh iomorfikoÔ logismikoÔ

to opoÐo prospajeÐ na metad¸sei ton eautì tou (worms).

Par�deigma ìlwn aut¸n apoteleÐ o iìc SQL Slammer (anafèretai kai wc Saphire), o

opoÐoc stic 25 IanouarÐou 2003, stic 05:30 UTC kuklofìrhse sto Internet kai se mis  ¸ra eÐqe

molÔnei perissìterouc apì 70.000 upologistèc an� ton kìsmo (David Moore and Vern Paxson

and Stefan Savage and Colleen Shannon and Stuart Staniford and Nicholas Weaver 2003).

H ��epituqÐa�� tou ofeÐletai sto ìti diadidìtan me UDP1 pakèta proc tuqaÐec dieujÔnseic.

SÔmfwna me aut� pou èqoume perigr�yei, to eÐdoc aut c thc kÐnhshc prokaleÐ suneqìmenec

anazht seic ston pÐnaka dromolìghshc kai uperqeÐlish thc route cache, to opoÐo me th seir�

tou dhmiourgeÐ akìma megalÔterec an�gkec gia anazht seic ston pÐnaka dromolìghshc.
1User Datagram Protocol. H metafor� dedomènwn me UDP eÐnai anaxiìpisth all� den dhmiourgeÐ

overhead kai apoteleÐ to trìpo epikoinwnÐac me to mikrìtero dunatì latence sto Internet
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Pèra apì touc ioÔc, adunamÐa dromolìghshc lìgo fìrtou mporeÐ na dhmiourghjeÐ kai apì

opoiad pote diadikasÐa tou dromologht  h opoÐa mporeÐ na ton epibarÔnei, katanal¸nontac

epexergastik  isqÔ. 'Otan ènac dromologht c xeper�sei ta ìri� tou kai den mporeÐ plèon na

dromolog sei IP pakèta me to rujmì pou tou èrqontai, anagk�zetai na ta aporrÐyei. Oi

epipt¸seic pou èqei h apìrriyh pakètwn sthn omal  leitourgÐa enìc diktÔou eÐnai arket�

meg�lec kai apoteloÔn apì mìnec touc antikeÐmeno proc melèth.

3.1.2 Ap¸leia pakètwn sto TCP

To poio suqn� qrhsimopoioÔmeno prwtìkollo 4ou epipèdou tou Internet eÐnai to Transmis-

sion Control Protocol (TCP) (Postel 1981b). To TCP parèqei axiìpisth metafor� dedomènwn

me epanapostol  kai epibebaÐwsh l yhc kai qrhsimopoieÐtai opoud pote apaiteÐtai axiìpisth

metafor� dedomènwn sto Internet. Parìlo pou to TCP parèqei autìmath epanapostol  twn

dedomènwn, fainìmena ap¸leiac pakètwn leitourgoÔn arnhtik� stic epidìseic tou. An�loga

me ton algìrijmo kajorismoÔ tou Window Size pou qrhsimopoieÐtai up�rqoun kai diaforeti-

kèc epipt¸seic. Stic sun jeic ulopoi seic tou, to TCP mei¸nei sta dÔo to window size, to

opoÐo mporeÐ na odhg sei sth stigmiaÐa meÐwsh èwc kai 50% tou rujmoÔ apostol c dedomènwn.

Autì ofeÐletai sto ìti h adunamÐa par�doshc pakètwn metafr�zetai apì to prwtìkollo san

mh-Ôparxh arketoÔ diajèsimou bandwidth sto dÐktuo.

H taktik  ap¸leia pakètwn ousiastik� mporeÐ na odhg sei to TCP se adunamÐa leitour-

gÐac, k�ti to opoÐo parathreÐtai p�nta se autèc tic peript¸seic. Ap¸leia pakètwn thc t�xhc

tou 5�10% odhgoÔn se sumantik  meÐwsh thc taqÔthtac metafor�c dedomènwn, en¸ opoiod -

pote megalÔtero posostì mporeÐ na odhg sei se sobar  dusleitourgÐa tou prwtokìllou.

Gia thn omal  leitourgÐa tou TCP sto Internet èqoun protajeÐ di�foroi algìrijmoi gia

thn apofug  sumfìrhshc. H basikèc touc arqèc eÐnai:

• H arg  ekkÐnhsh (Slow Start), dhlad  h mikr  arqik  taqÔthta met�doshc kai h stadiak 

aÔxhs  thc (p.q. grammik�).

• H prosp�jeia apofug c thc sumfìrhshc me th meÐwsh tou Window Size kai epomènwc

kai thc mègisthc dunat c taqÔthtac met�doshc, ìtan entopisteÐ sumfìrhsh.

• H gr gorh epanapostol  twn qamènwn pakètwn qwrÐc k�poia endi�mesh kajustèrhsh.

• H gr gorh epana-aÔxhsh thc taqÔthtac met�doshc met� apì thn apìtomh meÐwsh aut c
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(p.q. ekjetik�).

Oi algìrijmoi autoÐ eÐnai gnwstoÐ san “Slow Start, Congestion Avoidance, Fast Retransmit,

and Fast Recovery Algorithms” (Stevens 1997). O poio diadedomènoc apì autoÔc eÐnai o TCP

Reno (Van Jacobson 1988) kai h taqÔthta met�doshc dedomènwn me th qr sh tou (J. Padhye

and V. Firoiu and D. Towsley and J. Krusoe 1998) dÐnetai apì ton tÔpo:

B(p) =
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ìpou Wmax eÐnai to mègisto dunatì Window Size, RTT eÐnai to Round Trip Time, dhlad 

o qrìnoc pou qrei�zetai èna pakèto gia na ft�sei apì ton èna stajmì ston �llon kai na

epistrèyei, p eÐnai h pijanìthta ap¸leiac pakètwn, b eÐnai to pl joc twn pakètwn pou gÐnontai

Acknowledge me èna ACK kai:
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2 + b

3b
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(2)

Q̂(w) = min

(
1,

(1− (1− p)3)(1 + (1− p)3(1− (1− p)w−3))
1− (1− p)w

)
(3)

Gia na mporèsoume na doÔme th mègisth jewrhtik  taqÔthta, jewroÔme ìti to window size

mporeÐ na megal¸sei aperiìrista kai epomènwc qrhsimopoioÔme to 1o skèloc thc sqèshc 1.

