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PERILHYH

H ergasÐa aută aforĹ se sunergatikèc mejìdouc antimetÿpishc Katanemhmè-

nwn Epijèsewn ’Arnhshc UphresÐac (Distributed Denial of Service Attacks –
DDoS), kakìboulwn metadìsewn megĹlou ìgkou kÐnhshc pou èqoun skopì thn
exĹntlhsh diktuakÿn (sunăjwc) ă upologistikÿn pìrwn sto dÐktuo-stìqo.

Oi epijèseic autoÔ tou eÐdouc parousiĹzoun ènan arijmì apì idiaiterìthtec

oi opoÐec katastoÔn dÔskolh thn antimetÿpish touc apokleistikĹ ston teli-

kì stìqo touc (parapoÐhsh pragmatikoÔ apostolèa thc epijetikăc kÐnhshc,

sunduasmìc pollÿn apomakrusmènwn phgÿn apostolăc kÐnhshc, aifnÐdia exè-

lixh, duskolÐa anÐqneushc kai diaqwrismoÔ apì gegonìta nìmimhc auxhmènhc

kÐnhshc k.lp.).

H akoloujoÔmenh mejodologÐa basÐzetai sto epituqhmèno montèlo suner-

gasÐac anĹmesa se omĹdec asfaleÐac CERT (Computer Emergency Response
Teams) diaforetikÿn diktÔwn (domains), me diadikasÐec exasfĹlishc empi-
stosÔnhc (trust management). ProteÐnetai èna parìmoio plaÐsio antallagăc
plhroforiÿn gia thn antimetÿpish twn epijèsewn DDoS sta dÐktua apfl ìpou
dièrqetai h epijetikă kÐnhsh. Gia na katasteÐ autì dunatìn ta dÐktua pou zh-

toÔn na sunergastoÔn dhmiourgoÔn èna eidikì UperkeÐmeno (overlay) dÐktuo,
th Sunergatikă Upodomă. H ulopoÐhsh thc Upodomăc gÐnetai me thn egka-

tĹstash eidikÿn susthmĹtwn logismikoÔ se kĹje dÐktuo, twn Sunergatikÿn

Ontotătwn, pou paramènoun upì topikì èlegqo.

ArqikĹ, parousiĹzontai ta kÔria zhtămata pou jètei mia tètoia katanemh-

mènh prosèggish tou problămatoc twn epijèsewn DDoS. Sth sunèqeia, ana-
lÔontai kai epideiknÔontai, mèsa apì endeiktikèc ulopoiăseic, oi apaităseic kai

prodiagrafèc tou sustămatoc me enallaktikèc teqnologÐec diamìrfwshc tou

uperkeÐmenou diktÔou. Me th leitourgÐa thc Sunergatikăc Upodomăc, se topi-

kì epÐpedo kai wc suntonismèno sÔnolo, epitugqĹnetai h anÐqneush (detection)
kai h parakoloÔjhsh thc diadromăc (trace-back) thc epÐjeshc. KÔrioc sqe-
diastikìc stìqoc eÐnai h aposÔndesh thc diadikasÐac sunergatikăc anÐqneushc

mèsw thc Upodomăc apì th mèjodo anÐqneushc, tic rujmÐseic kai thn akrÐbeia

twn katĹ tìpouc susthmĹtwn IDS. Epiplèon, kĹje dÐktuo anexĹrthta mporeÐ
na analĹbei enèrgeiec antimetÿpishc oi opoÐec ja periorÐsoun thn epÐdrash thc

epÐjeshc katĹ măkoc thc sunolikăc diadromăc thc.

H Sunergatikă Upodomă apoteleÐ èna asfalèc kai euèlikto plaÐsio gia th

diaqeÐrish asfĹleÐac se peribĹllon pollaplÿn sunergazìmenwn diktÔwn. Me

anĹlush kai prosomoiÿseic katadeiknÔetai ìti h leitourgÐa thc mporeÐ na bel-

tiÿsei ta apotelèsmata anÐqneushc me thn aÔxhsh tou bajmoÔ empistosÔnhc

metaxÔ twn sunergazìmenwn diktÔwn.

LEXEIS KLEIDIA: Epijèseic DDoS, PollaplĹ DÐktua (domains), Suner-
gatikă antimetÿpish, AnÐqneush, ParakoloÔjhsh diadromăc, Antimetÿpish
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ABSTRACT

In this work we propose a cooperative architecture for the detection, pa-
th tracing and mitigation of Distributed Denial of Service (DDoS) attacks.
These are malicious high volume traffic streams that target network or server
system resources of a site. DDoS attacks are difficult to counter by exclusive
actions at the victim site due to a number of characteristics, such as hi-
ghly distributed attack sources, address spoofing, rapid escalation of attacks,
difficulty to distinguish from legitimate high-traffic events.

Our model builds on the successful CERT (Computer Emergency Re-
sponse Teams) paradigm of cooperation between different trusted sites. We
employ a similar approach for automatically building an infrastructure for
exchanging DDoS detection reports among independent cooperating domains.
The networks (administrative domains) wishing to participate in this scheme
form a Cooperative Framework via an overlay network. This is organized by
the deployment, at each site, of specialized software modules, the Cooperative
Entities that are controlled by local domain administrators.

We first present the main issues of such a cooperative approach pertaining
to DDoS attacks. The formation of the Cooperative Framework overlay is
demonstrated for a number of different low level communication technologies.
It is shown that the infrastructure achieves cooperative detection and path
tracing, regardless of the individual site IDS detection methodologies and
performance. Each site may choose an independent attack mitigation policy
aiming to limit the effects of a DDoS attack along its entire path (propagation
tree).

Our Cooperative Framework forms a reliable and flexible solution for
managing security information in a multi-domain environment. This is rein-
forced by both analytic and simulation experiments demonstrating the feasi-
bility, stable operation and performance of the Framework. Finally, we show
that cooperative detection improves as the trust level among sites increases.
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Prìlogoc

H Diatribă aută apoteleÐ mÐa prìtash antimetÿpishc twn Katanemhmènwn Epi-

jèsewn ’Arnhshc UphresÐac (Distributed Denial of Service Attacks - DDoS),
enìc idiaÐtera sobaroÔ kai diadedomènou problămatoc sto DiadÐktuo sămera.

H prosèggish pou akoloujeÐtai sthn ergasÐa èqei se megĹlo bajmì prokÔyei

apì thn empeirÐa tou grĹfontoc sto qÿro thc asfĹleiac epÐ seirĹ etÿn, tìso

ston akadhmaðkì ìso kai ston epaggelmatikì qÿro.

EukairÐa gia nfl asqolhjÿ me jèmata asfĹleiac upologistikÿn susthmĹtwn

kai diktÔwn moÔ eÐqe dojeÐ ădh apì to akad. ètoc 1995-1996, perÐodo ekpình-

shc thc diplwmatikăc mou ergasÐac (sto ergastărio NETMODE), ìtan autĹ
ta zhtămata ătan akìma sqetikĹ nèa.

Me thn ènarxh thc epaggelmatikăc mou drasthriìthtac oi prÿtec autèc

gnÿseic enisqÔjhkan peraitèrw kai mpăkan se praktikă efarmogă. Kajori-

stikì rìlo gia th metèpeita epaggelmatikă mou exèlixh allĹ kai sto sqediasmì

thc paroÔsac ergasÐac èpaixe h eukairÐa pou eÐqa, katĹ thn perÐodo 1996-1998,

na apotelèsw mèloc thc omĹdac tou Kèntrou Elègqou DiktÔou tou E.M.P.

Sto diĹsthma autì ălja se epafă me ta shmantikìtera praktikĹ zhtămata

asfaleÐac se dÐktua megĹlhc klÐmakac, ìpwc tou E.M.P. kai tou EjnikoÔ

DiktÔou ’Ereunac kai TeqnologÐac (th diaqeÐrish tou opoÐou eÐqe to K.E.D.

tou E.M.P.). Epiplèon sto diĹsthma autì summeteÐqa energĹ sth dhmiour-

gÐa thc prÿthc Ellhnikăc OmĹdac Antimetÿpishc Peristatikÿn AsfaleÐac

(Computer Emergency Response Team – CERT), tou GRNET-CERT. QĹrh
ston episthmonikì upeÔjuno tou K.E.D. tìte, kai kÔrio epiblèponta autoÔ

tou didaktorikoÔ, kajhghtă B. MĹgklarh, eÐqa thn eukairÐa sta plaÐsia thc

ergasÐac gia to GRNET-CERT na pareurejÿ se dÔo etăsia sunèdria tou
Forum of Incident Response and Security Teams (FIRST) to 1998 sto Me-
xikì kai to 1999 sthn AustralÐa. H apeujeÐac epafă me ta mèlh kĹpoiwn apì

tic kalÔterec omĹdec asfaleÐac ston kìsmo, ìpwc kai me korufaÐouc eidikoÔc

ston tomèa, eÐqe katalutikă drĹsh sthn katanìhsh jemĹtwn asfaleÐac kai thn

exèlixh twn ideÿn pou mellontikĹ ja apoteloÔsan ton purăna thc paroÔsac

diatribăc.

En tw metaxÔ to pagkìsmio peribĹllon asfaleÐac exelÐqjhke dunamikĹ

akoloujÿntac thn almatÿdh anĹptuxh tou DiadiktÔou pagkosmÐwc. To prÿ-

to shmantikì peristatikì asfaleÐac pou sunèbh metĹ thn èleush tou ètouc

2000 ătan h megĹlhc klÐmakac epijèseic DDoS enantÐon diktuakÿn tìpwn sh-
mantikÿn emporikÿn kai eidhseografikÿn etairiÿn [Comp00]. Oi epijèseic
autèc èginan eurÔtata gnwstèc kai èdeixan prÿth fìra pìso pragmatikèc kai

epikÐndunec gia th sÔgqronh koinwnÐa thc diktÔwshc kai thc plhroforÐac eÐnai

apeilèc proc thn teqnikă upodomă thc (tic legìmenec {KrÐsimec Upodomèc}
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` ”Critical Infrastructure”). Me to peristatikì autì oi Epijèseic ’Arnhshc
UphresÐac kai, sumbolikĹ, èdeixan ìti anăkoun stic proklăseic asfĹleiac tou

nèou aiÿna.

MetĹ ta tromokratikĹ qtupămata thc 11hc SeptembrÐou 2001, oi epijè-

seic DDoS anadeÐqjhkan tmăma enìc eurÔterou peribĹllontoc asfaleÐac me
nèec Ĺmesec proklăseic. Oi montèrnec autèc proklăseic ` proc thn teqnikă

upodomă tou DiadiktÔou kai thc koinwnÐac thc PlhroforÐac genikìtera ` eÐ-

nai h prostasÐa twn upodomÿn epikoinwnÐac h opoÐa plèon eÐnai anapìspasto

kommĹti thc sÔgqronhc zwăc; gia touc qrăstec h prìklhsh brÐsketai sth dia-

sfĹlish apì apeilèc, qwrÐc ìmwc na sterhjoÔn dedomènec eukolÐec kai kurÐwc

to kekthmèno dikaÐwma tou idiwtikoÔ apìrrhtou.

Mèsa se autì to diarkÿc exelissìmeno peribĹllon asfaleÐac, o grĹfwn

epiqeÐrhse na proseggÐsei to prìblhma twn epijèsewn DDoS, qrhsimopoiÿn-
tac ta didĹgmata pou eÐqe apokomÐsei apì thn epaggelmatikă kai akadhmaðkă

tou drasthriìthta: th shmasÐa prostasÐac krÐsimwn diktuakÿn pìrwn, th

sunergasÐa omĹdwn CERT se peribĹllon empistosÔnhc, thn anĹgkh diaqeiri-
stikăc anexarthsÐac kĹje diktÔou, akìma kai katĹ to qeirismì peristatikÿn

asfĹleiac, th shmasÐa thc taqÔthtac antÐdrashc se peristatikĹ.

EuqaristÐec

En prÿtoic jèlw na ekfrĹsw tic jermìtatec euqaristÐec mou ston epi-

blèponta aută th diatribă, Kajhghtă k. BasÐlh MĹgklarh, gia th suneqă

kajodăghsh kai thn amèristh sumparĹstash tou kajfl ìlh th diĹrkeia thc su-

nergasÐac mac. QĹrh stic gnÿseic, thn peÐra kai tic polÔtimec odhgÐec tou h

ergasÐa aută apèkthse plhrìthta kai bĹjoc.

Ja ăjela na euqaristăsw epÐshc ta mèlh thc Sumbouleutikăc Epitropăc:

k. E. PrwtonotĹrio, Kajhghtă E.M.P. (mèloc kai thc Exetastikăc Epitro-

păc) kai k. E. SkordalĹkh, Kajhghtă E.M.P, kajÿc kai ta mèlh thc Exe-

tastikăc Epitropăc: k. M. Anagnÿstou, Kajhghtă E.M.P., k. E. SukĹ,

Kajhghtă E.M.P., k. S. PapabasileÐou Epik. Kajhghtă E.M.P., k. N.

KozÔrh, Epik. Kajhghtă E.M.P. kai k. S. KĹtsika, Kajhghtă tou Panepi-

sthmìu AigaÐou.

Prèpei akìmh na euqaristăsw ìlouc touc anjrÿpouc pou stĹjhkan kontĹ

mou kai me stărixan autìn ton kairì, tìso sthn ekpìnhsh autăc thc ergasÐac

ìso kai proswpikĹ.

IdiaÐterec euqaristÐec prèpei na ekfrastoÔn stouc dÔo anjrÿpouc qĹrh

sth boăjeia kai upostărixh twn opoÐwn oloklhrÿjhke me epituqÐa h ergasÐa

aută:

To sunĹdelfo Fÿth Stamatelìpoulo, ton {paliì} tou ergasthrÐou NET-
MODE. Shmantikì mèroc thc ergasÐac autăc ofeÐletai stic suzhtăseic pou
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eÐqame, sth suneqă parìtrunsh kai sto adelfikì, ja tolmoÔsa na pw, endia-

fèron tou gia thn epituqÐa mou.

Th NatĹssa Tokarèbskagia, pou stĹjhke sto pleurì mou, me stărixe

suneqÿc, mou qĹrise to qamìgelo kai sth diĹrkeia ìlhc autăc thc prospĹjeiac

mou èdwse kourĹgio na suneqÐsw.

FusikĹ, pollèc euqaristÐec ofeÐlontai se ìlouc touc sunĹdelfouc tou er-

gasthrÐou NETMODE (paliìterouc kai neìterouc) pou dhmioÔrghsan autĹ
ta qrìnia èna polÔ zestì kai ìmorfo peribĹllon, èginan pragmatikoÐ fÐloi.

Jèlw idiaÐtera na euqhjÿ sto sunĹdelfo kai fÐlo Dhmătrh Belènh {perasti-

kĹ} kai dÔnamh gia na eÐnai kai pĹli sÔntoma kontĹ mac gerìc kai pneumatÿdhc

ìpwc pĹnta!

Pollèc euqaristÐec epÐshc stouc prÿhn diplwmatikoÔc sunergĹtec pou

suneisèferan shmantikĹ sthn epituqÐa autăc thc ergasÐac: ton (Dra. edÿ

kai polÔ kairì) Panagiÿth Astăja, touc sunadèlfouc plèon SĹkh Mÿralh

kai BasÐlh QatzhgiannĹkh, kai touc NÐko PougoÔnia, Pètro AleurĹ, Kuriakă

Lebantă, Dhmătrh FilippÐdh kai Giÿrgo Kwtsìlh.

Euqaristÿ epÐshc touc anjrÿpouc stouc opoÐouc ofeÐlw ta pĹnta, touc

GoneÐc mou MarÐa kai NÐko.

Tèloc, euqaristÿ apì bĹjouc yuqăc to dĹskalo mou I.Q.S.

Giÿrgoc Koutèpac

Ajăna, MĹioc 2006
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KefĹlaio 1

Eisagwgă

1.1 Perigrafă tou Problămatoc

Oi Epijèseic ’Arnhshc UphresÐac (Denial of Service Attacks – DoS ) apo-

teloÔn mia apì tic ekdhlÿseic thc suneqizìmenhc antiparĹjeshc anĹmesa se

ekeÐnouc pou epidiÿkoun thn parabÐash kai ekeÐnouc pou epizhtoÔn thn prosta-

sÐa upologistikÿn susthmĹtwn. Me thn pagÐwsh thc qrăshc tou DiadiktÔou

sth dekaetÐa tou 1990 kai thn kajièrwsh tou wc shmantikoÔ mèsou epikoinw-

nÐac kai antallagăc ideÿn allĹ kai wc parĹgonta thc pagkìsmiac oikonomÐac,

Ĺrqisan na gÐnontai fanerĹ ta shmantikĹ zhtămata asfaleÐac pou prokÔptoun

apì th genikeumènh sundesimìthta upologistikÿn susthmĹtwn. To DiadÐktuo

apotèlese to nèo pedÐo oikonomikoÔ antagwnismoÔ kai mpăke sto stìqastro

parĹnomwn drasthriotătwn kai kakìboulwn energeiÿn. Oi apeilèc asfaleÐ-

ac èqoun pollaplasiasteÐ kai diaforopoihjeÐ wc proc touc skopoÔc kai tic

mejìdouc touc.

Oi Politikèc kai ta Mètra AsfaleÐac èqoun stadiakĹ kai se kĹpoio bajmì
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auxăsei thn katanìhsh twn apeilÿn asfaleÐac apì tic etaireÐec, tic kuber-

năseic kai to koinì kai èqoun meiÿsei tic pijanìthtac Ĺmeswn parabiĹsewn

susthmĹtwn. Sta tèlh thc dekaetÐac tou 1990 Ĺrqisan na exelÐssontai nèec,

èmmesec, apeilèc katĹ twn prosbĹsimwn apì to DiadÐktuo upologistikÿn pì-

rwn. Oi apeilèc autèc, oi Epijèseic ’Arnhshc UphresÐac, den apoblèpoun sthn

kajfl aută parabÐash susthmĹtwn allĹ sthn parempìdish touc na parèqoun

qrăsimec uphresÐec se opoiondăpote, ousiastikĹ sthn aqrăsteush touc. Ta

peristatikĹ autoÔ tou eÐdouc klimakÿjhkan jeamatikĹ sthn arqă tou 2000

me susthmatikèc kai automatopoihmènec epijèseic exĹntlhshc twn diktuakÿn

kai upologistikÿn pìrwn, wc Katanemhmènec Epijèseic ’Arnhshc UphresÐ-

ac (Distributed Denial of Service Attacks – DDoS ). Qarakthristikèc ătan

oi epijèseic se ènan arijmì apì shmantikèc etaireÐec tou DiadiktÔou (Yahoo,

eBay, Buy.com, Amazon.com kai CNN.com) sto diĹsthma 7-9 IanouarÐou

2000 [Comp00]. O oikonomikèc epiptÿseic allĹ kai o antÐktupoc sthn koină

gnÿmh ătan tètoioi pou oi epijèseic autèc qarakthrÐsthkan {janathfìrec} gia

to DiadÐktuo allĹ kai gia thn pagkìsmia oikonomikă drasthriìthta genikìte-

ra, ìpwc ekfrĹzetai qioumoristikĹ sto Sqăma 1.1 pou parousiĹzei èna skÐtso

tou 2000. Sthn epoqă metĹ ta tromokratikĹ qtupămata thc 11hc Septem-

brÐou 2001 kai thn epakìloujh energopoÐhsh asfaleÐac oi epijèseic DDoS

jewroÔntai kai shmantikă apeilă enantÐon twn krÐsimwn upodomÿn (critical

infrastructure) twn kratÿn.
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Sqăma 1.1: SkÐtso tou Kevin Siers sthn efhmerÐda The Charlotte Observer
pou apodÐdei qioumoristikĹ ton antÐktupo twn epijèsewn DDoS tou 2000

Mia seirĹ apì qarakthristikĹ kajistoÔn thn epÐdrash autoÔ tou eÐdouc

twn epijèsewn shmantikă:

• Uyhlă taqÔthta exèlixhc me megĹlo ìgko kÐnhshc

• PollaplĹ shmeÐa proèleushc gia ta opoÐa ìmwc sunăjwc upĹrqei dusko-

lÐa prosdiorismoÔ lìgw thc qrăshc mejìdwn sugkĹluyhc (IP address

spoofing)

• Mikră dunatìthta elègqou kai antÐdrashc sto telikì jÔma

To shmantikì prìblhma twn epijèsewn DDoS, h sfodrìthta kai taqÔthta

exèlixhc twn peristatikÿn sta opoÐa qrhsimopoioÔntai allĹ kai oi adunamÐec
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twn uparqìntwn lÔsewn apotèlesan to ènausma thc paroÔsac diatribăc.

H apotelesmatikă antimetÿpish twn epijèsewn DDoS apaiteÐ megĹlhc klÐ-

makac sunergasÐec anĹmesa se pollĹ diaforetikĹ dÐktua. Autì èqei apodeiqteÐ

sthn prĹxh me tic epikoinwnÐec twn diaqeiristÿn diktÔwn se periptÿseic epi-

jèsewn, pou metafèroun plhroforÐec antimetÿpishc basizìmenoi stic sqèseic

sunergasÐac kai thn proswpikă empistosÔnh. Profanÿc mia tètoia prosèggi-

sh den prosfèrei taqÔthta, automatismì ă dunatìthtec klimĹkwshc.

1.2 H Exèlixh miac Idèac gia th LÔsh tou

Problămatoc

Apì to 1996, ìtan ta problămata asfaleÐac sto DiadÐktuo aforoÔsan katĹ

kÔrio lìgo aplĹ peristatikĹ parabÐashc, sto Ellhnikì Akadhmaðkì DiadÐktuo

[Gune]1 eÐqe protajeÐ apì thn omĹda pou ătan epifortismènh me thn anĹptu-

xh uphresiÿn asfaleÐac (mèloc thc opoÐac ătan kai o grĹfwn) h dhmiour-

gÐa enìc xeqwristoÔ diktÔou gia thn antallagă epikoinwniÿn se periptÿseic

èktaktwn peristatikÿn. H prìtash aută proèblepe th dhmiourgÐa kanaliÿn

exasfalismènou eÔrouc me th qrăsh idiwtikÿn eikonikÿn diktÔwn ta opoÐa ja

termatÐzontan sta katĹ tìpouc kèntra diaqeÐrishc diktÔwn kai ja pareÐqan

kruptografhmènec epikoinwnÐec. To èrgo odăghse sthn ulopoÐhsh enìc prw-

tìtupou tètoiou diktÔou to opoÐo dokimĹsthke epituqÿc kai parousiĹsthke

sto [Prev99].

O grĹfwn eÐqe epÐshc thn eukairÐa na parakoloujăsei apì kontĹ thn ekpì-

1
Επρόκειτο για το έργο GUnet, ανάπτυξηc υπηρεσιών για τα εllηνικά ακαδηµαðκά ιδρύ-

µατα τα οποία διασυνδέονται διαµέσου του Εθνικού ∆ικτύου ΄Ερευναc και Τεχνοlογίαc.
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nhsh tou didaktorikoÔ tou P. Astăja [Asth01] sto opoÐo ginìtan sunduasmìc

anaforÿn apì pollĹ shmeÐa enìc topikoÔ diktÔou prokeimènou na diapistw-

joÔn sÔnjeta kai mikroÔ antÐktupou (small footprint) peristatikĹ asfaleÐac.

H ergasÐa aută odăghse sthn anĹptuxh orismènwn teqnikÿn sullogăc stoi-

qeÐwn pou katadeÐknuan diĹfora peristatikĹ [Asti01b] kai sthn ulopoÐhsh

enìc kentrikoÔ (se epÐpedo TopikoÔ DiktÔou) shmeÐou anaforĹc, ìpou dedo-

mèna mporoÔsan na sunduastoÔn kai na odhgăsoun se anÐqneush akìma kai an

oi epimèrouc aisjhtărec den eÐqan diagnÿsei èna sugkekrimèno peristatikì.

’Ena Ĺllo stoiqeÐo sthn exèlixh thc paroÔsac diatribăc ătan h lÔsh gia

to suntonismì metaxÔ autìnomwn diasundemènwn diktuakÿn ontotătwn sto

èrgo PENED99 [Pene99]. Sto èrgo autì epiqeirăjhke na dojeÐ mia lÔsh se

problămata diaqèÐrishc apì Ĺkro-se-Ĺkro (end-to-end) se peribĹllon polla-

plÿn diktÔwn (network administrative domains), kurÐwc exasfĹlishc eÔrouc

zÿnhc (bandwidth). H lÔsh pou prokrÐjhke, analÔjhke kai ulopoiăjhke

dokimastikĹ ătan h qrăsh endiĹmeswn susthmĹtwn sunergasÐac ({qeiristÿn

bandwidth} `”bandwidth brokers”) se kĹje èna epimèrouc dÐktuo, oi opoÐ-

oi (bĹsei twn aithmĹtwn twn telikÿn qrhstÿn) epikoinwnoÔsan metaxÔ touc,

anèluan to prìblhma se epÐpedo domain kai mèsw sunergatikÿn mhqanismÿn

èlunan ta diaqeiristikĹ aithmata apì Ĺkro-se-Ĺkro. Ta kÔria apotelèsmata

kai sumperĹsmata thc ergasÐac autăc parousiĹzontai sto [Stam01].

Thn perÐodo 1996-1998 o grĹfwn summeteÐqe sthn prospĹjeia tou Kèn-

trou Elègqou DiktÔou tou E.M.P. gia dhmiourgÐa tou GRNET-CERT, thc

prÿthc ston Ellhnikì qÿro OmĹdac Antimetÿpishc Peristatikÿn AsfaleÐac

(Compuputer Emergency Responce Team – CERT), me skopì na parèqei uph-

resÐec sto Ellhnikì Akadhmaðkì DÐktuo kai touc qrăstec tou. Sta plaÐsia
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autăc thc ergasÐac apoktăjhke shmantikă empeirÐa pĹnw ston trìpo leitour-

gÐac autÿn twn omĹdwn kajÿc kai gia tic diadikasÐec sunergasÐac metaxÔ touc:

oi omĹdec autèc dhmiourgoÔn èna {istì} empistosÔnhc metaxÔ touc ÿste se

perÐptwsh anĹgkhc h epikoinwnÐa touc na eÐnai eukolìterh. Parìla autĹ to

kÔrio sumpèrasma ătan ìti opoiadăpote sunergasÐa èprepe na gÐnei apokleisti-

kĹ anĹmesa se anjrÿpouc-mèlh twn omĹdwn autÿn me qronobìrec diadikasÐec,

ìpwc ta thlefwnămata kai to hlektronikì taqudromeÐo. H diapÐstwsh aută

sunèteine sthn katanìhsh thc axÐac autìmatwn lÔsewn sunergasÐac metaxÔ

diaforetikÿn forèwn.

Tèloc mia apì tic protajeÐsec ereunhtikèc lÔseic stic epijèseic DDoS

apotèlese to ènausma thc paroÔsac diatribăc: Sthn ergasÐa touc [Maha02]

oi R. Mahajan, S. Bellovin kai oi sunergĹtec touc parèqoun mia ikanopoihtikă

prosèggish gia thn anÐqneush (me megĹlh leptomèreia) epijèsewn DDoS. Oi

anwtèrw prìteinan to prwtìkollo Pushback gia th metabÐbash thc plhrofo-

rÐac anÐqneushc metaxÔ dromologhtÿn proc thn kateÔjunsh thc diafainìmenhc

phgăc thc epijetikăc kÐnhshc. Oi katĹ tìpouc dromologhtèc analambĹnoun th

lăyh mètrwn periorismoÔ thc kÐnhshc
2
.

1.3 H Proteinìmenh LÔsh

H proteinìmenh sthn paroÔsa diatribă lÔsh epidÐwxe arqikĹ na xeperĹsei to

prìblhma thc klimĹkwshc se pollaplĹ dÐktua (domains) pou fainìtan na

periorÐzei diĹforec apì tic protajeÐsec lÔseic enantÐon twn epijèsewn DDoS.

Oi epijèseic autèc eÐnai se polÔ megĹlo bajmì katanemhmènec kai diapernoÔn

2
Η lύση αυτή παρουσιάζεται µε µεγαlύτερη lεπτοµέρεια στο κεφ. 2 και συγκρίνεται

αναlυτικά µε την προτεινόµενη στην παρούσα διατριβή lύση στο κεφ. 6
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megĹlo arijmì diktÔwn prin katalăxoun ston telikì stìqo. Sto dÐktuo-stìqo

den eÐnai dunatìc o Ĺmesoc èlegqoc thc eiserqìmenhc kÐnhshc; eÐnai plèon

argĹ gia na lhfjoÔn mètra apofugăc thc katĹlhyhc diktuakÿn pìrwn sthn

kateÔjunsh eisìdou. ’Enac tètoioc èlegqoc prèpei anagkastikĹ na gÐnei sto

dÐktuo (ă ta dÐktua) pou apoteloÔn prohgoÔmena bămata sto monopĹti thc

epÐjeshc. Pollèc apì tic protajeÐsec lÔseic enÿ èqoun th dunatìthta na

aniqneÔsoun mia epÐjesh DDoS, na metadÿsoun apì sÔsthma se sÔsthma thn

plhroforÐa kai na efarmìsoun mètra katastolăc thc, anagkastikĹ stamatoÔn

sta ìria thc diktuakăc touc perioqăc.

To sugkekrimèno prìblhma parousiĹzei kĹpoiec omoiìthtec me autì thc

sunergatikăc diaqeÐrishc diktuakÿn pìrwn apì Ĺkro-se-Ĺkro diamèsou pol-

laplÿn domains3 dèsmeushc bandwidth se diaforetikĹ dÐktua (anexĹrthtec

diktuakèc diaqeiristikèc perioqèc ` domains4) pou mesolaboÔn anĹmesa se

dÔo apomakrusmèna Ĺkra kai to opoÐo anafèrjhke prohgoumènwc. Sth dia-

tribă aută qrhsimopoioÔntai anexĹrthtec Ontìthtec ulikoÔ kai logismikoÔ,

oi {Sunergatikèc Ontìthtec} oi opoÐec leitourgÿntac se kĹje dÐktuo diasun-

dèontai se èna genikìtero uperkeÐmeno (overlay) dÐktuo autìmathc kai asfa-

loÔc sunergasÐac, th {Sunergatikă Upodomă}. To prìtupo leitourgÐac autăc

thc sunergasÐac dÐnetai apì tic omĹdec CERT me automatopoÐhsh ìmwc twn

antÐstoiqwn energeiÿn.

H diatribă aută meletĹ ìla ta jèmata pou tÐjentai apì aută th lÔsh gia

thn antimetÿpish twn epijèsewn DDoS:

• EÐdoc thc plhroforÐac pou prèpei na metafèretai metaxÔ twn melÿn thc
3
βlέπε και το [Stam01] που αναφέρθηκε προηγουµένωc
4
Ταυτίζονται επίσηc µε το Αυτόνοµο Σύστηµα (Autonomous System – AS) που χρησι-

µοποιείται κατά τη δροµοlόγηση µε το πρωτόκοllο BGP.
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SunergasÐac gia thn antallagă plhroforiÿn anÐqneushc metaxÔ twn di-

ktÔwn (domains/Autonomous Systems)

• Trìpoc qrăshc thc epikoinwniakăc upodomăc qamhloÔ epipèdou.

• Prwtìkolla epikoinwnÐac kai metaforĹc thc anwtèrw plhroforÐac.

• ShmasÐa pou apodÐdetai sta mhnÔmata epikoinwnÐac kai sumperĹsmata

pou mporoÔn na exaqjoÔn apì thn antallassìmenh plhroforÐa: epibe-

baÐwsh anÐqneushc tou peristatikoÔ, kÔria qarakthristikĹ tou, mono-

pĹti pou akoloujeÐ apì dÐktuo se dÐktuo.

• AnĹlhyh energeiÿn antimetÿpishc peristatikoÔ me parĹllhlh diatărhsh

thc diaqeiristikăc anexarthsÐac kĹje diktÔou.

H ergasÐa epÐshc, exetĹzei tic kÔriec paramètrouc pou ephreĹzoun th lei-

tourgÐa twn epimèrouc susthmĹtwn se kĹje dÐktuo allĹ kai thc sunolikăc

Sunergatikăc Arqitektonikăc.

Tèloc, mèsw prosomoiÿsewn, analÔetai h epÐdosh thc proteinìmenhc lÔ-

shc se èna peribĹllon pollaplÿn diktÔwn, gia diĹforec epidìseic anÐqneushc

prwtogenoÔc epipèdou (sta topikĹ sustămata anÐqneushc ` Intrusion Dete-

ction Systems), kai gia diĹforec periptÿseic bajmoÔ empistosÔnhc metaxÔ

twn diktÔwn. Ta apotelèsmata deÐqnoun ìti h proteinìmenh arqitektonikă

mporeÐ na epitÔqei sunolikă kai autìmath anÐqneush peristatikÿn DDoS ka-

jÿc kai entopismì twn diadromÿn touc apotelesmatikìtera apì opoiadăpote

lÔsh antimetÿpishc se èna monadikì dÐktuo. Epiplèon, apì ta apotelèsmata

twn prosomoiÿsewn faÐnetai ìti h apodotikìthta thc prìtashc eÐnai eujèwc
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anĹlogh tou bajmoÔ sunergasÐac pou ja epilèxoun na èqoun metaxÔ touc ta

epimèrouc dÐktua.

1.4 ParousÐash twn Perieqomènwn

H paroÔsa ergasÐa diarjrÿnetai wc exăc:

To KefĹlaio 2 parousiĹzei mia eic bĹjoc anĹlush twn Epijèsewn ’Arnh-

shc UphresÐac (DoS kai DDoS) kai twn kÔriwn zhthmĹtwn pou jètoun gia

opoiadăpote prosèggish antimetÿpishc, poiec eÐnai oi kÔriec ereunhtikèc ka-

teujÔnseic se autìn ton tomèa kai poiec oi pio gnwstèc kai qarakthristikèc

lÔseic se kĹje kathgorÐa.

Sto KefĹlaio 3 gÐnetai h parousÐash thc proteinìmenhc lÔshc thc Suner-

gatikăc Arqitektonikăc. ParousiĹzontai ta kÔria tmămata pou thn apoteloÔn

kai pwc diarjrÿnetai se èna peribĹllon pollaplÿn diktuakÿn diaqeiristikÿn

perioqÿn (domains). GÐnetai epÐshc mia analutikă parousÐash twn diaforeti-

kÿn mejodologiÿn epikoinwnÐac pou mporoÔn na qrhsimopoihjoÔn gia thn ulo-

poÐhsh thc Sunergatikăc Upodomăc kai ta kÔria qarakthristikĹ pou emfanÐzei

h kĹje prosèggish. Tèloc paratÐjentai ta jèmata asfĹleiac thc proteinìme-

nhc arqitektonikăc kai pwc autĹ mporoÔn na antimetwpistoÔn apotelesmatikĹ.

Sto KefĹlaio 4 gÐnetai mia eic bĹjoc parousÐash thc arqitektonikăc tou

logismikoÔ kai thc leitourgÐac tou basikoÔ tmămatoc thc Sunergatikăc Upo-

domăc, thc Sunergatikăc Ontìthtac (Cooperative Entity). Prìkeitai gia to

sÔsthma pou egkajÐstatai se kĹje èna dÐktuo (domain) kai prosfèrei uph-

resÐec epikoinwniÿn, anĹlushc plhroforiÿn kai anĹlhyhc energeiÿn sÔmfwna

me tic rujmÐseic leitourgÐac pou apofasÐzontai apì tic topikèc politikăc dia-
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qeÐrishc. Sto kefĹlaio autì parousiĹzetai epÐshc ènac algìrijmìc bĹsei tou

opoÐou eÐnai dunată apì th sullogă twn epimèrouc plhroforiÿn na katadeiqjeÐ

èna (toulĹqiston) tmăma tou diktuakoÔ monopatioÔ thc epÐjeshc DDoS.

Sto KefĹlaio 5 parousiĹzontai mia seirĹ apì prosomoiÿseic pou èginan

prokeimènou na melethjeÐ h leitourgÐa thc Sunergatikăc Upodomăc. ArqikĹ

analÔontai ta anamenìmena qarakthristikĹ twn kÔriwn paragìntwn pou eph-

reĹzoun mia tètoia prosomoÐwsh (leitourgÐa susthmĹtwn IDS, qarakthristikĹ

epijèsewn, leitourgÐa diktÔwn epikoinwnÐac thc Sunergatikăc Upodomăc) kai

exhgoÔntai oi epilogèc pou èginan sthn prosomoÐwsă touc. ParousiĹzontai ta

apotelèsmata twn prosomoiÿsewn pou aforoÔn tic kÔriec paramètrouc rÔj-

mishc thc Sunergatikăc Upodomăc kai axiologeÐtai h apotelesmatikìthta thc

paroÔsac katanemhmènhc prosèggishc.

Tèloc, sto KefĹlaio 6 h lÔsh sugkrÐnetai me Ĺllec antÐstoiqec pou èqoun

protajeÐ gia thn antimetÿpish tou Ðdiou problămatoc. Sth sunèqeia parou-

siĹzontai ta sumperĹsmata thc paroÔsac ergasÐac kajÿc kai jèmata pou mpo-

roÔn na apotelèsoun antikeÐmeno mellontikÿn epektĹsewn ìpwc kai peraitèrw

èreunac.



KefĹlaio 2

Epijèseic ’Arnhshc UphresÐac

2.1 Eisagwgă - H Exèlixh twn EpijèsewnDoS

O qarakthrismìc {Epijèseic ’Arnhshc UphresÐac} (Denial of Service – DoS)

anafèretai se peristatikĹ asfaleÐac pou aposkopoÔn sth diatĹraxh thc ka-

nonikăc leitourgÐac upologistikÿn susthmĹtwn ă diktÔwn. Oi epijèseic DoS,

aforoÔn sth meÐwsh apìdoshc upologistikÿn susthmĹtwn, ă diktuakÿn sun-

dèsewn, qwrÐc na èqei mesolabăsei kĹpoia parabÐash. Prìkeitai gia epijèseic

poÔ den èqoun wc skopì thn Ĺmesh parabÐash kai thn apìkthsh elègqou allĹ

thn parempìdish ektèleshc leitourgiÿn. ApoteloÔn ètsi apeilèc diaforeti-

kèc apì autèc pou ta kajierwmèna prìtupa asfĹleiac eÐnai sqediasmèna na

antimetwpÐsoun, ìpwc eÐnai p.q. h mh exousiodothmènh prìsbash, h upoklopă

dedomènwn k.lp.

Oi epijèseic autoÔ tou eÐdouc sunăjwc pragmatopoioÔntai apì Ĺtoma pou

den èqoun th dunatìthta ă to endiafèron na apoktăsoun Ĺmesh prìsbash sta

upologistikĹ sustămata. H filosofÐa twn epijèsewn Ĺrnhshc uphresÐac eÐnai
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na diataraqjeÐ h paroqă pìrwn kai uphresiÿn sto DiadÐktuo proc touc nìmima

endiaferìmenouc. EntoÔtoic, se orismènec periptÿseic, ta Ðdia peristatikĹ

mporoÔn na qrhsimopoihjoÔn gia na uperfortÿsoun ă èstw na apasqolăsoun

ta {Sustămata AnÐqneushc Epijèsewn} (Intrusion Detection Systems - IDS)

kai diaqeiristèc, ÿste na perĹsoun aparatărhtec Ĺllec teqnikèc parĹnomhc

eisìdou sta sustămata me skopì ton èlegqo ă kai thn alloÐwsh plhroforiÿn.

H kÔria aitÐa gia thn emfĹnish autoÔ tou eÐdouc twn epijèsewn eÐnai h epi-

krĹthsh tou DiadiktÔou wc to kÔrio peribĹllon oikonomikăc drasthriìthtac.

Problămata mh diajesimìthtac susthmĹtwn kai uphresiÿn gÐnontai gnwstĹ

kai apoktoÔn idiaÐterh shmasÐa. PeristatikĹ pou sto pareljìn ja pernoÔsan

aparatărhta èqoun Ĺmesh epÐdrash sto jÔma, tìso oikonomikă, ìso kai sto

kÔroc tou (mèsw thc dhmosiìthtac). Oi epijèseic Ĺrnhshc uphresÐac èqoun

auxhmèno {antÐktupo} me mikră mìnon prospĹjeia kai mhdaminì oikonomikì kì-

stoc apì thn pleurĹ tou epitijèmenou, eÐnai sunepÿc mia idiaÐtera apodotikă

mèjodoc prosbolăc enìc {stìqou}. Stic perissìterec periptÿseic den eÐnai

dunatìn na gÐnei gnwstă h tautìthta tou epitijèmenou. To qarakthristikì

autì kajistĹ tic epijèseic DoS elkustikèc kai gia upostărixh ajèmitwn sum-

ferìntwn. Elegqìmenec apì kubernăseic, jewrhtikĹ, mporoÔn na apotelèsoun

apotelesmatikì ìplo kubernopolèmou.

Apì teqnikăc pleurĹc, shmantikì rìlo sthn exĹplwsh twn epijèsewn DoS

èpaixe h tĹsh gia thn {anoiktă} diasÔndesh twn plhroforiakÿn susthmĹtwn.

To stoiqeÐo autì exèjese krÐsima (mission critical) sustămata stic sugke-

krimènec apeilèc, akìma kai stic periptÿseic isqurăc prostasÐac touc apì mh

exousiodothmènh prìsbash. H genÐkeush thc qrăshc diktuakÿn uphresiÿn

apì to eurÔ koinì apokĹluye kai suneqÿc suneqÐzei na apokalÔptei problă-



2.1 H Exèlixh twn Epijèsewn DoS 14

mata kai adunamÐec pou den eÐqan problefjeÐ ex arqăc. Problămata emfanÐ-

sthkan akìma kai stic ulopoiăseic prwtokìllwn upodomăc tou DiadiktÔou

[Cert97] dhmiourgÿntac apeilèc se kĹje sundedemèno sÔsthma. H plhroforÐa

gia tic adunamÐec autèc se pollèc periptÿseic diadÐdetai protoÔ gÐnei dunată

h dhmiourgÐa kai egkatĹstash mètrwn prostasÐac.

MegĹloc arijmìc mh prostateumènwn proswpikÿn upologistÿn brÐsketai

sqedìn monÐmwc
1
sundedemènoc sto DiadÐktuo epitrèpontac se kakìboulouc

qrăstec, me mejìdouc pou ja exhghjoÔn sth sunèqeia, na touc qrhsimopoiă-

soun wc endiĹmesouc stajmoÔc (qwrÐc th gnÿsh kai jèlhsh touc) gia auto-

matopoihmènec epijèseic megĹlhc klÐmakac. Oi mh prostateumènoi proswpikoÐ

upologistèc apoteloÔn mia terĹstia {dexamenă} Ĺntlhshc diktuakÿn pìrwn

gia thn pragmatopoÐhsh twn epijèsewn.

2.1.1 EkmetĹlleush ProblhmĹtwn tou LogismikoÔ

(Software Exploits)

Oi pio aplèc epijèseic Ĺrnhshc uphresÐac xekÐnhsan wc drasthriìthta pou

eÐqe wc stìqo sugkekrimènouc upologistèc qwrÐc na mesolabăsei parabÐa-

sh touc. Ta mèsa pou qrhsimopoioÔntai eÐnai problămata kai parablèyeic

sthn ulopoÐhsh leitourgikÿn susthmĹtwn (eidikìtera, se pollèc periptÿseic,

h atelăc ulopoÐhsh diktuakÿn prwtokìllwn epikoinwnÐac), ă programmĹtwn

efarmogăc. Oi epijèseic autèc ekmetalleÔontai problămata tou logismikoÔ

gia na diatarĹxoun th fusiologikă leitourgÐa.

1
Οι συνδέσειc ADSL [Webo-a] και Cable Modem [Webo-b], αρκετά διαδεδοµένεc πlέον,

επιτρέπουν τη συνεχή συνδεσιµότητα σε υψηlέc ταχύτητεc, χωρίc καµµία παρέµβαση από την

πlευρά του χρήστη.
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Oi epijèseic sto diktuakì logismikì (protocol stack software), ekmetal-

leÔontai thn Ĺmesh sÔndesh tou me ton purăna tou leitourgikoÔ sustămatoc.