Pèra apì autì jewroÔme ìti:

• RTT = 5ms to opoÐo eÐnai mia idiaÐtera qamhl  tim .

• MSS = 1460 to opoÐo eÐnai h pio sunhjismènh tim  pou sunant�tai sto Internet.

• T0 = 1.5∗RTT to opoÐo eÐnai o qrìnoc met� apì ton opoÐo epanapostèletai èna pakèto.

Sthn pr�xh efarmìzetai o tÔpoc T0 = min(UBOUND, max(LBOUND, (β∗SRTT )))

(Postel 1981b) ìpou UBOUND kai LBOUND eÐnai ta p�nw kai k�tw ìria (p.q. 1 leptì

kai 1 deuterìlepto), β ∈ [1.3, 2.0] kai SRTT = (α∗SRTT )+((1−α)∗RTT (to opoÐo

onom�zetai Smooth Roundtrip Time kai enhmer¸netai suneq¸c).

Efarmìzontac touc tÔpoc autoÔc prokÔptoun ta graf mata thc ekìnac 3.1.1, sta opoÐa

parathroÔme ìti pr�gmati to TCP Reno eÐnai idiaÐtera euaÐsjhto stic ap¸leiec pakètwn.
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Sq ma 3.1.1: Mègistoc rujmìc metafor�c dedomènwn gia packet loss 0.1�1.5%, 0.1�10% kai
0.1�100% se apl  kai logarijmik  (log10) klÐmaka

45



3.1.3 ParadeÐgmata

'Opwc eÐdame, ènac dromologht c o opoÐoc antimetwpÐzei probl mata uperfìrtwshc, asqè-

twc lìgou, mporeÐ na prokalèsei sobar  dusleitourgÐa tou diktÔou, an�loga me to pìso

kentrikìc eÐnai. Gnwstìtero tètoio par�deigma sthn Ekpaideutik  Koinìthta thc Ell�dac

apoteloÔn Ðswc oi taktikèc dusleitourgÐec tou EjnikoÔ DiktÔou 'Ereunac kai TeqnologÐac

(EDET) oi opoÐec sunèbainan èwc kai to 2005. Oi dusleitourgÐec autèc ofeÐlontan se ioÔc, oi

opoÐoi prokaloÔsan probl mata Ðdia   antÐstoiqa me aut� pou perigr�fhkan parap�nw. Pa-

rìmoia tètoia paradeÐgmata up�rqoun sqedìn se ìla ta epimèrouc dÐktua an� ton kìsmo. Sto

TEI JessalonÐkhc kat� ta prohgoÔmena èth antimetwpÐzontan parìmoia probl mata lìgw i¸n

kai èqoun lhfjeÐ drastik� mètra ta opoÐa sun jwc odhgoÔn sth diakop  thc prìsbashc sto

Internet se ìsouc upologistèc antimetwpÐzoun probl mata i¸n.

3.2 Mia nèa prìtash

An jewr soume èna dÐktuo ìpwc to DÐktuo A' tou sq matoc 3.2.2 kai upojèsoume pwc

leitourgeÐ to prwtìkollo dromolìghshc OSPF, tìte eÔkola sumperaÐnoume pwc h epikoinwnÐa

twn diktÔwn proc to dÐktuo D5 ja gÐnetai ìpwc faÐnetai ston parak�tw pÐnaka:

Apì → Proc Diadrom 

D1 → D5 R1 → R2 → R5

D2 → D5 R2 → R5

D3 → D5 R3 → R1 → R2 → R5

D4 → D5 R4 → R3 → R1 → R2 → R5

Gia th sunèqeia ja jewroÔme pwc:

• Up�rqoun 5 dromologhtèc.

• Up�rqoun mìno oi sundèseic pou anagr�fontai ston sq ma, me tic antÐstoiqec taqÔthtec.

• Mac endiafèrei h epikoinwnÐa me to dÐktuo D5.

• LeitourgeÐ to prwtìkollo dromolìghshc OSPF.

• K�je èna apì ta dÐktua D1, D2, D3, D4, D5 sumb�lei isodÔnama sto diktuakì fìrto

tou DiktÔou A kai epomènwc ìlwn ton dromologht¸n.
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Sq ma 3.2.2 DÐktuo A'

• Parousi�zei prìblhma uperfìrtwshc o dromologht c R2 .

An o dromologht c R2 parousi�sei epexergastikì fìrto thc t�xhc tou 90%, eÐnai arket�

pijanì na parousiasteÐ ap¸leia pakètwn thc t�xhc tou 50% (kai parap�nw). Autì, sÔmfwna

me ìsa eipame sthn par�grafo 3.1.2, ja odhg sei to dÐktuo se sobar  dusleitourgÐa kai ja

epirre�sei ìla ta dÐktua ta opoÐa dromologoÔntai mèsw autoÔ. Sto par�deigma k�ti tètoio ja

dhmiourg sei prìblhma sta dÐktua D1, D2, D3 kai D4. Autì ofeÐletai sto ìti to OSPF,

san èna state-of-the-art prwtìkollo dromolìghshc, ja leitourg sei ìpwc anamènetai kai ja

odhg sei to dÐktuo sto na qrhsimopoieÐ tic grÔgorec sundèseic epikoinwnÐac. Parìla aut�

emeÐc gnwrÐzoume pwc ìtan sumbeÐ èna tètoio peristatiko, eÐnai protimìtero to na dromologeÐtai

h kÐnhsh mèsw thc arg c sÔndeshc R4–R5 kai ìqi mèsw tou dromologht  R2.

An tropopoi soume to OSPF ètsi ¸ste se mÐa tètoia perÐptwsh na jewreÐ pwc den mporeÐ

na dromolog sei mèsw tou R2 kai na qrhsimopoieÐ ton enallaktikì drìmo, dhmiourgoÔme to

fainìmeno tou ping-pong. Autì ofeÐletai sto ìti an all�xei h dromolìghsh, eÐnai pijanì

k�poioc �lloc dromologht c apì ton enallaktikì drìmo (p.q. o R4) na emfanÐsei ta Ðdia

sumpt¸mata, en¸ par�llhla o R2 na p�yei na antimetwpÐzei prìblhma. Autì ja èqei san

apotèlesma tic allep�llhlec allagèc sto dÐktuo me akìmh qeirìterec sunèpeiec.
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Sq ma 3.2.3 DÐktuo A' � qwrismèno sta dÔo

H idanik  lÔsh sto dÐktuo autì eÐnai h isokatanom  thc kÐnhshc stic dÔo pijanèc diadromèc.