MporoÔn ètsi na ephreĹsoun Ĺmesa to upologistikì sÔsthma stìqo se krÐ-

simec leitourgÐec. Orismèna apì ta problămata eÐnai tìso shmantikĹ pou

endèqetai na odhgăsoun sthn epanekkÐnhsh tou upologistă (reboot) ă kai

sthn plărh diakopă leitourgÐac tou (”crash”). EndeiktikĹ anafèrontai:

` Teardrop Attack: Orismènec ulopoiăseic tou mhqanismoÔ katakermati-

smoÔ kai epanasÔndeshc pakètwn IP de mporoÔsan na qeiristoÔn tmă-

mata pakètwn pou eÐqan epikalÔyeic metaxÔ touc. To apotèlesma ătan

h diakopă leitourgÐac tou sustămatoc ìtan lambĹnontan tètoia pakè-

ta IP. H kÔria efarmogă pou qrhsimopoiăjhke gia epÐjesh me autì ton

trìpo eÐqe to ìnoma {Teardrop} [Cert97].

` Ping of Death: O epitijèmenoc apostèllei èna pakèto ICMP-echo-

request megèjouc megalÔterou apì to mègisto epitrepìmeno apì tic

prodiagrafèc tou prwtokìllou IP. O lăpthc den katafèrnei na epana-

sundèsei ta tmămata pakètou pou prokÔptoun kai odhgeÐtai se diakopă

leitourgÐac ă epanekkÐnhsh [Inse96].

’Enac polÔ megĹloc arijmìc leitourgikÿn susthmĹtwn brèjhke na èqei aduna-

mÐa se autèc kai Ĺllec parìmoiec epijèseic. Akìma kai h lăyh enìc monadikoÔ

pakètou, katĹllhla kataskeuasmènou apì kakìboulh efarmogă, mporeÐ na

odhgăsei sthn apenergopoÐhsh tou sustămatoc lăpth. H epanaforĹ sthn

kanonikă leitourgÐa apaiteÐ sunăjwc epanekkÐnhsh tou sustămatoc, me antÐ-

stoiqo kÐnduno apÿleiac dedomènwn. EpÐshc, h diadikasÐa aută den exasfa-

lÐzei ìti to prìblhma de ja epanalhfjeÐ sto mèllon. To sÔsthma paramènei
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euĹlwto mèqri thn efarmogă diorjwtikoÔ kÿdika (patches).

KatĹ antÐstoiqo trìpo, kai oi efarmogèc pou parèqoun tic uphresÐec tou

sustămatoc (p.q. oi exuphrethtèc Web) mporoÔn na apotelèsoun stìqo kĹ-

poiac tètoiac epÐjeshc pou ja prospajăsei na ekmetalleuteÐ gnwstèc aduna-

mÐec touc. Gia parĹdeigma:

` O exuphrethtăc Web IIS, sthn èkdosh 5.0, epanekkineÐtai ìtan lĹbei

klăseic tÔpou WebDAV me pollaploÔc qaraktărec ellhnikoÔ erwth-

matikoÔ (semicolon – ;) [Osvd01]. To prìblhma lÔjhke me diorjwtikì

kÿdika thc kataskeuĹstriac etaireÐac [Micr01].

Oi perissìterec apì autèc tic epijèseic eÐnai dunatìn, efìson gÐnoun gnwstă h

mèjodoc pou qrhsimopoioÔn kai ta eidikĹ qarakthristikĹ touc, na aniqneutoÔn

apì DiktuakĹ Sustămata AnÐqneushc Epijèsewn (Network Intrusion Detec-

tion Systems - NIDS) kai na empodistoÔn sta exwterikĹ sustămata diktuakăc

prostasÐac (firewalls). Ta problămata pou tic prokaloÔn mporoÔn na dior-

jwjoÔn apfl eujeÐac me thn efarmogă diorjwtikoÔ kÿdika sto apeiloÔmeno

sÔsthma logismikoÔ. O kÐndunoc paramènei entoÔtoic apì tuqìn adunamÐec

pou ja entopistoÔn mellontikĹ kai ja gÐnoun gnwstèc se kÔklouc pou endia-

fèrontai na tic ekmetalleutoÔn protoÔ dhmiourghjoÔn oi aparaÐthtec diorjÿ-

seic. EÐnai qarakthristikì to gegonìc ìti nèec adunamÐec qrhsimopoioÔntai

kai gia thn {astrapiaÐa} exĹplwsh [Stan02] [Cert01] {autìmata diadidìmenwn

iÿn} (worms), me polÔ èntonec sunèpeiec. H monadikă profÔlaxh pou mpo-

reÐ na upĹrxei gia tètoiec mh problèyimec apeilèc eÐnai h suneqăc kai ègkairh

enhmèrwsh twn diaqeiristÿn upologistikÿn susthmĹtwn gia ìlec tic nèec adu-

namÐec kai touc trìpouc profÔlaxhc apì autèc. O diaqeiristăc tou etairikoÔ
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diktÔou (enterprise network) prèpei na anazhtĹ enhmèrwsh kai apì thn ane-

pÐshmh koinìthta twn asqoloumènwn me thn asfĹleia (lÐstec hlektronikoÔ

taqudromeÐou, istoselÐdec k.lp.) kai apì epÐshmouc foreÐc pou analambĹnoun

na parakoloujăsoun kai na antimetwpÐsoun tètoiec apeilèc, ìpwc oi omĹdec

CERT2 [Cert].

2.1.2 Epijèseic ExĹntlhshc Pìrwn

Epijèseic kermatismoÔ pakètwn IP, ìpwc to Teardrop, apodeiknÔoun ìti h ulo-

poÐhsh twn sunhjismènwn diktuakÿn prwtokìllwn, parĹ thn epituqÐa sth lei-

tourgÐa tou DiadiktÔou, den eÐnai Ĺristh. ’Otan oi kataskeuastèc katĹferan

na periorÐsoun tic profaneÐc adunamÐec pou odhgoÔsan sthn paÔsh kanonikăc

leitourgÐac twn susthmĹtwn, oi epijèseic estiĹsthkan sthn exĹntlhsh twn

upologistikÿn ă diktuakÿn pìrwn touc. Qarakthristikă eÐnai h perÐptwsh

thc epÐjeshc SYN:

` Sthn epÐjesh aută apostèlletai ènac megĹloc arijmìc kajfl ìla nìmi-

mwn klăsewn sÔndeshc uphresÐac TCP. Gia kĹje mia apì tic klăseic

autèc to sÔsthma dhlÿnei th diajesimìthta tou kai desmeÔei kĹpoiouc

pìrouc gia na mporèsei na prosfèrei th zhtoÔmenh uphresÐa. O epiti-

jèmenoc den protÐjetai na suneqÐsei kai na oloklhrÿsei, sÔmfwna proc

tic prodiagrafèc tou TCP (three way handshake), th sÔndesh me ton

exuphrethtă. Efìson oi Ðdiec, mh oloklhrwmènec klăseic suneqistoÔn

ja epèljei kĹpoio shmeÐo pou oi diajèsimoi pìroi ja perioristoÔn se tè-

toio bajmì pou, eÐte ja apenergopoihjeÐ to sÔsthma, eÐte ja suneqÐsei

2Computer Emergency Response Teams—Οµάδεc Αντιµετώπισηc Περιστατικών

Ασφαlείαc.



2.1 H Exèlixh twn Epijèsewn DoS 18

men na leitourgeÐ allĹ se polÔ qamhlèc taqÔthtec kai me periorismènec

ousiastikĹ tic dunatìthtèc tou [Cert96].

’Ena qarakthristikì autoÔ tou eÐdouc twn epijèsewn eÐnai epÐshc ìti, sunăjwc,

prokeimènou na megistopoihjoÔn oi sunèpeiec qrhsimopoioÔntai perissìteroi

tou enìc epitijèmenoi upologistèc. Oi epitijèmenoi apoktoÔn ton èlegqo kĹ-

poiwn susthmĹtwn kai ta kajodhgoÔn ÿste autĹ sugqronismèna na aposteÐ-

loun parìmoia kakìboulh kÐnhsh proc to jÔma. EpÐshc se autoÔ tou eÐdouc

tic epijèseic qrhsimopoiăjhke gia prÿth forĹ h taktikă thc parapoÐhshc thc

dieÔjunshc IP (address spoofing) tou apostolèa thc kakìboulhc kÐnhshc gia

na mh mporeÐ na entopisjeÐ kai na stamathjeÐ Ĺmesa. Kai ta dÔo autĹ, basikĹ,

qarakthristikĹ twn epijèsewn analÔontai perissìtero sth sunèqeia. Ta mè-

tra pou lambĹnontai gia thn prostasÐa twn krÐsimwn pìrwn èqoun th morfă

diorjÿsewn (patches) tou diktuakoÔ kÿdika tou leitourgikoÔ sustămatoc.

Ta montèrna leitourgikĹ sustămata lambĹnoun plèon mètra elègqou thc diĹ-

jeshc twn pìrwn kai jètoun austhrĹ ìria gia ton termatismì tou qrìnou

anamonăc gia mh energèc klăseic. EpÐshc jewreÐtai genikÿc kală praktikă na

mhn energopoioÔntai {jÔrec} TCP ă UDP pou antistoiqoÔn se uphresÐec qw-

rÐc praktikă qrhsimìthta gia thn exuphrèthsh qrhstÿn. OmoÐwc, sustămata

pou aforoÔn krÐsimec (mission critical) uphresÐec ofeÐloun na eÐnai eparkÿc

prostateumèna me mètra epaÔxhshc thc diajesimìthtac kai thc apìdoshc touc,

ìpwc pollaploÔc exuphrethtèc kai sustămata katanomăc thc kÐnhshc. ’Oson

aforĹ thn parapoÐhsh dieujÔnsewn, eÐnai dunatìn na elègqontai stouc parì-

qouc diktuakÿn uphresiÿn (Internet Service Providers — ISPs) ta pakèta gia

dieujÔnseic apostolèa pou den antistoiqoÔn sto dÐktuo proèleushc touc. H
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diadikasÐa aută eÐnai mia akìma kală praktikă pou mporeÐ na apotrèyei thn

apostolă parapoihmènwn pakètwn.

Oi arqikèc epijèseic exĹntlhshc pìrwn euĹlwtwn upologistikÿn susthmĹ-

twn katèdeixan ìti upologistikoÐ kai diktuakoÐ pìroi mporoÔn na apotelèsoun

stìqouc. O epìmenoc stìqoc, pou apoteleÐ thn plèon diadedomènh epÐjesh

Ĺrnhshc uphresÐac sămera, ătan to diajèsimo diktuakì eÔroc (bandwidth) tou

jÔmatoc.

` Mia apì tic prÿtec epijèseic autoÔ tou eÐdouc ătan h {plhmmÔra pakè-

twn ping} (ping flood), gnwstă epÐshc kai wc {Smurf attack} [Cert98].

QrhsimopoieÐtai èna mh katĹllhla diasfalismèno endiĹmeso dÐktuo, sto

opoÐo stèlnetai èna pakèto ICMP-echo-request th dieÔjunsh {genikăc

ekpompăc} (broadcast address). To pakèto eÐnai kataskeuasmèno katĹ

tètoio trìpo ÿste h dieÔjunsh apostolèa na eÐnai aută tou jÔmatoc.

’Oloi oi upologistèc sto topikì dÐktuo ja to lĹboun kai ja apantă-

soun me ICMP-echo-reply proc to jÔma. H epÐjesh ja katalĹbei eÔroc

diktÔou pollaplasiazìmeno epÐ ton arijmì susthmĹtwn pou ja apan-

tăsoun dhmiourgÿntac en tèlei mia {plhmmÔra} kÐnhshc. JewreÐtai ètsi

ìti h epÐjesh èqei èna {pollaplasiastikì parĹgonta enÐsqushc} (attack

amplification factor). H prostasÐa apì autoÔ tou eÐdouc thn epÐjesh

mporeÐ na eÐnai mìnon prolhptikă efìson oi diaqeiristèc twn diktÔwn

akoloujoÔn mia seirĹ apì {kalèc praktikèc}. MetaxÔ autÿn perilam-

bĹnetai kai h apagìreush pakètwn ICMP proc th dieÔjunsh genikăc

ekpompăc (IP directed broadcasts) eidikĹ an autĹ proèrqontai ektìc

tou diktÔou [Cisc-a].
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2.2 Katanemhmènec Epijèseic

’Arnhshc UphresÐac

2.2.1 Perigrafă

Oi {Katanemhmènec Epijèseic ’Arnhshc UphresÐac} (Distributed Denial of

Service Attacks - DDoS) enantÐon diktuakÿn pìrwn, eÐnai oi plèon diadedo-

mènec sămera allĹ tautìqrona kai oi duskolìterec sthn antimetÿpish. Prì-

keitai gia suntonismènec, apì pollèc phgèc, apostolèc kÐnhshc proc ènan ă

perissìterouc upologistèc enìc diktÔou. Skopìc touc, eÐnai h exĹntlhsh twn

upologistikÿn pìrwn tou sustămatoc stìqou, ă sunhjèstera, tou diajèsimou

eÔrouc zÿnhc tou diktÔou se tètoio bajmì pou na kajÐstatai problhmatikă h

sundesimìthta me to upìloipo DiadÐktuo. To prìblhma epiteÐnetai lìgo miac

seirĹc eidikÿn qarakthristikÿn twn epijèsewn autoÔ tou eÐdouc kai kurÐwc

thc katanemhmènhc fÔshc thc kakìboulhc kÐnhshc.

H katanemhmènh epÐjesh Ĺrnhshc uphresÐac eÐnai mia diadikasÐa pollÿn bh-

mĹtwn. Oi epitijèmenoi qrhsimopoioÔn èna arijmì apì sustămata parabiasmèna

(hacked) kai elegqìmena me eishgmèno kÿdika {doÔreio Ðppo} (”trojaned”).

ArqikĹ, metĹ apì parabÐash, egkajistoÔn dÔskola aniqneÔsimo kÿdika, se

èna arijmì apì sustămata pou ja paÐzoun to rìlo tou prÿtou epipèdou, twn

{elegktÿn} thc epÐjeshc (”masters”). Ta sustămata autĹ eÐnai pou analam-

bĹnoun epÐshc thn oikodìmhsh miac upodomăc katĹllhlhc gia thn pragmato-

poÐhsh epijèsewn me thn parabÐash kai ton èlegqo epiplèon susthmĹtwn. Me

mejodikă exètash entopÐzoun upologistèc, sth sunhjèsterh perÐptwsh pro-

swpikoÔc, me gnwstèc adunamÐec tic opoÐec sth sunèqeia qrhsimopoioÔn gia na
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apoktăsoun ton èlegqo touc
3
. Se autoÔc, qwrÐc thn epÐgnwsh twn qrhstÿn

touc egkajÐstatai {progrĹmmata elègqou} pou ja epitelèsoun tic leitourgÐec

thc epÐjeshc
4
. EÐnai dunatìn h Ôparxh thc parabÐashc na mh gÐnei gnwstă,

ektìc an qrhsimopoihjeÐ kĹpoio proswpikì sÔsthma diktuakăc prostasÐac

(personal firewall) ă analujeÐ to sÔsthma me eidikĹ ergaleÐa asfaleÐac (audit

tools). {Klasikèc} mèjodoi mìlunshc me ioÔc (viruses) ă autìmata diadidì-

menouc ioÔc (worms) eÐnai epÐshc dunatìn na qrhsimopoihjoÔn gia thn auto-

matopoihmènh diĹdosh twn programmĹtwn elègqou [Netc04]. Ta kakìboula

progrĹmmata pou èqoun eisaqjeÐ paramènoun se anenergă katĹstash, mèqri

na lĹboun thn katĹllhlh entolă, kai ta sustămata foreÐc perigrĹfontai me

ton ìro {zìmpi} (”zombies”) ă ”bots”5. ApoteloÔn ta ektelestikĹ ìrgana

thc epÐjeshc, antiprosÿpouc (”agents”) deÔterou epipèdou. H morfă miac Ka-

tanemhmènhc EpÐjeshc ’Arnhshc UphresÐac, ìpwc perigrĹfthke, faÐnetai sto

sqăma 2.1.

H orgĹnwsh thc upodomăc epijèsewn me ton èlegqo antiprosÿpwn gÐne-

tai apìluta automatopoihmèna me ergaleÐa logismikoÔ pou eÐnai diajèsima sto

DiadÐktuo kai perigrĹfontai wc {ergaleÐa apìkthshc dikaiwmĹtwn diaqeiri-

stă} (rootkits). ParadeÐgmata autÿn eÐnai ta ”Trinoo” [Ditt99a], ”Stachel-

draht”6 [Ditt99b]kai ”TFN2K” [Barl00]. Prìkeitai gia sullogèc programmĹ-

twn pou gia diĹforec arqitektonikèc kai leitourgikĹ sustămata analambĹnoun

autìmata tic diadikasÐec exeÔreshc upologistÿn me adunamÐec kai egkatĹsta-

3
Ο {έlεγχοc} σε αυτή την περίπτωση δεν είναι αναγκαστικά απόlυτοc, όπωc σε παlαιότε-

ρα είδη επιθέσεων. Οι χρήστεc εξακοlουθούν να µπορούν να χρησιµοποιήσουν το σύστηµα

ενώ εκτεlούνται, εν αγνοία τουc, και άllεc εφαρµογέc.
4
Εννοείται ότι παρόµοιοc κώδικαc µπορεί να χρησιµοποιηθεί και για την υποκlοπή πlηρο-

φοριών από τον υποlογιστή.
5
Από το ”robot”.
6
Μεταφράζεται ωc {Αγκαθωτό Συρµατόπlεγµα}.
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Sqăma 2.1: OrgĹnwsh epÐjeshc DDoS

shc tou kÿdika twn antiprosÿpwn.

H upodomă epÐjeshc pou èqei dhmiourghjeÐ elègqetai me diĹforouc trì-

pouc. Gia parĹdeigma, mia apì tic mejìdouc pou qrhsimopoioÔntai eÐnai h sÔn-

desh twn kakìboulwn programmĹtwn se idiwtikoÔc qÿrouc diktuakÿn suzh-

tăsewn (Internet Relay Chat—IRC), ìpou o epitijèmenoc mporeÐ na metadÿsei

katĹllhlec odhgÐec gia th leitourgÐa touc [Gibs04]. EntoÔtoic eÐnai dunatìn

na upĹrqoun pollĹ epÐpeda sth diadikasÐa elègqou, me ton organwtă thc epÐ-

jeshc na dÐnei odhgÐec sto prÿto epÐpedo, se èna mikrì arijmì apì {elegktèc},

oi opoÐoi sth sunèqeia na energopoioÔn to deÔtero epÐpedo ìpou oi antiprìsw-

poi ja ektelèsoun thn epÐjesh. To sÔsthma elègqou thc upodomăc dÐnei ston

epitijèmeno thn euelixÐa na epilègei kai na allĹzei stìqouc, na energopoieÐ

kai na apenergopoieÐ diaforetikèc phgèc ă na allĹzei ta qarakthristikĹ thc
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kÐnhshc anĹloga me thn antÐdrash twn diktÔwn stìqwn. H teleutaÐa dunatì-

thta mporeÐ na katastăsei pollĹ apì ta amuntikĹ mètra anÿfela eidikĹ an de

sunduĹzontai me grăgorec antidrĹseic
7
.

’Otan deqtoÔn thn katĹllhlh entolă ta kakìboula progrĹmmata stouc

upì èlegqo upologistèc ja xekinăsoun thn apostolă diktuakăc kÐnhshc proc

to stìqo. H kÐnhsh aută mporeÐ na eÐnai se opoiodăpote prwtìkollo (TCP,

UDP ă ICMP) ă jÔra epikoinwnÐac (port). Sthn phgă, lìgo tou mikroÔ thc

megèjouc, h diktuakă aută kÐnhsh eÐnai dÔskolo na gÐnei antilhptă (an kai

upĹrqoun ereunhtikèc prospĹjeiec se aută th kateÔjunsh [Reih02]). Anti-

jètwc kontĹ ston proorismì ìlec oi roèc kÐnhshc
8
(flows) sunduĹzontai kai

èqoun san apotèlesma th megĹlh epibĹrunsh tou jÔmatoc. Akìma kai an to

dÐktuo stìqoc aporrÐyei thn kakìboulh eiserqìmenh kÐnhsh sto dromologhtă

eisìdou (ingress router) aută ja exakoloujăsei na katalambĹnei eÔroc zÿnhc

sth grammă kai na apokleÐei th fusiologikă epikoinwnÐa.

Ta sÔgqrona leitourgikĹ sustămata parèqoun programmatistikă upodomă

(sunartăseic ”raw sockets”) pou epitrèpei sto qrăsth th dhmiourgÐa pakètwn

dedomènwn eidikÿn qarakthristikÿn (kai katfl epèktash me parapoihmènec dieu-

jÔnseic apostolèaspoofing). H dunatìthta aută isqÔei gia touc qrăstec

7
Μια Κατανεµηµένη Επίθεση ΄Αρνησηc Υπηρεσίαc που στοχεύει στην εξάντlηση δικτυα-

κών πόρων, ιδιαίτερα δύσκοlο να αντιµετωπιστεί, είναι η lεγόµενη ”Whack-A-Mole” όπου
τα χαρακτηριστικά τηc κακόβουlηc κίνησηc αllάζουν διαρκώc. Είναι δυνατόν περιοδικά να

ενεργοποιούνται διαφορετικέc οµάδεc επιτιθέµενων και να εναllάσσονται τα πρωτόκοllα και

οι θύρεc.
8
Αναφέρεται ο όροc {ροή κίνησηc} µε την ίδια σηµασία που έχει όταν χρησιµοποιείται

ωc παράµετροc µέτρησηc τηc απόδοσηc του δικτύου κατά τον ορισµό που έχει γίνει για το

εργαlείο Cisco Netflow [Cisc-net]: µια οµάδα πακέτων από την ίδια προέlευση προc τον
ίδιο τεlικό προορισµό που απέχουν χρονικά µεταξύ τουc ένα συγκεκριµένο (µικρό) χρονικό

διάστηµα.
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me dikaiÿmata diaqeiristă
9
sta Linux/UNIX, gia ìlouc touc qrăstec sta

MS-Windows XP10, enÿ den ătan diajèsimh stic progenèsterec ekdìseic twn

MS-Windows. ’Etsi ta pakèta pou qrhsimopoioÔntai stic epijèseic Ĺrnhshc

uphresÐac èqoun parapoihmènh th dieÔjunsh apostolèa ÿste na mhn eÐnai h

pragmatikă touc. Autì kajistĹ adÔnath thn eÔresh twn elegqìmenwn susth-

mĹtwn pou pragmatopoioÔn tic epijèseic me aplă anazăthsh thc dieÔjunshc

touc.

Ektìc apì pollaplĹ epÐpeda orgĹnwshc kai elègqou, mia katanemhmènh

epÐjesh Ĺrnhshc uphresÐac eÐnai dunatìn na qrhsimopoieÐ kai pollaplĹ epÐpeda

metabÐbashc thc kakìboulhc kÐnhshc. Ta sustămata pou ekteloÔn thn epÐjesh

antÐ na steÐloun ta Ðdia mÐa roă kÐnhshc proc to jÔma pragmatopoioÔn nìmimec

klăseic se exuphrethtèc tou DiadiktÔou, parapoiÿntac ìmwc sto pakèto th

dieÔjunsh tou apostolèa (autoÔ pou kĹnei thn aÐthsh uphresÐac) ÿste na eÐnai

aută tou jÔmatoc. Oi exuphrethtèc apantÿntac kanonikĹ (ektelÿntac to dikì

touc tmăma tou TCP three-way-handshake) stèlnoun ton Ðdio ìgko kÐnhshc

proc to jÔma (sth morfă pakètwn TCP/ACK-SYN). H mèjodoc aută èqei

thn onomasÐa {epÐjesh anĹklashc} (reflection attack) [Paxs01] eÐnai idiaÐtera

dÔskolo na antimetwpisteÐ. H morfă thc apeikonÐzetai sto sqăma 2.2.

Sthn pleurĹ tou jÔmatoc endeqìmeno filtrĹrisma thc kakìboulhc kÐnh-

shc shmaÐnei apokopă dhmofilÿn proorismÿn tou DiadiktÔou pou suneqÐzoun

tic apantăseic stic kakìboulec klăseic. ExĹllou, orismènec morfèc autăc

thc epÐjeshc qrhsimopoioÔn kai prwtìkolla TCP pou eÐnai aparaÐthta sth

9
Για συστήµατα µοναδικού χρήστη η διαφορά δεν έχει σηµασία αν αυτοί το χρησιµοποιούν

πάντα µε δικαιώµατα διαχειριστή.
10
Η δυνατότητα αυτή έχει αφαιρεθεί µε την αναβάθµιση lογισµικού (Service Pack) επιπέ-

δου 2
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Sqăma 2.2: EpÐjesh DDoS mèsw AnĹklashc

leitourgÐa tou DiadiktÔou, ìpwc p.q. to DNS, to BGP11 kai Ĺlla.

2.2.2 QarakthristikĹ kai Kathgoriopoiăseic twn Epi-

jèsewn DDoS

Mia epÐjesh DDoS parousiĹzei ston telikì apodèkth (allĹ kai sta endiĹme-

sa dÐktua pou diatrèqei katĹ thn poreÐa thc) èna arijmì apì qarakthristikĹ

pou thn perigrĹfoun me sugkekrimèno trìpo kai th diakrÐnoun apì nìmimec

drasthriìthtec allĹ kai apì Ĺllec, pijanĹ tautìqronec, epijèseic. Ta stoi-

qeÐa autĹ qrhsimopoioÔntai apì ta sustămata IDS gia thn perigrafă thc metĹ

thn anÐqneush thc. Ta qarakthristikĹ pou emfanÐzei èna peristatikì qrhsi-

11
Το συγκεκριµένο πρωτόκοllο ανταllάσσει πlηροφορίεc δροµοlόγησηc µεταξύ αυτονό-

µων διαχειριστικών περιοχών (Autonomous Systems) µέσα από συνδέσειc TCP.



2.2 Oi Epijèseic DDoS 26

mopoioÔntai gia na katanohjeÐ to eÐdoc thc epÐjeshc, na entopistoÔn kai na

parempodistoÔn oi roèc kÐnhshc pou anăkoun se aută, na prosdioristeÐ an

emfanÐseic thc Ðdiac roăc se diaforetikèc qronikèc stigmèc aforoÔn to Ðdio

gegonìc, kai an diaforetikoÐ upologistèc apoteloÔn stìqouc thc Ðdiac epÐje-

shc. Eic bĹjoc anĹlush thc epÐjeshc mporeÐ epÐshc na upodeÐxei ta ergaleÐa

kai th mèjodo pou qrhsimopoiăjhkan. Ta kÔria qarakthristikĹ twn epijèsewn

DDoS eÐnai:

• To prwtìkollo pou qrhsimopoieÐtai (TCP, UDP ICMP k.lp.). UpĹr-

qoun ìmwc kai epijèseic pou qrhsimopoioÔn tautìqrona pollĹ diaforeti-

kĹ prwtìkolla kai jÔrec (ports). Oi teleutaÐec eÐnai sunăjwc epijèseic

katanĹlwshc diktuakoÔ eÔrouc.

• H jÔra (ă jÔrec) epikoinwnÐac pou ja qrhsimopoihjeÐ.

• Ta eÐdh twn pakètwn enìc prwtokìllou pou qrhsimopoioÔntai (p.q. ICMP-

echo-reply, TCP-SYN k.lp.).

• To eÔroc twn dieujÔnsewn IP pou apoteloÔn to stìqo. Epijèseic exĹnt-

lhshc upologistikÿn pìrwn enìc exuphrethtă kateujÔnontai mìnon se

autìn. Sthn perÐptwsh pou o skopìc eÐnai oi diktuakoÐ pìrwn oi upo-

logistèc  proorismìc thc epÐjeshc mporeÐ na perilambĹnoun akìma

kai ìlec tic dieujÔnseic IP pou èqoun apodojeÐ sto dÐktuo tou jÔma-

toc. MporoÔme ètsi na jewrăsoume ìti anăkoun sthn Ðdia epÐjesh roèc

kÐnhshc oi opoÐec kateujÔnontai se diaforetikoÔc upologistèc efìson

(a) emfanÐzoun Ðdia ta upìloipa qarakthristikĹ
12
kai (b) oi upologi-

12
Π.χ. συγκεκριµένα πρωτόκοllα και θύρεc.
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stèc stìqoi anăkoun sto Ðdio upodÐktuo ă genikìtera ston Ðdio qÿro

dieujÔnsewn IP (address space).

• To qronikì diĹsthma pou ja mesolabăsei anĹmesa se dÔo apostolèc

epijetikăc kÐnhshc. AnĹloga me tic epilogèc politikăc enìc diktÔou

gia to qronikì autì diĹsthma (pou ulopoioÔntai sth diamìrfwsh twn

susthmĹtwn IDS) dÔo diaforetikèc emfanÐseic thc Ðdiac epÐjeshc mporeÐ

na jewrhjoÔn wc èna ă xeqwristĹ peristatikĹ. Sth deÔterh perÐptwsh

h epÐjesh ja prèpei na aniqneuteÐ kai na antimetwpisteÐ ex arqăc.

H jewrhtikă kathgoriopoÐhsh tou epijèsewn DDoS eÐnai genikìterh kai de

gÐnetai mìnon me bĹsh ta qarakthristikĹ pou parathroÔntai sth diadromă kai

ton telikì apodèkth allĹ kai me bĹsh tic teqnikèc kai tic mejodologÐec pou

qrhsimopoiăjhkan.

Sto [Mirk04] gÐnetai mia susthmatikă taxinìmhsh me bĹsh ìla ta diafore-

tikĹ qarakthristikĹ pou mporeÐ na èqei mia tètoia epÐjesh se diĹfora stĹdia

thc exèlixhc thc:

• Bajmì automatismoÔ

• Mejìdouc exĹplwshc kai orgĹnwshc thc upodomăc epÐjeshc

• Mejìdouc elègqou thc

• EÐdoc dieujÔnsewn phgăc sta pakèta pou apostèllontai

• SumperiforĹ kai dunatìthta qarakthrismoÔ thc epijetikăc kÐnhshc

• EÐdoc stìqou kai epÐdrash se autìn.
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H taxinìmhsh aută problèpei jewrhtikĹ kai epijèseic DoS pou eÐnai men duna-

tèc allĹ den èqoun akìma parathrhjeÐ.

Mia parìmoia taxinìmhsh twn epijèsewn DoS kai DDoS gÐnetai kai sto

[Doul04], ìpou oi parĹmetroi pou qrhsimopoioÔntai eÐnai:

• O bajmìc automatopoÐhshc.

• H teqnikă epÐjeshc ({plhmmÔra} pakètwn, epijèseic me suntelestă enÐ-

squshc, ekmetĹlleush adunamiÿn prwtokìllwn, qrăsh {kakÿc sqhma-

tismènwn}malformedpakètwn).

• H dunamikă thc exèlixhc thc epÐjeshc.

• Ta apotelèsmata thc epÐjeshc sto stìqo.

Sto [Huss03] akoloujeÐtai mia elafrĹ diaforetikă prosèggish gia na kath-

goriopoihjoÔn apokleistikĹ epijèseic DDoS katĹlhyhc diktuakoÔ eÔrouc me

bĹsh stoiqeÐa pou sullègontai katĹ th diĹrkeia touc. QrhsimopoieÐtai h anĹ-

lush twn epikefalÐdwn (headers) twn pakètwn kai h Ôparxh ă ìqi apìtomhc

klimĹkwshc sthn epijetikă kÐnhsh. EpÐshc proteÐnetai h {fasmatikă} anĹ-

lush thc kÐnhshc. Se aută exetĹzontai oi suqnìthtec pakètwn diaforetikÿn

eidÿn. Me bĹsh autĹ ta qarakthristikĹ sunĹgetai to plăjoc twn phgÿn kÐnh-

shc (mÐa ă perissìterec) kai an prìkeitai gia apfl eujeÐac prosbolă ă epÐjesh

{anĹklashc}.

Tèloc sto [Stan02] oi Staniford kai sunergĹtec analÔoun tic mejodologÐec

kai parousiĹzoun ta jewrhtikĹ ìria gia thn taqÔthta kai to eÔroc exĹplwshc

twn autìmata diadidìmenwn iÿn (worms). Oi ioÐ autoÐ paÐzoun idiaÐtera sh-



2.2 Oi Epijèseic DDoS 29

mantikì rìlo sthn automatopoihmènh apìkthsh elègqou upologistÿn gia th

dhmiourgÐa miac upodomăc epÐjeshc DDoS.

2.2.3 IPv6 kai Epijèseic DDoS

H nèa èkdosh tou prwtokìllou IP, to IPv6, prìkeitai na dhmiourgăsei èna

nèo peribĹllon asfaleÐac sto opoÐo oi epijèseic DDoS èqoun to dunamikì na

apotelèsoun shmantikă apeilă. Sto IPv6 isqÔoun oi Ðdiec teqnikèc dienèrgeiac

epijèsewn Ĺrnhshc uphresÐac allĹ prostÐjentai kai nèec dunatìthtec apìkru-

yhc thc kÐnhshc ă thc phgăc thc. ’Hdh upĹrqoun ergaleÐa dienèrgeiac tètoiwn

epijèsewn pou leitourgoÔn se peribĹllon IPv6, ìpwc to 6to4DDos [Warf03].

UpĹrqoun epÐshc epijetikĹ progrĹmmata pou enswmatÿnoun tmămata kÿdika

pou epitrèpei th leitourgÐa touc (ektìc tou IPv4) kai sto IPv6, ìpwc ènac

autìmata diadidìmenoc iìc (worm) pou aniqneÔthke kai analÔjhke sta plaÐsia

tou progrĹmmatoc Honeynet [Srem02]. Sto peribĹllon IPv6 h epÐdrash twn

epijèsewn DDoS exeidikeÔetai stic katwtèrw kathgorÐec:

ParapoÐhsh DieujÔnsewn

Se èna apokleistikì peribĹllon IPv6 paramènei to prìblhma parapoÐhshc

dieujÔnsewn phgăc pakètwn gia apìkruyh tou pragmatikoÔ apostolèa. Pro-

sfèretai ìmwc èna nèo qarakthristikì pou dieukolÔnei ton èlegqo stouc parì-

qouc (ìpwc orÐzei to RFC 2827 [Ferg00]) gia pakèta me dieujÔnseic apostolèa

pou den antistoiqoÔn sto qÿro dieujÔnsewn tou diktÔou proèleushc touc.

Sto IPv6, gia na dieukolunjeÐ h dromolìghsh, oi dieujÔnseic apodÐdontai

me trìpo pou na mporoÔn na omadopoihjoÔn anĹ perioqă proèleushc (apì pio



2.2 Oi Epijèseic DDoS 30

genikeumènh se pio sugkekrimènh). KĹje dieÔjunsh IPv6 (Aggregatable Glo-

bal Unicast Address) qrhsimopoieÐ ta prÿta 64 bit thc (apì ta 128 sunolikĹ)

gia sullogikă (aggregated) plhroforÐa proèleushc pou qwrÐzetai se tmămata

uyhloÔ epipèdou, epìmenou epipèdou kai epipèdou organismoÔ. EÐnai ètsi du-

natìn se diaforetikĹ epÐpeda thc dromolìghshc na oristoÔn fÐltra elègqou

thc orjăc proèleushc twn pakètwn [Hind98].

’Opwc kai sto IPv4, ìmwc, to filtrĹrisma autoÔ tou eÐdouc (katĹ to RFC

2827) eÐnai proairetikì gia touc parìqouc. Epiplèon to plăjoc twn dieujÔn-

sewn IPv6 se èna upodÐktuo eÐnai tètoio pou akìma kai me filtrĹrisma se isqÔ

kĹpoioc epitijèmenoc mporeÐ na qrhsimopoiăsei parapoihmènec allĹ nìmimhc

proèleushc dieujÔnseic [Conv04].

Epijèseic me ParĹgonta EnÐsqushc

Sto IPv6 èqei afairejeÐ h ènnoia thc dieÔjunshc genikăc ekpompăc (broadcast

address). ’Etsi apokleÐontai epijèseic me thn apostolă pakètwn ICMP se au-

tă (tÔpou ”Smurf”), pou parousiĹzoun Suntelestă EnÐsqushc (Amplification

Factor).

’Eqoun ìmwc dhmiourghjeÐ genikeumènec (global) dieujÔnseic multicast gia

eidikèc, klimakoÔmenec omadopoiăseic kìmbwn, p.q. dieujÔnseic gia ìlouc touc

kìmbouc sto Ðdio diktuakì mèso (link-local sÔmfwna me thn orologÐa tou

IPv6), ìlouc touc kìmbouc sto Ðdio upodÐktuo (site-local sthn orologÐa tou

IPv6), ìlouc touc dromologhtèc site-local, ìlouc touc exuphrethtèc NTP tou

DiadiktÔou, k.lp.

Gia na apotrapoÔn epijèseic EnÐsqushc, oi prodiagrafèc tou IPv6 apago-

reÔoun thn paragwgă mhnumĹtwn ICMPv6 se apĹnthsh pakètwn stic genikeu-



2.2 Oi Epijèseic DDoS 31

mènec dieujÔnseic multicast. An autì thrhjeÐ kai stic ulopoiăseic tou IPv6

tìte apotrèpetai o kÐndunoc epijèsewn autoÔ tou tÔpou sto nèo prwtìkollo.

Sto [Conv04], oi Convery kai sunergĹtec anafèroun ìti èqoun gÐnei peirĹ-

mata pou deÐqnoun ìti pollĹ dhmofilă leitourgikĹ sustămata akoloujoÔn to

prìtupo kai prĹgmati den apantoÔn se pakèta proc tic genikeumènec dieujÔn-

seic multicast ta opoÐa èqoun parapoihmènec dieujÔnseic phgăc. EntoÔtoic,

sthn Ðdia ergasÐa anafèretai ìti den eÐnai akìma exakribwmèno (lìgo asĹfeiac

sto sqetikì prìtupo) ti kÐndunoc epijèsewn EnÐsqushc upĹrqei apì pakèta

ICMP pou stèlnontai me mia apì tic genikeumènec dieujÔnseic multicast wc

(kataskeuasmènh) dieÔjunsh phgăc.

MiktĹ peribĹllonta v4`v6

Problămata asfaleÐac dhmiourgoÔn kai oi (proswrinoÐ) metabatikoÐ mhqani-

smoÐ pou qrhsimopoioÔntai gia th sunÔparxh twn dÔo ekdìsewn tou prwtokìl-

lou IP sth diĹrkeia thc metĹbash sto nèo prwtìkollo. Săraggec (tunnels)

qrhsimopoioÔntai ektetamèna gia sundèseic diamèsou diktÔwn ta opoÐa den upo-

sthrÐzoun thn epijumhtă èkdosh prwtokìllou. H kÐnhsh pou pernĹ apì tic

săraggec, se pollèc periptÿseic den èqei problefteÐ apì tic politikèc asfa-

leÐac. MporeÐ ètsi na diaperĹsei sustămata diktuakăc asfaleÐac (firewalls)

kai touc elègqouc pou autĹ jètoun, epeidă den èqoun th dunatìthta na die-

reunăsoun tautìqrona kai ta dÔo prwtìkolla. To prìblhma epiteÐnetai apì

thn Ôparxh dunamikÿn kai autìmatwn mhqanismÿn dhmiourgÐac shrĹggwn.

O kÔrioc mhqanismìc gia thn epikoinwnÐa upologistÿn ă diktÔwn IPv6

pĹnw apì dÐktua IPv4 eÐnai to 6to4 pou perigrĹfetai sto RFC 3056 [Carp01].

Profèrei autìmath kai dunamikă sundesimìthta anĹmesa se sustămata pou
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Sqăma 2.3: Endeiktikèc sundesmologÐec anĹmesa se dÐktua IPv4 kai IPv6 me
th qrăsh tou mhqanismoÔ tou RFC 3056 (6to4)

zhtoÔn na qrhsimopoiăsoun IPv6 mèsa se dÐktua IPv4 (6to4 hosts) kai perioqèc

apokleistikĹ IPv6. ’Ena parĹdeigma tètoiac sundesimìthtac, tropopoihmèno

apì to [Savo04] faÐnetai sto sqăma 2.3.

’Opwc faÐnetai sto sqăma 2.3 oi pÔlec (gateways) 6to4 paÐrnoun mia dieÔ-

junsh IPv6 me prìjema 2002: pou basÐzetai sth dieÔjunsh IPv4 pou ădh dia-

jètoun. EÐnai dunatìn mèsa apì èna dÐktuo IPv6 na apostaleÐ kÐnhsh epÐjeshc

proc èna sÔsthma IPv4 kataskeuĹzontac katĹllhla mia dieÔjunsh proorismoÔ

IPv6/6to4 [Warf03]. Autì sumbaÐnei epeidă oi săraggec ulopoioÔntai duna-

mikĹ anĹ perÐptwsh. To Ðdio mporeÐ na gÐnei kai apì èna sÔsthma IPv413 me

tautìqronh apìkruyh thc proèleushc.

KatĹ ton Ðdio trìpo mporoÔn na gÐnoun epijèseic AnĹklashc (Reflection

attacks) stèlnontac sto dromologhtă 6to4 kataskeuasmèna pakèta me telikì

13
Με τη διαδροµή: σύστηµα IPv4 — 6to4 router και αφαίρεση τηc προέlευσηc IPv4 —

σύστηµα στόχοc IPv4 του οποίου η διεύθυνση έχει περιγραφεί στο IPv6/6to4
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proorismì sustămata IPv6 kai apostolèa (antikanonikĹ) kĹpoio Ĺllo sÔsth-

ma IPv6.

Stic epikoinwnÐec anĹmesa se èna diktuakì qÿro IPv6 kai sustămata 6to4

eÐnai dunatìn na qrhsimopoihjoÔn diaforetikoÐ kìmboi 6to4 anĹ kateÔjunsh.

To gegonìc autì epibĹlei oi kìmboi 6to4 na apodèqontai ìlec tic sundèseic

proc autoÔc [Savo04]. EÐnai ètsi dunatìn na kateujunjeÐ mèsw autÿn kÐnhsh

me proorismì èna sÔsthma IPv6 h opoÐa ja èqei en-julakwjeÐ se pakèta IPv4.

Oi kìmboi 6to4 ja afairèsoun th dieÔjunsh proèleushc IPv4 kai ja prow-

jăsoun ta pakèta IPv6 prosfèrontac ètsi apìkruyh tou apostolèa. Akìma

kai dieujÔnseic pou ja filtrĹrontan lìgo mh nìmimwn dieujÔnsewn apì to

dÐktuo phgăc mporoÔn ètsi na gÐnoun dektèc. To kajfl autì prìblhma epÐje-

shc DoS ìmwc se aută thn perÐptwsh den eÐnai tìso sobarì epeidă oi kìmboi

6to4 dhmiourgoÔn oi Ðdioi {stenwpì} (bottleneck) sth diĹbash thc kakìbou-

lhc kÐnhshc, tìso apì pleurĹc upologistikăc isqÔoc ìso kai apì pleurĹc

diajèsimou eÔrouc zÿnhc [Savo04] [Stra04].

’Enac {anametadìthc} 6to4 (6to4 relay) mporeÐ epÐshc na qrhsimopoihjeÐ

kai gia topikèc epijèseic (sto upodÐktuo IPv4 sto opoÐo sundèetai) me apo-

stolèc pakètwn sth dieÔjunsh genikăc ekpompăc (broadcast). An anăkei se

upodÐktuo v4 thc morfăc A.B.C.0/24 o epitijèmenoc (apì to IPv6) mporeÐ na

steÐlei pakèta me dieÔjunsh 6to4 pou metafrĹzetai A.B.C.255. An de, den

èqei lhfjeÐ prìnoia gia filtrĹrisma tètoiou eÐdouc pakètwn autĹ mporeÐ na

apostaloÔn akìma kai se apomakrusmènec dieujÔnseic prokalÿntac epijèseic

EnÐsqushc. To prìblhma diorjÿnetai eÔkola me thn epilogă fÐltrwn pou

apagoreÔoun dieujÔnseic 6to4 autoÔ tou eÐdouc [Stra04].