Efìson èqoume jewr sei pwc k�je ènac dromologht c sumb�lei isìposa sto sunolikì fìrto

tou diktÔou, arkeÐ na leitourg soume wc ex c:

• Na exet�soume k�je èna apì ta 5 dÐktua tou sq matoc wc pijan� dÐktua proorismoÔ thc

diktuak c kÐnhshc.

• Gia k�je èna apì aut� na qwrÐsoume to dÐktuo kat�llhla, ètsi ¸ste: oi misoÐ dro-

mologhtèc na dromologoÔn mèsw thc arqik c diadrom c kai oi �lloi misoÐ mèsw thc

enallaktik c. An up rqan perissìterec apì mÐa enallaktikèc ja protimoÔsame na qrh-

simopoi soume th kalÔterh dunat , sÔmfwna p�nta me ta sumper�smata tou OSPF.

H ulopoÐhsh twn parap�nw faÐnetai sto sq ma 3.2.3. Plèon h dromolìghsh proc to

dÐktuo D5 ja gÐnetai wc ex c:
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Apì → Proc Diadrom 

D1 → D5 R1 → R2 → R5

D2 → D5 R2 → R5

D3 → D5
R3 → R1 → R2 → R5

R3 → R4 → R5

D4 → D5 R4 → R5

ParathroÔme ìti en¸ prohgoumènwc oi dromologhtèc o opoÐoi dromologoÔsan pakèta proc

to dÐktuo D5 mèsw tou R2  tan 3 (exairoumènou tou R2), t¸ra èginan oi misoÐ (1.52). Autì

ja èqei san apotèlesma o R2 na apeleujerwjeÐ apì èna arket� shmantikì posostì kÐnhshc

k�ti pou Ðswc na odhg sei sthn omal  leitourgÐa tou. Epilèqjhke to na mhn upologÐzetai o

dromologht c o opoÐoc antimetwpÐzei probl mata uperfìrtwshc sth diadikasÐa tou qwrismoÔ

tou diktÔou sta dÔo giatÐ dhmiourgeÐ logik� probl mata se pio polÔplokec topologÐec.

Ed¸ eÐnai shmantikì na tonÐsoume pwc o diaqwrismìc autìc eÐnai mia diadikasÐa, h opoÐa

prèpei na pragmatopoieÐtai se k�je dromologht  (ìpwc kai h diadikasÐa thc dromolìghshc)

gia k�je pijanì proorismì.

'Ena deÔtero par�deigma

Sto sq ma 3.2.4 blèpoume to DÐktuo b', to opoÐo eÐnai èna parìmoio dÐktuo me ènan

epiplèon dromologht  metaxÔ R2 kai R5 kai ènan sundedemèno ston R1. An efarmìsoume

th logik  pou perigr�yame prin ja jèloume na prokÔyei to ��dÐktuo�� tou sq matoc 3.2.5.

ParathroÔme ìti o dromologht c R6 den jèloume na ephre�sei thn sugkekrimènh apìfash,

giatÐ o Ðdioc den sumb�lei sto fìrto tou R2 ìson afor� thn dromolìghsh proc to dÐktuo D5.

EpÐshc prèpei na epishm�noume pwc o dromologht c R7 den èqei k�poia enallaktik  diadrom 

proc to dÐktuo D5 kai epomènwc den qrei�zetai na all�xei th dromolìghs  tou.

3.3 O algìrijmoc me par�deigma

H leitourgÐa tou algorÐjmou mporeÐ na parousiasteÐ kalÔtera an doÔme tic leitourgÐec

pou ja ektelèsei ènac dromologht c. Parak�tw parousi�zontai ta b mata pou akoloujeÐ o

dromologht c R4 gia na metab�lei ton pÐnaka dromolìghs c tou:
2To 0.5 shmaÐnei pwc ènac dromologht c dromologeÐ th mis  kÐnhsh apì th mÐa diadrom  kai thn

upìloiph apì thn �llh.
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Sq ma 3.2.4 DÐktuo B'

Sq ma 3.2.5 DÐktuo B' � qwrismèno sta dÔo
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• Antilamb�netai ìti o dromologht c R2 antimetwpÐzei prìblhma uperfìrtwshc Epakì-

loujo autoÔ eÐnai na ��ereun��� ìlec tou tic diadromèc proc k�je dÐktuo. JewroÔme kai

p�li ìti leitourgeÐ gia to dÐktuo D5.

• AnagnwrÐzei pwc o Ðdioc dromologeÐ mèsw tou R2 proc to dÐktuo D5.

• Elègqei thn enallaktik  diadrom  kai brÐskei ìti aut  èqei diaforetikì next-hop apì

thn pali�. An den sunèbaine autì (ìpwc p.q. ston dromologht  R7), den ja qreiazìtan

na k�nei k�ti parap�nw.

• UpologÐzei to kìstoc KD5 proc to dÐktuo D5.

• UpologÐzei to kìstoc KD5' proc to dÐktuo D5 mèsw thc nèac diadrom c.

• Metr�ei touc dromologhtèc pou:

1. BrÐskontai metaxÔ autoÔ kai tou R2 (pali� diadrom ) (èstw N1=2).

2. BrÐskontai metaxÔ autoÔ kai tou R5 (nèa diadrom ) kai oi opoÐoi dromologoÔn mèsw

autoÔ (tou R4) (èstw N2=0). Autì gÐnetai wc ex c:

– UpologÐzei to kìstoc KQ proc ton k�je endi�meso dromologht  RX metaxÔ

autoÔ (R4) kai toÔ D5.

– UpologÐzei to kìstoc tou RX proc to D5, mèsw thc pali�c diadrom c (an

upojèsoume pwc dromologoÔse mèsw tou R4), to opoÐo eÐnai KD5+KQ.

– UpologÐzei to kìstoc tou RX proc to D5 mèsw thc nèac diadrom c, to opoÐo

eÐnai KD5'-KQ.

– Elègqei an (KD5'-KQ)>(KD5+KQ). Autì shmaÐnei pwc me th pali� diadika-

sÐa, o sugkekrimènoc dromologht c protimoÔse th diadrom  mèsw autoÔ.

• SugkrÐnei ta N1 kai N2 kai epilègei th diadrom  me to mikrìtero N, h opoÐa eÐnai h nèa

diadrom  giatÐ N2=0 kai N1=2.

O Ðdioc algìrijmoc an efarmosteÐ gia ton dromologht  R3 gia diadromèc proc to dÐktuo

D5 ja leitourg sei wc ex c:

• UpologÐzei to kìstoc KD5 (R3 → R1 → R2 → R5) kai to kìstoc KD5' (R3 → R4

→ R5).
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• Metr�ei touc dromologhtèc kai katal gei pwc N1=1 kai N2=1.

• SugkrÐnei ta N1 kai N2 kai ta brÐskei Ðsa, me apotèlesma na epilèxei kai tic dÔo diadromèc

gia qr sh.

3.3.1 Epanalhpthkìthta

O algìrijmoc autìc sthrÐzetai sth logik  pwc an up�rqei mÐa diadrom  A kai mÐa enalla-

ktik  diadrom  B proc to Ðdio destination, tìte autèc oi dÔo sqhmatÐzoun ènan kÔklo, p�nw

sthn perifèreia tou opoÐou brÐskontai oi dromologhtèc twn dÔo diadrom¸n. Apomon¸nei to

komm�ti metaxÔ tou shmeÐou thc uperfìrtwshc kai tou telikoÔ apodèkth, p�nw sto opoÐo

brÐsketai o parìn dromologht c kai sth sunèqeia to qwrÐzei sth mèsh. Me to trìpo autì

eÐnai adÔnato na sqhmatisteÐ routing loop.

An t¸ra up�rxei nèo peristatikì uperfìrtwshc, autì ja leitourg sei p�nw sto nèo sq ma

kai ja ephre�sei touc kat�llhlouc dromologhtèc. O algìrijmoc ja trèxei xan�, sta nèa

dedomèna, èqontac san b�sh thn teleutaÐa tou kat�stash, h opoÐa mporeÐ na èqei prokÔyei

apì k�poio �llo prohgoÔmeno prìblhma. Dedomènhc thc logik c tou kÔklou, eÐnai kai p�li

adÔnath h Ôparxh kÔklou sto dÐktuo met� apì thn nèa efarmog  tou algorÐjmou.

3.3.2 Pollaplèc diadromèc

Up�rqei h perÐptwsh na up�rqoun pollaplèc pijanèc diadromèc Ðdiou kìstouc proc ènan

proorismì. Sth perÐptwsh aut :

• An up�rqoun pollaplèc diadromèc arqik�, proteÐnetai h qr sh thc enallaktik c diadro-

m c ¸ste na mhn up�rxei anast�twsh sto dÐktuo.

• An up�rxoun pollaplèc diadromèc kat� thn ektèlesh tou algorÐjmou, tìte sth katamè-

trhsh twn kìmbwn ja sumperilhfjoÔn oi dromologhtèc oi opoÐoi dromologoÔn mèsw tou

uperfortwmènou kìmbou apì ìlec tic pijanèc diadromèc. Sthn sunèqeia ja diairejoÔn

me to pl joc ton pijan¸n diadrom¸n

H logik  twn pollapl¸n diadrom¸n apoteleÐ genÐkeush thc mejodologÐac pou parousi�sthke

prohgoumènwc. Pr�gmati, prin lègame ìti an up�rqoun N dromologhtèc oi opoÐoi dromologoÔn

mèsw tou uperfortwmènou kìmbou, tìte kajorÐzoume ìti N
2 dromologhtèc ja qrhsimopoioÔn

thn arqik  diadrom  kai N
2 th nèa. Plèon lème ìti an up�rqoun K nèec diadromèc, tìte
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Sq ma 3.3.6 DÐktuo G'

oi N dromologhtèc ja moir�zontai ètsi ¸ste N
K+1 dromologhtèc na qrhsimopoioÔn th k�je

diadrom .

3.3.3 'Ena pl rec par�deigma

Th pl rh leitourgÐa tou algorÐjmou mporoÔme na th doÔme an jewr soume èna pio polÔ-

ploko dÐktuo san autì tou sq matoc 3.3.6. To dÐktuo èqei 10 dromologhtèc oi opoÐoi èqoun

p�nw touc apì èna dÐktuo upologist¸n (D1�D10) parìlo pou sto sq ma faÐnetai mìno to

dÐktuo D10. 'Osa ja anaferjoÔn parak�tw aforoÔn apokleistik� th dromolìghsh proc to

dÐktuo D10. Se antÐjesh me ta upìloipa sq mata, sto sq ma autì anagr�fontai ta kìsth

thc k�je sÔndeshc.

ParathroÔme pwc ìloi anexairètwc oi dromologhtèc dromologoÔn proc to dÐktuo D10

ètsi ¸ste ta dedomèna na pern�ne apì th sÔndesh R8–R10 kaj¸c kai apì th sÔndesh R4–R8.

Autì ofeÐletai sta uyhl� kìsth twn sundèsewn R5–R8 (4) kai R9–R10 (11).

Arqik� jewroÔme ìti emfanÐzei prìblhma uperfìrtwshc o dromologht c R4. Sthn perÐ-

ptwsh aut , ìloi oi dromologhtèc tou diktÔou ja efarmìsoun ton algìrijmo tou Dijkstra

afair¸ntac ton R4 apì thc Topology Database touc. Autì ja odhg sei ìlouc touc dromo-

loghtèc R1, R3, R6, R7, R8, R9, R10 sto na sumper�noun pwc h amèswc epìmenh kalÔterh
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Sq ma 3.3.7 DÐktuo G' - Qwrismèno (1h f�sh)

diadrom  eÐnai h Ðdia me aut  pou eÐqan kai na mhn k�noun k�poia allag . Me ton trìpo

autì blèpoume pwc to prìblhma periorÐzetai se èktash sto mikrì daktÔlio R2–R4–R8–R5

kai lÔnetai topik� (an to kìstoc thc sÔndeshc R9–R10  tan mikrìtero,   an to kìstoc thc

sÔndeshc R5–R8  tan megalÔtero, h leitourgÐa tou algorÐjmou ja  tan diaforetik ). Mè-

sa sto daktÔlio autì oi dromologhtèc oi opoÐoi dromologoÔn mèsw tou R4 proc to dÐktuo

D10 eÐnai oi R2 kai R5 kai ìpwc eÐnai anamenìmeno, ja arqÐsoun na qrhsimopoioÔn o kajènac

touc diaforetik  diadrom . To sq ma 3.3.7 deÐqnei th nèa kat�stash. Ed¸ parathroÔme ìti

h pleioyhfÐa twn dromologht¸n dromologeÐ thn kÐnhs  thc mèsw tou R4, parìlo pou èqei

efarmosteÐ o algìrijmoc. Autì gÐnetai giatÐ h paradoq  pou eÐqame k�nei sth selÐda 48 (pwc

k�je dromologht c sumb�lei isìposa sto fìrto tou diktÔou) den isqÔei ed¸. Jèloume na

pisteÔoume ìti sth pr�xh k�je ènac apì touc dromologhtèc enìc diktÔou exuphreteÐ kat�

mèso ìro ton Ðdio ìgko diktuak c kÐnhshc tìso apì dik� tou dÐktua, ìso kai apì �llouc

dromologhtèc oi opoÐoi dromologoÔn mèsw autoÔ.