UpĹrqei epÐshc ènac arijmìc apì epiplèon metabatikoÔc mhqanismoÔc, ìpwc
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to Intra-Site Automatic Tunnel Addressing Protocol (ISATAP) [Temp04], oi

diafìrwn eidÿn săraggec (me ă qwrÐc {endiĹmesouc}tunnel brokers) kai o

mhqanismìc Dual-stack Transition Mechanism (DSTM) [Boun02] (gia sustă-

mata me diplèc diktuakèc rujmÐseic–IPv4/IPv6). AutoÐ eÐte qrhsimopoioÔn

to mhqanismì 6to4 gia diasundèseic pèra apì to upodÐktuo pou qrhsimopoieÐ

ISATAP, eÐte upìkeintai se tupikĹ zhtămata asfaleÐac rÔjmishc kai diaqeÐ-

rishc shrĹggwn, eÐte den emfanÐzoun gnwstĹ problămata me epijèseic DDoS

(DSTM).

Shmeiÿnetai ìti akìma kai an oi apeilèc gia ta dÐktua IPv6 de qrhsimopoih-

joÔn Ĺmesa se epijèseic DDoS, mporoÔn na dieukolÔnoun (ă na upokrÔyoun)

th diadikasÐa parabÐashc upologistÿn kai exĹplwshc twn programmĹtwn elèg-

qou miac upodomăc epÐjeshc DDoS. Genikìtera to IPv6 eÐnai èna nèo peribĹl-

lon, me to opoÐo oi diaqeiristèc den eÐnai exoikeiwmènoi kai antÐstoiqa pollĹ

jèmata asfaleÐac den eÐnai kalÿc katanohtĹ. UpĹrqei ètsi duskolÐa sthn

ekpìnhsh politikÿn asfaleÐac kai thn uiojèthsh bèltistwn praktikÿn.

2.2.4 ExĹplwsh twn Epijèsewn ’Arnhshc UphresÐac sto

DiadÐktuo

PeristatikĹ asfaleÐac pou sqetÐzontai me epijèseic DDoS emfanÐzontai su-

qnĹ sthn epikairìthta, eidikĹ an èqoun stìqouc megĹlhc shmasÐac. ’Ena apì

ta prÿta peristatikĹ, pou păran arketĹ megĹlec diastĹseic ÿste na apa-

sqolăsoun ta diejnă mèsa enhmèrwshc, ătan h epÐjesh se ènan arijmì apì

shmantikèc etaireÐec tou DiadiktÔou (Yahoo, eBay, Buy.com, Amazon.com

kai CNN.com) sto diĹsthma 7-9 IanouarÐou 2000. O diktuakìc tìpoc thc
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etaireÐac Yahoo parèmeine ektìc leitourgÐac gia treic ÿrec stic 7 IanouarÐou

2000 kai akoloÔjhsan nèec epijèseic, sth diĹrkeia twn opoÐwn h diajesimìth-

ta twn diktuakÿn tìpwn`stìqwn èpese sto 0% (apì to sÔnhjec 95% - 98%)

[Comp00]. Oi epijèseic autèc aforoÔsan kurÐwc thn exĹntlhsh tou diajèsi-

mou diktuakoÔ eÔrouc zÿnhc twn jumĹtwn me th qrăsh, pijanìn, ergaleÐwn

ìpwc to ”Trinoo” kai to ”Tribe Flood Network” (paremferèc ergaleÐo, allĹ

se megalÔtero bajmì katanemhmènhc leitourgÐac) [Ditt99a] pou exapolÔoun

èna megĹlo arijmì apì pakèta diafìrwn eidÿn.

’Alla peristatikĹ exÐsou megĹlhc shmasÐac ătan:

` Epijèseic pou diărkesan sunolikĹ eptĹ hmèrec kai stìqeuan touc kÔ-

riouc exuphrethtèc (DNS, web, hlektronikì taqudromeÐo) exanĹgkasan

to Bretanikì pĹroqo diktuakÿn uphresiÿn Cloud Nine se olikă diakopă

ergasiÿn stic 22 IanouarÐou 2002 [Regi02].

` Stic 21 OktwbrÐou 2002 upărxe mia tautìqronh epÐjesh DoS proc ìlouc

touc Exuphrethtèc Diktuakăc OnomatologÐac RÐzac (Root Name Ser-

vers). Mia epituqăc epÐjesh ja mporoÔse na èqei san apotèlesma th

diakopă paroqăc uphresÐac DNS se olìklhro to DiadÐktuo. Se diĹsth-

ma lÐgo pĹnw apì mÐa ÿra estĹlhsan 50 èwc 100Mbps (pou metafrĹzetai

se 100 èwc 200 qiliĹdec pakèta anĹ deuter.) anĹ exuphrethtă, dÐnontac

sunolikă kÐnhsh epÐjeshc 900 Mbps (1,8 Mpkts/sec). H kÐnhsh ătan

pakèta diafìrwn eidÿn (ICMP, TCP SYN14, katakermĹtismèna pakèta

TCP kai UDP). An kai oi Ðdioi exuphrethtèc den parousÐasan problă-

mata lìgw thc uperepĹrkeiac (overprovisioning) pìrwn, pollèc klăseic

14
Τα συγκεκριµένα πακέτα εκτόc από το εύροc δικτύου εξαντlούν και υποlογιστικούc

πόρουc του παραlήπτη.
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pelatÿn se autì to diĹsthma den mpìresan na touc ftĹsoun [Vixi02].

To Computer Security Institute sthn etăsia èreuna gia thn asfĹleia pou

ekponeÐ se sunergasÐa me to FBI upologÐzei tic oikonomikèc apÿleiec apì

epijèseic DoS kai DDoS (stic H.P.A) sta 65 ekatommÔria dolĹria gia to

2003 [Csi03] kai sta 26 ekatommÔria dolĹria gia to 2004 [Csi04]

Sth diejnă bibliografÐa megĹlo mèroc thc èreunac afierÿnetai se mejì-

douc anakĹluyhc twn epijèsewn, diakopăc ă anĹsqeshc touc kai antimetÿpishc

twn epiptÿsewn touc. UpĹrqoun epÐshc ektetamènec analÔseic gia ta shman-

tikìtera ergaleÐa logismikoÔ pou mporeÐ na qrhsimopoihjoÔn gia thn pragma-

topoÐhsh autÿn twn epijèsewn, ìpwc h polÔ gnwstă lÐsta tou Dittrich sto

[Ditt04]. Apì th leitourgÐa autÿn twn ergaleÐwn eÐnai dunatìn na exaqjoÔn

sumperĹsmata gia to eÐdoc thc kÐnhshc pou problèpetai na parĹgoun. Den

upĹrqoun ìmwc pollèc melètec gia to pìso ektetamènec eÐnai en tèlei oi epi-

jèseic DDoS sto DiadÐktuo kai ti epÐdrash èqoun sth leitourgÐa tou. Se

megĹlo bajmì autì exartĹtai apì to eÔroc thc exĹplwshc twn kakìboulwn

programmĹtwn se sustămata {xenistèc} (hosting systems) kai apì to bajmì

energopoÐhshc twn upodomÿn epÐjeshc pou perigrĹfthkan prohgoumènwc.

Mia ousiastikă anĹlush gia to bajmì exĹplwshc twn epijèsewn DDoS

sto DiadÐktuo èqei gÐnei sthn klasikă ergasÐa tou Moore sto [Moor01] kai

basÐzetai se mia statistikă anĹlush pakètwn pou katalăgoun se èna dÐktuo

KlĹshc A (Class A) san apotèlesma epÐjeshc kĹpou Ĺllou. H logikă eÐnai

ìti ta pakèta kakìboulhc kÐnhshc èqoun parapoihmènec tic dieujÔnseic apo-

stolèa me tuqaÐo trìpo. KatĹ sunèpeia ta pakèta-apantăseic tou jÔmatoc se

autĹ mporeÐ na katalăxoun opoudăpote sto DiadÐktuo kai èna dÐktuo KlĹshc
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A statistikĹ ja lĹbei pollĹ apì autĹ ta pakèta (jewrhtikĹ to 1/256 tou su-

nìlou). Ta pakèta autĹ onomĹzontai {skedasmènh kÐnhsh} (”backscatter”).

H mejodologÐa aută, an kai suzhtăsimh gia thn orjìthta thc
15
, qrhsimopoiă-

jhke gia na bgoun mia seirĹ apì sumperĹsmata pou dÐnoun mia eikìna gia th

exĹplwsh twn epijèsewn DDoS. Ta kuriìtera apì autĹ eÐnai:

• UpĹrqei suneqăc kai stajeră emfĹnish epijèsewn DDoS sto DiadÐktuo.

Katametrăjhkan perÐpou 12.000 epijèseic se diĹsthma triÿn ebdomĹdwn

• Orismènec epijèseic ftĹnoun se rujmoÔc apostolăc kakìboulhc kÐnhshc

thc tĹxhc twn 500.000 pakètwn anĹ deuterìlepto, th stigmă pou akìma

kai 500 pakèta SYN anĹ deuterìlepto eÐnai dunatìn na katastăsoun

èna exuphrethtă mh diajèsimo se mia epÐjesh exĹntlhshc pìrwn (epÐ-

jesh SYN) [Darm00]. To genikì sumpèrasma eÐnai ìti oi perissìterec

epijèseic DDoS mporoÔn na ephreĹsoun akìma kai jÔmata me megĹlo

plăjoc diktuakÿn pìrwn polÔ de perissìtero tupikĹ dÐktua {fÔlla}

(leaf networks) enìc ISP (p.q. me grammă sÔndeshc 2Mbps)

• To megalÔtero posostì (80%) twn epijèsewn diarkeÐ mèqri 30 leptĹ me

tic perissìterec apì autèc (50% tou sunolikoÔ arijmoÔ) na mhn uper-

baÐnoun ta 5 leptĹ. EntoÔtoic upĹrqoun kai periptÿseic epijèsewn pou

suneqÐzontai gia hmèrec.

• UpĹrqoun epijèseic pou epanalambĹnontai proc to Ðdio jÔma metĹ th

mesolĹbhsh kĹpoiac diakopăc.

15
Εξετάζει µόνον επιθέσειc που παραποιούν τιc διευθύνσειc αποστοlέα επιlέγονταc τυχαία

µέσα από όlεc τιc διευθύνσειc του Internet µε αποτέlεσµα να υποτιµά τον πραγµατικό βαθµό
εξάπlωσηc των επιθέσεων DDoS (π.χ. επιθέσειc που επιlέγουν παραποιηµένεc διευθύνσειc
από µικρό, εύροc, επιθέσειc {ανάκlασηc} κ.lπ.).
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Sto [Huss03] oi Hussain kai sunergĹtec parousiĹzoun ta apotelèsmata apì

thn parakoloÔjhsh kai anĹlush epijèsewn DDoS enantÐon enìc diktÔou pou

perilambĹnei katĹ prosèggish to 0,105% tou apodomènwn dieujÔnsewn IP.

SÔmfwna me tic parathrăseic touc sto diĹsthma apì ton IoÔlio èwc to Noèm-

brio tou 2002 kai me probolă se ìlo to plăjoc dieujÔnsewn IP, prèpei na

sunèbainan toulĹqiston 10.000 epijèseic DDoS anĹ măna se olìklhro to Dia-

dÐktuo.

Orismènec Ĺllec ergasÐec parousiĹzoun epÐshc endiafèronta stoiqeÐa gia

thn epÐdrash autÿn twn epijèsewn. Sto [Lan03], oi Lan kai sunergĹtec exe-

tĹzoun thn epÐdrash epijèsewn DDoS se èna dÐktuo me arketoÔc pìrouc gia

na antepexèljei epituqÿc. Anafèretai ìti akìma kai sthn perÐptwsh pou oi

diktuakèc sundèseic parameÐnoun upo-qrhsimopoioÔmenec upĹrqei aÔxhsh thc

tĹxhc tou 230% sthn kajustèrhsh twn erwtăsewn DNS kai aÔxhsh katĹ 30%

sthn kajustèrhsh thc kÐnhshc diktuakoÔ istoÔ (web). Oi suggrafeÐc upo-

sthrÐzoun ìti autì ofeÐletai sthn epÐdrash thc epiplèon kÐnhshc stouc dromo-

loghtèc kai sugkekrimèna th megalÔterh mèsh katĹlhyh thc mnămhc (buffers)

kai tic auxhmènec anĹgkec epexergasÐac.

Sto [Sung02] analÔetai (me th qrăsh tou ergaleÐou Netflow) h kÐnhsh apì

mia epÐjesh DDoS pou pragmatopoiăjhke to 2001 se èna dÐktuo tou Pane-

pisthmÐou Georgia Tech me stìqo kĹpoiouc exuphrethtèc. Ta apotelèsmata

deÐqnoun ìti:

• H sunolikă diĹrkeia thc epÐjeshc ătan perÐpou 90 leptĹ kai apì th stig-

mă thc ènarxhc thc parousÐase idiaÐtera apìtomh aÔxhsh thc kakìboulhc

kÐnhshc.
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• Oi dieujÔnseic pou qrhsimopoiăjhkan gia thn apìkruyh tou aposto-

lèa (address spoofing) epilègontai omoiìmorfa apì ìlec tic jewrhtikĹ

diajèsimec dieujÔnseic IP tou DiadiktÔou. AntÐstoiqh omoiomorfÐa pa-

rathrăjhke sthn epilogă jurÿn epikoinwnÐac.

• EphreĹsthke idiaÐtera h dunatìthta twn upologistÿn stìqwn na prag-

matopoiăsoun Ĺllec sundèseic, exuphrèthshc nìmimwn aităsewn.

EpÐshc epibebaiÿjhkan kĹpoia fainìmena probleptĹ apì th leitourgÐa twn

prwtokìllwn TCP kai ICMP:

• H kÐnhsh pou parathrăjhke anĹ kateÔjunsh parousÐaze auxhmèna eiser-

qìmena pakèta TCP SYN kai auxhmèna exerqìmena pakèta TCP SYN-

ACK kai TCP SYN-RST.

• H kÐnhsh shmatodosÐac tou DiadiktÔou (ICMP) auxăjhke epÐshc katĹ

th diĹrkeia thc epÐjeshc lìgo pollÿn mh uparktÿn dieujÔnsewn IP.

Tèloc sto [Chan02] parousiĹzontai kĹpoia peiramatikĹ apotelèsmata gia thn

anjektikìthta diktuakÿn exuphrethtÿn se epijèseic exĹntlhshc pìrwn (epijè-

seic SYN) me bĹsh touc qrìnouc pou diathroÔn anoiktă mia mh oloklhrwmènh

sÔndesh TCP. Gia tic ekdìseic leitourgikÿn susthmĹtwn pou ătan ta plèon

sÔgqrona katĹ thn perÐodo thc èreunac (2002) ătan arketìc ènac arijmìc apì

sundèseic katĹ to ămisu anoiktèc N ≤ 10.000 gia thn plărh diakopă qrăsimhc

leitourgÐac touc. Eidikìtera, stic periptÿseic twn leitourgikÿn Linux kai

BSD ătan arketèc N ≤ 6.000 sundèseic pou antistoiqoÔsan stic dunatìthtec

miac aplăc thlefwnikăc sÔndeshc (dialup) qwrhtikìthtac 56Kbps. Wc proc

tic epijèseic apostolăc megĹlou ìgkou kÐnhshc arkeÐ h apostolă pakètwn
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ICMP me rujmì enìc anĹ deuterìlepto apì 5.000 elegqìmenouc upologistèc

gia na gemÐsei mia grammă T1, qwrhtikìthtac 1,544Mbps. Se perÐptwsh pou

ta pakèta stèlnontai me uyhlìterouc rujmoÔc apaitoÔntai akìma ligìteroi

upologistèc. To Ðdio apotèlesma mporeÐ na dhmiourghjeÐ me mia antÐstoiqh

epÐjesh anĹklashc ìpou 5.000 upologistèc (exuphrethtèc) ja steÐloun apan-

thtikĹ pakèta proc to jÔma. To apotèlesma autì ìmwc mporeÐ na dhmiourghjeÐ

apì polÔ ligìtera epijetikĹ sustămata an kĹje èna analĹbei aposteÐlei ta

pakèta dhmiourgÐac thc kÐnhshc se ènan arijmì apì exuphrethtèc.

2.3 Antimetÿpish Epijèsewn

2.3.1 Sustămata AnÐqneushc Epijèsewn (IDS)

’Opwc prokÔptei apì melètec taxinìmhshc twn problhmĹtwn asfaleÐac, ìpwc

aută sto [Land94] ta upologistikĹ sustămata, asqètwc kataskeuastă kai

leitourgÐac, eÐnai euĹlwta se pollaplèc apeilèc, h de plărhc exasfĹlish touc

eÐnai tìso teqnikĹ dÔskolh ìso kai oikonomikĹ asÔmforh. ParĹllhla, h eu-

rÔtath sÔndesh sto peribĹllon tou DiadiktÔou ekjètei se nèec apeilèc kai

dhmiourgeÐ thn anĹgkh gia mia automatopoihmènh mèjodo anÐqneushc twn peri-

statikÿn asfaleÐac. Thn anĹgkh aută epiqeiroÔn na kalÔyoun ta Sustămata

AnÐqneushc Epijèsewn (Intrusion Detection Systems—IDS).

’Ena IDS parakoloujeÐ to peribĹllon sto opoÐo eÐnai egkatesthmèno (upo-

logistikì sÔsthma ă dÐktuo) kai epiqeireÐ na aniqneÔsei, bĹsh diafìrwn me-

jìdwn, to katĹ pìson ufÐstatai kĹpoio peristatikì asfaleÐac. H leitourgÐa

twn IDS se èna dÐktuo gÐnetai parĹllhla me ta sustămata diktuakăc prosta-
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sÐac (firewalls) kai stoqeÔei stic apeilèc pou èqoun katafèrei na perĹsoun

apì autĹ ă èqoun eswterikă proèleush. AntÐjeta me tic efarmogèc anĹlu-

shc diamorfÿsewn (configuration analysis), ìpwc ta istorikĹ Cops [Farm90]

kai Satan [Ceri95], ta IDS parèqoun se kĹpoio bajmì automatopoÐhsh kai se

orismènec periptÿseic th dunatìthta energăc antÐdrashc.

H arqitektonikă enìc tupikoÔ sustămatoc IDS apoteleÐtai apì ta basikĹ

tmămata:

A. To tmăma sullogăc plhroforiÿn ({aisjhtărec}`sensors)

To tmăma autì mporeÐ na parakoloujeÐ tic paramètrouc leitourgÐac enìc

sugkekrimènou upologistikoÔ sustămatoc, opìte prìkeitai gia IDS elègqou

upologistă (Host Based IDS), ă na katagrĹfei kÐnhsh apì to dÐktuo (idanikĹ

kĹje pakèto pou pernĹei apì to diktuakì mèso ìpou eÐnai egkatesthmèno),

opìte milĹme gia diktuakì IDS (Network Based IDS—NIDS). To sqăma 2.4

dÐnei mia edeiktikă topologÐa gia thn topojèthsh enìc NIDS sto shmeÐo dia-

sÔndeshc enìc diktÔou.

AnĹloga me to an qrhsimopoioÔntai èna ă perissìtera shmeÐa sullogăc

plhroforiÿn èqoume ta kentrikĹ (centralized) ă ta katanemhmèna (distributed)

sustămata IDS. Ta teleutaÐa parèqoun men th dunatìthta apìkthshc peris-

sìterhc plhroforÐac allĹ jètoun mia seirĹ apì nèa problămata: ton èlegqo

twn epimèrouc tmhmĹtwn, th dunatìthta klimĹkwshc thc leitourgÐac, thn apo-

fugă dhmiourgÐac megĹlou ìgkou kÐnhshc apì tic anaforèc, thn anĹlush thc

plhroforÐac, thn asfĹleia twn antallagÿn.

Mia arketĹ diadedomènh prosèggish sta katanemhmèna sustămata IDS
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Sqăma 2.4: Endeiktikă egkatĹstash Network Intrusion Detection System
(NIDS). H topojèthsh tou prin apì to SÔsthma Diktuakăc ProstasÐac
(Firewall) exasfalÐzei th dunatìthta parakoloÔjhshc ìlhc thc kÐnhshc proc
to etairikì dÐktuo, prin aută uposteÐ opoiasdăpote morfăc filtrĹrisma.

ulopoieÐtai me th qrăsh autìnomwn programmatistikÿn diergasiÿn (autonomous

agents) [Spaf00]. Prìkeitai gia efarmogèc pou egkajÐstantai se diĹfora sh-

meÐa enìc diktÔou, ìpou zhteÐtai, leitourgoÔn autìnoma me apotèlesma na

èqoun arketĹ megĹlh euelixÐa: pollèc mporoÔn tautìqrona na leitourgoÔn

epitelÿntac diaforetikèc leitourgÐec sullogăc stoiqeÐwn, den ephreĹzoun to

sÔnolo se perÐptwsh problhmĹtwn, epimèrouc tmămata mporoÔn eÔkola na

rujmistoÔn ă na antikatastajoÔn.

B. To tmăma anĹlushc thc plhroforÐac enìc sustămatoc IDS

To tmăma autì diapistÿnei thn Ôparxh enìc peristatikoÔ. H anĹlush

gÐnetai me dÔo basikèc mejodologÐec:

1. Th sÔgkrish twn stoiqeÐwn pou sullègontai me sugkekrimènec {upogra-

fèc} (”signatures”), ădh gnwstÿn epijèsewn pou to IDS èqei apojhkeu-
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mènec apì prin. H mèjodoc aută apokaleÐtai anÐqneush thc kakăc qrăshc

(misuse detection). ’Eqei to pleonèkthma thc megĹlhc akrÐbeiac sthn

anakĹluyh gnwstÿn epijèsewn allĹ adunateÐ na aniqneÔsei nèec epije-

tikèc mejìdouc. Oi {upografèc} perilambĹnoun gnwstĹ qarakthristikĹ

twn epijèsewn, ìpwc:

• EÐdoc pakètou

• Mègejoc pakètwn

• Perieqìmena sÔmbola k.lp. (packet payload) se sugkekrimènouc

sunduasmoÔc (patterns)

` ParadeÐgmata tètoiac anĹlushc eÐnai h efarmogă snort [Casw03]

kai to sÔsthma Network Flight Recorder (NFR) [Nfr04], DiktuakĹ

IDS, ta opoÐa sullègoun kai exetĹzoun memonwmèna pakèta gia to

katĹ pìson tairiĹzoun me tic upografèc gnwstÿn peristatikÿn.

H teqnikă mporeÐ na sumplhrwjeÐ me epiplèon algorÐjmouc pou analÔoun

pollaplĹ pakèta kai sunduasmoÔc touc. To sÔsthma NIDS analambĹ-

nei thn anasÔnjesh thc kÐnhshc ìpwc aută ja katalăxei telikĹ stouc

upologistèc paralăptec. Skopìc eÐnai h antimetÿpish epijèsewn ìpou

h kakìboulh kÐnhsh apokrÔbetai me katakermatismèna ă epanalambanì-

mena pakèta kajÿc kai pakèta me allagmènh th seirĹ apostolăc. Mia

epiplèon teqnikă epÐjeshc pou qrhsimopoieÐtai eÐnai h apostolă enìc

pakètou epÐjeshc me parĹmetro TTL tètoia pou na exasfalÐzei pwc ja

ftĹsei sto sÔsthma stìqo mazÐ me pollĹ Ĺlla, pou apokrÔptoun to
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skopì tou, ta opoÐa ìmwc èqoun mikrìterh timă sthn parĹmetro Time

to Live (TTL)16.

2. Th statistikă anĹlush kĹpoiwn paramètrwn ÿste na anagnwristeÐ h

apìklish apì tic sunhjismènec timèc touc. An aută h apìklish xeperĹ-

sei kĹpoia ìria pou èqoun tejeÐ to sÔsthma thn aniqneÔei wc epÐjesh. H

mèjodoc aută basÐzetai sthn anÐqneush statistikÿn anwmaliÿn, gifl au-

tì onomĹzetai anÐqneush anwmaliÿn (anomaly detection). An kai mporeÐ

na aniqneÔsei pijanĹ nèa ădh epijèsewn h mèjodoc aută parousiĹzei to

prìblhma twn esfalmènwn jetikÿn aniqneÔsewn (false positives) mia kai

se pollèc periptÿsei mia mh anamenìmenh allagă sth sumperiforĹ wn

qrhstÿn ă th qrăsh twn susthmĹtwn mporeÐ na eklhfjeÐ wc epÐjesh.

LÔsh se autì to prìblhma prosfèrei h sunduasmènh anĹlush plhrofo-

rÐac apì pollèc phgèc (data fusion) [Siat04] ÿste h telikă apìfash na

mh basisteÐ se èna mìnon stoiqeÐo. Oi epijèseic DDoS apoteloÔn qara-

kthristikì parĹdeigma anÐqneushc me bĹsh thn apìklish tou ìgkou thc

kÐnhshc (ă kĹpoiwn sugkekrimènwn mìnon qarakthristikÿn thc
17
) apì

ta sunhjismèna epÐpeda. Oi parĹmetroi pou parakoloujoÔntai mporoÔn

na eÐnai kai perissìtero sÔnjetec, ìpwc gia parĹdeigma, se èna IDS

elègqou upologistă, oi akoloujÐec twn klăsewn proc to leitourgikì

sÔsthma (system calls) [Asti01b].

G. PijanĹ epiplèon tmămata enìc sustămatoc IDS

• Mia bĹsh gia thn apojăkeush twn peristatikÿn.
16
Οι τεχνικέc αυτέc (”evasion techniques”) επιδιώκουν να {παραπlανήσουν} τα συστήµατα

NIDS.
17
Π.χ. Στιc επιθέσειc SYN αυξάνεται υπέρογκα το πlήθοc των συγκεκριµένων πακέτων.
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• MhqanismoÐ epikoinwnÐac gia thn apostolă anaforÿn kai ton apomakru-

smèno èlegqo.

• ’Ena tmăma diamìrfwshc (configuration) gia thn prosarmogă thc lei-

tourgÐac se nèec apaităseic kai politikèc kai thn ananèwsh twn upogra-

fÿn epijèsewn (se sustămata anĹlushc kakăc qrăshc).

• ’Ena tmăma antÐdrashc sthn epÐjesh. To sugkekrimèno den eÐnai idiaÐ-

tera sÔnhjec lìgo tou kindÔnou lăyhc mètrwn wc antÐdrash se kĹpoia

esfalmèna jetikă anÐqneush.

To sqăma 2.5 dÐnei to aplopoihmèno diĹgramma enìc sustămatoc IDS (parìmoio

me autì pou parousiĹzetai sto [Deba99]), pou perilambĹnei ta kÔria tmămata

pou perigrĹfhkan.

Sqăma 2.5: Basikă arqitektonikă enìc sustămatoc IDS

H ikanìthta enìc sustămatoc IDS apotimĹtai me mia seirĹ paramètrouc:
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• Thn akrÐbeia tou (Accuracy). TÐ suqnìthta emfĹnishc èqoun oi esfal-

mèna jetikèc aniqneÔseic (false positives) dhladă h jeÿrhsh nìmimwn

leitourgiÿn wc epijèseic

• Thn apìdosh tou (Performance). Pìso grăgora mporeÐ na sullèxei

stoiqeÐa kai na epexergasteÐ anaforèc. EidikĹ se periptÿseic ìpou

upĹrqei megĹlh roă plhroforÐac (p.q. ta sustămata NIDS pou parako-

loujoÔn diktuakèc sundèseic uyhlăc taqÔthtac ă to shmeÐo sugkèntrw-

shc twn anaforÿn enìc katanemhmènou IDS), h apìdosh ja krÐnei katĹ

pìson mporeÐ na upĹrxei anÐqneush peristatikÿn se pragmatikì qrìno.

• Thn plhrìthta anÐqneushc (Completeness). To qarakthristikì autì

aforĹ sto posostì epijèsewn pou to sÔsthma IDS ja katafèrei na ani-

qneÔsei kai eÐnai idiaÐtera dÔskolo na axiologhjeÐ epeidă eÐnai adÔnaton

na eÐnai gnwstĹ ek twn protèrwn ìla ta eÐdh problhmĹtwn asfĹleiac
18
.

Epiplèon sto [Deba99] proteÐnontai dÔo akìma parĹmetroi apotÐmhshc:

• H antoqă se epijèseic proc to Ðdio to sÔsthma IDS (Fault Tolerance).

To qarakthristikì autì èqei idiaÐterh shmasÐa gia th sunèqish thc lei-

tourgÐac kai thn paroqă qrăsimwn uphresiÿn apì to IDS, eidikĹ sth

diĹrkeia eidikÿn katastĹsewn.

• H taqÔthta katĹlhxhc se sumperĹsmata (Timeliness). H parĹmetroc

aută aforĹ sth dunatìthta Ĺmeshc enhmèrwshc twn diaqeiristÿn kai

18
Ακόµα και τα IDS ανακάlυψηc ανωµαlιών είναι προσαρµοσµένα, κατά περίπτωση, σε

συγκεκριµένα χαρακτηριστικά συστηµάτων ή δικτύων που παρακοlουθούν και δεν εγγυώνται

µια {οlιστική} θεώρηση τηc ασφάlειαc.
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katfl epèktash meiÿnei to qrìno antÐdrashc. O qrìnoc pou ja mesola-

băsei apì th stigmă thc ekdălwshc miac epÐjeshc mèqri th jetikă ana-

kĹluyh tou peristatikoÔ anafèretai wc to {prìblhma taqÔterhc anÐ-

qneushc} (Quickest Attack Detection Problem) [Chan02]. EÐnai ètsi

dunatìn, se perÐptwsh polÔ megĹlou qrìnou anÐqneushc (me skopì na

perioristoÔn oi esfalmèna jetikèc aniqneÔseic —false positives) aută

telikĹ na perĹsei aparatărhth.

Gia tic epijèseic DDoS ìpou èqoume apostolă roÿn dedomènwn parousiĹzetai

kai èna akìma zăthma wc proc ton qronikì prosdiorismì twn epijèsewn; h

diĹrkeia diatărhshc thc {energopoihmènhc} katĹstashc tou sustămatoc IDS,

dhladă to diĹsthma metĹ thn parèleush tou opoÐou h nèa emfĹnish miac epÐ-

jeshc DDoS kataqwreÐtai wc diaforetikì peristatikì.

H prodiagrafă IDMEF

H Ôparxh pollÿn diaforetikÿn anagkÿn asfĹleiac allĹ kai o emporikìc an-

tagwnismìc èqei odhgăsei sth dhmiourgÐa enìc megĹlou plăjouc diafìrwn

susthmĹtwn IDS; eidikì logismikì pou leitourgeÐ se koinoÔc upologistèc,

ă exeidikeumèna upologistikĹ sustămata, emporikèc lÔseic ă efarmogèc anoi-

ktoÔ logismikoÔ (open software). H prodiagrafă Intrusion Detection Message

Exchange Format (IDMEF) [Deba04], ergasÐa se exèlixh (Work in Progress)

apì thn omĹda ergasÐac Intrusion Detection Working Group tou IETF orÐzei

trìpouc perigrafăc plhroforÐac kai diadikasÐec antallagăc gia to moÐrasma

dedomènwn anĹmesa se sustămata IDS, sustămata antÐdrashc se peristati-

kĹ kai efarmogèc diaqeÐrishc pou qreiĹzetai na sunergastoÔn. Oi qrăstec
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prokeimènou na katalăxoun se èna bèltisto peribĹllon asfaleÐac mporoÔn

na epilèxoun thn egkatĹstash pollÿn diaforetikÿn susthmĹtwn IDS, anĹlo-

ga me th leitourgikìthta touc kai ta isqurĹ kai adÔnama stoiqeÐa touc. To

prìtupo exasfalÐzei ìti autĹ ja parèqoun tic anaforèc touc se mia parìmoia

morfă.

To montèlo dedomènwn tou IDMEF orÐzei mia antikeimenostrafă anaparĹ-

stash thc plhroforÐac sta mhnÔmata anĹmesa sta sustămata IDS kai ulo-

poieÐtai sth glÿssa XML (eXtended Markup Language).

Ta profană shmeÐa qrăshc tou protÔpou IDMEF eÐnai (anĹloga me thn

arqitektonikă tou kĹje IDS) h metaforĹ dedomènwn apì sustămata aisjhtă-

rwn se ontìthtec anĹlushc thc plhroforÐac kai h metaforĹ mhnumĹtwn proc

to diaqeiristă kai tic sqetikèc efarmogèc asfĹleiac. Epiplèon to IDMEF

mporeÐ na faneÐ qrăsimo gia tic exăc periptÿseic:

• BĹseic dedomènwn pou sugkentrÿnoun plhroforÐec gia peristatikĹ apì

diaforetikĹ sustămata IDS ÿste na eÐnai dunată h anĹlush touc apì

koinoÔ.

• Sustămata pou ekteloÔn sunduasmì gegonìtwn asfaleÐac

• Sustămata diaqeÐrishc pou mporoÔn na parousiĹsoun sthn Ðdia diaqei-

ristikă efarmogă plhroforÐec apì diaforetikĹ sustămata
19
.

• Antallagă plhroforiÿn anĹmesa se organismoÔc kai omĹdec (p.q. omĹ-

dec CERT ă diwktikèc arqèc) pou diaqeirÐzontai peristatikĹ asfaleÐac.

19
Κατά τον ίδιο τρόπο που σήµερα το κάνουν µε τιc πlηροφορίεc από MIB του SNMP.
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H Ðdia omĹda ergasÐac tou IETF èqei parousiĹsei wc ergasÐa en exelÐxei (Work

in Progress) to prwtìkollo epipèdou efarmogăc Intrusion Detection Exchan-

ge Protocol (IDXP) [Fein02] gia thn antallagă mhnumĹtwn IDMEF. To IDXP

basÐzetai (apoteleÐ èna {profÐl leitourgÐac}) sto genikìtero montèlo Blocks

Extensible Exchange Protocol (BEEP) [Rose01b]. To teleutaÐo prosfèrei

mia upodomă gia antallagèc sto epÐpedo efarmogăc, me sÔndesh (connection-

oriented) kai asÔgqronh metĹdosh plhroforÐac. H epibebaÐwsh thc tautìth-

tac twn epikoinwnoÔntwn merÿn, h asfĹleia kajÿc kai Ĺlla qarakthristikĹ

thc epikoinwnÐac parèqontai apì thn upodomă tou BEEP me th qrăsh {profÐl

leitourgÐac}.

To IDXP orÐzei pwc ja epikoinwnăsoun dÔo opoiesdăpote ontìthtec IDS

metaxÔ touc (IDXP peers), apeujeÐac ă kai me săraggec epipèdou efarmogăc

me th qrăsh antiprosÿpwn (proxies).

2.3.2 Teqnikèc Antimetÿpishc Epijèsewn DDoS

AkoloujeÐ mia episkìphsh triÿn tomèwn antimetÿpishc pou aforoÔn stic treic

pleurèc tou problămatoc: anÐqneush (detection), parakoloÔjhsh - anakĹlu-

yh thc diadromăc (traceback) kai antÐdrash (reaction) se epijèseic DDoS. H

parousÐash den èqei skopì na eÐnai exantlhtikă allĹ na katadeÐxei tic kuriì-

terec ereunhtikèc kateujÔnseic kai na dhmiourgăsei to plaÐsio mèsa sto opoÐo

ja parousiasteÐ h proteinìmenh lÔsh.

AnĹlush twn diafìrwn mhqanismÿn Ĺmunac enĹntia stic epijèseic DDoS

upĹrqei epÐshc sto [Chan02] ìpou gÐnetai mia susthmatopoihmènh parousÐash

kai axiolìghsh touc. Sto [Mirk04] gÐnetai apì touc Mirkovic kai sunergĹtec
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mia mikrăc klÐmakac taxinìmhsh twn amuntikÿn mètrwn sÔmfwna me ta qara-

kthristikĹ:

• Tomèac exasfĹlishc: SÔsthma ă prwtìkollo

• Mèjodoc prìlhyhc DoS: ParakoloÔjhsh pìrwn, pollaplasiasmìc pì-

rwn

• Strathgikă anÐqneushc thc epÐjeshc: AnÐqneush anwmalÐac ă kakăc qră-

shc, mhnÔmata trÐtwn

• Strathgikă antÐdrashc: Anagnÿrish kakìboulwn susthmĹtwn, èlegqoc

tou qrhsimopoioÔmenou diktuakoÔ eÔrouc, filtrĹrisma, allagèc sthn

topologÐa

• Bajmìc sunergasÐac metaxÔ twn susthmĹtwn antimetÿpishc thc epÐje-

shc

• O qÿroc egkatĹstashc touc: Sto jÔma, sthn phgă, endiĹmesa

Orismènec mejodologÐec antimetÿpishc mporeÐ na upĹgontai se pollèc kath-

gorÐec tautìqrona. Mia taxinìmhsh epijèsewn DDoS kai mhqanismÿn Ĺmunac

gÐnetai epÐshc sto [Doul04] apì touc Douligèrh kai sunergĹtec.

AnÐqneush

H anÐqneush miac exelissìmenhc katanemhmènhc epÐjeshc Ĺrnhshc uphresÐac

basÐzetai se teqnikèc diĹgnwshc anwmalÐac. Pèra apì thn kajfl aută ana-

kĹluyh miac epÐjesh DDoS h prìklhsh gia ènan diaqeiristă ă èna autìmato

sÔsthma IDS eÐnai na katafèroun na diaqwrÐsoun peristatikĹ fusiologikăc
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aÔxhshc thc kÐnhshc
20
apì pragmatikèc kakìboulec epijèseic. Mèroc thc

diadikasÐac anÐqneushc eÐnai kai o prosdiorismìc twn qarakthristikÿn thc kÐ-

nhshc epÐjeshc. Ta qarakthristikĹ autĹ ja epitrèyoun na diaqwristeÐ apì

nìmimec epikoinwnÐec ă Ĺllec (tautìqronec) epijèseic, kai ja prosdiorÐsoun

tuqìn mètra antimetÿpishc thc. H duskolÐa pou parousiĹzei to prìblhma thc

anÐqneushc ègkeitai affl enìc sthn exasfĹlish thc aparaÐththc upologistikăc

isqÔoc ÿste na gÐnei me eparkă taqÔthta h anĹlush stoiqeÐwn (eidikĹ apì

uyhlăc taqÔthtac aisjhtărec), affl etèrou sthn egkurìthta kai apìdosh twn

algorÐjmwn pou ja qrhsimopoihjoÔn gia thn anĹlush.

O PÐnakac 2.1 parousiĹzei tic kuriìterec mejìdouc anÐqneushc epijèsewn

DDoS. Apfl eujeÐac anÐqneush gÐnetai sto dÐktuo-jÔma me thn paratărhsh au-

xhmènhc kÐnhshc (ă kai sumfìrhshc) sth grammă diasÔndeshc. Gia thn anakĹ-

luyh anwmaliÿn sthn kÐnhsh aută prèpei na katagrafeÐ, katĹ ton Ðdio trìpo

pou autì gÐnetai sta sustămata Network IDS (NIDS), kai sth sunèqeia na

analujoÔn diĹfora qarakthristikĹ thc. H diadikasÐa katagrafăc thc kÐnhshc

(traffic capture) se diktuakèc sundèseic uperuyhlăc taqÔthtac (èwc Gbps)

dhmiourgeÐ, lìgw ìgkou megĹlec apaităseic apìdoshc.

` KoinĹ sustămata NIDS (ìpwc p.q. to Snort) eÐnai prosanatolismèna

se qrăsh se LANs ă mikrèc etairikèc sundèseic. Se autĹ ta peribĹl-

lonta mporoÔn na uposthrÐxoun leitourgikìthta entopismoÔ epijèsewn

DDoS (me prosjăkh logismikoÔ diĹgnwshc anwmaliÿn). ApaitoÔn ìmwc

diktuakì ulikì (hardware) uyhlÿn epidìsewn gia na mporèsoun na lei-

tourgăsoun se grammèc uyhlÿn taqutătwn. Se diaforetikă perÐptwsh

20
Που οφείlεται π.χ. στη δηµοσίευση ιστοσεlίδων αυξηµένου ενδιαφέροντοc. Το φαινόµε-

νο περιγράφεται µε τον όρο {ξαφνικό πlήθοc} (”flash crowd”).
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Aniqneush Epijesewn DDoS
Sto Juma Sto Monopati

thc Epijeshc
Sthn Phgh

Koinec Luseic Katagrafă & anĹlu-

sh Exerqìmenwn Roÿn

(D-Ward)
Metrăseic apì Access Control Lists (ACLs)
ParakoloÔjhsh EpibĹrunshc Dromologhtÿn

DeigmatolhyÐa Dierqìmenhc KÐnhshc

Mètrhsh roÿn (Netflow)
Qrăsh Network Processors

Sunduasmìc mejìdwn (p.q. me tic IPs)
Aniqneush sto
Juma

Katanemhmenh
Aniqneush

Sumfìrhsh Grammăc

DiasÔndeshc

Cooperative Intru-
sion Traceback and
Response (CITRA)

Metrăseic Aporiptì-

menwn Pakètwn

Global Defence Infra-
structure (GDI)

NIDS TopikoÔ Di-

ktÔou

Coordinated Suppres-
sion of Simultaneous
Attacks (COSSACK)
Sunergatikèc Ontìth-

tec

PÐnakac 2.1: KÔriec mejodologÐec anÐqneushc epijèsewn DDoS

parousiĹzontai dialeÐyeic stic katagrafèc touc.

To prìblhma tou megĹlou ìgkou kÐnhshc eÐnai dunatìn na perioristeÐ, upì

diĹforec sunjăkec, me katĹllhlec teqnikèc deigmatolhyÐac (packet sampling)

ìpwc parousiĹzetai sto [Esta01]. ’Allh prosèggish eÐnai h qrhsimopoÐhsh

exeidikeumènou diktuakoÔ ulikoÔ pou diajètei ikanìthta qeirismoÔ kai epexer-

gasÐac thc kÐnhshc qwrÐc aută na qreiĹzetai na perĹsei apì ton epexergastă

tou upologistikoÔ sustămatoc. Autì epitugqĹnetai sto mèroc tou ulikoÔ
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me eidikoÔc epexergastèc (network processors) kai sto mèroc tou logismikoÔ

me ulopoÐhsh algorÐjmwn beltistopoihmènwn eidikĹ gia tic ergasÐec pou ja

klhjoÔn na analĹboun [Kohl00]. H Ôparxh tmămatoc me logismikì prosfè-

rei euelixÐa sth leitourgÐa me diaforetikĹ prwtìkolla. Network processors

èqoun anaptuqjeÐ me kleistă arqitektonikă kai kÿdika prosarmosmèno gia

sugkekrimènouc kataskeuastèc diktuakoÔ exoplismoÔ allĹ kai anoiktăc ar-

qitektonikăc kai kÿdika, ìpwc p.q. to liberouter [Libe04]21.

H metroÔmenh aÔxhsh thc qrhsimopoÐhshc miac grammăc mporeÐ na ofeÐletai

se fusiologikĹ aÐtia kai epomènwc apaiteÐtai anĹlush tou eÐdouc kai tou proo-

rismoÔ thc kÐnhshc kai h parakoloÔjhsh twn energÿn diktuakÿn susthmĹtwn.

Aplèc praktikèc proc aută thn kateÔjunsh eÐnai:

` Metrăseic apì lÐstec elègqou prìsbashc (Access Control Lists—ACLs)

pou katagrĹfoun orismènec dieleÔseic pakètwn (permit lists) [Behr02].