Gia tic an�gkec tou paradeÐgmatoc jewroÔme ìti afoÔ èqoun efarmosteÐ ta parap�nw,

emfanÐzei prìblhma kai o dromologht c R5. Plèon, h dromolìghsh sto DÐktuo G' ja uposteÐ

arketèc allagèc miac kai sqedìn ìloi oi dromologhtèc ja anagkastoÔn na efarmìsoun ton al-
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Sq ma 3.3.8 DÐktuo G' - Qwrismèno (2h f�sh)

gìrijmo. 'Opwc anafèrjhke sth par�grafo 3.3.1, o algìrijmoc ja leitourg sei epanalhptik�

kai k�je dromologht c ja sthriqjeÐ sta dedomèna pou isqÔoun met� th pr¸th epan�lhyh. To

apotèlesma thc ektèleshc tou algorÐjmou faÐnetai sthn eikìna 3.3.8

Gia na katal�boume pwc prokÔptei h eikìna aut  ja prèpei na exet�soume ton k�je èna

dromologht  xeqwrist�:

R1

O R1 èqei dÔo diaforetikèc diadromèc proc to D10:

• Apì th diadrom  proc ton R2 (diadrom  1): Gia na ft�sei ton R5 qrhsimopoieÐ

th diadrom  R1–R2–R5. Autì shmaÐnei pwc mesolabeÐ ènac dromologht c kai o

opoÐoc dromologeÐ mèsw tou R53 (N1=1). To kìstoc aut c thc diadrom c eÐnai

K1=4.
3Ed¸ prèpei na shmeiwjeÐ ìti ì algìrijmoc leitourgeÐ stoqastik� se aut  th perÐptwsh. O dromo-

loght c R1 (kai k�je �lloc dromologht c plhn tou R5), jèlontac na upologÐsei pìsoi dromologhtèc
apì to path R1→R10 dromologoÔn mèsw tou R5, elègqei th diadrom  R1→R5. EÐnai pijanì h diadro-
m  aut  (R1→R5={R1, R2, R5}) na mhn emperièqetai sth diadrom  R1→R10={R1, R2, R4, R8, R10}
lìgw prohgoÔmenhc ektèleshc tou algorÐjmou. Sthn perÐptwsh aut  to dÐktuo mporeÐ na odhghjeÐ
se allag  h opoÐa den eÐnai aparaÐthth kai den to wfeleÐ gia to sugkekrimèno destination. Pr�g-
mati, an parathr soume to sq ma blèpoume pwc met� th pr¸th efarmog  tou algorÐjmou kanènac
dromologht c den dromologeÐ proc to dÐktuo D10 mèsw tou R5.
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• Apì th diadrom  proc ton R3 (diadrom  2): Gia na ft�sei ton R10 qrhsimopoieÐ th

diadrom  R1–R3–{R6–R9–R10, R7–R9–R10}, sthn opoÐa up�rqoun 4 endi�mesoi

dromologhtèc. To kìstoc thc diadrom c aut c proc to D10 eÐnai K2=14. Gia k�je

èna apì touc tèsseric autoÔc dromologhtèc elègqei to kìstoc proc autoÔc (KQ)

kai apofasÐzei sÔmfwna me thn anisìthta K1 + KX ≤ K2 −KX. Efìson autì

epalhjeÔei kai gia touc 4 dromologhtèc, orÐzetai N2=4.

SugkrÐnontac ta N1 kai N4, o R1 apofasÐzei pwc prèpei na qrhsimopoi sei th pr¸th

diadrom  mèsw tou R2.

R3

O R3 èqei treic diaforetikèc diadromèc proc to D10. SÔmfwna me ta prohgoÔmena

prokÔptei:

• Apì th diadrom  proc ton R1 (diadrom  1): N1=2, K1=3.

• Apì th diadrom  proc ton R6 (diadrom  2): N2=2, K2=13.

• Apì th diadrom  proc ton R7 (diadrom  3): N3=2, K3=13.

AjroÐzontac èqoume N = N1 + N2 + N3 = 6. To krit rio gia na epilèxei mia diadrom 

gia qr sh eÐnai to NX thc diadrom c Q, to opoÐo prèpei na eÐnai mikrìtero apì to N
3 (ìpou

to 3 eÐnai to pl joc ton pijan¸n diadrom¸n). Efìson ìlec oi diadromèc epalhjeÔoun

th sunj kh aut  (NX ≤ N
3 ) qrhsimopoioÔntai sto sÔnolì touc.

R2, R6, R7, R9

Efarmìzontai ta Ðdia b mata.

3.4 Yeudok¸dikac

Sunolik� qrei�zetai na orÐsoume tic parak�tw sunart seic:
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Sun�rthsh: run spf

Dedomèna: from, ignore

Apotelèsmata: prev, dist

Perigraf : EkteleÐ ton algìrijmo tou Dijkstra

from: O kìmboc apì ton opoÐo ja trèxei o algìrijmoc.

ignore: Mia lÐsta apì kìmbouc touc opoÐouc ja agno sei apì to arqikì gr�fo.

prev: 'Enac pÐnakac o opoÐoc gia k�je stoiqeÐo (kìmbo) krat�ei mia lÐsta me

touc prohgoÔmenouc kìmbouc tou dèntrou.

dist: 'Enac pÐnakac ìpou gia k�je stoiqeÐo(kìmbo) krat�ei thn apìstas  tou.