` H parakoloÔjhsh tou fìrtou dromologhtÿn, ìpwc perigrĹfetai sto

[Behr02]. ExetĹzetai h diaforĹ anĹmesa sto sunolikì fìrto kai to fìr-

to diakopÿn (interrupt CPU load) ston epexergastă tou dromologhtă.

Sqetikă isìthta upodeiknÔei megĹlh epibĹrunsh gia aplă metagwgă pa-

kètwn (packet switching), Ĺra to pèrasma megĹlou ìgkou kÐnhshc proc

thn Ðdia kateÔjunsh. MegĹlh aÔxhsh autăc thc diaforĹc shmaÐnei epi-

bĹrunsh tou dromologhtă apì kÐnhsh pou kateujÔnetai eidikĹ se autìn,

Ĺra pijanìn na prìkeitai gia epÐjesh DoS enantÐon tou.

21
Ο εξειδικευµένοc αυτόc δικτυακόc εξοπlισµόc αναπτύσσεται για µια ευρύτερη χρησιµο-

ποίηση στη διαχείριση δικτύων, π.χ. δηµιουργία δροµοlογητών υψηlών επιδόσεων, υlοποίηση

ποlιτικών ποιότηταc υπηρεσίαc (Quality of Service — QoS), έκδοση στατιστικών δικτύου
κ.lπ.
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` Mètrhsh tou plăjouc twn pakètwn pou aporrÐptontai apì uperqeÐlish

twn ourÿn tou dromologhtă (drops), ìpwc proteÐnetai sto [Maha02] kai

kajorismìc twn genikÿn omĹdwn kÐnhshc (aggregates) me bĹsh ta koinĹ

qarakthristikĹ twn aporrÐyewn.

Oi mèjodoi autèc epitrèpoun thn kalÔterh diĹkrish twn aitiÿn thc sumfìrh-

shc tou diktÔou kai, efìson aniqneuteÐ mia exelissìmenh epÐjesh, entopÐzoun

ta qarakthristikĹ tăc. Mèjodoi anÐqneushc uyhlìterhc akrÐbeiac basÐzontai

sth leptomeră anĹlush thc eiserqìmenhc kÐnhshc, p.q. o mhqanismìc Netflow

thc Cisco [Cisc-net]. Me bĹsh autèc tic metrăseic roÿn mporoÔn na ulopoih-

joÔn sustămata IDS diĹgnwshc anwmaliÿn gia peristatikĹ DDoS. AnalogikĹ

megĹlh aÔxhsh pakètwn se sqèsh me tic roèc kÐnhshc apoteleÐ èndeixh gia

thn Ôparxh miac suneqoÔc apostolăc dedomènwn apì tic Ðdiec phgèc proc tic

Ðdiec kateujÔnseic pou mporeÐ p.q. na ofeÐletai se epÐjesh {plhmmÔra pakètwn

ping} (ping flood)22. DusanĹloga pollèc roèc kai aÔxhsh tou lìgou roÿn

proc pakèta deÐqnoun thn apostolă mikroÔ arijmoÔ pakètwn apì megĹlo arij-

mì pollÿn diaforetikÿn dieujÔnsewn, p.q. epÐjesh SYN. Oi parĹmetroi autoÐ

mporoÔn na sunduastoÔn kai me Ĺlla dedomèna ìpwc to eÔroc twn dieujÔn-

sewn paralăpth, ta sugkekrimèna eÐdh twn pakètwn k.lp. Ta stoiqeÐa autĹ

mporoÔn na diagnÿsoun kĹpoia peristatikĹ DDoS akìma kai an h kÐnhsh den

parousiĹzei sunolikĹ shmantikèc diaforèc ìpwc parousiĹzetai sto [Kots01].

Sta epìmena anafèrontai orismènec sqetikèc proseggÐseic:

` To ergaleÐo {Panìpthc} [Kots00], pou anaptÔqjhke sto Kèntro Di-

ktÔwn tou EMP, pragmatopoieÐ analÔseic pou basÐzontai se apotu-

22
∆είτε σχετικά την ενότητα 2.1.2.



2.3 Antimetÿpish Epijèsewn 55

pÿseic thc kÐnhshc apì to Netflow. Sugkentrÿnei plhroforÐec kÐnh-

shc apì touc dromologhtèc sta Ĺkra megĹlwn diktÔwn (dromologh-

tèc sunìrouborder routers). Se kĹje dromologhtă, oi sundèseic

(interfaces) tou dromologhtă exetĹzontai anĹ zeugĹria gia to plăjoc

pakètwn kai roÿn (flows) kÐnhshc pou diekperaiÿnoun. Oi metrăseic au-

tèc elègqontai gia shmantikèc statistikèc apoklÐseic se sqèsh me proh-

goÔmenec metrăseic. Sth sunèqeia to sÔsthma orÐzei autìmata fÐltra

stouc dromologhtèc eisìdou tou diktÔou sÔmfwna me ta sumperĹsmata

pou prokÔptoun apì thn anĹlush kÐnhshc pou èqei kĹnei. Se neìterec

ekdìseic to sÔsthma leitourgeÐ sto IPv6 kai diathreÐ arqeÐo metrăsewn

ÿste megĹlec diaforopoiăseic thc kÐnhshc na antiparabĹllontai me th

sumperiforĹ thc se antÐstoiqec qronikèc stigmèc sto pareljìn (p.q.

auxhmènh kÐnhsh sthn ènarxh thc ergĹsimhc hmèrac) [Andr03].

` Mia parìmoia antimetÿpish akoloujeÐtai sto Eurwpaðko èrgo SCAMPI

[Scam04]. QrhsimopoioÔntai kĹrtec diktÔou (Network Interface Cards–

NICs) kai Network Processors se peribĹllon taqutătwn thc tĹxhcGbps.

Gia kĹje mia apì diĹforec paramètrouc thc kÐnhshc pou parakoloujoÔn-

tai anagnwrÐzetai wc Ôpopto gegonìc h upèrbash tou mèsou ìrou se

kĹje mÐa apì ènan arijmì ({parĹjuro}) apì diadoqikèc deigmatolhyÐec.

` Orismènec proseggÐseic de basÐzontai apokleistikĹ thn parakoloÔjhsh

thc kÐnhshc allĹ lambĹnoun upfl ìyin kai Ĺlla qarakthristikĹ twn epi-

jèsewn DDoS gia thn anÐqneusă touc. Sto [Peng04] parakoloujeÐtai

to plăjoc dieujÔnsewn IP phgăc proc èna dÐktuo kai analÔontai oi nèec

dieujÔnseic pou katagrĹfontai se sqèsh me ton arijmì pakètwn pou
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parousiĹzontai tautìqrona. Sth diĹrkeia kĹpoiac Ôpopthc anwmalÐac

oi diaforetikoÐ sunduasmoÐ twn tautìqronwn allagÿn stouc arijmoÔc

pakètwn kai sto plăjoc twn entelÿc nèwn dieujÔnsewn mporoÔn na upo-

deÐxoun katĹ prosèggish an prìkeitai gia fusiologikă kÐnhsh, {xafnikì

plăjoc} (nìmimh aÔxhsh thc kÐnhshc  ”flash crowd”), ă epÐjesh DDoS

me megĹlo bajmì katanomăc.

` Oi prohgoÔmenec mèjodoi eÐnai epÐshc dunatìn na efarmostoÔn se opoio-

dăpote shmeÐo katĹ măkoc tou monopatioÔ miac epÐjeshc. Sto [Reih02]

proteÐnetai to ”D-Ward”, èna sÔsthma antimetÿpishc twn epijèsewn

DDoS sthn phgă touc. ’Upopta peristatikĹ entopÐzontai me thn kata-

grafă twn exerqìmenwn roÿn kÐnhshc kai th sÔgkrish touc me montèla

nìmimhc kÐnhshc.

Oi lÔseic pou parousiĹsthkan den klimakÿnontai se perissìterec thc mÐac

diaqeiristikăc perioqăc sto DiadÐktuo (Administrative Domains) ÿste na

sunduĹsoun stoiqeÐa apì autĹ. O kentrikìc èlegqoc twn mejìdwn autÿn se

kĹje perioqă (domain) apotrèpei thn epèktash touc se sunergatikă leitour-

gÐa. Gia thn katanemhmènh qrăsh touc apousiĹzei h aparaÐthth upodomă pou

ja analĹbei tic epikoinwnÐec metaxÔ touc kai ja epitrèyei to suntonismì thc

sullogăc stoiqeÐwn kai to sunduasmì thc anĹlushc twn anaforÿn. ApaiteÐtai

epÐshc kai h ekpìnhsh koinÿn politikÿn antimetÿpishc. ’Etsi, èqoun protajeÐ

mia seirĹ apì lÔseic pou epidiÿkoun na kĹnoun dunată th sunergasÐa anĹmesa

se pollĹ dÐktua.

` H upodomă Cooperative Intrusion Traceback and Response (CITRA)

[Schn00] [Schn01] [Ster01] organÿnei tmămata megĹlwn diktuakÿn dia-
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qeiristikÿn perioqÿn (domains) se {sundeìmenec geitonièc} (”intercon-

nected neighborhoods”) pou ìlec mazÐ orÐzoun mia {koinìthta} (”Com-

munity”). QrhsimopoieÐ èna eidikì prwtìkollo, to Intruder Detection

and Isolation Protocol (IDIP) gia tic epikoinwnÐec metaxÔ touc. Su-

skeuèc tou CITRA (CITRA agents) se kĹje {geitoniĹ} pou ja diapi-

stÿsoun (me th boăjeia susthmĹtwn IDS) kĹpoia epÐjesh, apostèlloun

ta stoiqeÐa thc me mhnÔmata IDIP se geitonikèc touc monĹdec thc koi-

nìthtac. An h epÐjesh pernĹei kai apì autèc sugkentrÿnoun stoiqeÐa

gia th diadromă thc epÐjeshc (traceback) kai mporoÔn na analĹboun

topikĹ mètra antÐdrashc (response). Tautìqrona diapistwmènec epijè-

seic metadÐdontai kai se èna kentrikì shmeÐo diaqeÐrishc, to {Suntonistă

AnakĹluyhc} (”Discovery Coordinator”) o opoÐoc èqei th genikă eikìna

gia thn katĹstash asfaleÐac thc koinìthtac. Oi anaforèc metaxÔ twn

CITRA agents elègqontai apì politikèc pou meiÿnoun tic pollaplèc

epanalăyeic, apotrèpoun thn anametĹdosh (apì prin gnwstÿn) lanja-

smèna jetikÿn aniqneÔsewn (false positives) kai bohjoÔn sth sÔnoyh

(aggregation) mhnumĹtwn sqetikoÔ perieqomènou. Sumplhrwmatikèc po-

litikèc kajorÐzoun thn empistosÔnh stic antallagèc anĹmesa se diafo-

retikèc {geitonièc} kai ta mètra antÐdrashc pou ja lhfjoÔn se kĹje mÐa

apì autèc.

` Sto [Wan02] oi Wan kai sunergĹtec proteÐnoun th dhmiourgÐa miac

{Pagkìsmiac Upodomăc ’Amunac} (Global Defense Infrastructure—GDI)

pou perilambĹnei kai to katanemhmèno sÔsthma anÐqneushc Distributed

Attack Detection (DAD). H upodomă GDI epidiÿkei na qrhsimopoiăsei
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thn anĹlush anwmaliÿn kÐnhshc
23
gia thn anÐqneush epijèsewn DDoS

stouc kÔriouc parìqouc pou prosfèroun upodomă kormoÔ (backbone

ISPs) gia to DiadÐktuo. Se kĹje ènan apì autoÔc egkajÐstantai topikĹ

sustămata anÐqneushc (Local Detection Systems — LDS) pou analam-

bĹnoun tèsseric basikèc leitourgÐec: anÐqneush peristatikÿn Ôpoptwn

gia epijèseic DDoS, metĹdosh thc plhroforÐac anÐqneushc se Ĺlla LDS,

diĹgnwsh gia to katĹ pìson ufÐstatai mia epÐjesh kai lăyh mètrwn an-

tÐdrashc. Ta LDS eÐnai se megĹlo bajmì {arjrwtĹ} (modular). H

arqitektonikă aută epitrèpei th qrhsimopoÐhsh exeidikeumènou ulikoÔ

sto tmăma parakoloÔjhshc thc kÐnhshc, enÿ se diĹfora shmeÐa mpo-

roÔn na egkatastajoÔn kai epiplèon LDS parakoloÔjhshc me meiwmènh

thn upìloiph leitourgikìthta touc. H epikoinwnÐa metaxÔ twn LDS se

diaforetikĹ shmeÐa thc upodomăc GDI epitrèpei thn apì koinoÔ lăyh mè-

trwn se megĹlo tmăma tou DiadiktÔou tautìqrona. Mètra antÐdrashc

lambĹnontai se ekeÐnec tic jÔrec twn dromologhtÿn upodomăc (backbone

routers) pou anagnwrÐzontai na èqoun megĹlh suneisforĹ sthn epÐje-

sh
24
. Stăn Ðdia ergasÐa [Wan02] uposthrÐzetai me prosomoiÿseic ìti

to sÔsthma èqei thn pio jetikă epÐdrash gia thn anaqaÐtish epijèsewn

stic periptÿseic mikroÔ proc mesaÐou megèjouc epijèsewn wc proc th

summetoqă epitijèmenwn (2,5%-7,5% tou sunolikoÔ arijmoÔ twn kìmbwn

tou DiadiktÔou).

23
Συγκεκριµένα ανωµαlίεc στον όγκο τηc κίνησηc. Κατ� αυτό τον τρόπο, στιc συνδέ-

σειc κορµού (backbone links) που παρακοlουθούνται υπάρχει θετική αναγνώριση µόνο σε
περιπτώσειc σηµαντικών επιθέσεων που αφορούν οlόκlηρο το ∆ιαδίκτυο.
24
΄Ετσι το σύστηµα δε µπορεί να έχει ιδιαίτερη συνεισφορά σε περιπτώσειc εξαιρετικά µε-

γάlων επιθέσεων (που έχουν ωc πηγέc γύρω στο 15%-25% των κόµβων που ∆ιαδικτύου)

γιατί η επιθετική κίνηση προέρχεται από όlεc τιc κατευθύνσειc ταυτόχρονα.
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` Sto [Papa03] proteÐnetai to sÔsthma Coordinated Suppression of Si-

multaneous Attacks (COSSACK) pou egkajistĹ exeidikeumèno logismi-

kì se shmeÐa sÔndeshc metaxÔ sunergazìmenwn diktÔwn. To logismikì

dhmiourgeÐ ètsi èna exeidikeumèno kìmbo (”watchdog”) o opoÐoc gia th

diaqeiristikă tou perioqă lambĹnei anaforèc apì diafìrwn eidÿn sustă-

mata IDS kai katalăgei se apofĹseic pĹnw sthn Ôparxh eiserqìmenhc

epÐjeshc se sunergasÐa me touc kìmbouc watchdog Ĺllwn diktÔwn. Sth

sunèqeia mporeÐ na analĹbei mètra antÐdrashc me to filtrĹrisma thc epi-

jetikăc kÐnhshc. Ta stoiqeÐa tou peristatikoÔ anametadÐdontai stouc

kìmbouc me th qrăsh miac upodomăc multicast kai qrhsimopoieÐtai èna ei-

dikì kanĹli gia kĹje peristatikì. KĹje kìmboc watchdog pou lambĹnei

mia anaforĹ peristatikoÔ exetĹzei to dÐktuo tou gia na aniqneÔsei tuqìn

exerqìmenh kÐnhsh epÐjeshc apì autì kai an kĹti tètoio isqÔei lambĹnei

mètra diakopăc thc. Sto tmăma thc anÐqneushc to COSSACK pèra apì

thn aplă anakĹluyh enìc peristatikoÔ to taxinomeÐ epÐshc me bĹsh thn

anĹlush thc taqÔthtac aÔxhshc thc kÐnhshc
25
kai th {fasmatikă} sum-

periforĹ thc. H axÐa twn sugkekrimènwn stoiqeÐwn èqei diafaneÐ apì

thn anĹlush epijèsewn DDoS pou gÐnetai sto [Huss03]26.

Sthn paroÔsa ergasÐa h prosèggish twn Sunergatikÿn Ontotătwn epidiÿkei

na dhmiourgăsei mia upodomă gia thn sunergatikă anÐqneush kai antimetÿpi-

sh epijèsewn DDoS. Ta CITRA, GDI kai COSSACK sugkrÐnontai me thn

proteinìmenh prosèggish sto kefĹlaio 6.

25
Για να πάρει ενδείξειc κατά πόσον προέρχεται από κεντρική πηγή (centralized) ή είναι

κατανεµηµένη.
26
Παρουσιάζεται στην ενότητα 2.2.2 αυτού του κεφαlαίου.
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AnakĹluyh thc Diadromăc

H anakĹluyh thc diadromăc pou akoloujeÐ mia epÐjesh gia na katalăxei sto

jÔma epitrèpei, an gÐnei katĹ th diĹrkeia enìc peristatikoÔ, th sunergasÐa

anĹmesa se kĹpoia apì ta dÐktua gia thn apì koinoÔ anĹsqesh thc. Sthn pe-

rÐptwsh aută o entopismìc tou monopatioÔ ja prèpei na gÐnei polÔ sÔntoma
27

kai me megĹlh akrÐbeia. Akìma ìmwc kai metĹ apì to tèloc tou peristati-

koÔ h anakĹluyh thc plărouc diadromăc mporeÐ na odhgăsei sta upologistikĹ

sustămata phgèc thc epÐjeshc kai na apotrèyei thn peraitèrw qrhsimopoÐh-

sh touc. Sth suntriptikă touc pleioyhfÐa oi epijèseic Ĺrnhshc uphresÐac

epiqeiroÔn na kalÔyoun ta Ðqnh touc qrhsimopoiÿntac thn parapoÐhsh thc

dieÔjunshc IP tou apostolèa. ’Etsi, h anagnÿrish tìso thc pragmatikăc

phgăc touc ìso kai thc diadromăc pou akoloujăjhke kajÐstatai exairetikĹ

dusqerăc. Automatopoihmènec diadikasÐec anakĹluyhc thc diadromăc apaitoÔn

sunăjwc na proôpĹrqoun katĹllhlec upodomèc anÐqneushc kai parakoloÔjh-

shc. KĹpoiec, pou proteÐnoun allagèc sthn upodomă kai th leitourgÐa tou

DiadiktÔou, apaitoÔn th sumfwnÐa twn epÐshmwn orgĹnwn kateujÔnsewc tou

DiadiktÔou (p.q. IETF).

O PÐnakac 2.2 dÐnei tic kuriìterec mejìdouc kai ereunhtikèc protĹseic pou

akoloujoÔntai sto prìblhma thc anakĹluyhc thc diadromăc miac roăc kÐnhshc

kai qwrÐzontai se treic kÔriec kathgorÐec [Lee02]:

A. Sămansh (marking) kĹpoiwn pakètwn me plhroforÐa gia to drìmo

27
΄Οπωc προκύπτει από το [Moor01], η ποlύ σύντοµη διάρκεια ποllών επιθέσεων αχρη-

στεύει προσπάθειεc αναζήτησηc και παρακοlούθησηc τηc διαδροµήc από τουc διαχειριστέc

των δικτύων σε πραγµατικό χρόνο.
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pou akoloÔjhsan

Me autì ton trìpo parèqetai mia èndeixh thc diadromăc twn pakètwn proc

ton telikì proorismì touc. H sămansh gÐnetai me {uperfìrtwsh} (overloading)

kĹpoiwn ădh uparqìntwn pedÐwn twn pakètwn IP.

Anakaluyh thc Diadromhc
Shmansh Paketwn Apostolh Pake-

twn Anaforac
Parakoloujhsh
thc Diadromhc
proc thn Phgh

Katagrafă TmhmĹtwn

thc Diadromăc

EidikĹ MhnÔmata

ICMP (itrace)
AnĹlush ArqeÐwn Ka-

tagrafă IDS
Eggrafèc Sămanshc me

Hash Values
Katagrafă kai Apojă-

keush Pakètwn

Algebrikă Kwdiko-

poÐhsh thc Diadromăc

UperkeÐmeno DÐ-

ktuo AnakĹluyhc

(Centertrack)
’Elegqoc twn Dromo-

loghtÿn (Pushback)
AnĹlush twn Pakètwn

pou Diapèrasan ta Mè-

tra AsfaleÐac (DPF)
Upodomèc SunergasÐac

DiktÔwn (CITRA, Su-
nergatikèc Ontìthtec)

PÐnakac 2.2: Teqnikèc gia thn anakĹluyh thc diadromăc miac epÐjeshc DDoS

` Sto [Sava00] analÔontai diĹforec mèjodoi sămanshc pakètwn IP (me tu-

qaÐo ă prokajorismèno sqăma deigmatolhyÐac). To jÔma mporeÐ, jewrh-

tikĹ, na anasunjèsei th diadromă exetĹzontac th sămansh pĹnw sta pa-

kèta. Akìma kai mia polÔ araiă sămansh pakètwn, efìson h kakìboulh

kÐnhsh thc epÐjeshc ja upertereÐ thc nìmimhc, prosfèrei arketĹ stoiqeÐa

gia thn anagnÿrish tou monopatioÔ. Sthn ergasÐa proteÐnetai h eggrafă
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sta pakèta IP tuqaÐwn tmhmĹtwn thc diadromăc touc (edge sampling).

Autì mporeÐ na epiteuqjeÐ me prosjăkh eggrafÿn twn dieujÔnsewn IP

apì dÔo (tuqaÐouc) dromologhtèc sth diadromă mazÐ me thn apìstash

metaxÔ touc. H plhroforÐa metafèretai me {uperfìrtwsh} tou PedÐou

Anagnÿrishc sthn epikefalÐda tou pakètou IP (IP Identification field)

pou kanonikĹ qrhsimopoieÐtai apì katakermatismèna pakèta. H mèjodoc

exasfalÐzei th leitourgÐa thc akìma kai an den ulopoieÐtai se kĹje dÐ-

ktuo. Oi suggrafeÐc ektèlesan prosomoiÿseic me sămansh sto 1/25

twn pakètwn kai brăkan ìti akìma kai oi makrÔterec diadromèc (25-30

kìmboi) mporoÔn na anagnwristoÔn me megĹlo bajmì bebaiìthtac me-

tĹ th lăyh 4.000 pakètwn, ènac arijmìc arketĹ mikrìc me dedomèno to

megĹlo plăjoc pakètwn pou parĹgoun oi epijèseic DDoS.

` Sto [Song01] h mejodologÐa aută epekteÐnetai kai antÐ gia aplă kata-

grafă dieujÔnsewn IP katĹ th diadromă tou pakètou qrhsimopoioÔntai

sunartăseic katakermatismoÔ gia mikrìtero mèroc thc Ðdiac plhroforÐac.

Gia th leitourgÐa thc mejìdou upĹrqei h proôpìjesh o telikìc parală-

pthc prèpei na gnwrÐzei se kĹpoio bajmì thn topologÐa prin to dÐktuo

tou. EpÐshc proteÐnetai èna sqăma gia thn epibebaÐwsh thc tautìthtac

tou dromologhtă (authentication) pĹnw sth sămansh pou kĹnei.

` Mia diaforetikă prosèggish gia th sămansh twn pakètwn proteÐnei thn

algebrikă kwdikopoÐhsh twn diadromÿn pou èqoun autĹ akoloujăsei

[Dean01]. H mèjodoc bohjĹ sthn exĹleiyh tou {jorÔbou} apì nìmimh

kÐnhsh kai sthn anakataskeuă pollaplÿn diadromÿn.

B. Apostolă pakètwn {anaforĹc} pou ja {sunodeÔoun} ta pakèta
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kanonikăc kÐnhshc

Ta pakèta autĹ dÐnoun endeÐxeic ston telikì proorismì gia ta shmeÐa apfl

ìpou pragmatikĹ pèrase h kÐnhsh pou lambĹnei.

` H mejodologÐa aută, me to ìnoma ”itrace”, ofeÐletai sto Bellovin kai

exetĹsthke apì ton organismì IETF gia protupopoÐhsh èwc to stĹdio

tou Internet Draft [Bell00]. ’Enac dromologhtăc pou ja ulopoiăsei au-

tă th lÔsh epilègei èna apì ta pakèta pou diekperaiÿnei kai stèlnei

proc ton Ðdio proorismì èna mănuma ICMP (ICMP Traceback message)

me plhroforÐec gia autì to pakèto kai to shmeÐo apfl ìpou èqei perĹsei.

H suqnìthta epilogăc pakètwn gia th dhmiourgÐa twn mhnumĹtwn itrace

proteÐnetai sto èna anĹ 20.000 kai eÐnai elegqìmenh apì to diaqeiristă.

O telikìc paralăpthc mporeÐ na sunduĹsei kĹpoia apì ta pakèta pou

èlabe me ta mhnÔmata ICMP gia na anakalÔyei thn pragmatikă proè-

leush touc. Sto [Mank01] exetĹzontai diĹforec pijanèc adunamÐec tou

sqămatoc, ìpwc to gegonìc ìti kontĹ stic phgèc thc epÐjeshc (ìpou h

kakìboulh kÐnhsh eÐnai sugkritikĹ mikră) de ja parĹgontai arketĹ mhnÔ-

mata itrace. ProsdiorÐzontai wc {qrăsima} ta mhnÔmata itrace ta opoÐa

antistoiqoÔn se pakèta epÐjeshc kai ta opoÐa o paralăpthc endiafèretai

na lĹbei. Oi suggrafeÐc proteÐnoun th qrăsh tou BGP gia th dianomă

{yhfÐwn prìjeshc paralabăc} (intention bit) mhnumĹtwn itrace apì en-

diaferìmenouc kìmbouc kajÿc kai to mhqanismì apostolăc {qrăsimwn}

mhnumĹtwn.

G. Anazăthsh se kìmbouc pou metafèroun kÐnhsh proc to jÔma

` H anĹlush arqeÐwn katagrafăc (log files) apì efarmogèc anÐqneushc
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gÐnetai metĹ to peristatikì allĹ mporeÐ na apodÿsei qrăsima apotelè-

smata efìson tètoia arqeÐa throÔntai se èna megĹlo arijmì diktÔwn

ÿste na perilambĹnontai shmantikĹ tmămata thc diadromăc.

` Sto [Snoe01] proteÐnetai mia mèjodoc gia thn anakĹluyh thc diadromăc

metĹ to peristatikì pou aforĹ thn proswrină katagrafă twn pakètwn

pou èqoun perĹsei apì èna dÐktuo. H katagrafă aforĹ tmăma mìnon

apì kĹje pakèto. GÐnontai omadopoiăseic omoeidÿn pakètwn (digests)28

kai qrhsimopoieÐtai mia sunĹrthsh katakermatismoÔ (hash function) gia

thn apojăkeush se èna katĹllhlo sqăma BĹshc Dedomènwn. Se kĹje

dÐktuo pou ulopoieÐ th mèjodo eidikĹ sustămata anazăthshc se aută

th bĹsh eÐnai dunatìn na apokalÔyoun th diadromă miac roăc pakètwn.

ApaiteÐtai na eÐnai gnwstìc o teleutaÐoc dromologhtăc tou diktÔou stì-

qou kai h anazăthsh na gÐnetai mèsa se eÔlogo qronikì diĹsthma apì

to peristatikì (p.q. 1-2 hmèrec).

` Sthn anagnÿrish thc diadromăc thc epÐjeshc me th qrăsh enallakti-

kÿn odeÔsewn h kakìboulh kÐnhsh mporeÐ na parakoloujeÐtai me thn

apostolă thc mèsw enìc uperkeÐmenou diktÔou (overlay network). Sth

mejodologÐa CenterTrack [Ston00], h opoÐa ulopoieÐtai sto eswteri-

kì megĹlwn diktÔwn parìqwn diasÔndeshc (ISPs), dhmiourgoÔntai să-

raggec tÔpou eikonikăc idiwtikăc sÔndeshc (Virtual Private Network

links—VPN) apì ìlouc touc dromologhtèc Ĺkrou (edge routers) proc

èna kentrikì shmeÐou tou diktÔou. Sth diĹrkeia enìc peristatikoÔ DDoS

ìlh h kÐnhsh proc to jÔma (epijetikă ă nìmimh) dromologeÐtai kanonikĹ

28
Η τεχνική µειώνει τιc ανάγκεc αποθηκευτικού χώρου και εξασφαlίζει απόρρητο για τιc

επικοινωνίεc, ένα σηµαντικό ζήτηµα στην περίπτωση τηc καταγραφήc κίνησηc.
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proc to jÔma ÿste na mhn ephreĹzetai h sundesimìthta tou. Me pa-

rakoloÔjhsh thc kÐnhshc mìnon stic săraggec (antÐ gia olìklhro to

dÐktuo) mporoÔn na entopistoÔn ta shmeÐa (dromologhtèc) eisìdou thc

epijetikăc kÐnhshc sto dÐktuo kai na tejoÔn ekeÐ ta katĹllhla fÐltra ă

na enhmerwjoÔn ta diasundeìmena ekeÐ dÐktua kormoÔ uyhlìterou epipè-

dou. Gia na leitourgăsei h mèjodoc h epÐjesh prèpei na diarkèsei arketĹ

ÿste o pĹroqoc na èqei to qrìno na dromologăsei thn kÐnhsh tou jÔma-

toc mèsa apì tic săraggec. To sqăma 2.6 parousiĹzei thn arqitektonikă

Centertrack.

Sqăma 2.6: To sÔsthma CenterTrack kai to uperkeÐmeno dÐktuo pou dhmiourgeÐ
[Ston00]

` H mejodologÐa ”Pushback” [Maha02] [Ioan02] akoloujeÐ diaforetikă

prosèggish. Enhmerÿnei (me th qrăsh eidikoÔ prwtokìllou) diadoqikĹ
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touc dromologhtèc pou brÐskontai pĹnw sto monopĹti thc epÐjeshc ako-

loujÿntac antÐjeth diadromă, apì to jÔma proc thn phgă. KĹje ènac

dromologhtăc apokalÔptei ton epìmeno (ă touc epìmenouc) se aută th

diadromă. Tautìqrona paÐrnei mètra antimetÿpishc thc epÐjeshc. Apai-

teÐtai ìmwc h egkatĹstash kai leitourgÐa eidikoÔ logismikoÔ se kĹje

ènan dromologhtă kajÿc kai h dunatìthta prìsbashc se autìn apì thn

politikă asfaleÐac tou diktÔou. Sto eswterikì enìc diktÔou h mèjodoc

mporeÐ na leitourgăsei polÔ apodotikĹ. ’Oso makrÔtera apì to jÔma

ìmwc eÐnai èna dÐktuo kai ìso mikrìterh eÐnai h epÐdrash thc epÐjeshc

sto Ðdio, tìso mikrìtero kÐnhtro èqei ÿste na lĹbei mètra gia thn meÐ-

wsh thc epÐdrashc thc epÐjeshc kai na suneisfèrei sthn anakataskeuă

tou monopatioÔ thc.

` Se mia diaforetikă prosèggish to Route Based Distributed Packet Fil-

tering (DPF) [Park01] parèqei mia sunolikă prìtash anÐqneushc kai an-

tÐdrashc se epijèseic DDoS. Oi dromologhtèc kormoÔ (Core Routers)

tou DiadiktÔou kaloÔntai na ulopoiăsoun ton èlegqo kai to filtrĹri-

sma thc kÐnhshc anĹloga me to an proèrqetai apì tic problepìmenec (me

bĹsh touc pÐnakec dromolìghshc) dieujÔnseic proèleushc. H mèjodoc

DPF basÐzetai sthn efarmogă autoÔ tou mètrou se olìklhro to DiadÐ-

ktuo me thn ulopoÐhsh tou legìmenou {sustămatoc diktuakăc prostasÐ-

ac olìklhrou tou DiadiktÔou} (”Internet Firewall”).ApodeiknÔetai ìti

efìson akìma kai èna mikrì posostì (perÐpou 20%) apì dromologhtèc

kormoÔ ulopoiăsei aută th mejodologÐa eÐnai aplì na anakalufjoÔn oi

phgèc apì gia ekeÐnec epijèseic pou ja katafèroun na diaperĹsoun thn
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upodomă prostasÐac pou perigrĹfthke.

AntÐdrash sthn EpÐjesh

Gia ton èlegqo thc eiserqìmenhc kÐnhshc se èna dÐktuo eÐnai aparaÐthto na

lhfjoÔn mètra sta prohgoÔmena apì to stìqo dÐktua, apì ìpou dioqeteÔetai

aută h kÐnhsh. Apì to Ðdio to dÐktuo-jÔma eÐnai dunatìn na gÐnei filtrĹrisma

ă diakopă thc roăc thc kakìboulhc kÐnhshc sta shmeÐa exwterikăc diasÔn-

deshc. Autì ìmwc ja èqei san apotèlesma mìnon thn apotropă thc eisìdou

thc sto eswterikì tou diktÔou, enÿ paramènei to prìblhma thc anĹlwshc tou

diktuakoÔ eÔrouc sth grammă diasÔndeshc.

AnagkaÐa gia thn anĹsqesh mia epÐjeshc DDoS eÐnai h sunergasÐa twn di-

ktuakÿn perioqÿn diaqeiristikăc eujÔnhc (administrative domains) pou dia-

sqÐzei. Oi prospĹjeiec antÐdrashc katĹ th diĹrkeia tou gegonìtoc thc epÐ-

jeshc mporeÐ na ekdhlwjoÔn apì mia ă pollèc diktuakèc perioqèc (domains).

DÐktua kormoÔ kai pĹroqoi (ISPs) eÐnai dunatìn na meiÿsoun ta apotelèsmata

miac epÐjeshc proc èna {dÐktuo fÔllo} (”leaf” network) me ton orismì eidikÿn

parempodistikÿn ă perioristikÿn fÐltrwn stouc dromologhtèc exìdou proc

to jÔma.

KatĹ sunèpeia h proeidopoÐhsh gia thn ekdălwsh thc kai ta teqnikĹ qara-

kthristikĹ thc prèpei na metadojoÔn apì ta shmeÐa anÐqneushc tou peristati-

koÔ (sunăjwc to dÐktuo jÔma) proc ta dÐktua kormoÔ ìpou ja ulopoihjoÔn

mètra. Oi epikoinwnÐec autèc eÐnai metaxÔ twn diaqeiristÿn twn diktÔwn me

mh automatopoihmènec mejìdouc: hlektronikì taqudromeÐo ă apfl eujeÐac su-

nomilÐec. DiadikasÐec mh orismènec me safăneia kai mh automatopoihmènec

den parèqoun thn taqÔthta pou apaiteÐtai gia to qeirismì tètoiwn peristati-
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kÿn. Epiplèon den upĹrqei tupopoÐhsh sta dedomèna pou ja antallagoÔn.

To diktuakì prwtìkollo IDMEF [Deba04], epidiÿkei na dhmiourgăsei tètoia

prìtupa perigrafăc twn peristatikÿn allĹ den orÐzei kĹpoia sugkekrimènh

mejodologÐa sthn antallagă autÿn twn mhnumĹtwn.

’Enac prìsjetoc parĹgontac duskolÐac eÐnai h sunăjhc èlleiyh sugkekri-

mènhc politikăc antimetÿpishc twn epijèsewn, eidikĹ eĹn autèc aforoÔn kĹpoio

Ĺllo dÐktuo. H anĹlhyh bohjhtikÿn mètrwn sth diadromă thc epÐjeshc exar-

tĹtai apì thn kală jèlhsh tou diaqeiristă kĹje diktÔou, tic topikèc politikèc

asfaleÐac kai tic etairikèc proteraiìthtec.

Antidrash se Epijeseic DDoS
Prolhptikh Katastaltikh

Se mia Diktuakh
Perioqh

Katanemhmenh

Apìrriyh Pakètwn me

DieÔjunsh Phgăc pou

de sumfwneÐ me thn

Proèlesh touc (RFC
2827, DPF)

UlopoÐhsh FÐltrwn Global Defence Infra-
structure (GDI)

Diakopă thc KÐnhshc

proc ton H/U stìqo

(Blackholing)

Cooperative Intru-
sion Traceback and
Response (CITRA)

{Kèntra KajarismoÔ}

thc KÐnhshc

Coordinated Suppres-
sion of Simultaneous
Attacks (COSSACK)
Diadoqikă Sunerga-

sÐa Dromologhtÿn

(Pushback)
Sunergatikèc Ontìth-

tec

PÐnakac 2.3: Mèjodoi antimetÿpishc epijèsewn DDoS



2.3 Antimetÿpish Epijèsewn 69

’Opwc parousiĹzetai ston PÐnaka 2.3 oi dunatèc lÔseic antimetÿpishc twn

epijèsewn DDoS mporoÔn na kathgoriopoihjoÔn wc prolhptikèc (proactive)

ă katastaltikèc (reactive).

` Mia polÔ tupikă prolhptikă antÐdrash eÐnai h parempìdish pakètwn me

dieujÔnseic proèleushc pou den antistoiqoÔn stic efarmozìmenec poli-

tikèc dromolìghshc. H mèjodoc DPF [Park01] proteÐnei thn efarmogă

autoÔ tou mètrou se olìklhro to DiadÐktuo. Profanÿc ìso megalÔ-

teroc arijmìc dromologhtÿn kormoÔ summetèqei tìso pio apodotikì ja

eÐnai to apotèlesma katĹ twn epijèsewn DDoS. EntoÔtoic h mèjodoc

èqei adunamÐec: qreiĹzetai apodotikă ulopoÐhsh twn algorÐjmwn fil-

trarÐsmatoc, me dedomèno ìti prìkeitai gia dromologhtèc pou qeirÐzontai

megĹlouc ìgkouc kÐnhshc. Epiplèon upĹrqoun periptÿseic pou h akribăc

dromolìghsh den eÐnai gnwstă kai ètsi h mèjodoc mporeÐ na odhgăsei se

parempìdish nìmimwn epikoinwniÿn. EÐnai epÐshc fanerì ìti h apodoti-

kìthta tou mètrou meiÿnetai ìso plhsiĹzoume proc perifereiakĹ shmeÐa

tou DiadiktÔou
29
.

` H Ðdia mèjodoc mporeÐ epÐshc na efarmosteÐ se epÐpedo diktuakăc perio-

qăc (domain) wc mèroc thc politikăc asfaleÐac. Se aută thn perÐptwsh

h ulopoÐhsh gÐnetai stouc dromologhtèc exìdou (egress routers) kai

aforĹ thn parempìdish pakètwn pou den èqoun dieÔjunsh proèleushc

apì to sugkekrimèno dÐktuo. H praktikă aută, perigrĹfetai kai apì to

RFC 2827 [Ferg00], kai mèqri sămera èqei periorismènh efarmogă.

29
Επειδή δε θα υπάρχει ποlύ µεγάlο τµήµα νόµιµων πηγών προερχόµενο από µία

κατεύθυνση.
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` ’Otan h epÐjesh èqei sa stìqo mìnon èna sugkekrimèno sÔsthma, mia

praktikă pou qrhsimopoieÐtai eÐnai h plărhc diakopă thc kÐnhshc proc

autì sto akribÿc prohgoÔmeno dÐktuo (autì tou paroqèa diktuakăc sÔn-

deshc) [Behr02]. H mèjodoc onomĹzetai {dioqèteush se maÔrh trÔpa}

(”blackholing”) kai mporeÐ na ulopoihjeÐ polÔ eÔkola stouc dromolo-

ghtèc tou Paroqèa. Epiplèon den èqei idiaÐtero upologistikì kìstoc

epeidă qrhsimopoieÐtai o mhqanismìc dromolìghshc antÐ autoÔ tou fil-

trarÐsmatoc. An kai oloklhrÿnei thn Ĺrnhsh diktuakăc sÔndeshc proc

to jÔma apokìptontac to ousiastikĹ apì to DiadÐktuo, h grammă tou

diktÔou pelĹth anakoufÐzetai apì thn kakìboulh kÐnhsh.

` Mia neìterh prìtash [Agar04] sunduĹzei thn epilogă nèac dromolìghshc

gia thn kÐnhsh tou jÔmatoc mèsa apì săraggec (ìpwc to CenterTrack pio

pĹnw) me mia parallagă thc mejìdou apokopăc thc epijetikăc kÐnhshc

proc to telikì jÔma. Sto dÐktuo tou paroqèa dhmiourgoÔntai sărag-

gec (VPNs) apì touc dromologhtèc eisìdou proc èna shmeÐo elègqou.

Sth sunèqeia ìlh h kÐnhsh proc to jÔma odhgeÐtai apì autì to drìmo

sto shmeÐo elègqou ìpou eidikìc exoplismìc ({Kèntra KajarismoÔ}

”Cleaning Centers”) analambĹnei na diaqwrÐsei kai na aporrÐyei ta pa-

kèta pou qrhsimopoioÔntai sthn epÐjesh. Sth sunèqeia mèsa apì Ĺllec

săraggec h (nìmimh plèon) kÐnhsh katalăgei ston paralăpth. Me thn

egkatĹstash katĹllhlwn kanìnwn dromolìghshc sto shmeÐo sÔndeshc

tou diktÔou pelĹth kai h exerqìmenh kÐnhsh apì autìn ja perĹsei apì

ton Ðdio drìmo kai thn Ðdia diadikasÐa prin bgei sto upìloipo dÐktuo. H

lÔsh aută apaiteÐ th grăgorh anÐqneush twn epijèsewn, thn allagă sth
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dromolìghsh proc kai apì sugkekrimèna dÐktua pelĹtec kai, kurÐwc, thn

ikanìthta gia akribă entopismì thc kakìboulhc kÐnhshc proc kai apì to

jÔma.

H proteinìmenh se aută thn ergasÐa lÔsh upĹgetai sthn kathgorÐa twn autì-

matwn, katanemhmènwn susthmĹtwn antÐdrashc ìpou ènac arijmìc apì dÐktua

sunergĹzontai kai suntonÐzoun tic enèrgeiec touc prokeimènou na meiÿsoun ta

apotelèsmata miac epÐjeshc. ’Allec antÐstoiqec proseggÐseic perilambĹnoun

thn upodomă CITRA, ta sustămata GID kai COSSACK kai th qrăsh thc

lÔshc Pushback gia perissìtera tou enìc dÐktua.

2.4 SumperĹsmata

SunoyÐzontac thn prohgoÔmenh anĹlush katalăgoume se orismèna basikĹ

stoiqeÐa pou qarakthrÐzoun tic epijèseic DDoS kai bohjoÔn sthn kalÔterh

katanìhsh tou fainomènou:

• Ta èntona apotelèsmata twn epijèsewn DDoS kai h apìkruyh thc prag-

matikăc touc proèleushc tic kĹnei elkustikèc se megĹlo arijmì peri-

ptÿsewn, ìpwc h anepÐshmh proÿjhsh ajèmitwn (oikonomikÿn ă politi-

kÿn) sumferìntwn, h probolă {perijwriakÿn} kÔklwn tou DiadiktÔou

(Internet Underground) kai h upostărixh diamaqÿn kai ekdÐkhshc anĹ-

mesa se Ĺtoma.

• Se pollèc periptÿseic upĹrqei ierarqÐa pollÿn epipèdwn gia ton èlegqo

thc epÐjeshc. ’Etsi o epitijèmenoc de qreiĹzetai parĹ na elègqei èna

mikrì arijmì apì sustămata pou me th seirĹ touc ja metafèroun odhgÐec
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kai ja ekkinăsoun ta epìmena epÐpeda pou ja pragmatopoiăsoun thn

epÐjesh.

• Ta sustămata pou pragmatopoioÔn thn epÐjesh mporoÔn na eÐnai opou-

dăpote ston kìsmo, pijanĹ akoloujÿntac tic perioqèc exĹplwshc autì-

matwn programmĹtwn dhmiourgÐac thc upodomăc epÐjeshc.

• Ta sustămata autĹ, ìpwc kai h akribăc diadromă thc kakìboulhc kÐnh-

shc, sunăjwc, den eÐnai dunatìn na anakalufjoÔn Ĺmesa lìgo qrăshc

parapoihmènwn dieujÔnsewn apostolèa.