Sun�rthsh: find paths to

Dedomèna: from, to

Apotelèsmata: via

Perigraf : Epistrèfei ta next-hops gia èna sugkekrimèno proori-

smì

from: O kìmboc apì ton opoÐo ja elegqjoÔn ta routes.

to: O kìmboc proc ton opoÐo ja brejoÔn ta next-hops.

via: Mia lÐsta me next-hops.

Sun�rthsh: find intermediate

Dedomèna: from, to

Apotelèsmata: hl

Perigraf : BrÐskei touc endi�mesouc kìmbouc sÔmfwna me thn te-

leutaÐa ektèlesh tou algorÐjmou tou Dijkstra. An

up�rqoun perissìterec apì mÐa isodÔnamec diadromèc,

tic episkèptetai ìlec epistrèfontac mìno mÐa for� ton

k�je kìmbo.

from, to: Oi kìmboi metaxÔ twn opoÐwn ja epistrèyei touc endi�mesouc.

hl (hoplist): Mia lÐsta me touc endi�mesouc kìmbouc. Perilamb�nei to from

all� ìqi to to.
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Sun�rthsh: get next ignore

Dedomèna: lastignore

Apotelèsmata: nextignore

Perigraf : Epistrèfei ton epìmeno kìmbo pou parousÐase sumfì-

rhsh.

lastignore: O teleutaÐoc kìmboc o opoÐoc epistr�fhke apì th sun�rthsh   -1

an eÐnai h pr¸th for�.

nextignore: O epìmenoc kìmboc me prìblhma,   -1 an den up�rqei �lloc.

Sun�rthsh: get via interm

Dedomèna: from, to

Apotelèsmata: via, interm

Perigraf : Epistrèfei ta next-hops apì ìla ta diajèsima kalÔtera

routes kaj¸c kai touc endi�mesouc kìmbouc gia k�je

route.

from, to: O arqikìc kai o telikìc kìmboc gia thn anaz thsh.

via: Mia lÐsta me next-hop.

interm: 'Enac pÐnakac ìpou gia k�je stoiqeÐo(next-hop) up�rqei mia lÐsta me

endi�mesouc kìmbouc proc ton proorismì.

Sun�rthsh: update rtable

Dedomèna: r

Apotelèsmata:

Perigraf : Efarmìzei ton algìrijmo

r: O dromologht c gia ton opoÐo ja efarmosteÐ o algìrijmoc.

O algìrijmoc run spf perigr�fhke sthn par�grafo 2.5. Oi upìloipoi algìrijmoi èqoun

wc ex c:

3.4.1 find paths to

via ← [ ]1

toecheck ← [ to ]2
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beenthere ← [ ]3

while tocheck 6= ∅4

previd ← pop(tocheck)5

prevlist ← prev(previd)6

foreach t ← prevlist7

if t = from8

if previd /∈ via9

via ← via ∪ previd10

else11

if t /∈ beenthere12

toecheck ← tocheck ∪ t13

beenthere ← beenthere ∪ t14

15

3.4.2 find intermediate

if from = to1

hl ← [ ]2

return3

foreach t ← prev(to)4

hl2 ← find intermediate(from, t)5

hl2 ← hl2 ∪ t6

foreach t2 ← hl27

if t2 /∈ hl8

hl ← hl ∪ t29

3.4.3 get next ignore

if lastignore = -11

t last ← 02

else3

t last ← timeof(lastignore)4

t candidate ← ∞5

id candidate ← -16
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foreach t ← overloaded nodes7

if (timeof(t) = t last and lastignore < t and8

(t < id candidate or id candidate < 0)) or9

(timeof(t) > t last and timeof(t) = t candidate and t < id candidate) or10

(timeof(t) > t last and timeof(t) < t candidate))11

id candidate ← t12

t candidate ← timeof(t)13

nextignore ← id candidate hl2 ← find intermediate(from, t)14

hl2 ← hl2 ∪ t15

foreach t2 ← hl216

if t2 /∈ hl17

hl ← hl ∪ t218

3.4.4 get via interm

via ← find paths to(from, to)1

interm ← [ ]2

foreach t ← via3

interm(t) ← find intermediate(t, to)4

3.4.5 update rtable

rtable ← [ ]1

foreach destid ← nodes2

ignore ← [ ]3

ignoreid ← -14

newvia ← [ ]5

newinterm ← [ ]6

newdist ← [ ]7

routevia ← [ ]8

routecost ← -19

loopcount ← 010

repeat11

loopcount ← loopcount +112
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oldvia ← newvia13

olddist ← newdist14

oldcost ← newcost15

totalnewhopcount ← 016

newhopcount ← [ ]17

if oldvia 6= ∅18

ignoreid ← get next ignore(ignoreid)19

(ignorevia, ignoreinterm) ← get via interm(r, ignoreid)20

foreach i ← ignoreinterm21

cnt ← count(i)22

newhopcount(i) ← cnt23

totalnewhopcount ← cnt24

if r 6= ignoreid25

ignore ← ignore ∪ ignoreid26

if r = ignoreid27

continue28

run spf(r, ignore)29

newcost ← dist(destid)30

newdist ← dist31

(newvia, newinterm) ← get via interm(r, destid)32

if newvia = ∅33

routevia ← oldvia34

routecost ← oldcost35

break36

if oldvia = ∅37

routevia ← oldvia38

routecost ← oldcost39

continue40

nochange ← false41

foreach t ← oldvia42

if t /∈ newvia43

nochange ← true44

61



if nochange = true45

routevia ← oldvia46

routecost ← oldcost47

continue48

newcost ← 1000049

via ← oldvia ∪ newvia50

foreach i ← newinterm51

c1 ← olddist(destid)52

c3 ← newdist(destid)53

cnt ← 054

foreach i2 ← i55

c2 ← newdist(i2)56

if c1 + c2 ≤ c3 - c257

cnt ← cnt + 158

newhopcount(i) ← cnt59

totalnewhopcount ← totalnewhopcount + cnt60

newvia ← [ ]61

interm ← newinterm62

newinterm ← [ ]63

t1 ← totalnewhopcount / count(via)64

foreach i ← via65

if newhopcount(i) ≤ t166

newvia ← newvia ∪ i67

routevia ← newvia68

routecost ← newcost69

until loopcount > count(problematic nodes)70

rtable(destid) ← (routevia, routecost)71

3.4.6 Qr sh apì OSPF

To OSPF apoteleÐ to idanikì prwtìkollo gia thn efarmog  tou sugkekrimènou algorÐj-

mou giatÐ:
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• EÐnai Link State prwtìkollo kai o algìrijmoc mporeÐ na enswmatwjeÐ mìno se prwtì-

kolla aut c thc oikogèneiac.