• To prìblhma thc anÐqneushc twn epijèsewn DDoS kai diaqwrismoÔ touc

apì peristatikĹ auxhmènhc kÐnhshc eÐnai idiaÐtera polÔploko. ApaiteÐtai

h parakoloÔjhsh diktuakÿn sundèsewn kai exoplismoÔ se pragmatikì

qrìno kai h efarmogă mejìdwn anÐqneushc pou èqoun th dunatìthta

na entopÐzoun ta qarakthristikĹ miac epÐjeshc DDoS se èna diarkÿc

exelissìmeno peribĹllon asfaleÐac.

• H anĹsqesh thc epÐjeshc prèpei na anagkastikĹ pragmatopoihjeÐ sta

prohgoÔmena bămata, stouc pĹroqouc diktuakÿn uphresiÿn, prin to dÐ-

ktuo tou jÔmatoc. Epomènwc dhmiourgeÐtai h anĹgkh gia thn klimĹkw-

sh thc antimetÿpishc se dÐktua parìqwn kai kormoÔ me ton katĹllhlo

suntonismì kai thn ègkairh kai èmpisth antallagă plhroforiÿn metaxÔ

touc.

AntÐstoiqa prokÔptoun kai mia seirĹ apì apaităseic gia èna apodotikì sÔsth-

ma antimetÿpishc twn epijèsewn DDoS:
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• ’Egkairoc entopismìc thc epÐjeshc se katĹ măkoc thc diadromăc pou

akoloujeÐ proc to jÔma. IdiaÐtera shmantikìc eÐnai o prosdiorismìc

autoÔ tou monopatioÔ.

• SÔntomh kai automatopoihmènh enhmèrwsh gia thn exèlixh thc se ìso to

dunatìn perissìtera dÐktua mporoÔn na suneisfèroun sthn katapolè-

mhsh thc (apì autĹ pou brÐskontai pĹnw sto diadromă), prin to dÐktuo

tou jÔmatoc.

• AnĹgkh gia diaforetikoÔ tÔpou enèrgeiec se kĹje diaforetikì dÐktuo,

sÔmfwnec me tic ikanìthtec, anĹgkec kai etairikèc politikèc tou. Oi

politikèc autèc ìmwc ja prèpei na eÐnai exfl arqăc apofasismènec gia

amesìthta sthn antÐdrash.

• EuelixÐa katĹ thn antimetÿpish thc epÐjeshc ÿste na eÐnai dunată h

prosarmogă sthn allagă twn qarakthristikÿn thc. Ta mètra pou ja

efarmostoÔn, apaitoÔn suneqă èlegqo gia thn epibebaÐwsh thc katallh-

lìthtac touc. Epeidă orismènec epijèseic parousiĹzoun metablhtìthta

sth sumperiforĹ touc qreiĹzetai parakoloÔjhsh kai tuqìn tropopoiă-

seic sta mètra ÿste autĹ na parameÐnoun apotelesmatikĹ.

• To sÔsthma antÐdrashc prèpei na parèqei asfĹleia prìsbashc ÿste na

mh mporeÐ na qrhsimopoihjeÐ me kĹpoio trìpo apì touc epitijèmenouc

gia na prokalèsei epiplèon problămata ă periorismoÔc sth fusiologikă

kÐnhsh.

• Epeidă h antimetÿpish twn epijèsewn gÐnetai sta dÐktua kormoÔ enìc

ISP, gia na analĹbei autìc na bohjăsei, pijanìn qwrÐc Ĺmeso oikonomikì
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ìfeloc, ja prèpei h lÔsh na èqei logikèc apaităseic exoplismoÔ kai

diaqeiristikăc ergasÐac.

• H lÔsh ja prèpei na prosfèrei ofèlh se ìlouc touc summetèqontec ÿste

na eÐnai epijumhtă h ulopoÐhsh thc. DiaforetikĹ ja prèpei na eÐnai me

kĹpoio trìpo entagmènh sthn oikonomikă sqèsh twn diktÔwn ISPs30 kai

pelatÿn, pijanĹ me kĹpoia qrèwsh thc uphresÐac antimetÿpishc DDoS.

Anafèretai ìti prìsfata h etaireÐaMCI Ĺrqise na prosfèrei tètoia uph-

resÐa antimetÿpishc DDoS wc mèroc twn sumbolaÐwn paroqăc epipèdou

uphresÐac (Service Level Agreements – SLAs) [Info04].

Ac shmeiwjeÐ ìti th stigmă aută den upĹrqei apodektìc trìpoc axiolìghshc

kai sÔgkrishc thc apotelesmatikìthtac diafìrwn lÔsewn apènanti se kĹpoia

sugkekrimènh omĹda epijèsewn pou ja qrhsimopoihjeÐ wc metrhtikì prìtupo

(benchmark) [Mirk04].

EÐnai fanerì ìti oi apaităseic apì èna sÔsthma antimetÿpishc twn epijè-

sewn DDoS diafèroun arketĹ metaxÔ touc, eÐnai de dÔskolo na ikanopoihjoÔn

ìlec apì mia kai mìnon lÔsh. ’Opwc ja faneÐ sth sunèqeia oi anwtèrw dia-

pistÿseic apotèlesan tic kÔriec kateujÔnseic katĹ to sqediasmì thc protei-

nìmenhc lÔshc ÿste na ikanopoioÔntai apì aută oi perissìterec apaităseic

pelatÿn kai diaqeiristÿn diktuakÿn uphresiÿn.

30
Στιc περιπτώσειc παρόχων που χρεώνουν των πεlάτη µε βάση τον όγκο δεδοµένων

που µεταφέρονται οι επιθέσειc DDoS µπορεί βραχυπρόθεσµα να θεωρηθούν µέχρι και
συµφέρουσεc.



KefĹlaio 3

H Proteinìmenh Arqitektonikă

3.1 Eisagwgă - ParousÐash thc proteinìme-

nhc lÔshc

Sto prohgoÔmeno kefĹlaio analÔjhkan h exèlixh kai ta kÔria qarakthristikĹ

twn katanemhmènwn epijèsewn Ĺrnhshc uphresÐac (epijèseic DDoS). ’Eqon-

tac ta dedomèna autĹ wc shmeÐo ekkÐnhshc, sto parìn kefĹlaio parousiĹzetai

mia lÔsh pou parèqei th dunatìthta katanemhmènhc anÐqneushc epijèsewn, me

sumplhrwmatikì stoiqeÐo thn parĹllhlh anagnÿrish twn diadromÿn touc. H

ègkairh kai, kurÐwc, h akribăc anÐqneush eÐnai to prÿto băma gia opoioudăpote

eÐdouc automatopoÐhsh thc antÐdrashc stic epijèseic DDoS. OrÐzetai epÐshc

mia mèjodoc pou sunduĹzei tic enèrgeiec pollÿn diaforetikÿn diktÔwn parè-

qontac apotelesmatikèc, automatopoihmènec kai katanemhmènec drĹseic enan-

tÐon autÿn twn epijèsewn. Proc thn kateÔjunsh ekplărwshc twn dÔo autÿn

stìqwn (anÐqneush kai antÐdrash) epilègetai h dhmiourgÐa miac koinìthtac
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apì diktuakèc perioqèc (domains) oi opoÐec, me ton katĹllhlo suntonismì, ja

analambĹnoun apì koinoÔ enèrgeiec katĹ twn epijèsewn DDoS.

Sto jèma thc anÐqneushc èna katanemhmèno sÔsthma prosfèrei plhrofo-

rÐec pou èqoun sulleqjeÐ apì polloÔc aisjhtărec (sensors), topojethmènouc

sto Ðdio stoiqeÐo diktÔou (network element) ă se diaforetikĹ, apomakrusmè-

na metaxÔ touc, shmeÐa, apì diaforetikĹ sustămata IDS kai me diaforetikèc

mejìdouc
1
. Sto shmeÐo (ă shmeÐa) sunolikăc sugkèntrwshc autÿn twn plhro-

foriÿn upĹrqei mia eurÔterh eikìna thc katĹstashc asfaleÐac, idanikă proô-

pìjesh gia thn anagnÿrish thc exèlixhc kai thc diadromăc miac epÐjeshc DDoS

pou dièrqetai apì pollĹ dÐktua.

H prosèggish aută èqei touc exăc stìqouc:

1. BeltÐwsh tou bajmoÔ plhrìthtac (Completeness)2 anÐqneushc epijè-

sewn, dhladă aÔxhsh tou arijmoÔ epijèsewn pou ja gÐnei dunatìn na ani-

qneutoÔn, ă antÐstoiqa meÐwsh tou posostoÔ {mh-anagnwrÐsewn} prag-

matikÿn epijèsewn (False Negatives).

2. Mèsw sunduasmoÔ anaforÿn, leitourgÐa twn epimèrouc susthmĹtwn

IDS me rujmÐseic mikrìterhc euaisjhsÐac Ĺra kai megalÔterh akrÐbeia

(Accuracy) - mikrìterh pijanìthta gia esfalmèna jetikèc anagnwrÐseic

(False Positives). H mikrìterh paragwgă anaforÿn ja anaplhrwjeÐ me

thn epiplèon diajèsimh plhroforÐa sunolikĹ.

1
Για την εκµετάllευση αυτού του περιβάllοντοc απαιτείται προσεκτικόc σχεδιασµόc ενόc

συστήµατοc που θα υποστηρίζει µια τέτοια lειτουργία (π.χ. µε την αρχιτεκτονική συllογήc

πlηροφοριών, τη µορφή των δεδοµένων, τιc µεθοδοlογίεc χειρισµού τουc κ.lπ.), ώστε αυτό

να µπορεί να καταlήξει στην παραγωγή χρήσιµων και αξιόπιστων αποτεlεσµάτων κατ� αυτόν

τον τρόπο.
2
∆είτε σχετικά την ενότητα 2.3.1 στο κεφάlαιο 2 για πlήρη εξήγηση των όρων
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Epiplèon, eidikĹ gia thn antimetÿpish twn epijèsewn DDoS sthn paroÔsa

diatribă tèjhsan oi stìqoi:

3. Autìmath leitourgÐa tou sunergatikoÔ sqămatoc kai uyhlă taqÔthta

antÐdrashc se peristatikĹ (opwsdăpote kalÔterh apì mh automatopoih-

mènec lÔseic).

4. Anagnÿrish thc diadromăc thc epÐjeshc.

H prosèggish enìc katanemhmènou sustămatoc aisjhtărwn sthn anÐqneush

epijèsewn jètei kai mia seirĹ apì apaităseic, oi kuriìterec apì tic opoÐec

eÐnai:

• H omală klimĹkwsh tou plăjouc twn aisjhtărwn (dhladă xeqwristÿn

phgÿn plhroforÐac) diathrÿntac kai suntonÐzontac ton èlegqo touc
3
.

• H rÔjmish twn aisjhtărwn ÿste na sullèxoun plhroforÐa pou na eÐnai

qrăsimh sthn exagwgă sumperasmĹtwn.

• To montèlo roăc thc plhroforÐac kai twn sumperasmĹtwn twn topikÿn

susthmĹtwn IDS proc èna kentrikì shmeÐo: endiĹmesa epÐpeda pou apai-

toÔntai, bajmìc epexergasÐac thc plhroforÐac, sugkèntrwsh (aggregation)

kai meÐwsh ìgkou katĹ th metaforĹ thc plhroforÐac metaxÔ epipèdwn.

• O trìpoc qrhsimopoÐhshc thc diajèsimhc epiplèon plhroforÐac ÿste na

èqei jetikă suneisforĹ sto prìblhma thc plhrìthtac anÐqneushc.

3
Υπενθυµίζουµε ότι ξεχωριστέc πηγέc πlηροφορίαc µπορεί να προκύπτουν από κατάllηlα

φιlτραρισµένεc µετρήσειc στο ίδιο ή διαφορετικά σηµεία του δικτύου.
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• H apotropă fainomènwn uperfìrtwshc tou diktÔou apì thn aposto-

lă/antallagă plhroforiÿn anĹmesa sta shmeÐa sullogăc kai sugkèn-

trwshc touc.

• To epÐpedo sto opoÐo ja gÐnetai o èlegqoc kai h rÔjmish twn aisjhtărwn

kai twn susthmĹtwn IDS (topikĹ ă apì èna kentrikì shmeÐo).

Sto jèma thc ulopoÐhshc energeiÿn antimetÿpishc twn epijèsewnDDoS, opoia-

dăpote lÔsh energăc antÐdrashc mporeÐ na eÐnai apotelesmatikă (ă èstw efi-

ktă) mìnon efìson perilambĹnei dÐktua pou brÐskontai prin apì autì tou jÔma-

toc
4
. H bohjhtikă epèmbash diktuakÿn perioqÿn prin to Ðdio to jÔma mporeÐ,

meiÿnontac ton telikì ìgko thc kÐnhshc epÐjeshc na meiÿsei thn epÐdrasă thc.

Sthn idanikă perÐptwsh ja energopoieÐtai h sunergasÐa ìso to dunatìn peris-

sìterwn diktÔwn pĹnw sto monopĹti thc epÐjeshc. Gia na gÐnei ìmwc dunată

mia tètoia sunergasÐa antÐdrashc tÐjentai jèmata tìso politikĹ, ìpwc h ane-

xarthsÐa drĹshc kai h sumfwnÐa me tic etairikèc politikèc se kĹje dÐktuo, ìso

kai teqnikĹ ìpwc h diatărhsh thc asfĹleiac kai to eÐdoc kai h èntash twn

mètrwn pou ja qrhsimopoihjoÔn.

H proteinìmenh se aută thn diatribă lÔsh aforĹ sth qrhsimopoÐhsh enìc

UperkeÐmenou DiktÔou (Overlay Network) pou ja sundèei diaforetikèc, su-

nergazìmenec diktuakèc perioqèc (domains)5. Ta sunergazìmena dÐktua me

th summetoqă touc dhmiourgoÔn thn {UperkeÐmenh Sunergatikă Upodomă}

4
Βlέπε σχετικά τα συµπεράσµατα του τµήµατοc 2.2
5
Με τον όρο ∆ικτυακή Περιοχή (Domain) εννοείται σε αυτή την εργασία ένα δίκτυο το

οποίο είναι κάτω από µια κοινή διαχείριση και για το οποίο ισχύουν κοινέc ποlιτικέc ασφαlείαc.

Για πρακτικούc lόγουc θεωρούµε εδώ ότι ταυτίζεται µε την έννοια του Αυτόνοµου ∆ικτύου

(Autonomous Network – AS) όπωc αυτή χρησιµοποιείται στη ∆ιαδικτυακή δροµοlόγηση.
Οι µονάδεc τηc προτεινόµενηc αρχιτεκτονικήc είναι Αυτόνοµα ∆ίκτυα. Στη συνέχεια του

κειµένου οι όροι {δίκτυο} και {δικτυακή περιοχή} χρησιµοποιούνται εναllακτικά µε την ίδια

σηµασία.
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(”Cooperative Overlay Infrastructure”)6. Mèsw autăc lambĹnoun kai sunei-

sfèroun uphresÐec anÐqneushc (dhmiourgeÐtai ètsi èna katanemhmèno sÔsthma

IDS) kai antÐdrashc se epijèseic DDoS. H UperkeÐmenh Upodomă orÐzei èna

koinì qÿro energeiÿn enantÐon peristatikÿn DDoS.

Oi kÔriec kateujÔnseic sqediasmoÔ tou UperkeÐmenou DiktÔou (Overlay

Network) eÐnai:

• Diatărhsh thc diaqeiristikăc anexarthsÐac tou kĹje epimèrouc diktÔou.

KĹje dÐktuo mporeÐ na suneisfèrei sthn Upodomă qwrÐc ìmwc na qreia-

steÐ na dÿsei opoiadăpote diaqeiristikĹ dikaiÿmata se trÐtouc. Epiplèon

oi enèrgeiec antÐdrashc se mia epÐjesh DDoS akoloujoÔn topikèc epi-

logèc kai politikèc.

• EpikoinwnÐa {apì ènan se polloÔc} (tÔpou Multicast), epipèdou IP ă

epipèdou efarmogăc me skopì na apofeÔgetai h epibĹrunsh tou diktÔou

apì tic antallagèc mhnumĹtwn.

• Upodomă epikoinwnÐac me asfĹleia kai epibebaÐwsh twn epikoinwnoÔntwn

merÿn.

• IsotimÐa anĹmesa sta dÐktua-mèlh thc Sunergatikăc Upodomăc, katĹ to

prìtupo mejodologiÿn peer-to-peer. KĹje mèloc mporeÐ na sundejeÐ

na apomakrunjeÐ ă na apokopeÐ (lìgw epijetikÿn energeiÿn) apì to

UperkeÐmeno DÐktuo qwrÐc na autì na qreiasteÐ allagă ston trìpo

leitourgÐac tou. KatĹ ton Ðdio trìpo parakĹmptontai tuqìn empìdia pou

tÐjentai apì trÐta, mh sunergazìmena dÐktua.

6
Στη συνέχεια χρησιµοποιείται ο όροc {Υπερκείµενο ∆ίκτυο} ή {Συνεργατική Υποδοµή}.
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• Qrăsh mejìdwn {yhfoforÐac me bĹrh} (weighted voting) gia thn exa-

gwgă sumperasmĹtwn apì tic anaforèc pou antallĹssontai.

Me tic epilogèc pou èqoun gÐnei sto sqediasmì tou UperkeÐmenou DiktÔou

epidiÿketai na antimetwpistoÔn epÐshc ta jèmata pou tÐjentai apì èna kata-

nemhmèno sÔsthma kai anafèrjhkan anwtèrw.

H Sunergatikă Upodomă ulopoieÐtai bĹsei twn exăc qarakthristikÿn:

• H leitourgÐa exasfalÐzetai anexĹrthta apì th mèjodo diasÔndeshc qa-

mhloÔ epipèdou anĹmesa sta dÐktua-mèlh. KĹpoiec pijanèc mejodologÐec

diasÔndeshc eÐnai:

– Qrăsh multicast epipèdou IP efìson leitourgeÐ ădh metaxÔ twn

diktÔwn-melÿn

– DÐktua peer-to-peer pou ulopoioÔn mhqanismoÔc multicast epipè-

dou efarmogăc me qrăsh eidikÿn diadikasÐwn exeÔreshc omìtimwn

kìmbwn kai antallagăc mhnumĹtwn

– PeribĹllonta {Plègmatoc} (tÔpou Grid) [Fost01] ta opoÐa parè-

qoun mia plărh upodomă asfalÿn epikoinwniÿn, uphresiÿn katalì-

gou kai antallagăc mhnumĹtwn
7
.

• Ta mhnÔmata entìc tou UperkeÐmenou DiktÔou suntĹssontai sth glÿs-

sa XML sÔmfwna me thn upì oloklărwsh prodiagrafă tou IETF, In-

trusion Detection Message Exchange Format (IDMEF) [Deba04]. EÐnai

7
Από τιc πιο πάνω µεθοδοlογίεc η χρήση IP multicast και η συνδεσιµότητα peer-to-peer,

όπωc αναlύεται στη συνέχεια, δοκιµάστηκαν και πειραµατικά µε θετικά αποτεlέσµατα ωc

προc τη δυνατότητα δηµιουργίαc του Υπερκείµενου ∆ικτύου, τη σταθερότητα του και την

ορθότητα lειτουργίαc.
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ètsi dunată h antallagă tupopoihmènwn stoiqeÐwn me upĹrqonta ă mel-

lontikĹ sustămata IDS kajÿc kai me Ĺllec efarmogèc pou akoloujoÔn

to Ðdio prìtupo.

• Ta dÐktua-mèlh diathroÔn thn anexarthsÐa touc wc proc to bajmì sum-

metoqăc touc allĹ kai wc proc tic epilogèc twn energeiÿn pou ja ana-

lĹboun. ParĹ thn apì koinoÔ leitourgÐa, kĹje dÐktuo de qreiĹzetai na

ekqwrăsei diaqeiristikĹ tou dikaiÿmata prokeimènou na gÐnei dunată h

ulopoÐhsh energeiÿn antÐdrashc.

• H fÔsh thc summetoqăc allĹ kai h mèjodoc topikÿn apofĹsewn kĹje

diktÔou-mèlouc sto UperkeÐmeno DÐktuo eÐnai se megĹlo bajmì parame-

tropoiăsima mèsw twn rujmÐsewn pou mporeÐ na gÐnoun, p.q. sthn apìdo-

sh diaforetikÿn barÿn (bĹsei tou bajmoÔ empistosÔnhc) sta mhnÔmata

diaforetikăc proèleushc, sthn taqÔthta energopoÐhshc gia kĹpoio pe-

ristatikì, sthn èntash energeiÿn antÐdrashc k.lp.

H Sunergatikă Upodomă parèqei èna idiaÐtera euèlikto sqăma sunergasÐac pou

epikentrÿnetai sthn anexarthsÐa twn diktÔwn-melÿn. Sto shmeÐo autì dia-

foropoieÐtai shmantikĹ apì Ĺllec parìmoiec proseggÐseic pou qrhsimopoioÔn

epÐshc katanemhmèna peribĹllonta antimetÿpishc epijèsewn (p.q. ta CITRA,

GDI, COSSACK, h mejodologÐa ”Pushback” k.lp. pou anafèrjhkan sthn

enìthta 2.3.2
8
).

SunoyÐzontac, h Sunergatikă Upodomă skopeÔei sthn sunergasÐa parè-

qontac tautìqrona polloÔc bajmoÔc anexarthsÐac gia kĹje dÐktuo. H topo-

jèthsh thc Sunergatikăc Upodomăc se sqèsh me ta diĹfora epÐpeda orgĹnw-

8
Πlήρειc συγκρίσειc ανάµεσα στιc διαφορετικέc lύσειc γίνονται στο κεφάlαιο 6
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shc twn leitourgiÿn tou diktÔou enìc organismoÔ parousiĹzetai sto Sqăma

3.1.

Sqăma 3.1: Topojèthsh thc Sunergatikăc Upodomăc se sqèsh me ta diĹfora

epÐpeda orgĹnwshc leitourgiÿn enìc diktÔou

To UperkeÐmeno DÐktuo ulopoieÐtai me thn egkatĹstash kai qrăsh enìc ei-

dikoÔ upologistikoÔ sustămatoc se kĹje èna apì ta sunergazìmena dÐktua; th

{Sunergatikă Ontìthta katĹ twn Epijèsewn DDoS} (”Cooperative Counter-

DDoS Entity”). Ta epimèrouc upologistikĹ autĹ sustămata ja anafèrontai

wc {Sunergatikèc Ontìthtec} ă aplĹ wc {Ontìthtec}.

Ta sunergazìmena dÐktua (dhladă diktuakoÐ qÿroi me koină diaqeÐrish 

ousiastikĹ BGP Autonomous Systems) apoteloÔn touc {kìmbouc} thc Su-

nergatikăc Arqitektonikăc pou sqhmatÐzetai.

H Sunergatikă Ontìthta analambĹnei th diasÔndesh twn {kontinÿn} su-

nergazìmenwn diktÔwn kai thn ulopoÐhsh tou UperkeÐmenou DiktÔou qrhsi-

mopoiÿntac to ekĹstote diajèsimo diktuakì upìbajro kai prosarmìzontac
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tic leitourgÐec thc stic idiaiterìthtec tou. Me ton trìpo autì h protei-

nìmenh arqitektonikă mporeÐ na kĹnei qrăsh diaforetikÿn mejodologiÿn se

kĹje perÐptwsh kai na ekmetalleuteÐ tuqìn eidikĹ qarakthristikĹ (anĹloga

me to plăjoc diktÔwn, thn topologÐa, tic apaităseic asfaleÐac k.lp.). H kĹje

Sunergatikă Ontìthta, upì ton èlegqo tou diktÔou sto opoÐo èqei egkata-

stajeÐ, exĹgei sumperĹsmata me bĹsh topikĹ kai apomakrusmènhc proèleushc

stoiqeÐa, enÿ analambĹnei topikèc enèrgeiec antÐdrashc.

H apodotikìthta thc proteinìmenhc lÔshc gia qrăsh enĹntia se epijèseic

DDoS apotimĹtai apì:

• Thn ikanìthta anÐqneushc thc epÐjeshc me th qrăsh thc katanemhmènhc

prosèggishc, tìso se epimèrouc dÐktua ìso kai sunolikĹ sto monopĹti

pou aută diatrèqei (detection).

• Th qrhsimìthta pou mporeÐ na èqei to qrhsimopoioÔmeno sqăma sthn

anĹsqesh twn epijèsewn (reaction).

H apodotikìthta exartĹtai epÐshc apì ton arijmì twn diktÔwn-melÿn thc Upo-

domăc kai thn {katĹllhlh} topojèthsh touc wc proc th diadromă thc epÐjeshc.

Sto zăthma thc anÐqneushc h kÔria suneisforĹ thc arqitektonikăc eÐnai mia

nèa mejodologÐa anagnÿrishc tou monopatioÔ thc epÐjeshc (traceback) qwrÐc

polÔplokec diadikasÐec kai eidikèc ulopoiăseic ìpwc autèc pou anafèrjhkan

sthn enìthta 2.3 (p.q. sămansh pakètwn, apostolă pakètwn itrace k.lp.)

ParĹllhla, kĹje èna apì ta dÐktua-mèlh mporeÐ na epitÔqei kalÔtera topikĹ

apotelèsmata anÐqneushc empisteuìmeno kai qrhsimopoiÿntac ta sumperĹsma-

ta twn Ĺllwn diktÔwn thc Upodomăc.

Ston tomèa thc antÐdrashc mia mikră koinìthta diktÔwn-melÿn mporeÐ na
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èqei ousiastikă suneisforĹ efìson autĹ eÐnai pĹnw sth diadromă thc epÐ-

jeshc kai droun suntonismèna. Ta megalÔtera ofèlh apì th leitourgÐa thc

arqitektonikăc anamènontai me thn klimĹkwsh thc summetoqăc se aută mèsa

apì to sunduasmì stoiqeÐwn anÐqneushc apì pollèc diajèsimec phgèc kai th

suntonismènh, katanemhmènh antÐdrash sthn epÐjesh.

3.2 FilosofÐa thc {Koinìthtac} Sunergazì-

menwn DiktÔwn

H {eggrafă} diktÔwn se mia sumfwnÐa sunergasÐac kajÿc kai h antalla-

gă plhroforiÿn metaxÔ touc akoloujeÐ to prìtupo sunergasÐac twn OmĹdwn

Antimetÿpishc Peristatikÿn asfaleÐac (CERTs). KĹje omĹda CERT èqei

mia sugkekrimènh perioqă eujÔnhc (”constituency”)9 kai sunergĹzetai me Ĺl-

lec antÐstoiqec omĹdec pou jewreÐ èmpistec. UpĹrqoun sqămata sunergasÐac

ìpou h diadikasÐa aută edraiÿnetai mèsa apì diadikasÐec pistopoÐhshc
10
kai

sumfwnÐec. KatĹ parìmoio trìpo, sthn proteinìmenh lÔsh h {koinìthta} twn

sunergazìmenwn diktÔwn organÿnetai mèsa apì sumfwnÐec metaxÔ twn endia-

ferìmenwn merÿn. ’Hdh, sto shmerinì skhnikì thc asfĹleiac, pollĹ dÐktua

antallĹssoun plhroforÐec kai teqnikèc gia jèmata asfaleÐac, eidikĹ de katĹ

th diĹrkeia sobarÿn peristatikÿn katalăgoun se sunergasÐec ad hoc11. To

9
Σε ποllέc περιπτώσειc ταυτίζεται µε µια δικτυακή περιοχή.

10
Είναι χαρακτηριστική η Ευρωπαðκή πρωτοβουlία δηµιουργίαc ενόc έµπιστου δικτύου συ-

νεργασίαc ανάµεσα σε (κυρίωc ακαδηµαðκέc) οµάδεc CERT µε τον τίτlο {Υποστήριξη από
΄Εµπιστο Μέlοc} (”Trusted Introducer”) [Ti].
11
Στην πράξη ποllά δίκτυα συνεργάζονται µε αυτό τον τρόπο αllά µόνο τη στιγµή που

εκδηlώνεται η επίθεση µε αποτέlεσµα να χάνεται ποlύτιµοc χρόνοc και να υπάρχουν προ-

βlήµατα αποτεlεσµατικότηταc. Πρέπει δε η συνεργασία αυτή να ενταχθεί στην ισχύουσα

εµπορική σχέση µεταξύ των δύο µερών.
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proteinìmeno UperkeÐmeno DÐktuo epidiÿkei na organÿsei ek twn protèrwn

kai na jèsei se sugkekrimèna plaÐsia autèc tic sunergasÐec.

O sqediasmìc gia to proteinìmeno UperkeÐmeno DÐktuo qrhsimopoieÐ èna

sqetikĹ mikrì arijmì diktÔwn, kai epikentrÿnetai se mikrèc omĹdec, koinÿn

anagkÿn kai epidiÿxewn. ’Etsi den apaiteÐ sumfwnÐec metaxÔ pollÿn merÿn kai

thn ègkrish twn arqÿn dioÐkhshc  governance (ICANN) kai protupopoÐhshc

tou DiadiktÔou (IETF), kĹti pou isqÔei se Ĺllec megalÔterhc klÐmakac pro-

seggÐseic, ìpwc aută thc {Pagkìsmiac Upodomăc ’Amunac} (Global Defense

Infrastructure - GDI) [Wan02]12. PolÔ megĹloc arijmìc summeteqìntwn kai

eidikĹ apì diaforetikèc gewgrafikĹ perioqèc, Ĺra kai me arketĹ diaforetikĹ

sumfèronta, ja duskoleÔei se megĹlo bajmì thn epÐteuxh miac sumfwnÐac.

EntoÔtoic tÐjetai to erÿthma tou katĹ pìson ta diĹfora mèrh ja deqtoÔn

na summetĹsqoun se èna sunergatikì sqăma ìpou ja qreiasteÐ na afierÿsoun

pìrouc (Ĺyuqouc kai èmyuqouc) kai na suneisfèroun plhroforÐec. EmporikĹ

dÐktua parìqwn pijanĹ na mhn èqoun Ĺmesec apÿleiec apì mia epÐjesh DDoS

enÿ antijètwc tètoiou eÐdouc kÐnhsh mporeÐ na epifèrei kèrdh efìson upĹrqei

èna sqăma qrèwshc basismèno ston ìgko (katĹstash apfl thn opoÐa o pĹroqoc

kerdÐzei se kĹje perÐptwsh, win-win case). Orismènoi suggrafeÐc uposthrÐ-

zoun [Mirk04] ìti to prìblhma eÐnai parìmoiac morfăc me autì thc nomojetikăc

rÔjmishc thc qrăshc koinĹ diajèsimwn pìrwn (ìpwc proteÐnetai sto [Hard68])

kai ìti apaiteÐtai èna genikì nomojetikì rujmistikì plaÐsio prin dieurunjeÐ h

apodoqă opoiasdăpote katanemhmènhc lÔshc.

DiafaÐnetai kajarĹ ìti oi emplekìmenoi foreÐc - upeÔjunoi diktÔwn èqoun

12
Σε αυτή προτείνεται η τοποθέτηση σε κύρια δίκτυα κορµού του ∆ιαδικτύου µηχανισµών

ανάlυσηc τηc κίνησηc και ανάσχεσηc επιθέσεων DDoS. Παρουσιάζεται στην ενότητα 2.3
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ta kÐnhtra na sunergastoÔn lìgw thc suneqoÔc aÔxhshc tou endiafèrontoc

kai thc euaisjhtopoÐhshc gia jèmata asfĹleiac (security awareness) allĹ kai

gia to koinì ìfeloc. Gia parĹdeigma, makroprìjesma, ènac pĹroqoc ja wfe-

lhjeÐ perissìtero apì thn prostasÐa kai diatărhsh thc omalăc leitourgÐac

enìc diktÔou-pelĹth parĹ apì th qrèwsh thc kÐnhshc h opoÐa ja ton jèsei

ektìc agorĹc. Epiplèon, uphresÐec prostasÐac apì epijèseic DDoS ădh ei-

sĹgontai se sumfwnÐec Paroqăc UphresÐac Sugkekrimènou Epipèdou (Service

Level Agreements - SLAs) [Info04], mia èndeixh ìti mporeÐ na upĹrxoun kai oi

katĹllhlec sumfwnÐec me oikonomikì antikeÐmeno gia tètoiec sunergasÐec.

Wc prìtupo parìmoiac fÔshc jewroÔntai edÿ ufistĹmenec sumfwnÐec dia-

sÔndeshc kai antallagăc kÐnhshc (peering agreements) metaxÔ diktÔwn. To

gegonìc ìti autèc oi sumfwnÐec ufÐstatai kai leitourgoÔn apotelesmatikĹ
13

dÐnei mia èndeixh gia to efiktì thc sunergasÐac. KatĹ entelÿc antÐstoiqo trì-

po to proteinìmeno UperkeÐmeno DÐktuo parèqei ta ergaleÐa gia thn uiojèthsh

sugkekrimènwn politikÿn stic antallagèc metaxÔ diktÔwn akoloujÿntac tic

etairikèc apaităseic. GÐnetai h upìjesh ìti to montèlo sunergasÐac gia jè-

mata asfaleÐac eÐnai aploÔstero apì ìti gia jèmata antallagăc kÐnhshc Ĺra

kai oi sumfwnÐec eukolìterec
14
. En tèlei to katĹllhlo oikonomikì montèlo

ă oi endeqìmenec nomojetikèc rujmÐseic qreiĹzetai na exetastoÔn eic bĹjoc

kai apoteloÔn antikeÐmeno mellontikăc melèthc pèran thc paroÔsac ergasÐac.

H proteinìmenh lÔsh parèqei èna teqnikì upìbajro, eparkÿc euèlikto ÿste

na prosarmosteÐ se eidikèc anĹgkec pou ja prokÔyoun me thn exètash tou

13
Ακόµα και αν µεσοlαβούν συναllαγέc οικονοµικήc ή τεχνικήc φύσηc για να γίνουν

αποδεκτέc.
14
Αντιµετωπίζεται ένα πρόβlηµα που µπορεί να έχει δυνάµει αρνητικέc επιπτώσειc (άµεσεc

ή έµµεσεc) για όlουc.
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problămatoc apì aută thn skopiĹ.

Sthn ìlh prospĹjeia prosèggishc kai epÐteuxhc sumfwnÐac anĹmesa sta

dÐktua pou ja apotelèsoun th Sunergatikă Upodomă, upĹrqousec sunergasÐec

metaxÔ twn omĹdwn CERT mporoÔn na paÐxoun uposthriktikì rìlo, tìso me

thn edraÐwsh thc empistosÔnhc ìso kai se praktikĹ jèmata, ìpwc p.q. oi

antallagèc kleidiÿn kruptografÐac, h dieujèthsh diafwniÿn k.lp.

H diereÔnhsh tou rujmistikoÔ plaisÐou gia thn uiojèthsh miac koinĹ apo-

dektăc politikăc asfaleÐac den apoteleÐ antikeÐmeno thc diatribăc autăc pou

epikentrÿnetai se zhtămata sqediasmoÔ kai ulopoihshc miac sunergatikăc upo-

domăc anÐqneushc kai antimetÿpishc epijèsewn se dÐktua pollaplÿn Autìno-

mwn SusthmĹtwn (Autonomous Systems) ` diaqeiristikÿn perioqÿn.

3.3 Perigrafă thc Arqitektonikăc

3.3.1 Ta Sunergazìmena DÐktua

Basikă monĹda thc Sunergatikăc Arqitektonikăc eÐnai h diktuakă perioqă

(domain). Mia endeiktikă eikìna thc egkatĹstashc tou UperkeÐmenou Di-

ktÔou kai thc sÔndeshc twn tmhmĹtwn tou se sqèsh me ta diĹfora epÐpeda

diktuakăc diasÔndeshc dÐnetai sto Sqăma 3.2.
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Sqăma 3.2: UlopoÐhsh thc Sunergatikăc UperkeÐmenhc Upodomăc pĹnw apì

to upĹrqon diktuakì upìbajro

KĹje dÐktuo entĹssetai sto UperkeÐmeno DÐktuo me thn egkatĹstash kai

energopoÐhsh thc Sunergatikăc Ontìthtac se autì. To diktuakì upìbajro

(oi diasundèseic tou diktÔou me Ĺllouc kìmbouc) qrhsimopoieÐtai eÐte Ĺme-

sa (p.q. me th qrăsh diajèsimwn epikoinwniÿn multicast) eÐte èmmesa (p.q.

me th qrăsh sundèsewn unicast gia thn ulopoÐhsh uphresiÿn multicast epi-

pèdou efarmogăc) gia thn ulopoÐhsh thc diasÔndeshc uyhloÔ epipèdou. H

leitourgikìthta tou SunergatikoÔ DiktÔou wc proc ta eÐdh twn mhnumĹtwn

pou antallĹssontai kai touc algorÐjmouc leitourgÐac pou qrhsimopoioÔntai

tropopoieÐtai elafrĹ anĹloga me to eÐdoc epikoinwnÐac qamhloÔ epipèdou pou

ja epilegeÐ.

To UperkeÐmeno DÐktuo pou dhmiourgeÐtai eÐnai epÐpedo sth diĹrjrwsh tou

me ìlouc touc kìmbouc ` dÐktua (AS) isìtimouc metaxÔ touc. Den paÐzei rìlo

h fusikă topologÐa oÔte h ierarqikă jèsh enìc kìmbou ` diktÔou p.q. pĹro-
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qoc diktuakÿn uphresiÿn se telikoÔc qrăstec (Tier 3 ISP), diejnèc dÐktuo

diasÔndeshc (Tier 1 ISP) k.lp.

Gia na gÐnei efiktă h sunergasÐa apaiteÐtai gia kĹpoia zhtămata leitourgÐac

h sumfwnÐa se koinĹ apodektèc rujmÐseic. Ta kuriìtera apì autĹ eÐnai:

• SumfwnÐa trìpou diasÔndeshc. Ta dÐktua prèpei na sumfwnăsoun se

koină mèjodo epikoinwnÐac sto qamhlì epÐpedo, prokeimènou na eÐnai du-

nată h epikoinwnÐa metaxÔ touc allĹ kai na rujmistoÔn antistoÐqwc oi

Ontìthtec. H epilogă mejìdou mporeÐ na gÐnei sÔmfwna me thn ekĹstote

diajesimìthta thc upodomăc qamhloÔ epipèdou ă anĹloga me tic apaită-

seic pou dhmiourgoÔntai apì to plăjoc twn sunergazìmenwn diktÔwn

kai thn anĹgkh gia peraitèrw diĹdosh twn mhnumĹtwn touc (pèra apì

thn topikă omĹda).

• Plărhc antallagă stoiqeÐwn. Basikă arqă sthn opoÐa sthrÐzetai h lei-

tourgÐa tou UperkeÐmenou DiktÔou (me ton trèqonta sqediasmì) eÐnai

ìti ìla ta dÐktua-mèlh lambĹnoun ìla ta mhnÔmata. H mèjodoc metĹdo-

shc twn mhnumĹtwn eÐnai {apì ènan se polloÔc}, sÔmfwna me th mèjodo

multicasting. ’Etsi, prokeimènou ta mhnÔmata na ftĹsoun se ìla ta mè-

lh thc Sunergatikăc Upodomăc ja prèpei na upĹrqei h dèsmeush gia thn

anametĹdosh twn mhnumĹtwn apì kĹje dÐktuo akìma kai an de qrhsimo-

poihjoÔn sto Ðdio.

• ParĹkamyh mh sunergazìmenwn diktÔwn. EÐnai logikì na upojèsoume

thn pijanìthta kĹpoia dÐktua se mia perioqă na epilèxoun na mh sum-

metĹsqoun sth sunergasÐa. Se aută thn perÐptwsh ta mèlh tou Uper-

keÐmenou DiktÔou ja prèpei na epilèxoun th leitourgÐa tou katĹ trìpo
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ÿste na parakamfjoÔn ta {oudètera} tmămata. MÐa tètoia mèjodoc,

gia parĹdeigma, eÐnai h leitourgÐa shrĹggwn (tunnels) diamèsou autÿn

twn perioqÿn. H lÔsh aută eÐnai idiaÐtera dhmofilăc se dÐktua IP Mul-

ticast allĹ ja prèpei na exasfalisteÐ ìti ulopoieÐtai me ton Ðdio trìpo

sta dÔo Ĺkra pou epijumoÔn na epikoinwnăsoun. Me th diadikasÐa aută

h mh summetèqousa perioqă kajÐstatai {diafanăc} gia to UperkeÐmeno

DÐktuo.

• Koină katanìhsh twn epijèsewn. Ta dÐktua ja prèpei na èqoun pros-

diorÐsei ta qarakthristikĹ bĹsei twn opoÐwn diakrÐnontai oi epijèseic

metaxÔ touc, ÿste na èqoun koină politikă anÐqneushc touc. Pèran twn

teqnikÿn leptomereiÿn
15
, pou anamènontai koinèc se ìlec tic periptÿ-

seic, shmantikă parĹmetroc eÐnai to qronikì ìrio bĹsei tou opoÐou dia-

qwrÐzontai wc diaforetikèc epijèseic oi emfanÐseic enìc peristatikoÔ me

ta Ðdia qarakthristikĹ. EpishmaÐnetai ìti o prosdiorismìc enìc tètoiou

orÐou eÐnai diaforetikìc apì thn taqÔthta kai th diĹrkeia energopoÐh-

shc enìc diktÔou se èna peristatikì. Oi teleutaÐec autèc parĹmetroi

paramènoun sthn euqèreia kajenìc epimèrouc diktÔou.

• Tupopoihmènh mèjodoc antallagăc mhnumĹtwn. Ja prèpei na epilegeÐ

mia koină diadikasÐa antallagăc mhnumĹtwn me asfĹleia kajÿc kai ta

koinĹ shmasiologikĹ stoiqeÐa touc (semantics). Sthn paroÔsa ergasÐa

epilèqjhke h sÔntaxh twn mhnumĹtwn se XML katĹ to prìtupo upì

diamìrfwsh (work in progress) IDMEF.

15
Π.χ. ∆ιεύθυνση τεlικού στόχου, πρωτόκοllο, θύρα επικοινωνίαc. ∆είτε σχετικά τουc

τρόπουc κατηγοριοποίησηc των επιθέσεων
16
που παρουσιάστηκαν στην Ενότητα 2.2.2.
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• Basikă sumfwnÐa gia thn antimetÿpish twn peristatikÿn. Ja prèpei na

upĹrqei apì koinoÔ sumfwnÐa gia thn anĹgkh anĹlhyhc energeiÿn stic

periptÿseic peristatikÿn. Pèra apì aută th basikă arqă to eÐdoc kai h

èntash twn energeiÿn antimetÿpishc miac epÐjeshc apoteloÔn prwtobou-

lÐa twn epimèrouc diktÔwn. Ac shmeiwjeÐ ìti mporoÔn na sunĹptontai

epimèrouc sumfwnÐec metaxÔ twn diktÔwn, p.q. sumfwnÐec paroqăc uph-

resÐac sugkekrimènou epipèdou (SLAs) k.lp.

To teleutaÐo stoiqeÐo anamènetai na parèqei epÐshc èna plaÐsio epiqeirhmatikăc

sunergasÐac diktÔwn-pelatÿn me ta dÐktua kormoÔ stic periptÿseic epijèsewn

DDoS proc ta prÿta.

H plărhc anexarthsÐa twn diktÔwn entoÔtoic diathreÐtai gia èna megĹlo

plăjoc Ĺllwn zhthmĹtwn pou aforoÔn kurÐwc:

• Enèrgeiec antimetÿpishc peristatikÿn. Pio sugkekrimèna:

– To qrìno (thn taqÔthta) efarmogăc mètrwn

– Thn èntash twn mètrwn. To jèma autì mporeÐ na aforĹ tìso sth

diĹrkeia efarmogăc touc ìso kai sthn èntash touc, efìson anafè-

rontai se diadikasÐec elègqou thc kakìboulhc kÐnhshc (posostì

rÔjmishc thc).