• EÐnai anoiqtì prwtìkollo me arketèc ulopoi seic, tìso gia kanonik  qr sh, ìso kai

gia akadhmaðk .

• Up�rqei to RFC2370 me tÐtlo “The OSPF opaque LSA Option” (Coltun 1998), to

opoÐo parèqei èna genikeumèno trìpo epèktashc tou OSPF qwrÐc na qrei�zontai tropo-

poi seic sth leitourgÐa metafor�c twn dedomènwn stic up�rqousec egkatast�seic.

Gia thn efarmog  tou apaiteÐtai h prosj kh dÔo nèwn plhrofori¸n. To RFC2370 orÐzei

treic tÔpouc LSA (9, 10, 11) mèsw twn opoÐwn metafèrei tic plhroforÐec. Gia to sugkekrimèno

algìrijmo prèpei na qrhsimopoihjeÐ to LSA Type 10, to opoÐo proorÐzetai gia apostol 

plhrofori¸n entìc miac perioq c. Pèra apì autì apaiteÐtai h qr sh enìc Opaque Type ID,

to opoÐo anatÐjetai apì to Internet Assigned Numbers Authority (IANA). To eÔroc tou

Opaque Type ID eÐnai 8 bit kai mporeÐ na p�rei tic timèc 1�255. Apì autèc, oi timèc 128�255

proorÐzontai gia dokimèc kai idiwtik  qr sh kai mporoÔn na qrhsimopoihjoÔn proswrin� se

k�poia pijan  ulopoÐhsh.

Gia th leitourgÐa tou algorÐjmou ja prèpei na prostejoÔn mÐa   dÔo nèec plhroforÐec:

• Router OK: Gia na apostèlletai ìtan ènac dromologht c epanèrqetai se kanonik 

leitourgÐa.

• Router Overloaded: Gia na apostèlletai ìtan ènac dromologht c antimetwpÐzei pro-

bl mata uperfìrtwshc

O k�je ènac dromologht c prèpei na apofasÐzei mìnoc tou gia to pìte ja apostèllei

thn k�je mÐa plhroforÐa. Autì eÐnai aparaÐthto giatÐ den mporeÐ na up�rxei k�poioc genikìc

trìpoc gia th mètrhsh tou fìrtou twn dromologht¸n. H plhroforÐa tou fìrtou eÐnai k�ti

to opoÐo exart�tai tìso apì touc kataskeuastèc, ìso kai apì ta montèla twn dromologht¸n.

Parìla aut�, san genikèc kateujÔnseic mporoÔme na poÔme pwc:

• 'Enac dromologht c ja prèpei na ulopoieÐ k�poio timer, o opoÐoc na metr� to qrì-

no kat� ton opoÐo eÐnai uperfortwmènoc. Ta Router Overloaded mhnÔmata den prèpei

na stèlnontai amèswc all� met� to pèrac k�poiou qronikoÔ diast matoc ¸ste na mhn

prokaloÔntai anataraqèc sto dÐktuo apì peristasiak� gegonìta.
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• K�je dromologht c ja prèpei na èqei èna ìrio ��anoq c�� kat� to opoÐo na diafèroun ta

ìria sta opoÐa jewreÐtai uperfortwmènoc h ìqi. P.q, ènac dromologht c mporeÐ na jew-

reÐtai uperfortwmènoc ìtan apokt sei epexergastikì fìrto megalÔtero apì 70%, alla

sth sunèqeia ja jewr sei ìti èpaye na antimetwpÐzei prìblhma uperfìrtwshc an o fìr-

toc pèsei k�tw apì to 40% gia sugkekrimèno qronikì di�sthma. Autì eÐnai aparaÐthto

¸ste na paramènei to dÐktuo ìso gÐnetai perissìterh ìra sthn Ðdia kat�stash.

• Oi dromologhtèc ja prèpei na elègqoun an oi allagèc katast�sewn eÐnai alusidwtèc

(dhlad  an h mÐa prokaleÐ thn �llh), ìson afor� ton eautì touc, kai na prospajoÔn na

to apotrèyoun autì, metab�llontac Ðswc ta ìria   touc timers.

3.5 UlopoÐhsh

Gia tic an�gkec thc ergasÐac ulopoi jhke o algìrijmoc sth gl¸ssa programmatismoÔ

C/C++. Tautìqrona ulopoi jhke kai ìti �llo  tan aparaÐthto ¸ste na mporeÐ na leitour-

g sei kai na dokimasteÐ se prokajorismènouc kai se tuqaÐouc gr�fouc. H ulopoÐhsh lamb�nei

wc eÐsodo èna gr�fo me tuqaÐo arijmì kìmbwn kai mia lÐsta apì kìmbouc oi opoÐoi emfanÐzoun

probl mata sumfìrhshc. To prìgramma efarmìzei ton algìrijmo pou perigr�fhke kai emfa-

nÐzei touc pl reic pÐnakec dromolìghshc gia ìlouc touc dromologhtèc. Met� thn ektèlesh

tou algorÐjmou pragmatopoieÐ exantlhtikì èlegqo apì ìlouc touc dromologhtèc proc ìlouc

touc pijanoÔc proorismoÔc ¸ste na entopÐsei pijan� routing loops. H diadikasÐa tou elègqou

emf�nise k�poia probl mata tìso stic arqikèc idèec ìso kai sthn ulopoÐhsh tou algorÐjmou,

ta opoÐa l fjhkan upìyh kai eÐnai lumèna ston algìrijmo pou parousi�sthke sthn ergasÐa.

PisteÔetai pwc o algìrijmoc den parousi�zei k�poio prìblhma giatÐ:

• AkoloujeÐ èna aplì logikì pl�no to opoÐo kajorÐzei me arket� xek�jaro trìpo ìti den

ja up�rxoun routing loops.

• Kat� th di�rkeia tou programmatismoÔ tou elègqjhke apènanti se dÐktua ta opoÐa  tan

gnwstì ìti ja ton odhgoÔsan se akraÐec katast�seic, ìpwc autèc faÐnontan kat� th

suggraf  tou k¸dika.