– Ta shmeÐa efarmogăc twn mètrwn. An kai mia logikă epilogă eÐnai

na epiblhjoÔn opoiesdăpote rujmÐseic sta shmeÐa eisìdou thc kÐ-

nhshc sto dÐktuo, ÿste aută na mhn epibarÔnei ton upìloipo kormì

tou, upĹrqei h dunatìthta gia enallaktikèc epilogèc, p.q. kĹpoio

kentrikì shmeÐo ìpou o diaqeiristăc ja diathreÐ ìlec tic rujmÐseic

antimetÿpishc peristatikÿn k.lp.
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• EpÐpeda shmasÐac kai empistosÔnhc gia ta eiserqìmena mhnÔmata. An

kai to UperkeÐmeno DÐktuo prosfèrei èna basikì epÐpedo asfĹleiac kai

axiopistÐac twn summeteqìntwn kĹpoia apì ta mèrh eÐnai dunatìn na apo-

fasÐsoun ton epilektikì qeirismì twn eiserqìmenwn mhnumĹtwn. KĹti

tètoio mporeÐ na ofeÐletai sthn abebaiìthta gia thn akrÐbeia twn su-

sthmĹtwn IDS enìc diktÔou-mèlouc ă thn empistosÔnh gia to epÐpedo

asfaleÐac pou epikrateÐ se autì (p.q. ènac emporikìc pĹroqoc mporeÐ

na mh sumfwneÐ me tic politikèc asfaleÐac enìc akadhmaðkoÔ diktÔou).

O epilektikìc qeirismìc mporeÐ na aforĹ sthn topojèthsh enìc {parĹ-

gonta axiopistÐac} sta eiserqìmena mhnÔmata apì sugkekrimèna dÐktua-

phgèc.

• AutonomÐa sthn epilogă topikÿn susthmĹtwn IDS. UpĹrqei megĹlo eÔ-

roc diaforetikÿn epilogÿn pou èqoun kalufjeÐ ădh sthn enìthta 2.3.1.

• Epilogă paramètrwn leitourgÐac twn Ontotătwn. To sugkekrimèno ză-

thma aforĹ sthn eleÔjerh epilogă tou kĹje diktÔou gia th sumperiforĹ

thc topikăc Sunergatikăc Ontìthtac.

To Sqăma 3.3 parousiĹzei mia endeiktikă ulopoÐhsh tou UperkeÐmenou Di-

ktÔou se èna diktuakì peribĹllon ìpou orismèna dÐktua èqoun epilèxei na mh

summetĹsqoun sth sunergasÐa.
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Sqăma 3.3: Endeiktikă egkatĹstash thc Sunergatikăc UperkeÐmenhc Upodo-

măc se mia omĹda diktÔwn
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Basikă leitourgÐa thc Sunergatikăc UperkeÐmenhc Upodomăc

KatĹ th diĹrkeia miac epÐjeshc DDoS h anÐqneush thc mporeÐ na gÐnei se kĹpoia

apì ta dÐktua tou UperkeÐmenou DiktÔou pou brÐskontai pĹnw sth diadromă

thc kÐnhshc. H anÐqneush ja exarthjeÐ apì tic mejìdouc pou ja qrhsimopoih-

joÔn kai thn euaisjhsÐa twn susthmĹtwn IDS. EntoÔtoic, an h epÐjesh den

aniqneuteÐ nwrÐtera, to telikì jÔma ja antimetwpÐsei Ĺmesh upobĹjmish kĹ-

poiwn uphresiÿn lìgw uperbolikăc qrhsimopoÐhshc twn pìrwn. To gegonìc

autì ja èqei san apotèlesma thn ekpompă enìc mhnÔmatoc ProeidopoÐhshc

(Alert) apì thn topikă Sunergatikă Ontìthta ă, se perÐptwsh plărouc dia-

kopăc thc sundesimìthtac, mia sqetikă èndeixh gia to upìloipo UperkeÐmeno

DÐktuo.

KĹje èna apì ta dÐktua pou ja lĹbei Alert ja to sunduĹsei17 me stoiqeÐa

apì ta topikĹ sustămata IDS gia na diapistÿsei katĹ pìson h roă thc ka-

kìboulhc kÐnhshc dièrqetai mèsa apì autì. O sunduasmìc twn Alerts, twn

(pijanÿn) endeÐxewn diakopăc kĹpoiwn shmeÐwn thc upodomăc kajÿc kai twn

topikÿn anaforÿn ja energopoiăsoun se kĹpoio bajmì th Sunergatikă On-

tìthta h opoÐa diadoqikĹ ja perĹsei stic katastĹseic {Pijanăc ’Uparxhc

PeristatikoÔ} (Suspicion State) kai {EnergopoÐhshc} (Alert State). Oi ka-

tastĹseic autèc apeikonÐzoun to bajmì energopoÐhshc enìc diktÔou gia èna

peristatikì sÔmfwna me tic epilogèc tou diaqeiristă tou. ’Oso pio kontĹ eÐ-

nai èna apì ta dÐktua tou UperkeÐmenou DiktÔou sto telikì jÔma (efìson

brÐsketai sto monopĹti thc epÐjeshc) tìso pio èntonec ja eÐnai oi anwmalÐec

pou ja aniqneutoÔn apì ta sustămata IDS ta opoÐa kai ja parĹgoun peris-

17
Τη lειτουργία αυτή την αναlαµβάνει η Οντότητα.
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sìterec anaforèc. KatĹ sunèpeia, oi Ontìthtec tou UperkeÐmenou DiktÔou

ja pernoÔn sthn katĹstash EnergopoÐhshc me megalÔterh pijanìthta ìso

proseggÐzoume to dÐktuo-jÔma. To Ðdio gegonìc exasfalÐzei ìti ta mètra an-

timetÿpishc ja lhfjoÔn kurÐwc sth diadromă thc epÐjeshc ìpou ta mhnÔmata

anÐqneushc ja eÐnai pio epÐmona. To telikì băma eÐnai h autìmath energopoÐhsh

diadikasiÿn filtrarÐsmatoc thc kakìboulhc kÐnhshc, sta katĹllhla shmeÐa se

kĹje èna dÐktuo, ÿste na meiwjoÔn ta apotelèsmata thc epÐjeshc.

To Sqăma 3.4 dÐnei mia anaparĹstash thc leitourgÐac tou UperkeÐmenou

DiktÔou pou mìlic perigrĹfhke
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Sqăma 3.4: Endeiktikă energopoÐhsh thc Sunergatikăc UperkeÐmenhc Upodo-

măc katĹ th diĹrkeia miac epÐjeshc

3.3.2 Oi Sunergatikèc Ontìthtec

Se kĹje sunergazìmeno dÐktuo egkajÐstatai èna sÔsthma me logismikì pou

ulopoieÐ thn topikă tou Sunergatikă Ontìthta. Aută analambĹnei tic epi-

koinwnÐec kai ulopoieÐ to UperkeÐmeno DÐktuo. Prìkeitai gia mia {arjrwtă}

(modular) platfìrma logismikoÔ pou sugkentrÿnei tic sqetikèc leitourgÐec.

’Olec oi Ontìthtec eÐnai isìtimec metaxÔ touc. AllhlepidroÔn katĹ trìpo pou

na mhn èqei epÐdrash sthn asfĹleia touc kai qwrÐc na jètoun se epiplèon
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kindÔnouc ta dÐktua pou eÐnai egkatesthmènec. H kÔria leitourgikìthta twn

Ontotătwn aforĹ sth diekperaÐwsh twn epikoinwniÿn tou UperkeÐmenou Di-

ktÔou
18
. Oi epikoinwnÐec autèc diexĹgontai me asfĹleia apì upoklopèc kai

epibebaÐwsh thc tautìthtac twn epikoinwnoÔntwn merÿn. Ta mhnÔmata pou a-

ntallĹssontai eÐnai diatupwmèna se XML, ìpwc proanafèrjhke, sÔmfwna me

to prìtupo IDMEF. To prìtupo autì orÐzei mhnÔmata dÔo eidÿn: MhnÔmata

Kanonikăc LeitourgÐac (Heartbeats) kai MhnÔmata ProeidopoÐhshc (Alerts).

Ta Heartbeats eÐnai periodikĹ ekpempìmenec enhmerÿseic ìti kĹpoia Sunerga-

tikă Ontìthta eÐnai se leitourgÐa kai se sÔndesh me to UperkeÐmeno DÐktuo.

QrhsimopoioÔntai katĹ perÐptwsh, anĹloga me to dÐktuo basikăc sundesi-

mìthtac pou qrhsimopoieÐtai, p.q. sta dÐktua IP Multicast epibebaiÿnoun th

leitourgÐa tou diktÔou diasÔndeshc upobĹjrou, enÿ me th qrăsh diktÔwn peer-

to-peer) oi diatijèmenec leitourgÐec ulopoÐhshc ta kajistoÔn mh anagkaÐa. Ta

Alerts apostèllontai ìtan diagnwsteÐ kĹpoio peristatikì apì th Sunergati-

kă Ontìthta. Qrhsimopoiÿntac th dunatìthta pou dÐnei to prìtupo IDMEF

h basikă perigrafă twn mhnumĹtwn se XML (Document Type Definition -

DTD) epektĹjhke ÿste na kalÔyei ìlec tic epiplèon anĹgkec leitourgÐac tou

UperkeÐmenou DiktÔou. ParadeÐgmata sugkekrimènwn mhnumĹtwn dÐnontai sto

KefĹlaio 4.

Se topikì epÐpedo, se kĹje èna apì ta dÐktua thc sunergasÐac, h Suner-

gatikă Ontìthta brÐsketai sthn korufă thc (pijanĹ upĹrqousac) ierarqÐac

susthmĹtwn IDS ta opoÐa thn trofodotoÔn me tic anaforèc touc19. Oi uphre-

18
Ακόµα και αν το προτεινόµενο δίκτυο δε χρησιµοποιηθεί στο τµήµα του που αφορά

στην ενεργή αντίδραση σε επιθέσειc παραµένει χρήσιµο ωc εξειδικευµένο µέσο µεταφοράc

µηνυµάτων που αφορούν την ασφάlεια.
19
∆ηlαδή, οι κορυφέc των ιεραρχιών των επιµέρουc δικτύων δηµιουργούν, όπωc αναφέρ-

θηκε µια επίπεδη, µη ιεραρχική αρχιτεκτονική πάνω στο Υπερκείµενο ∆ίκτυο.
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sÐec anÐqneushc pou parèqontai apì ta sustămata IDS gÐnontai ètsi diajèsimec

sta upìloipa mèlh thc koinìthtac. H Ontìthta apoteleÐ to shmeÐo sugkèn-

trwshc kai anĹlushc twn anaforÿn asfaleÐac topikăc (apì sustămata IDS)

kai exwterikăc proèleushc.

Oi diĹforec anaforèc anĹloga me thn proèleush touc kai thn empistosÔnh

pou èqei o diaqeiristăc proc thn antÐstoiqh phgă apoktoÔn eiserqìmena bĹrh

kai suneisfèroun se diaforetikì bajmì sthn telikă diapÐstwsh enìc perista-

tikoÔ. Ta mhnÔmata mporeÐ na diajètoun epÐshc kai èna bajmì bebaiìthtac

proerqìmeno apì ton apostolèa touc. Gia èna sugkekrimèno peristatikì h

Ontìthta pernĹ diadoqikĹ se katĹstash {UpoyÐac} ă {Pijanăc ’Uparxhc Pe-

ristatikoÔ} (Suspicion State) kai sth sunèqeia katĹstash {EnergopoÐhshc}

(Alert State) bĹsei tou plăjouc twn mhnumĹtwn, thc sobarìthtac touc kai thc

axiopistÐac tou apostolèa. H metĹbash anĹmesa stic katastĹseic epiteleÐtai

efìson h {sussÿreush} (accumulation) bebaiìthtac apì ta diĹfora mhnÔma-

ta, gia th diapÐstwsh enìc peristatikoÔ, xeperĹsei thn timă kĹpoiwn orÐwn

(thresholds) entìc sÔntomou qronikoÔ diastămatoc. Oi timèc autÿn twn orÐ-

wn orÐzontai apì to diaqeiristă thc Ontìthtac topikĹ. Katfl autìn ton trìpo

h Ontìthta ulopoieÐ th mèjodo yhfoforÐac {basismènh se bĹrh} (weighted

voting) sthn opoÐa ìmwc sunupĹrqei kai h qronikă parĹmetroc.

Basizìmeno sthn Ontìthta, pou paÐzei to rìlo {antiprìswpou} (proxy)

thc Sunergatikăc Upodomăc, kĹje dÐktuo-mèloc mporeÐ na summetèqei se aută

qwrÐc na qreiĹzetai na ekqwrhjoÔn eswterikĹ diaqeiristikĹ dikaiÿmata. Se

topikì epÐpedo, kĹje Sunergatikă Ontìthta elègqetai apì politikèc leitour-

gÐac kai antÐdrashc. ParadeÐgmata tètoiwn rujmÐsewn eÐnai:

• H parĹmetroc empistosÔnhc pou apodÐdetai sta mhnÔmata kĹje suner-
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gazìmenou diktÔou.

• ’Enac metrhtăc qrìnou pou arqÐzei na metrĹei antÐstrofa apì mia arqikă

timă metĹ apì kĹje lăyh mhnÔmatoc sqetikoÔ me kĹpoio parakoloujoÔ-

meno peristatikì kai ananeÿnei thn timă tou me kĹje nèo mănuma. O

qrìnoc autìc antistoiqeÐ sthn diĹrkeia {diègershc} thc Ontìthtac apì

èna monadikì mănuma.

• Ta {katÿflia bebaiìthtac} (certainty thresholds) upèrbash twn opoÐwn

apì th sussÿreush mhnumĹtwn gia kĹpoio peristatikì prokaleÐ metĹ-

bash thc Ontìthtac sthn epìmenh katĹstash energopoÐhshc.

EntoÔtoic, oi parĹmetroi autoÐ, ìpwc kai h leitourgÐa twn susthmĹtwn IDS

pou parèqoun th basikă eÐsodo stoiqeÐwn sto sÔsthma mporeÐ na epilegoÔn

(metĹ apì sumfwnÐa) na eÐnai koinĹ gia ìla ta dÐktua thc Upodomăc.

MetĹ to pèrasma se katĹstash {EnergopoÐhshc} h Ontìthta ja epidiÿxei

na anagnwrÐsei thn topojèthsh tou diktÔou sto opoÐo eÐnai egkatesthmènh

wc proc to monopĹti thc epÐjeshc (pijană phgă, dÐktuo dièleushc, stìqoc

thc epÐjeshc ă mh sqetizìmenh) bohjoÔmenh apì ta mhnÔmata pou èqei lĹbei

apì to UperkeÐmeno DÐktuo, qwrÐc ètsi na qreiasteÐ na ektelèsei polÔplo-

kec diadikasÐec parakoloÔjhshc kai anakĹluyhc thc diadromăc (traceback)

pou proteÐnontai apì polloÔc ereunhtèc (blèpe sqetikĹ thn Enìthta 2.3.2).

Apì upĹrqousec politikèc antÐdrashc ja anazhtăsei thn katĹllhlh gia thn

antimetÿpish tou sugkekrimènou peristatikoÔ pou èqei analÔsei, kai ja thn

ulopoiăsei antidrÿntac ètsi sthn epÐjesh DDoS anexĹrthta allĹ parĹllhla

me tic upìloipec omìtimec Ontìthtec sta Ĺlla dÐktua.
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3.3.3 Ta Sustămata AnÐqneushc Epijèsewn (Intrusion

Detection Systems)

Ta Sustămata IDS stoiqeiojetoÔn th basikă ikanìthta anÐqneushc kĹje di-

ktÔou. Mia basikă perigrafă thc leitourgÐac touc ègine sthn Enìthta 2.3.1.

H Sunergatikă Upodomă de jètei sugkekrimènouc kanìnec kai periorismoÔc

wc proc to eÐdoc, ton trìpo leitourgÐac kai th diĹtaxh twn monĹdwn autÿn.

’Allwste h filosofÐa tou sunergatikoÔ Sustămatoc basÐzetai se anexarth-

sÐa apì tic teqnologÐec, tic ulopoiăseic kai ta proðìnta sta opoÐa basÐzon-

tai ta topikĹ sustămata IDS. EpÐshc jewreÐtai ìti h opoiadăpote klimĹkw-

sh thc arqitektonikăc IDS (suskeuèc pollaplÿn epipèdwn) kai sugkèntrwsh

(aggregation) twn plhroforiÿn gÐnetai prokeimènou na exuphretăsei topikèc

anĹgkec tou diktÔou kai den aforĹ th leitourgÐa tou UperkeÐmenou DiktÔou.

Wc proc thn arqitektonikă egkatĹstashc twn susthmĹtwn IDS, h Sunergati-

kă Ontìthta èqei parìmoio rìlo me opoiadăpote Ĺllh diaqeiristikă efarmogă

h opoÐa zhtĹ na qrhsimopoiăsei ta apotelèsmata anÐqneushc.

Oi proôpojèseic pou tÐjentai prokeimènou mia ă perissìterec efarmogèc

IDS na entaqjoÔn kai na qrhsimopoihjoÔn sth Sunergatikă Upodomă eÐnai:

• H leitourgÐa twn susthmĹtwn IDS me antikeÐmeno thn anÐqneushc epi-

jèsewn DDoS. H mèjodoc pou ja qrhsimopoihjeÐ gia thn anÐqneush den

paÐzei rìlo. H Sunergatikă Ontìthta ìmwc, eÐnai se jèsh na orÐzei bĹ-

rh sta mhnÔmata pou dèqetai apì èna IDS anĹloga me thn empistosÔnh

pou èqei sth qrhsimopoioÔmenh mèjodo. EpÐshc, efìson to sÔsthma

IDS apodÐdei {suntelestă bebaiìthtac} sthn anÐqneush sta mhnÔmata

tou, h Ontìthta eÐnai dunatìn na ton qrhsimopoiăsei sthn exagwgă twn



3.3 Perigrafă thc Arqitektonikăc 101

sumperasmĹtwn thc.

• H èkdosh telikÿn sumperasmĹtwn gia èna sugkekrimèno dÐktuo ` kìmbo

thc Sunergatikăc Upodomăc. H Sunergatikă Ontìthta den analambĹnei

thn epexergasÐa dedomènwn gia na diathrăsei thn anexarthsÐa thc apì

tic pijanèc diaforetikèc ulopoiăseic qamhloÔ epipèdou, tic diaforetikèc

mejìdouc leitourgÐac aisjhtărwn k.lp.

• StoiqeÐa peristatikoÔ. Oi anaforèc twn susthmĹtwn IDS prèpei katfl

elĹqiston na perilambĹnoun:

– DieÔjunsh (ă perioqă dieujÔnsewn) telikoÔ stìqou (sÔsthma, omĹ-

da susthmĹtwn ă dÐktuo).

– Prwtìkollo kai jÔra pou qrhsimopoieÐ h kakìboulh kÐnhsh.

– DÐktuo eisìdou kai dÐktuo exìdou thc kÐnhshc sth diadromă proc

to jÔma.

– Qronikă sămansh thc anaforĹc.

– ProairetikĹ èna bajmì bebaiìthtac gia to peristatikì.

• SÔntaxh twn mhnumĹtwn se XML sÔmfwna me thn prodiagrafă IMDEF.

Apostolă twn dÔo eidÿn mhnumĹtwn pou problèpei to prìtupo autì

(Alerts kai Heartbeats). Akìma ki an to sÔsthma IDS den problèpei

mia tètoia leitourgikìthta eÐnai polÔ aplă h ulopoÐhsh enìc endiĹmesou

sustămatoc pou ja metatrèpei ta mhnÔmata sÔmfwna me to prìtupo.

Gia parĹdeigma, mia tètoia ulopoÐhsh pragmatopoiăjhke sto ergastărio

NETMODE tou E.M.P. sta plaÐsia diplwmatikăc ergasÐac [Andr03] kai

aforoÔse sth diamìrfwsh mhnumĹtwn anÐqneushc tou sustămatoc Snort
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[Casw03] me th qrăsh enìc {meta-epexergastă} (post-processor) pou

problèpetai apì thn arqitektonikă tou ergaleÐou, ÿste na akoloujoÔn

to prìtupo IDMEF (to XML DTD)20.

3.4 EpikoinwnÐec sthn Arqitektonikă

’Ena apì ta shmantikìtera problămata pou prèpei na antimetwpÐsei opoiadăpo-

te katanemhmènh arqitektonikă pou basÐzetai stic antallagèc mhnumĹtwn eÐnai

na apofÔgei thn ektìc elègqou klimĹkwsh autÿn twn epikoinwniÿn kai th

dhmiourgÐa ètsi epiplèon (epibarÔnousac) kÐnhshc. Sthn perÐptwsh pou exe-

tĹzoume to prìblhma eÐnai idiaÐtera shmantikì giatÐ oi epikoinwnÐec autèc ja

prèpei na gÐnontai se dÐktua pou pijanìn na brÐskontai ădh se koresmì exfl aitÐ-

ac miac epÐjeshc DDoS. To teleutaÐo stoiqeÐo apoteleÐ epÐshc kai perioristikì

parĹgonta gia suneqeÐc epikoinwnÐec dÔo kateujÔnsewn metaxÔ opoiwndăpote

kìmbwn.

H proteinìmenh prosèggish exètase lÔseic se autì to prìblhma tìso wc

proc th dunatìthta ulopoÐhshc tou UperkeÐmenou DiktÔou ìso kai wc proc

ton èlegqo tou plăjouc twn paragìmenwn mhnumĹtwn
21
. H antimetÿpish tou

problămatoc sthn paroÔsa ergasÐa gÐnetai katĹ kÔrio lìgo me th qrăsh me-

jìdwn apostolăc mhnumĹtwn {apì ènan se polloÔc}. Se mia seirĹ apì pei-

ramatikèc ulopoiăseic, exetĹsthke enallaktikĹ h qrăsh epikoinwnÐac multi-

cast epipèdou IP kai dÐktua epipèdou efarmogăc ` uperkeÐmena (overlay) dÐktua

20
Πιο συγκεκριµένα τα µηνύµατα συντάσσονται σύµφωνα µε το εξεlιγµένο IDMEF DTD

που χρησιµοποιείται στιc επικοινωνίεc του Υπερκείµενου ∆ικτύου. ∆είτε σχετικά το Τµήµα

4.3.2.
21
Αφορά στη µεθοδοlογία παραγωγήc µηνυµάτων, τιc προôποθέσειc δηµιουργίαc τουc και

τον έlεγχο του πlήθουc τουc µέσω τηc εσωτερικήc lειτουργίαc τηc Συνεργατικήc Οντότηταc.

Παρουσιάζεται αναlυτικά στο Κεφάlαιο 4.



3.4 EpikoinwnÐec sthn Arqitektonikă 103

peer-to-peer. Tautìqrona orismèna qrăsima organwtikĹ qarakthristikĹ stoi-

qeÐa autÿn twn mejìdwn qrhsimopoiăjhkan wc prìsjeta pleonektămata thc

Sunergatikăc Arqitektonikăc dÐnontac leitourgikìthta pou de ja ătan dunată

me aplèc epikoinwnÐec unicast ({ènac proc ènan}).

IdiaÐterh epidÐwxh thc lÔshc eÐnai h anexarthsÐa apì to diktuakì upìba-

jro gia thn egkatĹstash kai th leitourgÐa tou UperkeÐmenou diktÔou. Ken-

trikì stoiqeÐo sth filosofÐa thc Sunergatikăc Upodomăc eÐnai na mporeÐ na

ulopoihjeÐ me diaforetikoÔc trìpouc, kĹnontac qrăsh opoiwndăpote mèswn

diktuakăc sÔndeshc qamhloÔ epipèdou eÐnai diajèsima se kĹje perÐptwsh. ’Em-

fash dÐnetai epÐshc sth dunatìthta xeperĹsmatoc empodÐwn pou mporeÐ pijanĹ

na tejoÔn se qamhlì epÐpedo ÿste se kĹje perÐptwsh na exasfalÐzetai basikă

sundesimìthta metaxÔ twn kìmbwn thc.

Epiplèon upĹrqei mia seirĹ apì enallaktikèc proseggÐseic sto Ðdio prì-

blhma pou parousiĹzoun epÐshc qrăsima qarakthristikĹ. Tètoia eÐnai to pe-

ribĹllon {Plègmatoc} (Grid). H teleutaÐa aută mèjodoc den epibebaiÿjhke

me ulopoÐhsh sta plaÐsia thc paroÔsac diatribăc.

3.4.1 MejodologÐec IP Multicast

OrgĹnwsh kai leitourgÐa thc Arqitektonikăc me IP Multicast

Me th qrăsh tou multicast sto epÐpedo IP epilÔetai to prìblhma twn pol-

laplÿn epikoinwniÿn metaxÔ twn ontotătwn me ènan aplì trìpo pou eÐnai ădh

diajèsimoc se pollĹ dÐktua, tìso ereunhtikĹ ìso kai paragwgăc. H Suner-

gatikă Ontìthta de qreiĹzetai na lÔsei perÐploka jèmata (de qreiĹzetai na

diajèsei upologistikoÔc pìrouc) gia thn orgĹnwsh tou diktÔou h opoÐa ana-
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lambĹnetai exfl oloklărou apì thn upodomă twn diktÔwn pou th filoxenoÔn.

OrÐzetai èna apokleistikì kanĹli (omĹda multicast – multicast group) kai

oi epikoinwnÐec tou UperkeÐmenou DiktÔou pragmatopoioÔntai entìc autoÔ. H

omĹda multicast aută orÐzetai me th qrăsh miac sugkekrimènhc dieÔjunshc IP

apì tic desmeumènec gia epikoinwnÐec multicast22. Ta sunergazìmena dÐktua

sumfwnoÔn ek twn protèrwn gia to poia ja eÐnai aută h omĹda ìpwc kai Ĺlla

jèmata ìpwc h leitourgÐa shrĹggwn (tunnels) diamèsou Ĺllwn, mh sunerga-

zìmenwn, diktÔwn pou den uposthrÐzoun to IP multicast.

UpĹrqei epÐshc h dunatìthta qrhsimopoÐhshc {asfaloÔcmulticast} (secure

multicast) [Smug05]. Sthn ekdoqă aută thc epikoinwnÐac multicast h sÔndesh

me ton kontinìtero dromologhtă diasÔndeshc gÐnetai metĹ apì epibebaÐwsh thc

tautìthtac me th qrăsh kwdikoÔ asfaleÐac. H diaqeÐrish kai dianomă autÿn

twn kwdikÿn prìsbashc mporeÐ eÔkola na gÐnei sta plaÐsia twn upoloÐpwn

sumfwniÿn gia th dhmiourgÐa thc arqitektonikăc. EntoÔtoic, h qrăsh tou

asfaloÔc multicast den axiologăjhke leptomerÿc sta plaÐsia thc paroÔsac

ergasÐac, epeidă to prwtìkollo den èqei akìma exeliqjeÐ arketĹ.

Oi epikoinwnÐec metaxÔ Ontotătwn ulopoioÔntai eÔkola me thn prosjăkh

upostărixhc multicast sthn ulopoÐhsh touc23. H upostărixh aută aforĹ:

a. Sth sÔndesh me to antÐstoiqo kanĹli epikoinwnÐac multicast pou èqei

oristeÐ gia th Sunergatikă Arqitektonikă (dhladă tic diadikasÐec pou

apaitoÔntai apì to prwtìkollo IGMP (Internet Group Management

Protocol) gia sÔndesh me ton pio kontinì dromologhtă ă kai autèc pou

22
Πρόκειται για τιc διευθύνσειc IP εντόc του διαστήµατοc 224.0.0.0-239.255.255.255.

23
Η Οντότητα χρειάζεται βέβαια να υποστηρίζει και τιc επικοινωνίεc µε την τοπική ιεραρχία

Συστηµάτων IDS εφόσον αυτή δεν είναι επίσηc τύπου multicast.
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orÐzontai apì to {asfalèc multicast} (secure multicast) efìson autì

qrhsimopoieÐtai.

b. Sthn epikoinwnÐa me thn apostolă kai lăyh pakètwn multicast mèsw thc

katĹllhlhc programmatistikăc upodomăc (Application Programming In-

terface – API).

H leitourgÐa katfl autìn ton trìpo proôpojètei thn Ôparxh kai upostări-

xh multicast apì ta dÐktua pou ja summetèqoun sth Sunergatikă Upodomă.

DiĹfora apì ta dunamikĹ prwtìkolla sÔndeshc tou multicast eÐnai epÐshc ka-

tĹllhla: Ta PIM (Protocol-Independent Multicast) Puknăc Domăc (Dense

Mode), to MBGP (Multi-protocol extensions to BGP4), kai o sunduasmìc

MBGP/MSDP (Multicast Source Discovery Protocol)/PIM Araiăc Domăc

(Sparse Mode) eÐnai kĹpoia apì autĹ [Alme00]. Gia tic mejìdouc autèc èqoun

parousiasteÐ paradeÐgmata diktÔwn ta opoÐa leitourgoÔn kanonikĹ [Alme00]

opìte sthn paroÔsa ergasÐa jewreÐtai ìti prìkeitai gia èna prìblhma lumèno

kai pèran tou antikeimènou thc.

Lìgw twn kalÿc orismènwn summeteqìntwn susthmĹtwn (dhladă sundro-

mhtÿn multicast) kai tou mikroÔ plăjouc touc se kĹje dÐktuo h diatărhsh tou

dèntrou diasÔndeshc (multicast tree) kai h suntărhsh thc omĹdac multicast24

eÐnai nte-fĹkto eukolìterh apì Ĺllec tupikèc qrăseic tètoiwn uphresiÿn ìpou

ta sustămata pelĹtec multicast sundèontai kai aposundèontai diarkÿc apì to

dÐktuo.

Sthn Arqitektonikă prèpei na problèpetai to endeqìmeno problhmĹtwn

sto qamhlìtero epÐpedo kai h leitourgÐa thc na ephreĹzetai katĹ to dunatìn

24
Πρόκειται για τιc διαδικασίεc δυναµικήc συµµετοχήc συστηµάτων στην οµάδα multicast,

διαγραφήc ανενεργών {κlαδιών} του δέντρου διασύνδεσηc (inactive branch pruning) κ.lπ.
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ligìtero apì autĹ. H upostărixh multicast apì ta sunergazìmena dÐktua ja

prèpei na eÐnai eparkăc gia na sthriqteÐ se autì mia uphresÐa pou sqetÐzetai

me zhtămata asfaleÐac.

Gia to lìgo autì, lÔseic basismènec sto multicast, qrhsimopoioÔntai ta

mhnÔmata kanonikăc leitourgÐac (”heartbeats”) tou IDMEF pou enhmerÿnoun

gia tuqìn problămata epikoinwnÐac eÐte lìgw astoqÐac kĹpoiac Sunergatikăc

Ontìthtac eÐte exfl aitÐac tou diktÔou. GenikĹ, sto sqediasmì twn Ontotătwn

upĹrqoun eparkeÐc èlegqoi ÿste èna teqnikì prìblhma na mhn energopoiăsei

anagkastikĹ mia esfalmèna jetikă anÐqneush.

Th stigmă aută oi uphresÐec multicast den apoteloÔn uphresÐa prote-

raiìthtac ă den uposthrÐzontai akìma se pollĹ emporikĹ dÐktua (ISPs). H

diatărhsh tou dèndrou diasÔndeshc kai h dromolìghsh multicast eÐnai epÐshc

arketĹ polÔplokec diadikasÐec, eidikĹ metaxÔ diaforetikÿn domains [Alme00].

Se arketèc periptÿseic de, upĹrqoun duskolÐec sthn upostărixh apì touc

kataskeuastèc dromologhtÿn. ’Ola autĹ eÐnai problămata pou prèpei na an-

timetwpistoÔn wc zhtămata sunergasÐac sth diaqeÐrish twn diktÔwn.

AnĹlush qrăshc tou IP Multicast

H qrăsh tou IP Multicast parousiĹzei epiplèon mia seirĹ apì sugkekrimèna

pleonektămata sthn orgĹnwsh kai leitourgÐa thc Upodomăc:

• Dunatìthtec elegqìmenhc klimĹkwshc thc arqitektonikăc. H Ôparxh

enìc upìbajrou epikoinwnÐac me multicast epitrèpei thn orgĹnwsh kai

thn klimĹkwsh thc arqitektonikăc me thn epilogă katĹllhlwn timÿn gia

thn parĹmetro TTL (arijmìc epitrepìmenwn bhmĹtwn apì kìmbo se kìm-
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bo ` Time To Live) twn pakètwn pou antallĹssontai. Oi epikoinwnÐec

tou UperkeÐmenou DiktÔou diekperaiÿnontai se èna sugkekrimèno ka-

nĹli (desmeumènh dieÔjunsh IP multicast) kai ta mhnÔmata mporoÔn na

ftĹsoun mèqri ta shmeÐa pou epilègetai autì na metadÐdetai. Epiplèon

akìma kai entìc tou Ðdiou tou UperkeÐmenou DiktÔou eÐnai dunatìn na

oristoÔn apostĹseic metĹbashc twn mhnumĹtwn orÐzontac sthn parĹme-

tro TTL thn aktÐna metĹdoshc gÔrw apì ton apostolèa pou mporoÔn na

ftĹsoun. ’Etsi ta mhnÔmata apì mia Sunergatikă Ontìthta mporoÔn na

dianèmontai mìnon se geitonikĹ dÐktua (stic ekeÐ Ontìthtec). H sunde-

simìthta multicast exasfalÐzei autìmata thn apousÐa {brìqwn} (loops)

sto dÐktuo diasÔndeshc twn Ontotătwn.

• ParĹllhlh leitourgÐa efedrikÿn Ontotătwn. H mèjodoc IP Multicast

epitrèpei thn {pajhtikă} parakoloÔjhsh enìc kanalioÔ apì mia Ontì-

thta qwrÐc na apokalÔptei th dieÔjunsh thc. ’Etsi eÐnai dunatìn peris-

sìterec thc mÐac Ontìthtec na leitourgoÔn parĹllhla se kĹje dÐktuo,

akìma kai se diaforetikĹ shmeÐa tou wc efedrikèc. Oi epiplèon Ontìth-

tec mporoÔn na lambĹnoun ta Ðdia mhnÔmata me thn kÔria kai na diathroÔn

thn Ðdia katĹstash leitourgÐac. Se perÐptwsh pou h kÔria Sunergatikă

Ontìthta tejeÐ ektìc leitourgÐac eÐte lìgw astoqÐac eÐte lìgw epÐjeshc

oi epiplèon diajèsimec Ontìthtec mporoÔn na analĹboun (me mia diadika-

sÐa anakĹluyhc tou problămatoc kai epilogăc nèac kÔriac) leitourgikì

rìlo. Epiplèon h diasporĹ touc aută akìma kai se diaforetikĹ upodÐ-

ktua exasfalÐzei ìti de ja tejoÔn ìlec tautìqrona ektìc leitourgÐac

apì mÐa mìnon epÐjesh.
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UlopoÐhsh thc LÔshc IP Multicast

Sta plaÐsia thc diplwmatikăc ergasÐac [Qatz02] ègine kai h peiramatikă epibe-

baÐwsh thc dunatìthtac thc leitourgÐac thc Arqitektonikăc me IP Multicast.

Pio sugkekrimèna, leitoÔrghse epituqÿc èna dÐktuo basismèno se IP Mul-

ticast mèsw tou opoÐou antallĹssontai mhnÔmata proeidopoÐhshc (Alerts) kai

Kanonikăc LeitourgÐac (Heartbeats) domhmèna se XML katĹ to prìtupo ID-

MEF. Ston paralăpth ta mhnÔmata analÔontai kai metafèroun thn plhroforÐa

pou perièqoun se mÐa BĹsh Katagrafăc Anaforÿn. H ulopoÐhsh ègine se Ja-

va kai entĹqjhke sto diaqeiristikì plaÐsio thc programmatistikăc upodomăc

Java Management Extensions (JMX) [Jmx04]25. ’Ena web interface parèqei

sto diaqeiristă th dunatìthta na elègqei tic eiserqìmenec anaforèc se mia

Ontìthta (apì topikèc ă apomakrusmènec phgèc). Se rìlo antÐstoiqo proc

èna automatopoihmèno sÔsthma energopoÐhsh thc Ontìthtac, o diaqeiristăc

mporeÐ epÐshc na ekteleÐ anazhtăseic (tÔpou erwthmĹtwn SQL) stic apojh-

keumènec anaforèc ÿste na tic sunduĹsei kai na entopÐsei peristatikĹ.

To Sqăma 3.5 dÐnei mia genikă apeikìnish thc arqitektonikăc tou prwtotÔ-

pou pou perigrĹfhke.

25
∆είτε σχετικά τιc lεπτοµέρειεc τηc αρχιτεκτονικήc τηc Οντότηταc στο Κεφ. 4
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Sqăma 3.5: Arqitektonikă prwtotÔpou Ontìthtac pou qrhsimopoieÐ IP Mul-
ticast
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SumperĹsmata apì th qrăsh IP Multicast

Apì to sqediasmì thc leitourgÐac thc Arqitektonikăc me th qrăsh IP Multi-

cast kai apì ta apotelèsmata thc ulopoÐhshc kai leitourgÐac tou prwtotÔpou

prokÔptoun ta exăc sumperĹsmata:

• Oi Ontìthtec mporoÔn na sundejoÔn me to upokeÐmeno egkatesthmèno

dÐktuo IP Multicast kai na epikoinwnăsoun apotelesmatikĹ dhmiourgÿn-

tac to dÐktuo (epipèdou efarmogăc) thc Sunergatikăc Upodomăc.

• AnagkaÐa sunjăkh gia tic epikoinwnÐec thc Upodomăc apoteleÐ h Ôparxh

kai orjă leitourgÐa tou diktÔou Multicast (dhmiourgÐa dèndrwn dromo-

lìghshc, sÔndesh apomonwmènwn klĹdwn, diekperaÐwsh aităsewn epè-

ktashc thc sundesimìthtac multicast k.lp.) kai mĹlista metaxÔ dia-

foretikÿn diktÔwn (domains). H sundesimìthta aută apaiteÐ politikă

dèsmeush twn summeteqìntwn diktÔwn, thn dèsmeush antÐstoiqwn upo-

logistikÿn pìrwn (susthmĹtwn, logismikoÔ k.lp.) kai ergasÐa apì touc

katĹ tìpouc diaqeiristèc gia thn ulopoÐhsh thc kai th lÔsh tuqìn pro-

blhmĹtwn.

• Lìgw thc exĹrthshc apì exwterikă upodomă diasÔndeshc se epÐpedo IP

(Multicast Tree) h Sunergatikă Upodomă (h opoÐa leitourgeÐ se anÿ-

tero epÐpedo) qreiĹzetai na ulopoieÐ epiplèon mhqanismoÔc epibebaÐwshc

thc sundesimìthtac metaxÔ twn diktÔwn-kìmbwn thc (me th morfă Mh-

numĹtwn Kanonikăc LeitourgÐac ` Heartbeats).

• Tèloc, me th qrăsh thc programmatistikăc upodomăc JMX (ă Ĺllhc

antÐstoiqhc) eÐnai dunată h {katĹ tmămata} (modular) ulopoÐhsh kai
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diaqeÐrish thc Sunergatikăc Ontìthtac. H prosèggish aută dÐnei th du-

natìthta gia epimèrouc èlegqo twn tmhmĹtwn thc Ontìthtac, epitrèpei

tmhmatikèc anabajmÐseic kai rujmÐseic qwrÐc sunolikă diadikasÐa epanek-

kÐnhshc (rebooting) kai dÐnei th dunatìthta gia katanomă leitourgiÿn se

perissìtera tou enìc upologistikĹ sustămata.

3.4.2 Qrăsh diktÔou peer-to-peer (epipèdou efarmo-

găc) gia sunergasÐa mikrăc klÐmakac

H teqnikă epikoinwnÐac peer-to-peer èqei gnwrÐsei eureÐa exĹplwsh ta teleu-

taÐa qrìnia, wc mèso gia th dhmiourgÐa uperkeÐmenwn (overlay) diktÔwn metafo-

rĹc perieqomènou, apofeÔgontac thn anĹgkh Ôparxhc enìc kentrikoÔ kìmbou.

Lìgw thc diadedomènhc qrăshc thc (kurÐwc antallagèc arqeÐwn), h mejodolo-

gÐa peer-to-peer, èqei exeliqjeÐ katĹ tètoio trìpo ÿste na xepernĹ diktuakĹ

empìdia (p.q. Sustămata Diktuakăc ProstasÐac ` Firewalls) ă mh sunerga-

zìmena tmămata tou diktÔou kai na diathreÐtai se leitourgÐa akìma kai upì

idiaÐtera antÐxoec sunjăkec (p.q. qamhlèc taqÔthtec sundesimìthtac). ’Ena

dÐktuo tètoiou tÔpou ulopoieÐtai sto epÐpedo efarmogăc kai ìloi oi kìmboi eÐnai

apìluta isìtimoi metaxÔ touc. Ta qarakthristikĹ autĹ eÐnai idiaÐtera qrăsi-

ma kai gia th Sunergatikă Upodomă. ’Ena uperkeÐmeno dÐktuo peer-to-peer

mporeÐ na qrhsimopoihjeÐ, gia th metaforĹ twn mhnumĹtwn metaxÔ twn Onto-

tătwn, antÐ gia arqeÐa. H kÔria diaforĹ apì th lÔsh IP Multicast eÐnai ìti oi

Ðdiec oi Ontìthtec qreiĹzetai na ulopoioÔn th leitourgikìthta diasÔndeshc,

antÐ na qrhsimopoioÔn ădh èna ulopoihmèno dÐktuo. Stic Ontìthtec gÐnetai

qrăsh twn programmatistikÿn upodomÿn (Application Program Interfaces –
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APIs) pou parèqontai tupopoihmènec apì diĹforec ulopoiăseic epikoinwniÿn

peer-to-peer. ParĹllhla, h qrăsh teqnikÿn peer-to-peer parèqei (ìpwc kai h

lÔsh me IP Multicast) eidikĹ qarakthristikĹ, qrăsima sth leitourgÐa kai thn

orgĹnwsh thc Sunergatikăc Arqitektonikăc. EpitugqĹnetai ètsi:

• H autìmath orgĹnwsh thc arqitektonikăc, h dromolìghsh kai h metĹdo-

sh twn mhnumĹtwn {apì ènan se polloÔc}.

• H dunatìthta sunèqishc thc leitourgÐac thc arqitektonikăc akìma kai

an kĹpoioi apì touc kìmbouc thc èqoun tejeÐ ektìc leitourgÐac lìgw

astoqÐac ă uperfìrtwshc tou diktÔou. Pio sugkekrimèna pollèc pro-

seggÐseic peer-to-peer eÐnai eidikĹ beltistopoihmènec gia thn perÐptwsh

Ôparxhc pollÿn kìmbwn me megĹlh suqnìthta eisìdou kai exìdou melÿn

sto uperkeÐmeno dÐktuo.

• Sunolikă epexergasÐa twn plhroforiÿn sqetikĹ me thn epÐjesh (eidikì-

tera katagrafă thc diadromăc thc) apì kĹpoio kìmbo pou analambĹnei

autìmata to rìlo thc sugkèntrwshc stoiqeÐwn, pèra apì tic epimèrouc

diapistÿseic twn upoloÐpwn Ontotătwn.

• DhmiourgÐa omĹdwn diktÔwn pou sunergĹzontai sthn apì koinoÔ antime-

tÿpish sugkekrimènwn peristatikÿn pou ta aforoÔn.

Sqhmatismìc tou diktÔou

’Opwc kai sthn perÐptwsh tou IP Multicast to uperkeÐmeno dÐktuo sqhmatÐze-

tai kai xekinĹ th leitourgÐa tou prin thn emfĹnish opoioudăpote peristatikoÔ.

MetĹ thn anÐqneush enìc peristatikoÔ organÿnetai se sugkekrimènec omado-

poiăseic energopoiÿntac ekeÐnouc touc kìmbouc thc topologÐac pou faÐnetai
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na sqetÐzontai me autì. H ìlh diadikasÐa summetoqăc sto dÐktuo kai anakĹ-

luyhc twn Ĺllwn kìmbwn pou leitourgoÔn gÐnetai men apì th Sunergatikă

Ontìthta praktikĹ ìmwc analambĹnetai apì th leitourgikìthta peer-to-peer

pou enswmatÿnei aută; den eÐnai aparaÐthto na anaptuqjeÐ ek tou mhdenìc.

KatĹ thn arqikă fĹsh dhmiourgÐac tou diktÔou, o kĹje kìmboc pou ener-

gopoieÐtai epiqeireÐ na anakalÔyei Ĺllouc omìtimouc kai na gÐnei mèroc thc

organwmènhc upodomăc peer-to-peer. H diadikasÐa pou akoloujeÐtai eÐnai tu-

pikă gia th summetoqă se organwtikĹ sqămata tètoiou eÐdouc. Sto prÿto

băma gÐnetai sÔndesh me ènan kìmbo pou ădh leitourgeÐ, o opoÐoc ja ektelè-

sei tic aparaÐthtec diadikasÐec epibebaÐwshc thc tautìthtac kai apodoqăc tou

nèou mèlouc. H anakĹluyh tou prÿtou kìmbou eÐnai dunatìn na gÐnei me ènan

arijmì apì diaforetikoÔc trìpouc:

A. QrhsimopoieÐtai ènac genikìtera gnwstìc exuphrethtăc sÔndeshc geni-

kăc qrăshc. O exuphrethtăc autìc mporeÐ na èqei dhmìsio qaraktăra

kai na parèqei uphresÐec se pollĹ diaforetikĹ dÐktua peer-to-peer pou

leitourgoÔn en parallălw; parapèmpei ston pio kontinì kìmbo thc Su-

nergatikăc Upodomăc qwrÐc kanèna epiplèon èlegqo. Sth sunèqeia o

Sunergatikìc kìmboc ja pragmatopoiăsei tic diadikasÐec elègqou prì-

sbashc k.lp. kai ja dÿsei tic aparaÐthtec plhroforÐec gia touc upì-

loipouc kìmbouc tou UperkeÐmenou DiktÔou pou leitourgoÔn ădh. H

prosèggish aută, mporeÐ na prokalèsei problămata sthn perÐptwsh pou

oi exuphrethtèc upostoÔn oi Ðdioi epÐjesh DDoS ă parabiastoÔn kai pe-

rĹsoun ston èlegqo trÐtwn. Gia to men prÿto prìblhma eÐnai dunatìn o

nèoc kìmboc na dokimĹzei ènan arijmì apì diaforetikoÔc kai apomakru-
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smènouc metaxÔ touc exuphrethtèc, apofeÔgontac èna monadikì shmeÐo

astoqÐac. To deÔtero prìblhma den eÐnai men se jèsh na odhgăsei se

Ĺmesh parabÐash tou SunergatikoÔ DiktÔou (upĹrqoun epiplèon diadi-

kasÐec elègqou prìsbashc)
26
allĹ mporeÐ na kĹnei gnwstoÔc kĹpoiouc

apì touc kìmbouc tou jètontac touc ètsi se kÐnduno.

B. Sta plărwc isìtima dÐktua peer-to-peer, kĹje kìmboc mporeÐ na paÐxei

to rìlo tou exuphrethtă sÔndeshc. ’Etsi o nèoc kìmboc stèlnei aÐ-

thsh se ènan ădh upĹrqonta kìmbo (tou SunergatikoÔ DiktÔou) pou

eÐnai gnwstìc (me thn IP) tou exfl arqăc allĹ den èqei kĹpoia idiaÐterh

exeidÐkeush. H epikoinwnÐa aută mporeÐ na lĹbei qÿra se opoiadăpo-

te diktuakă jÔra (apofasismènh exfl arqăc) prokeimènou na meiwjeÐ h

pijanìthta thc parakoloÔjhshc apì trÐtouc pou thn anamènoun.

G. MporeÐ tèloc na qrhsimopoihjeÐ mia miktă lÔsh me th qrăsh enìc eidi-

koÔ kanalioÔ IP Multicast. O nèoc kìmboc ekpèmpei se autì mia aÐthsh

sÔndeshc kai tuqìn upĹrqontec kìmboi apantoÔn apeujeÐac (se unicast)

suneqÐzontac th diadikasÐa apodoqăc. Sta mhnÔmata multicast autĹ tÐ-

jetai mia sugkekrimènh, mikră timă thc paramètrou TTL ÿste h prospĹ-

jeia anazăthshc na perioristeÐ se topikì epÐpedo. ’Ena pijanì prìblhma

dhmiourgeÐtai apì to endeqìmeno ìloi oi upìloipoi kìmboi brÐskontai se

megalÔterh apìstash apì thn timă thc paramètrou TTL. EntoÔtoic me

dedomèno ìti oi leptomèreiec tou diktÔou èqoun kanonisteÐ ex arqăc mpo-

reÐ antÐstoiqa na orÐzetai kai h katĹllhlh timă thc paramètrou ÿste na

exasfalÐzetai h metĹdosh mèqri kĹpoio kìmbo pou leitourgeÐ. ’Opwc

26
Πρόκειται άllωστε για εξυπηρετητή σύνδεσηc {γενικήc χρήσηc} που δεν έχει επιπlέον

στοιχεία για τη Συνεργατική Υποδοµή πέρα από τιc διευθύνσειc κάποιων κόµβων τηc.
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anafèrjhke pio pĹnw h mèjodoc IP Multicast epitrèpei ston kìmbo na

diathrăsei thn anwnumÐa tou wc proc th dieÔjunsh IP.

MetĹ thn arqikă anakĹluyh enìc toulĹqiston kìmbou thc Sunergatikăc Upo-

domăc pou leitourgeÐ ădh o nèoc kìmboc prèpei na perĹsei th diadikasÐa apo-

doqăc me epibebaÐwsh thc tautìthtac tou. O nèoc kìmboc enhmerÿnetai apì

ton exuphrethtă gia Ĺllouc kìmbouc pou leitourgoÔn se kontină apìstash

kai tic uphresÐec pou autoÐ parèqoun. O kìmboc exuphrèthshc kratĹei ènan

katĹlogo me deÐktec se autèc. Sthn trèqousa ulopoÐhsh oi uphresÐec eÐnai

dedomènec ` antallagèc mhnumĹtwn ` allĹ mporoÔn na epektajoÔn an qreia-

steÐ kai sqediasteÐ kĹti tètoio. AkoloujeÐ h fĹsh anakĹluyhc tou plărouc

diktÔou me shmantikă antallagă shmatodosÐac. O kĹje nèoc kìmboc stèlnei

èna arijmì mhnumĹtwn proc touc kìmbouc pou leitourgoÔn ădh kai perimènei

gia kĹpoio diĹsthma tic apantăseic touc. KatĹ ton trìpo autì majaÐnei tic

diadromèc pou ja epitrèyoun th bèltisth dromolìghsh mhnumĹtwn diamèsou

tou UperkeÐmenou DiktÔou. H telikă orgĹnwsh tou diktÔou gÐnetai qwrÐc th

mesolĹbhsh kĹpoiac kentrikăc arqăc elègqou.

Apì th stigmă pou to UperkeÐmeno DÐktuo eÐnai se leitourgÐa, ekmetal-

leuìmeno ta qarakthristikĹ twn diktÔwn peer-to-peer, diathreÐ th sundesi-

mìthta kai paramènei se leitourgÐa asqètwc problhmĹtwn pou mporeÐ na pa-

rousiastoÔn sth leitourgÐa kĹpoiwn kìmbwn. Akìma kai sthn perÐptwsh

apenergopoÐhshc kĹpoiwn kìmbwn ta mhnÔmata ja dromologhjoÔn mèsw tou

diktÔou katĹ ton katĹllhlo trìpo me qrăsh thc plhroforÐac dromolìghshc

pou o apostolèac èqei exasfalÐsei o Ðdioc. H diadikasÐa sugkèntrwshc plh-

roforiÿn gia th domă tou diktÔou epanalambĹnetai taktikĹ.
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To Ðdio to uperkeÐmeno dÐktuo peer-to-peer frontÐzei gia th leitourgÐa tou

sto epÐpedo efarmogăc parakĹmptontac jèmata qamhlìterwn epipèdwn. EÐnai

qarakthristikì ìti se aută thn perÐptwsh de gÐnetai qrăsh twn mhnumĹtwn

kanonikăc leitourgÐac (”heartbeats”), ìpwc sumbaÐnei sthn perÐptwsh qrăshc

thc diktuakăc upodomăc Multicast (enìthta 3.4.1).

OrgĹnwsh katĹ th diĹrkeia enìc peristatikoÔ

Mia basikă leitourgikìthta tou UperkeÐmenou DiktÔou pou ulopoieÐtai ètsi

eÐnai h metabÐbash anaforÿn sto eswterikì tou me th mèjodo {apì ènan se

polloÔc}, entelÿc antÐstoiqa me ton trìpo pou autì ja sunèbaine se èna

dÐktuo IP Multicast.

To idiaÐtero qarakthristikì pou prosfèrei h sundesmologÐa peer-to-peer

eÐnai ìti h arqitektonikă eÐnai dunamikĹ exelissìmenh kai antidrĹ me eidikì

trìpo gia kĹje èna peristatikì. Skopìc eÐnai h dunamikă orgĹnwsh ekeÐ-

nwn akribÿc twn kìmbwn pou èqoun kĹpoia emplokă me to peristatikì ÿste

affl enìc na anadeÐxoun th diadromă thc epÐjeshc DDoS affl etèrou na èqoun

th dunatìthta gia mia suntonismènh kai kateujunìmenh antÐdrash. Me thn

anÐqneush enìc nèou peristatikoÔ dhmiourgeÐtai èna {ShmeÐo SuntonismoÔ}

(”Rendezvous Point” – RP) eidikĹ gia autì. Skopìc tou eÐnai na sugken-

trÿsei ìlec tic upĹrqousec plhroforÐec, na katalăxei se sumperĹsmata gia

to peristatikì kai na organÿsei ta dÐktua pou emplèkontai (akìma kai an se

kĹpoia apì autĹ den èqei gÐnei kamÐa anÐqneush).

Rìlo RP paÐzei to prÿto dÐktuo to opoÐo ja anagnwrÐsei to nèo peri-

statikì. Epeidă ìmwc eÐnai polÔ pijanì autì na eÐnai kai to telikì jÔma thc

epÐjeshc DDoS, upĹrqei h prìbleyh na mh qrhsimopoieÐtai RP to opoÐo èqei
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dieujÔnseic apì to dÐktuo pou eÐnai o telikìc proorismìc thc kakìboulhc kÐ-

nhshc. EpÐshc lÔnontai me autìmato trìpo periptÿseic pou ja emfanistoÔn

perissìtera tou enìc RP gia to Ðdio peristatikì tautìqrona. To RP stèlnei

enhmerÿseic gia th dhmiourgÐa thc nèac omadopoÐhshc se ìla ta mèlh thc Su-

nergatikăc Upodomăc. AutĹ ta mhnÔmata proeidopoÐhshc (Alerts) diadÐdontai

me multicast epipèdou efarmogăc diamèsou tou diktÔou peer-to-peer, prosfè-

roun epiplèon stoiqeÐa gia thn anÐqneush tou peristatikoÔ stic Ontìthtec

pou emplèkontai, enÿ enhmerÿnoun kai gia thn Ôparxh thc OmadopoÐhshc. KĹ-

je Ontìthta thc Sunergatikăc Arqitektonikăc pou ja anagnwrÐsei epÐshc to

Ðdio peristatikì (me ta Ðdia qarakthristikĹ kai stìqo) gÐnetai mèloc thc Ðdiac

omadopoÐhshc.

Sth sunèqeia ta mèlh autăc thc omĹdac mporoÔn na antallĹssoun stoiqeÐa

metaxÔ touc ÿste na suntonisteÐ h diadikasÐa prosdiorismoÔ thc diadromăc

thc epÐjeshc kai na apodÿsei kalÔtera apotelèsmata. Ta mèlh thc omĹdac

apostèlloun katfl elĹqisto sto RP th diadromă pou h epÐjesh akoloujeÐ se

sqèsh me to dÐktuo touc: dÐktuo
27
eisìdou thc kÐnhshc, dÐktuo exìdou. EÐnai

epÐshc dunatìn se topikì epÐpedo kai me polÔ mikră epibĹrunsh tou diktÔou

na sullèxoun epiplèon stoiqeÐa. Tètoia plhroforÐa eÐnai ta epìmena dÐktua-

bămata thc diadromăc thc epÐjeshc proc to stìqo, toulĹqiston gia èna mikrì

arijmì bhmĹtwn kai antleÐtai apì tic plhroforÐec dromolìghshc (p.q. apì to

prwtìkollo BGP) ă diktuakĹ ergaleÐa (ìpwc p.q. h efarmogă traceroute).

H anasÔnjesh autÿn twn plhroforiÿn mporeÐ na apodÿsei th diadromă thc

epÐjeshc proc to stìqo perilambĹnontac kai dÐktua ta opoÐa den apoteloÔn

27
Το ∆ίκτυο — Αυτόνοµο Σύστηµα (Autonomous System — AS), όπωc αυτό ορίζεται

στο πρωτόκοllο δικτυακήc δροµοlόγησηc Border Gateway Protocoll (BGP).
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tmămata tou UperkeÐmenou DiktÔou. Epiplèon, dÐktua mèlh tou UperkeÐmenou

DiktÔou, pou endeqomènwc den èqoun entopÐsei to peristatikì ă de diajètoun

energì sÔsthma IDS, efìson brejoÔn pĹnw sto Ðdio monopĹti mporoÔn na

energopoihjoÔn kai na pĹroun mèroc sthn omadopoÐhsh (kai katfl epèktash

sthn antimetÿpish tou peristatikoÔ).

H leitourgÐa aută mporeÐ na epanalambĹnetai tautìqrona kai anexĹrthta

gia pollĹ diaforetikĹ peristatikĹ pou gÐnontai antilhptĹ sth Sunargatikă

Upodomă. Se kĹje perÐptwsh dhmiourgeÐtai to antÐstoiqo RP kai organÿnon-

tai oi antÐstoiqec omadopoiăseic.

Sth sunèqeia, h antÐdrash sto peristatikì orÐzetai apì tic Ontìthtec kai

thn eswterikă touc diamìrfwsh kai leitourgÐa ìpwc aută parousiĹzetai sto

KefĹlaio 4. ParĹ th qrăsh enìc {kentrikoÔ shmeÐou} (tou RP) anĹlushc

tou peristatikoÔ, paramènoun se topikì èlegqo jèmata ìpwc:

• H apodoqă kai apìdosh barÔthtac sta eiserqìmena mhnÔmata apomakru-

smènhc proèleushc.

• H ektÐmhsh thc sobarìthtac tou peristatikoÔ

• H epilogă tou eÐdouc antÐdrashc

To Sqăma 3.6 dÐnei endeiktikĹ thn orgĹnwsh kai leitourgÐa thc Sunergatikăc

Upodomăc me th qrăsh basikoÔ diktÔou peer-to-peer.
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Sqăma 3.6: OrgĹnwsh kai leitourgÐa thc Sunergatikăc Upodomăc me th qrăsh

peer-to-peer

UlopoÐhsh PrwtotÔpou

Gia th dokimă thc prosèggishc tou UperkeÐmenou SunergatikoÔ DiktÔou me

ergaleÐa peer-to-peer ègine h ulopoÐhsh enìc prwtotÔpou me th qrăsh thc pro-

grammatistikăc upodomăc (API) tou sustămatoc peer-to-peer JXTA [Jxta],

sta plaÐsia thc diplwmatikăc ergasÐac [Poug04]. Pio sugkekrimèna, ulopoiă-

jhkan kai dokimĹsthke h leitourgÐa twn exăc stoiqeÐwn:

• To sÔsthma JXTA analambĹnei to sqhmatismì tou arqikoÔ diktÔou

peer-to-peer kai thc eisagwgăc nèwn kìmbwn se autì. Autì epitug-
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qĹnetai me antallagèc mhnumĹtwn tou JXTA sth fĹsh thc orgĹnwshc

tou.

• AniqneÔseic (eikonikèc katĹ touc peiramatismoÔc) se kĹpoia apì ta dÐ-

ktua thc Sunergatikăc Upodomăc pou upodeÐknoun epijèseic DDoS dia-

dÐdontai sto uperkeÐmeno dÐktuo mhnÔmata me IDMEF pou metafèroun ta

sqetikĹ stoiqeÐa. H metĹdosh aută epitugqĹnetai metaxÔ twn kìmbwn

peer-to-peer me multicast epipèdou efarmogăc

• GÐnetai dunamikă dhmiourgÐa omĹdwn (dynamic group formation) bĹsei

twn aniqneÔsewn enìc peristatikoÔ DDoS apì orismèna apì ta dÐktua

thc Sunergatikăc Upodomăc.

• QrhsimopoieÐtai o kìmboc-ShmeÐo SuntonismoÔ (RP), o opoÐoc sugken-

trÿnei epimèrouc plhroforÐec diadromăc apì touc kìmbouc-mèlh thc du-

namikăc omĹdac. Oi plhroforÐec autèc basÐzontai se stoiqeÐa exìdou

tou ergaleÐou traceroute. Sth sunèqeia se kĹje perÐptwsh gÐnetai (sto

bajmì pou autì eÐnai efiktì apì tic sugkentrwmènec plhroforÐec) h

anakataskeuă tou monopatioÔ epÐjeshc proc to stìqo.

SumperĹsmata apì ta dÐktua Peer-to-Peer gia sunergasÐa mikrăc

klÐmakac

Oi dokimèc ulopoÐhshc thc Sunergatikăc Arqitektonikăc me th qrăsh tou

basikoÔ sustămatoc peer-to-peer JXTA katèdeixan ta exăc sumperĹsmata:

• H teqnologÐa peer-to-peer prosfèrei mia axiìpisth platfìrma diasÔn-

deshc pĹnw sthn opoÐa mporeÐ na egkatastajeÐ kai na leitourgăsei to
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sÔsthma thc Sunergatikăc Upodomăc. MegĹlo tmăma thc ulopoÐhshc

tou basikoÔ diktÔou sunergasÐac analambĹnetai kai sunthreÐtai autì-

mata apì dokimasmènec kai axiìpistec teqnologÐec peer-to-peer. EÐnai

aparaÐthth ìmwc h enswmĹtwsh twn antÐstoiqwn programmatistikÿn bi-

bliojhkÿn sth ulopoÐhsh thc Sunergatikăc Ontìthtac.

• H orgĹnwsh gia thn antimetÿpish enìc peristatikoÔ analambĹnetai apì

diaforetikì ShmeÐo SuntonismoÔ (RP) se kĹje perÐptwsh epÐjeshc.

’Ara den apoteleÐ monadikì krÐsimo shmeÐo to opoÐo ja mporoÔse na

apotelèsei stìqo xeqwristăc epÐjeshc.

• Sto shmeÐo ShmeÐo SuntonismoÔ (RP) sugkentrÿnontai stoiqeÐa:

a. apì pollĹ shmeÐa pou ekteÐnontai se ìlo to monopĹti thc epÐjeshc

b. pou perièqoun plhroforÐa pèra apì thn aplă diapÐstwsh tou peri-

statikoÔ. Antijètwc, me th qrăsh thc plhroforÐac diadromăc proc

to telikì stìqo (apì to BGP ă me to ergaleÐo traceroute) eÐnai

dunată h plhrèsterh anakataskeuă tou monopatioÔ thc epÐjeshc.

’Etsi, dÐktua pou den èqoun ta Ðdia aniqneÔsei to peristatikì (lìgw ane-

pĹrkeiac ă mh diajesimìthtac sustămatoc IDS) mporoÔn, lambĹnontac

tic sugkentrwtikèc enhmerÿseic, na sumperĹnoun
28
ìti apoteloÔn mè-

roc thc diadromăc thc epÐjeshc kai na lĹboun epÐshc mètra wc epiplèon

shmeÐa antimetÿpishc thc.

28
Εφόσον αποδίδουν επαρκή βαθµό εµπιστοσύνηc στιc αποµακρυσµένεc αναφορέc.
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3.4.3 Qrăsh diktÔwn peer-to-peer se megĹlh klÐmaka

DÐktua peer-to-peer me dromolìghsh basismènh se kleidÐ

H perigrafeÐsa prohgoumènwc qrăsh diktÔwn peer-to-peer apoteleÐ thn aplă

prosèggish kai periorÐzetai se periptÿseic mikrăc exĹplwshc tou UperkeÐme-

nou DiktÔou. Ta sÔgqrona dÐktua p2p eÐnai beltistopoihmèna sthn apodotikă

topojèthsh kai anazăthsh perieqomènou se megĹlh klÐmaka. Autì epitugqĹne-

tai me th deiktodìthsh (indexing) tou perieqìmenou ÿste onìmata arqeÐwn na

antistoiqoÔn se jèseic sto sÔsthma apojăkeushc (dhladă touc kìmbouc tou

diktÔou peer-to-peer). H dromolìghsh proc ton kìmbo upeÔjuno gia to kleidÐ

proorismoÔ gÐnetai me sugkekrimèno trìpo kai akoloujeÐ th genikă onomasÐa

{Dromolìghsh basismènh se kleidÐ} (Key-Based Routing). Se uyhlìtera

epÐpeda leitourgikìthtac ulopoioÔntai diĹforec mejodologÐec orgĹnwshc kai

dromolìghshc pĹnw sth basikă, ìpwc:

• Distributed Hash Tables — DHT (Katanemhmènoi PÐnakec Katakerma-

tismoÔ). UlopoioÔn tic antistoiqăseic kleidÐ-timă ìpou to kleidÐ aforĹ

kĹpoio kìmbo tou diktÔou p2p.

• Distributed Object Location and Routing — DOLR. Sthn perÐptwsh

aută parèqetai mia uphresÐa katanemhmènou katalìgou. KĹje antÐgrafo

apojhkeumènou antikeimènou sto dÐktuo èqei èna qarakthristikì kwdikì.

Autìc antistoiqÐzetai ston kwdikì ekeÐnou tou kìmbou pou katèqei tic

plhroforÐec gia tic topojesÐec apojăkeushc tou antikeimènou.

• CAST. QrhsimopoieÐ multicast epipèdou efarmogăc ă th mèjodo Any-
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cast29 ÿste h epikoinwnÐa na eÐnai klimakoÔmenh anĹloga me to mègejoc

tou diktÔou. Epikentrÿnetai sthn epikoinwnÐa anĹmesa se mèlh omĹdwn.

Wc proc th dromolìghsh tou uperkeÐmenou diktÔou pou sqhmatÐzetai upĹrqoun

mèjodoi:

• Basismènec stic mikrìterec diajèsimec diktuakèc diadromèc, p.q. sta dÐ-

ktua CAN (Content Addressable Networks) [Ratn01] kai Chord [Stoi01].

• Basismènec se topikĹ beltistopoihmènouc pÐnakec dromolìghshc pou

enhmerÿnontai taktikĹ, ìpwc sta dÐktua Tapestry [Zhao01] kai Pastry

[Cast02].

’Ena megĹlo plăjoc diktuakÿn efarmogÿn basÐzetai sth leitourgikìthta twn

pio pĹnw susthmĹtwn prokeimènou na prosfèrei katanemhmènec uphresÐec, p.q.

epikoinwniÿn multicast epipèdou efarmogăc, apojăkeushc perieqomènou (apo-

kentrwmèna sustămata arqeÐwn) k.lp.

LeitourgÐa thc Sunergatikăc Upodomăc se dÐktua peer-to-peer KBR

Ta domhmèna uperkeÐmena (overlay) dÐktua peer-to-peer eÐnai idiaÐtera dhmofilă

wc platfìrmec kataskeuăc anjektikÿn katanemhmènwn susthmĹtwn megĹlhc

29
΄Οlα τα συστήµατα που προσφέρουν την υπηρεσία Anycast αποκτούν (ωc δευτερεύου-

σα διεύθυνση IP) την ίδια γνωστή διεύθυνση την οποία διαφηµίζουν στη δροµοlόγηση. Η
διαφήµιση Anycast µπορεί να αφορά µια δικτυακή περιοχή που περιlαµβάνει ακόµα και µόνον
µία διεύθυνση (routing prefix /32). Οποιοσδήποτε αναζητήσει το δρόµο προc το σύστη-
µα µε αυτή τη διεύθυνση θα το δει (από πlευράc δροµοlόγησηc) από {ποllούc δρόµουc}

(”multihomed”) και θα επιlέξει το συντοµότερο από αυτούc· δηlαδή το πιο κοντινό του σύ-
στηµα µε τη συγκεκριµένη διεύθυνση Anycast ανάµεσα σε αυτούc που διαφηµίζονται µε το
πρωτόκοllο BGP [Kuro]. ΄Ετσι ένα νέο σύστηµα που ζητά να συνδεθεί στο δίκτυο peer-to-
peer χρησιµοποιεί τη γνωστή αυτή διεύθυνση και δροµοlογείται αυτόµατα στον πιο κοντινό
του κόµβο.
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klÐmakac. H domă grĹfou pou qrhsimopoioÔn epitrèpei thn anazăthsh antikei-

mènwn me antallagă O(logN) [Stoi01] mhnumĹtwn se èna uperkeÐmeno dÐktuo

me N kìmbouc (p.q. sto dÐktuo peer-to-peer Pastry). H enopoihmènh arÐjmhsh

tìso gia tic dieujÔnseic kìmbwn ìso kai thn kwdikopoihmènh anaparĹstash

tou perieqomènou epilèqjhke wc mèjodoc gia thn orgĹnwsh thc Sunergatikăc

Upodomăc kai wc mèjodoc antallagăc twn mhnumĹtwn thc.

Apì thn pleurĹ twn diktÔwn-melÿn thc Sunergatikăc Upodomăc, se kĹje

kìmbo pou prostÐjetai, anatÐjetai tuqaÐa (p.q. qrhsimopoiÿntac to apotèle-

sma miac sunĹrthshc katakermatismoÔ  hash function  pou efarmìzetai

sth dieÔjunsh IP thc Ontìthtac) èna monadikì anagnwristikì (nodeID).

Apì thn pleurĹ twn peristatikÿn DDoS upĹrqei mia seirĹ apì kÔria qa-

rakthristikĹ pou mporoÔn na qrhsimopoihjoÔn gia thn anagnÿrish touc katĹ

monadikì trìpo:

• Prwtìkollo kai jÔra thc kakìboulhc kÐnhshc

• TÔpoc pakètwn

• DieÔjunsh (ă perioqă dieujÔnsewn) IP tou telikoÔ stìqou

Ta stoiqeÐa autĹ perièqontai sta mhnÔmata IDMEF pou antallĹssoun oi

Ontìthtec metaxÔ touc. Mèsw thc efarmogăc thc katĹllhlhc sunĹrthshc

katakermatismoÔ se autĹ ta stoiqeÐa, kĹje peristatikì DDoS mporeÐ na an-

tistoiqhjeÐ se èna monadikì anagnwristikì (Globally Unique Identifier —

GUID) pou paÐrnei timèc ston Ðdio qÿro timÿn me ta anagnwristikĹ twn kìm-

bwn tou diktÔou peer-to-peer (nodeIDs).

Me thn paragwgă enìc monadikoÔ anagnwristikoÔ gia mia sugkekrimènh

epÐjesh DDoS eÐnai dunatìn na gÐnetai autìmata o diaqwrismìc twn anaforÿn
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pou anafèrontai se aută. H epallhlÐa me ta anagnwristikĹ kìmbwn qrhsimo-

poieÐtai ÿste ìlec oi anaforèc pou sqetÐzontai metaxÔ touc na dromologoÔntai

ston Ðdio kìmbo tou diktÔou pou ja leitourgeÐ wc shmeÐo sugkèntrwshc touc.

O kìmboc pou ja epilegeÐ gia th sugkèntrwsh twn anaforÿn ja eÐnai ekeÐ-

noc me nodeID {plhsièstera} sthn timă touGUID thc epÐjeshc kai onomĹzetai

{kìmboc-rÐza}. QrhsimopoieÐtai to {mètro eggÔthtac} tou (ekĹstote) diktÔou

peer-to-peer pou qrhsimopoieÐtai gia touc energoÔc kìmbouc tou. H teqnikă

aută mimeÐtai th leitourgÐa {dhmosÐeushc perieqomènou} twn diktÔwn peer-to-

peer. EnallaktikĹ, kìmboi me kontinĹ nodeIDs mporoÔn na apotelèsoun epÐshc

enallaktikĹ (deutereÔonta) shmeÐa sugkèntrwshc twn plhroforiÿn epÐjeshc.

Me ton trìpo epilogăc anagnwristikÿn kìmbwn kai peristatikÿn epitug-

qĹnetai:

• O kìmboc-rÐza na mh sqetÐzetai Ĺmesa me to monopĹti thc epÐjeshc (kai

Ĺra na mhn ephreĹzetai arnhtikĹ apì thn epÐjesh aută).

• H sungkèntrwsh plhroforiÿn gia kĹje epÐjesh analambĹnetai apì dia-

foretikì dÐktuo-kìmbo (ă kìmbouc).

• O kìmboc sugkèntrwshc plhroforiÿn eÐnai genikĹ gnwstìc se kĹje

kìmbo pou jèlei na aposteÐlei anaforĹ qwrÐc th qrhsimopoÐhsh miac

kentrikăc uphresÐac dianomăc thc plhroforÐac. H dianomă twn mhnumĹ-

twn proc autìn analambĹnetai apì thn upodomă peer-to-peer.

Sthn prohgoÔmenh perÐptwsh (tmăma 3.4.2) to uperkeÐmeno dÐktuo peer-to-peer

qrhsimopoiăjhke mìno gia na parèqei mia upodomă metaforĹc twn mhnumĹtwn

twn diktÔwn-melÿn, kai o kìmboc RP èqei basikă leitourgikìthta sugkèntrw-

shc stoiqeÐwn. Sthn perÐptwsh twn diktÔwn peer-to-peer pou qrhsimopoioÔn
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Dromolìghsh Basismènh se KleidÐ, h Ontìthta ston kìmbo-rÐza (ă akìma kai

kĹpoio diaforetikì sÔsthma) sugkentrÿnei ta stoiqeÐa thc epÐjeshc. Epi-

plèon upĹrqei dunatìthta gia exĹplwsh twn shmeÐwn sullogăc stoiqeÐwn sto

qÿro tou DiadiktÔou.

H kajfl aută dromolìghsh twn mhnumĹtwn analambĹnetai apì to Ðdio to

dÐktuo peer-to-peer. Ta mhnÔmata pou sugkentrÿnontai sth sunèqeia ston

kìmbo-rÐza perièqoun epiplèon plhroforÐec pou èqoun sullègei topikĹ se kĹje

epimèrouc dÐktuo-mèloc thc Sunergatikăc Upodomăc. ’Ena shmantikì tmăma

autăc eÐnai h plhroforÐa monopatioÔ pou sugkentrÿnetai apì pollèc phgèc.

KĹje èna dÐktuo-mèloc thc Upodomăc parèqei èna mikrì tmăma tou monopatioÔ

(autì to opoÐo gnwrÐzei).

KatĹ ton Ðdio trìpo pou gÐnetai h sugkèntrwsh plhroforiÿn gia mia epÐ-

jesh DDoS se èna kìmbo-rÐza, eÐnai dunată kai h anĹkthsh touc apì autìn.

GÐnetai h upìjesh ìti ènac kìmboc tou diktÔou peer-to-peer ja anazhtăsei au-

tă thn plhroforÐa efìson èqei ădh, se kĹpoio bajmì toulĹqiston, aniqneÔsei

thn epÐjesh, opìte ja gnwrÐzei ta qarakthristikĹ bĹsei twn opoÐwn ja mporeÐ

na kĹnei thn anazăthsh ston antÐstoiqo kìmbo-rÐza.

Wc proc autèc tic sugkentrwmènec plhroforÐec epÐjeshc upĹrqoun dÔo

enallaktikèc proseggÐseic:

• O kìmboc-rÐza na epexergĹzetai ìlec tic eiserqìmenec plhroforÐec (ku-

rÐwc ta epimèrouc tmămata tou monopatioÔ) prokeimènou na parèqei katĹ

to dunatìn plhrèsterh apeikìnish thc epÐjeshc.

• H ergasÐa aută (tou sunduasmoÔ) na epafÐetai stouc kìmbouc pou ja

anazhtăsoun tic sugkentrwmènec plhroforÐec.
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Sto Sqăma 3.7 parousiĹzetai endeiktikĹ h sugkèntrwsh anaforÿn gia mia

sugkekrimènh epÐjesh, ìpwc perigrĹfhke.

Sqăma 3.7: LeitourgÐa PUT topojèthshc anaforÿn apì ta dÐktua-mèlh thc
Sunergatikăc Upodomăc ston antÐstoiqo kìmbo-rÐza nodeID to pio {kontinì}
proc to GUID (Globally Unique Identifier) tou peristatikoÔ.
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Jèmata pou prokÔptoun me th lÔsh peer-to-peer KBR

ExetĹzontac to montèlo peer-to-peer upĹrqei mia seirĹ apì sugkekrimèna sh-

meÐa
30
ìpou prèpei na exasfalisteÐ ìti den apoteloÔn kÔriec adunamÐec pou

mporeÐ na odhgăsoun sth diakopă leitourgÐac olìklhrou tou sustămatoc.

Pio sugkekrimèna:

GnwrÐzontac tic pragmatikèc dieujÔnseic IP twn susthmĹtwn pou ja ana-

lĹboun th diaqeÐrish enìc peristatikoÔ ènac epitijèmenoc ja mporoÔse na

parakoloujăsei th diktuakă kÐnhsh apì kai proc autĹ, me skopì na anaka-

lÔyei ènan arijmì apì Sunergatikèc Ontìthtec entìc thc Upodomăc kai sth

sunèqeia na epitejeÐ se autèc. PisteÔetai ìti h megĹlh diasporĹ pou pro-

sfèrei h mèjodoc, se sunduasmì me to megĹlo arijmì summeteqìntwn diktÔwn

ja kajusterăsei shmantikĹ apfl eujeÐac epijèseic apìkthshc elègqou twn su-

sthmĹtwn twn Ontotătwn kĹnei de apagoreutikă thn tautìqronh epÐjesh se

ìla me epijèseic DDoS. Epiplèon h axiopistÐa twn diktÔwn peer-to-peer kai h

dunatìthta epÐlushc problhmĹtwn pou parousiĹzontai eÐnai shmantikìc parĹ-

gontac gia th sunèqish thc leitourgÐac tou diktÔou.

H ìlh prosèggish gia na eÐnai epituqăc ja qreiasteÐ na tÔqei eureÐac apo-

doqăc. Autì eÐnai èna prìblhma pou parousiĹzoun kai ìlec oi upìloipec pro-

tĹseic antimetÿpishc twn epijèsewn DDoS pou aforoÔn sunergasÐec megĹlhc

klÐmakac.

UlopoÐhsh PrwtotÔpou

H anaferìmenh anwtèrw prosèggish dokimĹsthke sthn prĹxh me th dhmiourgÐ-

a kai peiramatikă dokimă enìc prwtotÔpou pou basÐsthke sto sÔsthma KBR

30
Γενικότερα θέµατα ασφάlειαc καlύπτονται στο τµήµα 3.5.
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Bamboo [Bamb05]. Prìkeitai gia èna sÔsthma pou ulopoieÐ èna Katane-

mhmèno PÐnaka KatakermatismoÔ (DHT) kai eÐnai sqediasmèno ÿste na eÐnai

anjektikì stic suqnèc eisìdouc kai apoqwrÐseic kìmbwn apì to uperkeÐmeno

dÐktuo. To teleutaÐo qarakthristikì eÐnai idiaÐtera qrăsimo sthn perÐptwsh

egkatĹstashc thc Sunergatikăc Ontìthtac se megĹlh klÐmaka. Sto prwtì-

tupo, sta plaÐsia thc diplwmatikăc ergasÐac [Leba05] ulopoioÔntai ta exăc

stoiqeÐa:

• EpitugqĹnetai h dhmiourgÐa kai orgĹnwsh tou basikoÔ uperkeÐmenou di-

ktÔou peer-to-peer me th qrăsh tou sustămatoc Bamboo.

• LeitourgÐa PUT: Gia èna peristatikì upologÐzetai to GUID31 apì ta

qarakthristikĹ tou kai sth sunèqeia ta stoiqeÐa pou to aforoÔn stèl-

nontai mazÐ me thn topikă (merikă) eikìna tou monopatioÔ ston antÐstoiqo

kìmbo-rÐza (ìpou nodeID kontinì proc to GUID tou peristatikoÔ). Ta

stoiqeÐa apì ènan arijmì apì anaforèc apojhkeÔontai ston kìmbo-rÐza

gia to peristatikì.

• Efarmìzetai h leitourgÐa GET gia thn apìkthsh apì èna apì ta mèlh

thc Sunergatikăc Upodomăc thc sunolikăc plhroforÐac pou èqei sug-

kentrwjeÐ apì ton kìmbo-rÐza. Sth sunèqeia gÐnetai merikă anasÔnje-

sh tou monopatioÔ thc epÐjeshc me ènan algìrijmo sqhmatismoÔ tou

plărouc dèndrou mèsw tou sunduasmoÔ koinÿn kìmbwn stic epimèrouc

anaforèc.

31
Στο σύστηµα Bamboo χρησιµοποιείται η συνάρτηση κατακερµατισµού SHA-1
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SumperĹsmata gia ta dÐktua peer-to-peer KBR

Apì th jewrhtikă anĹlush allĹ kai thn ulopoÐhsh tou prwtotÔpou prokÔ-

ptoun ta exăc sumperĹsmata gia th qrăsh diktÔwn peer-to-peer KBR wc upì-

bajro thc Sunergatikăc Arqitektonikăc:

• DÐdetai h dunatìthta dhmiourgÐac axiìpisthc diktuakăc upodomăc (overlay)

me eurÔtath gewgrafikă exĹplwsh (èwc kai plărh kĹluyh tou Diadi-

ktÔou). ’Ara parèqetai h dunatìthta ekmetĹleushc peristatikÿn pou

mporeÐ na lĹboun qÿra se dÐktua makriĹ apì to telikì jÔma. AntÐjeta,

oi lÔseic Multicast kai peer-to-peer mikrăc klÐmakac periorÐzontai se

topikèc omadopoiăseic diktÔwn, sunăjwc periorismènhc embèleiac.

• Ta shmeÐa anagnÿrishc thc diadromăc ja eÐnai idiaÐtera dieurumèna epeidă

sugkentrÿnontai stoiqeÐa apì ìlo to DiadÐktuo. UpĹrqei h dunatìthta

na odhgăsoun kontinìtera proc ta dÐktua phgèc thc epÐjeshc ă akìma

kai na epiteuqjeÐ safăc anÐqneush touc.

• Parèqei th dunatìthta diasporĹc krÐsimwn susthmĹtwn stìso gewgra-

fikĹ ìso kai se epÐpedo dieujÔnsewn IP (diaforetikĹ domains). Me ton

trìpo autì dusqeraÐnetai h tautìqronh exoudetèrwsh krÐsimwn shmeÐwn

leitourgÐac thc upodomăc.

• O sqediasmìc kai h exèlixh twn diktÔwn peer-to-peer eÐnai tètoia ÿste

autĹ na mporoÔn na upostoÔn allagèc stouc summetèqontec kìmbouc ă

stic diìdouc epikoinwnÐac touc qwrÐc idiaÐtero antÐktupo sth leitourgÐa

touc. Sthn arqitektonikă peer-to-peer den upĹrqoun ousiastikĹ diako-

pèc sundèsewn: h koinìthta anadiarjrÿnetai suneqÿc kai frontÐzei h
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Ðdia gia th sundesimìthta thc.

• Me thn orgĹnwsh thc Sunergatikăc Upodomăc katĹ to prìtupo twn di-

ktÔwn peer-to-peer, to tmăma orgĹnwshc tou diktÔou kai thc epikoinwnÐ-

ac se autì eÐnai dunatìn na diaqwristeÐ apì to tmăma thc antÐdrashc se

peristatikĹ. JewrhtikĹ, eÐnai dunatìn na epekteÐnoume thn arqitektoni-

kă se pollaploÔc kìmbouc sullogăc stoiqeÐwn (p.q. me thn topojèthsh

touc se kĹje topikì dÐktuo) pou tautìqrona ja qrhsimopoioÔntai gia

thn epikoinwnÐa, prosfèrontac auxhmènh axiopistÐa.

• H ulopoÐhsh thc lÔshc mporeÐ na basisteÐ sth megĹlh plhjÿra ètoimou

(kai dwreĹn) logismikoÔ pou upĹrqei diajèsimo. Pio sugkekrimèna, er-

gasÐa sto prwtìtupo èdeixe ìti h tropopoÐhsh upĹrqontoc logismikoÔ

ÿste ulopoieÐ leitourgikìthta thc sunergatikăc Arqitektonikăc eÐnai

sqetikĹ aplă. H qrăsh tou logismikoÔ autoÔ mporeÐ na odhgăsei se

èna stajerì dÐktuo pou leitourgeÐ katĹ to zhtoÔmeno trìpo. Epiplèon,

lìgw thc aplìthtac tou logismikoÔ, dieukolÔnetai h egkatĹstash thc

Arqitektonikăc se megĹlh klÐmaka (me aplă egkatĹstash kai energo-

poÐhsh
32
)

• H lÔsh mporeÐ na ulopoihjeÐ se megĹlh klÐmaka me thn Ðdia eukolÐa pou

leitourgeÐ èna dÐktuo peer-to-peer me polloÔc anexĹrthtouc kai eurÔta-

ta katanemhmènouc kìmbouc. Se sqèsh me Ĺllec parìmoiec proseggÐseic

megĹlhc klÐmakac den parembaÐnei sthn politikă dioÐkhshc (governance)

tou DiadiktÔou (ICANN, IETF k.lp). Ja mporoÔse ètsi na apotelè-

32
Φυσικά µε τον όρο ότι ισχύουν οι προβlέψειc για ασφαlή συνεργασία, όπωc αναφέρονται

στο τµήµα 3.5
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sei kai uphresÐa prosferìmenh emporikĹ apì touc megĹlouc parìqouc

(ISPs) ă na {qtisteÐ} pĹnw se mia ad-hoc sunergasÐa (me thn aplă eg-

katĹstash tou antÐstoiqou logismikoÔ anexĹrthta apì th fusikă topo-

logÐa tou DiadiktÔou).

• Anaforèc mikrăc shmasÐac ă bebaiìthtac antÐ na agnooÔntai sugkentrÿ-

nontai kai mporoÔn na suneisfèroun sthn anÐqneush epijèsewn mikroÔ

antÐktupou (pijanĹ tmămata genikìterwn epijèsewn).

• PollĹ diaforetikĹ tautìqrona peristatikĹ de ja prokalèsoun uper-

fìrtwsh tou diktÔou ă enìc monadikoÔ sustămatoc. Antijètwc, eÐnai

dunată h diaqeÐrish kai epijèsewn me megĹlh poluplokìthta sthn kÐnh-

sh pou parĹgoun. Ta epimèrouc dÐktua kìmboi mporoÔn na anazhtăsoun

(pollĹ diaforetikĹ) stoiqeÐa pou aforoÔn èna peristatikì pou èqoun

aniqneÔsei se prÿto stĹdio kai na anakataskeuĹsoun ta Ðdia to dèndro

thc epÐjeshc gia kĹje èna apì ta eÐdh kÐnhshc pou qrhsimopoioÔntai.

3.4.4 PeribĹllonta {Plègmatoc} (Grid)

Ta upologistikĹ peribĹllonta {Plègmatoc} (tÔpou Grid) qrhsimopoioÔntai

sămera se eureÐa klÐmaka gia thn dhmiourgÐa upodomÿn diamoirazìmenwn upo-

logistikÿn pìrwn. Ta Ðdia peribĹllonta, kĹnontac qrăsh koinÿn program-

matistikÿn upodomÿn, ìpwc p.q. ta Web Services, eÐnai se jèsh na qrhsi-

mopoihjoÔn kai wc èna katanemhmèno peribĹllon epikoinwnÐac. To peribĹllon

Grid se rìlo EndiĹmesou LogismikoÔ (Middleware), parèqei èna koinì plaÐsio

elègqou kai epitrèpei th metĹbash se plărwc apokentrwmènh leitourgÐa.