• Ulopoi jhke genn tria gr�fwn h opoÐa: Apì to sÔnolo ìlwn twn gr�fwn me 9 kìmbouc

epèlexe touc gr�fouc ìpou ìloi oi kìmboi eÐqan perissìterec apì mÐa sundèseic all�

ligìterec apì 6 (2�5). Apì autoÔc xeq¸rise tuqaÐa perÐpou 800.000 gr�fouc, oi opoÐoi
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proèkuyan apì tuqaÐa dialog  me pijanìthta 0.001 (0.1%) apì to arqikì deÐgma. O

algìrijmìc efarmìsthke stouc 800.000 gr�fouc kai den parousÐase k�poio routing

loop. EpeÐshc ègine epituq c exantlhtikìc èlegqoc se ìlouc touc gr�fouc 7 kìmbwn

ìpou o k�je kìmboc eÐqe 2�5 sundèseic.

Endeiktikì thc exìdou tou progr�mmatoc eÐnai to par�rthma aþ. Se autì up�rqei to apo-

tèlesma thc ektèleshc tou progr�mmatoc p�nw sto dÐktuo thc eikìnac 3.3.6, to opoÐo qrh-

simopoieÐtai gia to par�deigma thc paragr�fou 3.3.3.

H ulopoÐhsh tou algorÐjmou apoteleÐ eleÔjero logismikì kai dianèmetai k�tw apì th

GNU Public License (GPL).
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Kef�laio 4

Sumper�smata

AfoÔ melet same to jèma tou fìrtou twn dromologht¸n kai deÐxame ìti h uperfìrtwsh

odhgeÐ se katastrofikèc sunèpeiec, br kame ènan trìpo me ton opoÐo mporeÐ na metriasteÐ to

prìblhma. O algìrijmoc thc apofug c twn uperfortwmènwn kìmbwn apoteleÐ k�ti kainoÔrio

miac kai den brèjhke sqetik  doulei� se èreuna pou ègine ston Internet kai deÐqnei pwc Ðswc

mporeÐ na qrhsimopoihjeÐ. F�nhke ìti den antimetwpÐzei probl mata, tìso logik�, ìso kai

praktik� kai prokaleÐ epibarÔnseic mìno ìtan up�rqei uperfìrtwsh se k�poio dromologht 

tou diktÔou. Epilèqjhke na protajeÐ h enswm�tws  tou sto prwtìkollo dromolìghshc OSPF

giatÐ autì sugkentr¸nei ìla ta aparaÐthta qarakthristik�.

H ulopoÐhsh tou algorÐjmou od ghse sthn antimet¸pish kai lÔsh problhm�twn ta opoÐa

den eÐqan lhfjeÐ arqik� upìyh, en¸ h efarmog  tou epibebaÐwse th leitourgÐa tou. Gia thn

apìdeixh tou alhjoÔc kai gia tic an�gkec thc ergasÐac èginan epituqhmènoi èlegqoi se arketèc

qili�dec tuqaÐwn gr�fwn kaj¸c kai se dek�dec prokajorismènwn apì em�c.
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Par�rthma aþ

Apotelèsmata ektèleshc

Ta parak�tw eÐnai h èxodoc tou progr�mmatoc, ìtan autì ef�rmose ton algìrijmo sto

gr�fo tou sq matoc 3.3.6, ìpwc prigr�fhke sth par�grafo 3.3.3.

Routing table of R1 (id: 1)
----------------------------
Dest NextHop Cost
R2 - 1
R3 - 1
R4 R2 2
R5 R2 2
R6 R3 2
R7 R3 2
R8 R2 10015
R9 R3 3
R10 R2 10014

Routing table of R2 (id: 2)
----------------------------
Dest NextHop Cost
R1 - 1
R3 R1 2
R4 - 1
R5 - 1
R6 R1 3
R7 R1 3
R8 R4 10016
R9 R1 4
R10 R4 10015
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Routing table of R3 (id: 3)
----------------------------
Dest NextHop Cost
R1 - 1
R2 R1 2
R4 R1 3
R5 R1 3
R6 - 1
R7 - 1
R8 3 routes exist with cost 10014 :

R1
R7
R6

R9 2 routes exist with cost 2 :
R7
R6

R10 3 routes exist with cost 10013 :
R1
R7
R6

Routing table of R4 (id: 4)
----------------------------
Dest NextHop Cost
R1 R2 2
R2 - 1
R3 R2 3
R5 R2 2
R6 R2 4
R7 R2 4
R8 - 1
R9 R2 5
R10 R8 2

Routing table of R5 (id: 5)
----------------------------
Dest NextHop Cost
R1 R2 2
R2 - 1
R3 R2 3
R4 R2 2
R6 R2 4
R7 R2 4
R8 - 10004
R9 R2 5
R10 R8 10005

Routing table of R6 (id: 6)
----------------------------
Dest NextHop Cost
R1 R3 2
R2 R3 3
R3 - 1
R4 R3 4
R5 R3 4
R7 2 routes exist with cost 2 :

R9
R3

R8 R9 10013
R9 - 1
R10 R9 10012
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Routing table of R7 (id: 7)
----------------------------
Dest NextHop Cost
R1 R3 2
R2 R3 3
R3 - 1
R4 R3 4
R5 R3 4
R6 2 routes exist with cost 2 :

R9
R3

R8 R9 10013
R9 - 1
R10 R9 10012

Routing table of R8 (id: 8)
----------------------------
Dest NextHop Cost
R1 2 routes exist with cost 10015 :

R4
R5

R2 2 routes exist with cost 10016 :
R4
R5

R3 2 routes exist with cost 10014 :
R4
R5

R4 - 1
R5 2 routes exist with cost 10004 :

R4
-

R6 2 routes exist with cost 10013 :
R4
R5

R7 2 routes exist with cost 10013 :
R4
R5

R9 2 routes exist with cost 10012 :
R4
R5

R10 - 1

Routing table of R9 (id: 9)
----------------------------
Dest NextHop Cost
R1 2 routes exist with cost 3 :

R7
R6

R2 2 routes exist with cost 4 :
R7
R6

R3 2 routes exist with cost 2 :
R7
R6

R4 2 routes exist with cost 5 :
R7
R6

R5 2 routes exist with cost 5 :
R7
R6

R6 - 1
R7 - 1
R8 R10 10012
R10 - 10011

Routing table of R10 (id: 10)
-----------------------------
Dest NextHop Cost
R1 R9 10014
R2 R9 10015
R3 R9 10013
R4 R8 2
R5 R8 5
R6 R9 10012
R7 R9 10012
R8 - 1
R9 - 10011
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