Qarakthristikì tètoio parĹdeigma apoteleÐ to èrgo GRID CC [Grid05],
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kÔrio antikeÐmeno tou opoÐou apoteleÐ h dokimă se sqedìn {pragmatikì-qrìno}

enìc Grid Middleware wc mèso gia thn parakoloÔjhsh kai ton èlegqo {eiko-

nikÿn} (virtual) orgĹnwn (upì thn ènnoia thc {diafĹneiac} topojèthshc kai

leptomereiÿn leitourgÐac). H upodomă Grid qrhsimopoieÐtai gia na metafèrei

plhroforÐec apì, ă proc ta episthmonikĹ ìrgana (p.q. epitaquntèc stoiqeiw-

dÿn swmatidÐwn). Oi elegktèc twn orgĹnwn autÿn dèqontai entolèc gia thn

ektèlesh peiramĹtwn apì diĹfora kèntra elègqou kai metabibĹzoun ta stoi-

qeÐa pou sugkentrÿnoun pÐsw se autĹ. H katanemhmènh anÐqneush diktuakÿn

anwmaliÿn apoteleÐ èna epÐshc antikeÐmeno èreunac sto èrgo.

KatĹ antÐstoiqo trìpo èna dÐktuo Grid mporeÐ na apotelèsei mia entelÿc

autìmath apokentrwmènh platfìrma, katĹllhlh gia thn ulopoÐhsh thc lÔshc

thc Sunergatikăc Upodomăc. Proc thn kateÔjunsh aută, oi prodiagrafèc

WSRF (Web Services Resource Framework) [Glob05] sta Grids parèqoun th

dunatìthta gia thn autìmath katanomă pìrwn (upologistikÿn ă Ĺllwn). Ta

mhnÔmata se XML pou antallĹssontai sta plaÐsia thc Sunergatikăc Upodo-

măc mporeÐ eÔkola na enswmatwjoÔn se sqămataWeb Services pou ja epitrè-

youn thn autìmath epexergasÐa touc. Jèmata epibebaÐwshc thc tautìthtac

twn sunergazìmenwn merÿn kai thc aujentikìthtac twn mhnumĹtwn analambĹ-

nontai apì thn upĹrqousa upodomă twn diktÔwn Grids.

To proteinìmeno katanemhmèno sÔsthma parèqei th dunatìthta sugkèn-

trwshc plhroforiÿn apì pollĹ shmeÐa kai (merikăc toulĹqiston) anasÔnje-

shc tou monopatioÔ epÐjeshc. H leitourgÐa twn Ontotătwn sunergazìmenwn

diktÔwn mporeÐ entoÔtoic na parameÐnei h Ðdia.

Mia tètoia prosèggish èqei apotelèsei mèroc thc prìtashc [Magl05], pou

anafèretai sth sÔnjesh dedomènwn anÐqneushc apì pollĹ dÐktua, me majhma-
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tikă bĹsh, p.q. me algorÐjmouc Data Fusion [Siat04]. Gia to tmăma thc pou

aforĹ sthn antallagă stoiqeÐwn qrhsimopoieÐ thn prosèggish thc Sunerga-

tikăc Upodomăc pĹnw apì èna dÐktuo Grid.

Mia apotÔpwsh thc pijanăc qrăshc enìc peribĹllontoc Grid gia thn Su-

nergatikă Upodomă parousiĹzetai sto Sqăma 3.8. Se autì faÐnetai h qrăsh

twn ”instrument elements” (pou èqoun anaptuqjeÐ apì to GRID CC) wc mè-

son tìso gia thn diekperaÐwsh twn epikoinwniÿn metaxÔ twn Ontotătwn ìso

kai gia ton apomakrusmèno èlegqo twn Ontotătwn kai susthmĹtwn IDS se èna

dÐktuo. To teleutaÐo stoiqeÐo parèqei th dunatìthta gia epiplèon leitourgi-

kìthta se perÐptwsh pou ta dÐktua deqtoÔn na paraqwrăsoun ton èlegqo autì

se mia koinĹ apodektă arqă. EpÐshc to upìbajro Grid mporeÐ na metafèrei

plhroforÐec proc èmpistouc trÐtouc, ìpwc omĹdec antimetÿpishc peristatikÿn

CSIRT (Computer Security Incident Response Teams).
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Sqăma 3.8: Qrăsh tou peribĹllontoc Grid wc upìbajro leitourgÐac thc Su-
nergatikăc Upodomăc
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3.5 Axiolìghsh thc Arqitektonikăc wc proc

thn AsfĹleia kai AxiopistÐa

KaÐria zhtămata pou ephreĹzoun thn asfală kai axiìpisth leitourgÐa thc

arqitektonikăc eÐnai:

(i) Upoklopă mhnumĹtwn

Me mèsa epikoinwnÐac, ìpwc gia parĹdeigma to IP Multicast ta mhnÔmata

pernoÔn mèsa apì {dhmìsia} kanĹlia pou opoiosdăpote mporeÐ na akoÔsei qw-

rÐc na qreiasteÐ na upoklèyei Ĺmesa tic epikoinwnÐec. ’Enac epitijèmenoc ja

mporoÔse na {suntonisteÐ sto katĹllhlo kanĹli}multicast kai na parakolou-

jeÐ tic antidrĹseic tou UperkeÐmenou DiktÔou. Sth sunèqeia, ìtan antilhfjeÐ

ìti h epÐjesh aniqneÔthke, antallĹssontai mhnÔmata kai lambĹnontai mètra

na steÐlei tic katĹllhlec entolèc sta sustămata pou elègqei kai ekteloÔn

thn epÐjesh (”bots”) ÿste na allĹxoun ta qarakthristikĹ thc, apofeÔgontac

tuqìn amuntikĹ mètra. KatĹ ton Ðdio trìpo ja ătan dunatìn na eisĹgei pla-

stĹ Alerts ta opoÐa na perigrĹfoun anÔparkta peristatikĹ. AutĹ me th seirĹ

touc mporoÔn na energopoiăsoun antidrĹseic stic Ontìthtec parempodÐzon-

tac ètsi th nìmimh kÐnhsh. KajarĹ se epÐpedo multicast to prìblhma mporeÐ

na antimetwpisteÐ me th qrăsh elègqou prìsbashc sta kanĹlia pou qrhsimo-

poioÔntai. Tètoioc èlegqoc prosfèretai me th qrăsh tou {AsfaloÔcMultica-

st} (Secure Multicast) [Perr00] sto opoÐo gÐnetai epibebaÐwsh thc tautìthtac

(authentication) gia na epitrapeÐ h sÔndesh sta kanĹlia. Mia epiplèon lÔsh

parèqetai me th qrăsh kruptografÐac kai epibebaÐwshc thc tautìthtac mèso

yhfiakÿn pistopoihtikÿn, problèpetai apì thn arqitektonikă kai perigrĹfetai
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sth sunèqeia.

(ii) Pijanìthta dieÐsdushc enìc epitijèmenou sthn arqitektonikă

’Ena tètoio peristatikì mporeÐ na èqei san apotèlesma eÐte thn upoklopă

twn epikoinwniÿn eÐte th dhmiourgÐa yeudÿn anaforÿn. EidikĹ to teleutaÐo

endeqìmeno ja mporoÔse na qrhsimopoihjeÐ gia na odhgăsei sth dhmiourgÐa

problhmĹtwn se nìmimh kÐnhsh. Pèran autÿn h kĹje Sunergatikă Ontìthta

èqei dikaiÿmata epibolăc kanìnwn sta plaÐsia enìc diktÔou. H pijanìthta

anasfaloÔc leitourgÐac thc mhdenÐzei thn opoiadăpote qrhsimìthta mporeÐ na

èqei sthn antimetÿpish kĹpoiou pragmatikoÔ peristatikoÔ.

Ta jèmata asfaleÐac epikoinwniÿn antimetwpÐzontai jètontac sugkekri-

mènec prodiagrafèc gia th leitourgÐa thc arqitektonikăc. Pio sugkekrimè-

na ìlec oi epikoinwnÐec problèpetai na eÐnai kruptografhmènec (prostasÐa

apì upoklopă) me thn taqeÐa mèjodo tou {summetrikoÔ kleidioÔ} (symmetric

key cryptography)33. H Sunergatikă Upodomă, sth genikă perÐptwsh, aforĹ

èna sugkekrimèno kai sqetikĹ mikrì arijmì summeteqìntwn diktÔwn opìte h

diadikasÐa antallagăc tou kleidioÔ pou ja qrhsimopoihjeÐ den eÐnai idiaÐte-

ra dÔskolh diadikasÐa. Gia megalÔtero arijmì summeteqìntwn (ìpwc sthn

perÐptwsh genikeumènhc qrăshc enìc diktÔou peer-to-peer) eÐnai dunatìn na

qrhsimopoihjeÐ ènac sunduasmìc exuphrethtÿn dianomăc kleidiÿn (me exasfĹ-

lish SSL) kai yhfiakÿn pistopoihtikÿn gia thn epibebaÐwsh thc tautìthtac

twn merÿn pou ja paralĹboun ta kleidiĹ. PijanĹ h diadikasÐa èkdoshc autÿn

twn pistopoihtikÿn ja mporoÔse na analhfjeÐ kai apì omĹdec CERT kai h

anagkaÐa empistosÔnh na sthriqjeÐ stic sqèseic metaxÔ touc. H mèjodoc aută

33
Στην υlοποίηση το πρωτοτύπου χρησιµοποιείται τον αlγόριθµο DES
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profanÿc ja parèqei megalÔterh asfĹleia efìson to kĹje kleidÐ summetrikăc

kruptografÐac ja èqei qrăsh gia periorismèno qronikì diĹsthma.

KĹje mănuma diajètei epÐshc epibebaÐwsh thc tautìthtac tou apostolèa

me th qrăsh yhfiakăc upografăc (prostasÐa apì thn eisagwgă plastogra-

fhmènwn mhnumĹtwn). H yhfiakă upografă eisĹgetai eÔkola sto sÿma tou

mhnÔmatoc sta plaÐsia thc kwdikopoÐhshc katĹ XML. EÐnai dunatìn na qrh-

simopoihjoÔn eÐte aplĹ sqămata dhmìsiou-idiwtikoÔ kleidioÔ (me th dianomă

twn dhmìsiwn kleidiÿn me kĹpoia asfală mèjodo), eÐte yhfiakĹ pistopoihti-

kĹ ekdidìmena apì kĹpoia genikĹ èmpisth Arqă PistopoÐhshc (Certification

Authority — CA).

PeiramatikĹ, èqei ulopoihjeÐ h metatropă twn exìdwn enìc tupikoÔ su-

stămatoc IDS, ìpwc to Snort, se mhnÔmata XML, domhmèna katĹ to IDMEF.

EpÐshc eÐnai dunatìn na prostejeÐ se autĹ exwterikă (encapsulating) plhro-

forÐa epibebaÐwshc tou apostolèa, thc akeraiìthtac tou mhnÔmatoc kai tou

qrìnou apostolăc me th qrăsh yhfiakÿn pistopoihtikÿn, kruptografÐac kai

sunartăsewn katakermatismoÔ (hash functions) [Andr03].

Tèloc, sto sÿma twn mhnumĹtwn eisĹgetai kai qronosămansh pou prosta-

teÔei apì thn anaparagwgă palaiìterwn mhnumĹtwn. EÐnai proapaitoÔmenoc o

qronikìc sugqronismìc ìlwn twn Ontotătwn (p.q. me to prwtìkollo ntp).

Pèra thc ìpoiac prostasÐac parèqei èna tètoio sqăma h Sunergatikă Arqi-

tektonikă èqei mia epiplèon ousiastikă prostasÐa ston trìpo pou leitourgeÐ:

oi paraplanhtikèc anaforèc (eidikĹ apì ènan apostolèa) ja èqoun sunoli-

kĹ polÔ mikrì bĹroc mèsa sto megĹlo plăjoc anaforÿn pou ja upĹrxoun

sunolikĹ. To sÔsthma autì leitourgeÐ tìso kalÔtera ìso perissìteroi sum-

metèqontec upĹrqoun sthn Upodomă.
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(iii) PerÐptwsh parabÐashc ă apÿleiac miac Ontìthtac

Olìklhrh h Sunergatikă Upodomă basÐzetai sth leitourgÐa twn Ontotă-

twn. ApoteloÔn ètsi krÐsima shmeÐa (points of failure). To jèma antimetwpÐ-

zetai apì to sqediasmì thc Ðdiac thc Sunergatikăc Ontìthtac. Apotelÿntac

mia elafriĹ, arjrwtă (modular) kai metafèrsimh platfìrma logismikoÔ mpo-

reÐ na eisaqjeÐ se èna peribĹllon diaqeÐrishc asfaleÐac enìc diktÔou kai na

metaferjeÐ se kĹpoio nèo sÔsthma se perÐptwsh astoqÐac ulikoÔ (hardware)

tou sustămatoc. QĹrh sth arjrwtă thc arqitektonikă
34
tmămata thc mporoÔn

na diakìyoun th leitourgÐa touc se periptÿseic problămatoc ă anabĹjmishc

qwrÐc na ephreĹsoun to sÔnolo. Se ìlec tic periptÿseic diaforetikÿn epi-

koinwniakÿn upobĹjrwn (multicast, peer-to-peer k.lp.) upĹrqei h dunatìthta

parĹllhlhc leitourgÐac perissotèrwn thc miac Ontìthtec se èna dÐktuo. Oi

{deutereÔousec} Ontìthtec parakoloujoÔn ta mhnÔmata tou UperkeÐmenou

DiktÔou, gnwrÐzoun thn katĹstash thc kÔriac kai eÐnai dunatìn na analĹboun

to rìlo thc efìson parasteÐ anĹgkh.

MegalÔtero prìblhma endèqetai na prokalèsei h apìkthsh elègqou enìc

kìmbou apì mh exousiodothmènouc (kakìboulouc) trÐtouc. Mia tètoia para-

bÐash egeÐrei mia seirĹ apì endeqìmena:

• ParakoloÔjhsh twn epikoinwniÿn tou kìmbou kai stadiakă ekmĹjhsh

ìlwn twn Ĺllwn kìmbwn thc Sunergatikăc Upodomăc me apÿtero sko-

pì th sunolikă epÐjesh se autoÔc. H Sunergatikă Ontìthta wc plat-

fìrma logismikoÔ eÐnai {metafèrsimh} (portable) se pollèc diaforetikèc

upologistikèc arqitektonikèc apokleÐontac thn axiopoÐhsh thc Ðdiac adu-

34
Πρόκειται για τη φιlοσοφία των προγραµµατιστικών διεργασιών (autonomous agents)

[Cros95] [Spaf00].
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namÐac gia prìsbash se ìlouc touc kìmbouc. Epiplèon, to plăjoc touc

apokleÐei thn epituqÐa miac tautìqronhc epÐjeshc DDoS se ìlec.

• Prìsbash sta kleidiĹ epikoinwnÐac pou ja fèrei ton epitijèmeno se jè-

sh na dhmiourgeÐ parapoihmèna mhnÔmata kai na eisĹgei sthn koinìthta

yeudeÐc plhroforÐec gia th diadromă thc epÐjeshc. To endeqìmeno autì

exetĹzetai sth sunèqeia.

AntÐstoiqa problămata mporeÐ na prokÔyoun gia ton kìmbo pou ja analĹbei

to rìlo tou shmeÐou sugkèntrwshc plhroforÐac sthn perÐptwsh peer-to-peer.

To prìblhma thc mh diajesimìthtac enìc tètoiou kìmbou lÔnetai me thn anĹ-

jesh twn kajhkìntwn, autìmata se kĹpoion Ĺllo thc omadopoÐhshc.

(iv) H pijanìthta apostolăc yeudÿn anaforÿn apì kĹpoio parabiasmèno kìmbo

tou SunergatikoÔ DiktÔou

To endeqìmeno parabÐashc miac Ontìthtac mporeÐ na odhgăsei sthn kakì-

boulh qrhsimopoÐhsh thc ÿste na apostèllontai (kajfl ìla nìmimec) yeudeÐc

anaforèc sto Sunergatikì DÐktuo. Tètoiec anaforèc mporeÐ na èqoun sa

skopì th dhmiourgÐa bebaiìthtac gia thn Ôparxh sugkekrimènou peristatikoÔ

to opoÐo ja mporoÔse na odhgăsei se enèrgeiec parempìdishc nìmimhc kÐnhshc.

’Enac apì touc skopoÔc thc qrăshc {yhfoforÐac me bĹrh} gia thn katĹlh-

xh sth diapÐstwsh enìc peristatikoÔ eÐnai h prostasÐa apì epijèseic tètoiac

morfăc. MÐa Ontìthta apaiteÐ plăjoc mhnumĹtwn (topikĹ kai apì exwterikèc

phgèc) perissìtera tou enìc prokeimènou na perĹsei se katastĹseic ener-

gopoÐhshc. Eidikìtera ta bĹrh pou anatÐjentai sta mhnÔmata kĹje kìmbou,

antikatoptrÐzoun thn empistosÔnh tou paralăpth se autì. Qamhlì epÐpedo
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asfĹleiac se èna dÐktuo (pou mporeÐ na odhgăsei se parabÐash) antistoi-

qÐzetai se qamhlă shmasÐa mhnumĹtwn apì autì kai katfl epèktash se mikră

suneisforĹ sto telikì sumpèrasma.

(v) EmpistosÔnh stic autìmatec enèrgeiec thc Ontìthtac

KĹje epèmbash thc Sunergatikăc Ontìthtac se èna dÐktuo eÐnai apìluta

elegqìmenh apì prokajorismènec politikèc asfaleÐac. O diaqeiristăc tou di-

ktÔou eÐnai se jèsh na gnwrÐzei tic enèrgeiec pou ulopoioÔntai anĹ pĹsa stigmă

mèso thc sÔndeshc thc me ta diaqeiristikĹ ergaleÐa. ParĹ thn autìmath lei-

tourgÐa thc eÐnai anĹ pĹsa stigmă dunatìn na tropopoihjoÔn oi parĹmetroi

leitourgÐac thc (katfl epèktash h {yhfoforÐa me bĹrh} gia thn diapÐstwsh

peristatikÿn kai ta {katÿflia bebaiìthtac} gia thn anĹlhyh energeiÿn) ă na

anairejoÔn enèrgeiec thc. Oi kajfl autèc enèrgeiec anaqaÐtishc miac epÐjeshc

eÐnai ek twn protèrwn kajorismènec, se sumfwnÐa me thn politikă asfaleÐac

tou diktÔou kai pĹnta se sugkekrimèna qronikĹ plaÐsia. H Ontìthta epilègei

kĹpoiec apì tic sugkekrimènec diajèsimec periptÿseic antÐdrashc. ’Olec oi

enèrgeiec pou analambĹnontai apì thn Ontìthta tèloc èqoun sugkekrimènh

qronikă diĹrkeia isqÔoc.

(vi) EpÐjesh proc to dÐktuo pou uposthrÐzei tic epikoinwnÐec upobĹjrou gia th

Sunergatikă Arqitektonikă (p.q. IP Multicast)

Eidikă exètash prèpei na gÐnei gia tic epiptÿseic kĹpoiac epÐjeshc DDoS

enantÐon enìc apì ta dÐktua pou summetèqoun sth Sunergatikă Upodomă upì

autì to sqăma epikoinwnÐac. Mia tètoia epÐjesh mporeÐ na apeujÔnetai eÐte

proc èna apì ta dÐktua fÔlla tou UperkeÐmenou DiktÔou (pio sunhjismènh
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perÐptwsh), eÐte proc kĹpoio apì ta dÐktua kormoÔ. Sthn prÿth perÐptwsh oi

epijèseic èqoun sunăjwc shmantikèc epiptÿseic kai upĹrqei sobarì endeqìme-

no diakopăc thc epikoinwnÐac sunolikĹ
35
. To gegonìc ìmwc ìti prìkeitai gia

dÐktuo fÔllo apokleÐei autì to peristatikì na èqei eurÔterec epiptÿseic stic

epikoinwnÐec tou UperkeÐmenou DiktÔou. H epikoinwnÐa me th Sunergatikă

Ontìthta sto dÐktuo stìqo ja diakopeÐ allĹ tautìqrona to upìloipo Uper-

keÐmeno DÐktuo ja proeidopoihjeÐ Ĺmesa gia to peristatikì (apì th diakopă

twn mhnumĹtwn kanonikăc leitourgÐac  ”heartbeats”) akìma kai an autì den

èqei aniqneuteÐ opoudăpote alloÔ. Sth deÔterh perÐptwsh, pou h epÐjesh ja

èqei wc stìqo kĹpoio dÐktuo kormoÔ, lìgw twn sundèsewn megĹlhc qwrhtikì-

thtac autÿn ìpwc kai twn enallaktikÿn diadromÿn den anamènetai na upĹrqei

prìblhma. H epÐjesh ja prèpei na stoqeÔei kĹpoio sugkekrimèno shmeÐo tou

diktÔou prokeimènou na eÐnai apotelesmatikă (Ĺra de mporeÐ na to jèsei olì-

klhro ektìc leitourgÐac) kai, akìma kai an uperfortÿsei kĹpoio klĹdo tou,

anamènetai na qrhsimopoihjoÔn enallaktikèc diadromèc kai na gÐnei anakata-

skeuă tou dèndrou diasÔndeshc IP Multicast mèso autÿn. H ìpoia (èstw

proswrină) diakopă autăc thc diasÔndeshc ja proeidopoiăsei epÐshc gia thn

Ôparxh tou peristatikoÔ.

(vii) EpÐjesh katĹ energoÔ exoplismoÔ

’Ena akìma endeqìmeno eÐnai, se dÐktua opoioudăpote megèjouc, h apfl eu-

jeÐac epÐjesh enantÐon dromologhtÿn, eÐte me epijèseic DDoS, eÐte me ekme-

tĹlleush problhmĹtwn asfaleÐac (exploits). ’Ena tètoio prìblhma apoteleÐ

35
Μια χρήσιµη lεπτοµέρεια είναι ότι τα µηνύµατα multicast χρησιµοποιούν το UDP, πρω-

τόκοllο που δεν απαιτεί επιβεβαίωση lήψηc (acknowledgement). ΄Αρα κάποια Alerts πιθανόν
να µπορέσουν να περάσουν προc την Υποδοµή µέσο τηc εξερχόµενηc κίνησηc, έστω και αν

η εισερχόµενη επικοινωνία έχει διακοπεί.
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genikìterh adunamÐa thc diktuakăc upodomăc kai wc tètoio prèpei na antime-

twpisteÐ apì touc diaqeiristèc. Affl etèrou proôpojètei thn Ôparxh sugke-

krimènwn, gnwstÿn problhmĹtwn kai kalÿc enhmerwmènouc epitijèmenouc pou

gnwrÐzontac thn arqitektonikă kai ta sustămata tou diktÔou ja prospajă-

soun na ta ekmetalleutoÔn.

3.6 SumperĹsmata

Sto kefĹlaio autì parousiĹsthke h genikă prìtash thc paroÔsac diatribăc

gia thn antimetÿpish twn epijèsewn DDoS. H prosèggish pou proteÐnetai èqei

wc basikoÔc Ĺxonec anĹptuxhc kai ta trÐa kÔria zhtămata sth antimetÿpish

twn epijèsewn DDoS (ìpwc analÔjhkan sto kefĹlaio 2): thn anÐqneush, thn

anagnÿrish tou monopatioÔ thc epÐjeshc kai thn antÐdrash se aută. Proc

thn kateÔjunsh aută proteÐnetai h leitourgÐa se kĹje epimèrouc dÐktuo enìc

eidikoÔ sustămatoc, thc Sunergatikăc Ontìthtac, pou epitrèpei:

• Th sugkèntrwsh topikÿn anaforÿn IDS (apì ta sustămata apoklei-

stikĹ entìc tou diktÔou)

• Thn antallagă mhnumĹtwn anÐqneushc metaxÔ twn sunergazìmenwn di-

ktÔwn; ìla ta dÐktua autĹ pou epikoinwnoÔn, èqoun sqèsh empistosÔnhc

kai sunergĹzontai sunjètoun th Sunergatikă Upodomă.

• Thn anÐqneush peristatikÿn se kĹje epimèrouc dÐktuo bĹsei topikÿn

kai apomakrusmènwn anaforÿn stic opoÐec eÐnai dunatìn na anatÐjentai

diaforetikĹ bĹrh (empistosÔnh).
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• Thn antallagă mhnumĹtwn metaxÔ twn diktÔwn gia peristatikĹ en exelÐ-

xei, th sugkèntrwsh plhroforiÿn pou auxĹnoun th bebaiìthta Ôparxhc

enìc peristatikoÔ kai th merikă èstw anagnÿrish tou monopatioÔ pou

akoloujeÐ h epÐjesh.

• Thn apìfash kai ulopoÐhsh topikÿn, se kĹje epimèrouc dÐktuo, ener-

geiÿn antÐdrashc sto peristatikì. Oi enèrgeiec autèc mporoÔn na eÐnai

katĹ tètoio trìpo rujmismènec ÿste na sumfwnoÔn me tic ekĹstote ako-

loujoÔmenec politikèc.

Se topikì epÐpedo h Sunergatikă Ontìthta apoteleÐ to {enopoihtikì} stoi-

qeÐo pou epitrèpei sta diĹfora epÐpeda orgĹnwshc enìc diktÔou (politikèc

asfaleÐac, diajèsimec dunatìthtec epikoinwnÐac, topikĹ sustămata IDS k.lp.)

na sugklÐnoun se koină kai suntonismènh leitourgÐa.

Ta kÔria qarakthristikĹ thc Sunergatikăc Upodomăc ìpwc prokÔptoun,

apì thn jewrhtikă anĹlush kai apì thn ulopoÐhsh miac seirĹc apì prwtìtupa

eÐnai:

• Ta dÐktua diathroÔn th diaqeiristikă touc anexarthsÐa.

• MetaxÔ diktÔwn parèqetai epikoinwnÐa metaxÔ twn melÿn thc Sunerga-

tikăc Upodomăc me asfĹleia kai qamhlă epibĹrunsh tou diktÔou.

• Gia tic epikoinwnÐec tìso me ta topikĹ sustămata IDS, ìso kai metaxÔ

twn sunergazìmenwn diktÔwn qrhsimopoieÐtai to (upì exèlixh) prìtupo

IDEMEF thc IETF pou dieukolÔnei th dialeitourgikìthta (me sustă-

mata IDS kai Ĺlla).
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• H Sunergatikă Upodomă eÐnai se jèsh na qrhsimopoiăsei mia seirĹ apì

diaforetikèc teqnikèc epikoinwnÐac, ìpwc IP Multicast, uperkeÐmena (over-

lay) dÐktua peer-to-peer, mikrăc ă megĹlhc klÐmakac, kai peribĹllonta

{Plègmatoc} (Grid). ’Opwc apodeÐqjhke apì thn ulopoÐhsh twn prwto-

tÔpwn eÐnai dunată h egkatĹstash, orgĹnwsh, epikoinwnÐa kai stajeră

leitourgÐa thc Sunergatikăc Upodomăc se kĹje mia apì autèc tic peri-

ptÿseic (plhn autăc tou {Plègmatoc} ìpou den ulopoiăjhke antÐstoiqo

prwtìtupo).

• Epiplèon se kĹje mia apì tic anaferìmenec periptÿseic eÐnai dunată h

qrhsimopoÐhsh twn eidikÿn qarakthristikÿn thc mejìdou diasÔndeshc

ÿste na epiteuqjoÔn eidikèc leitourgÐec thc Sunergatikăc Upodomăc.

Pio qarakthristikĹ paradeÐgmata eÐnai:

– Me th qrăsh IP Multicast dÐnetai h dunatìthta se èna dÐktuo na

leitourgoÔn parĹllhla plărwc enhmerwmènec efedrikèc Ontotătec.

Autèc qwrÐc na eÐnai Ĺmesa {oratèc} diktuakĹ eÐnai ètoimec na ana-

lĹboun tic leitourgÐec thc kÔriac Sunergatikăc Ontìthtac efìson

autì apaithjeÐ.

– H qrăsh twn eidikÿn qarakthristikÿn tou kĹje peristatikoÔ gia

thn orgĹnwsh kai sugkèntrwsh stoiqeÐwn se èna kìmbo-suntonistă

ìtan qrhsimopoioÔntai dÐktua peer-to-peer dromolìghshc basismè-

nhc se kleidÐ (Key Based Routing - KBR).

• H sunergasÐa metaxÔ diaforetikÿn (kai pijanĹ apomakrusmènwn) di-

ktÔwn parousiĹzei mia seirĹ apì eidikèc anĹgkec apì pleurĹc asfaleÐac
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(pijanìthta upoklopăc mhnumĹtwn, dieÐsdushc epitijèmenwn sthn arqi-

tektonikă, epibebaÐwsh kai empistosÔnhc sta mhnÔmata k.lp.). Me mia

seirĹ apì tupikĹ mètra asfaleÐac (yhfiakĹ pistopoihtikĹ, qronosăman-

sh  timestamping  k.lp.) ta opoÐa epibebaiÿjhkan me thn qrăsh

peiramatikoÔ prwtotÔpou eÐnai dunată h exasfĹlish thc Arqitektonikăc

se ikanopoihtikì bajmì.

Sta epìmena kefĹlaia ja parousiasteÐ h eswterikă leitourgÐa thc Sunergati-

kăc Ontìthtac, ta eidikĹ qarakthristikĹ thc opoÐac epitrèpoun thn dhmiourgÐa

thc proteinìmenhc Upodomăc. EpÐshc ja parousiasteÐ mia seirĹ apì proso-

moiÿseic thc Sunergatikăc Upodomăc sunolikĹ (me th summetoqă pollaplÿn

diktÔwn) oi opoÐec apodeiknÔoun epÐshc thn orjă leitourgÐa thc kai ta pleone-

ktămata pou mporeÐ na prosfèrei me th qrăsh thc sthn antimetÿpish epijèsewn

DDoS.



KefĹlaio 4

QarakthristikĹ kai LeitourgÐa

twn Sunergatikÿn Ontotătwn

(Cooperative Entities)

4.1 Eisagwgă

Sto kefĹlaio autì epikentrwnìmaste sth leitourgÐa kai parametropoÐhsh thc

Sunergatikăc Ontìthtac, tou kurÐou domikoÔ stoiqeÐou thc proteinìmenhc ar-

qitektonikăc. PerigrĹfetai h arqitektonikă logismikoÔ, h eswterikă leitour-

gÐa kai h mejodologÐa anĹlushc twn mhnumĹtwn ÿste na anagnwristeÐ èna pe-

ristatikì kai na exaqjoÔn sugkekrimèna sumperĹsmata gia autì. Shmeiÿnetai

ìti h eswterikă leitourgÐa thc Ontìthtac eÐnai se megĹlo bajmì anexĹrthth

apì to epikoinwniakì tmăma thc arqitektonikăc, tìso thn upodomă qamhlì-
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terou epÐpèdou (th mèjodo sqhmatismoÔ tou UperkeÐmenou DiktÔou
1
), ìso

kai ta prwtìkolla metaforĹc thc plhroforÐac. Katfl epèktash, h Ontìthta

mporeÐ na ulopoihjeÐ me diaforetikoÔc trìpouc (diaforetikèc platfìrmec ulo-

poÐhshc, algorÐjmouc leitourgÐac, paramètrouc diamìrfwshc k.lp.) efìson

mporeÐ na exasfalÐzei thn anĹptuxh kai leitourgÐa thc arqitektonikăc.

4.2 Tmămata thc Ontìthtac

KatĹ to sqediasmì thc eswterikăc arqitektonikăc logismikoÔ thc Sunerga-

tikăc Ontìthtac ègine prospĹjeia na akoloujhjeÐ h mejodologÐa thc qrăshc

autìnomwn programmatistikÿn diergasiÿn (autonomous agents) oi opoÐec lei-

tourgoÔn anexĹrthta h mia apì thn Ĺllh. H prosèggish aută èqei mia seirĹ

apì pleonektămata pou parousiĹzontai analutikĹ sto [Spaf00] allĹ ousiasti-

kĹ epitrèpei ton plărh diaqwrismì leitourgiÿn, euelixÐa sthn egkatĹstash, th

leitourgÐa kai th diaqeÐrish twn diaforetikÿn diergasiÿn, enÿ, jewrhtikĹ, ori-

smènec apì autèc ja mporoÔsan na egkatastajoÔn kai se diaforetikĹ, sustă-

mata. H Ontìthta èqei sqediasteÐ ÿste na prosjètei mikră epibĹrunsh sto

sÔsthma egkatĹstashc. Sto prwtìtupo h ulopoÐhsh basÐsthke sth glÿssa

Java [Gosl00] kai thn upodomă diaqeÐrishc pou prosfèrei aută ÿste na epiteu-

qjeÐ metafersimìthta tou kÿdika se diaforetikèc upologistikèc platfìrmec.

H arqitektonikă logismikoÔ thc Ontìthtac parousiĹzetai sto Sqăma 4.1.

H Ontìthta apoteleÐtai apì ènan arijmì apì autìnomec, anexĹrthtec mo-

1
Εξαίρεση σε αυτό αποτεlούν µόνον τα µηνύµατα κανονικήc lειτουργίαc (”Heartbeats”)

που προβlέπει το πρότυπο IDMEF) που σε ορισµένα είδη υπερκείµενων δικτύων ανταllάσ-
σονται από την υποδοµή ενώ σε άllα πρέπει να αναlαµβάνονται από την ίδια την Οντότητα.

Ο αlγόριθµοc lειτουργίαc αllάζει εlάχιστα στιc δύο περιπτώσειc ανάlογα µε το αν τα χρη-

σιµοποιεί ή όχι.
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Sqăma 4.1: Eswterikă arqitektonikă kai antallagă mhnumĹtwn sth Sunerga-

tikă Ontìthta

nĹdec pou enÿnontai kai leitourgoÔn apì koinoÔ kĹtw apì th diaqeÐrish thc

programmatistikăc upodomăc Java Management Extensions (JMX) [Jmx04].

SÔmfwna me thn arqitektonikă tou protÔpou autoÔ, kĹje monĹda ulopoieÐtai

wc èna diaqeirizìmeno prìgramma Java MBean (”Managed Bean”). H Upodo-

mă JMX parèqei tic epikoinwnÐec metaxÔ touc kai tic aparaÐthtec sundèseic gia

na gÐnei h diaqeÐrish touc. Qrhsimopoiÿntac to JMX eÐnai dunată h prìsbash

stic monĹdec me sundèseic prwtokìllwn (protocol interfaces) pollÿn diafo-

retikÿn tÔpwn, p.q. asfaleÐc epikoinwnÐec HTTP/SSL, SNMP k.lp. Mèsw

autÿn o diaqeiristăc mporeÐ na tropopoiăsei tic paramètrouc diamìrfwshc

thc Ontìthtac ă na elègxei kĹje monĹda xeqwristĹ. H upodomă JMX epitrè-

pei thn epèmbash kai thn efarmogă diaqeiristikÿn ergasiÿn se kĹje mia apì

tic monĹdec, p.q. egkatĹstash nèwn ekdìsewn, energopoÐhsh ă diakopă thc
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leitourgÐac touc, stic perissìterec periptÿseic qwrÐc na qreiĹzetai na ephrea-

steÐ olìklhrh h Ontìthta. Epiplèon, to stoiqeÐo autì dÐnei sto diaqeiristă th

dunatìthta apomakrusmènhc prìsbashc kai diaqeÐrishc thc Ontìthtac mèsw

enìc koinoÔ web browser,

4.2.1 MonĹda Epikoinwniÿn

H MonĹda aută analambĹnei to rìlo thc diasÔndeshc anĹmesa sthn Ontìthta

kai opoiodăpote upìbajro epikoinwnÐac èqei epilegeÐ gia th dhmiourgÐa kai dia-

sÔndesh tou uperkeÐmenou diktÔou pou ulopoieÐ thn Upodomă Antimetÿpishc

Peristatikÿn DDoS.

H monĹda qeirÐzetai ta eiserqìmena mhnÔmata, proeidopoÐhshc peristatikoÔ

(Alerts) ă enhmèrwshc gia kanonikă leitourgÐa (heartbeats) kai ulopoieÐ tic

exăc leitourgÐec:

• ApokruptografeÐ to mănuma qrhsimopoiÿntac to koinì kleidÐ thc omĹdac

• Elègqei thn aujentikìthta thc yhfiakăc upografăc sto mănuma kai th

sumfwnÐa me ta stoiqeÐa tou apostolèa

• Elègqei to qronikă sămansh tou mhnÔmatoc gia na apofeuqjoÔn epijè-

seic epanĹlhyhc mhnumĹtwn (replication attacks). Ta stoiqeÐa yhfiakăc

upografăc kai qronikăc sămanshc parèqontai me epikefalÐdec XML pou

eÐnai mèroc tou mhnÔmatoc.

Se perÐptwsh pou to mănuma den gÐnei apodektì h monĹda stèlnei mia sqetikă

eidopoÐhsh sto diaqeiristă epeidă endèqetai na eÐnai èndeixh parabÐashc thc

Sunergatikăc Upodomăc.
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Se antÐjeth perÐptwsh, pou to mănuma gÐnetai kanonikĹ apodektì, ta kurÐ-

wc perieqìmena tou mhnÔmatoc (stoiqeÐa XML pou akoloujoÔn thn prodiagra-

fă IDMEF) pernoÔn apì èna lektikì analută kai antloÔntai oi plhroforÐec

pou perièqontai se kĹje pedÐo. Oi plhroforÐec tou mhnÔmatoc, mazÐ me to

qrìno paralabăc apojhkeÔontai sth bĹsh dedomènwn gia ta mhnÔmata. H bĹ-

sh aută diajètei sth sunèqeia tic plhroforÐec twn mhnumĹtwn stic upìloipec

monĹdec thc Ontìthtac
2
[Qatz02].

H MonĹda Epikoinwniÿn analambĹnei epÐshc kai thn apostolă twn exer-

qìmenwn mhnumĹtwn apì thn Ontìthta: autìmath apostolă mhnumĹtwn kano-

nikăc leitourgÐac thc Ontìthtac kai tuqìn mhnumĹtwn proeidopoÐhshc proc

th Sunergatikă Upodomă (frontÐzontac tautìqrona jèmata, ìpwc h qronikă

sămansh, h yhfiakă upografă kai h kruptogrĹfhsh touc).

4.2.2 MonĹda AnalÔsewn

EÐnai o kÔrioc mhqanismìc sunduasmoÔ kai anĹlushc twn plhroforiÿn pou

lambĹnei h Ontìthta apì topikèc kai apomakrusmènec phgèc. H monĹda au-

tă diathreÐ mia katĹstash leitourgÐac gia kĹje èna peristatikì en exelÐxei.

AnĹloga me tic paramètrouc rÔjmishc thc leitourgÐac thc Ontìthtac, pou ka-

jorÐzoun thn euaisjhsÐa kai touc qrìnouc apìkrishc thc, kai ta mhnÔmata pou

ja lĹbei ja perĹsei apì thn parakoloÔjhsh sto qeirismì tou peristatikoÔ.

Pernÿntac sth diadikasÐa energopoÐhshc gia èna peristatikì o mhqanismìc

thc Ontìthtac ja analĹbei:

• Thn anĹlush tou peristatikoÔ bĹsei twn mhnumĹtwn pou èqoun lhfjeÐ
2
Τα µηνύµατα κανονικήc lειτουργίαc (δείτε στη συνέχεια) δεν αποθηκεύονται ξεχωριστά

αllά ανανεώνουν µόνο το χρόνο τεlευταίαc lήψηc τουc.



4.2 Tmămata thc Ontìthtac 152

ÿste na diapistwjoÔn ta qarakthristikĹ tou kai kurÐwc h topojèthsh

tou diktÔou sto pĹnw sth diadromă pou akoloujeÐ h epÐjesh.

• Thn enhmèrwsh thc diaqeiristikăc efarmogăc gia thn Ôparxh tou peri-

statikoÔ.

• Th dhmiourgÐa, upì katĹllhlec proôpojèseic, enìc mhnÔmatoc proeido-

poÐhshc kai thn apìdosh tou sth MonĹda Epikoinwniÿn gia apostolă

stic upìloipec Ontìthtec.

• Thn energopoÐhsh thc MonĹdac AntÐdrashc me ta apotelèsmata thc anĹ-

lushc ÿste, efìson upĹrqei h katĹllhlh politikă antimetÿpishc na

analhfjoÔn ta antÐstoiqa mètra.

4.2.3 MonĹda AntÐdrashc

Se aută th monĹda oi plhroforÐec kai oi anĹlush gia to peristatikì pou èqei

energopoiăsei thn Ontìthta antistoiqÐzontai se politikèc antÐdrashc. EĹn

upĹrqei h katĹllhlh politikă h monĹda aută analambĹnei na ulopoiăsei kai ta

antÐstoiqa mètra ton energì exoplismì tou diktÔou gia thn antimetÿpish thc

epÐjeshc.
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4.3 LeitourgÐa thc Ontìthtac

4.3.1 KatastĹseic leitourgÐac kai parĹmetroi diamìr-

fwshc

H Ontìthta epiteleÐ th leitourgÐa thc pernÿntac apì mia seirĹ apì katastĹ-

seic gia kĹje peristatikì pou ja parakoloujăsei, bĹsh orismènwn paramètrwn

rÔjmishc. Shmeiÿnetai ìti h Ontìthta mporeÐ tautìqrona na parakoloujeÐ pe-

rissìtera tou enìc peristatikĹ kai na metabaÐnei se diaforetikă katĹstash

leitourgÐac gia kĹje èna apì autĹ anĹloga me thn exèlixh tou. Oi katastĹseic

kai oi metabĹseic metaxÔ touc faÐnontai sto Sqăma 4.2 kai eÐnai oi exăc:

1. Down - KatĹstash mh leitourgÐac. H Ontìthta brÐsketai se aută thn

katĹstash katĹ thn ekkÐnhsh, mèqri na energopoihjeÐ h monĹda epikoi-

nwniÿn, ă me diaqeiristikă epèmbash. H katĹstash aută diakìptei thn

parakoloÔjhsh ìlwn twn gegonìtwn en exelÐxei. EÐnai epÐshc h monadi-

kă perÐptwsh pou h Ontìthta den ekpèmpei taktikĹ mhnÔmata kanonikăc

leitourgÐac thc (gia tic arqitektonikèc pou ta qrhsimopoioÔn).

2. Normal - Fusiologikă katĹstash leitourgÐac. H Ontìthta ja brejeÐ

se aută thn katĹstash ìtan ja èqei oloklhrÿsei thn ekkÐnhsh thc,

kai ja parameÐnei se aută ìso suneqÐzei na lambĹnei kanonikĹ mhnÔmata

leitourgÐac (Heartbeats) apì Ĺllec omìtimec Ontìthtec kai den èqei lĹ-

bei kanèna mănuma proeidopoÐhshc (Alert) gia kĹpoio peristatikì. Apì

pleurĹc ulopoÐhshc, epeidă kĹje katĹstash energopoÐhshc eÐnai sun-

dedemènh me èna peristatikì, h fusiologikă katĹstash den ufÐstatai

pragmatikĹ, allĹ upodeiknÔei ìti den èqei energopoihjeÐ kamÐa metĹbash
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se katĹstash upoyÐac. Gia tic arqitektonikèc ìpou gÐnetai qrăsh mh-

numĹtwn kanonikăc leitourgÐac, sthn katĹstash aută gÐnetai aplĹ mia

parakoloÔjhsh gia thn lăyh autÿn twn mhnumĹtwn entìc twn problepì-

menwn qronikÿn diasthmĹtwn. To qronikì diĹsthma anamonăc orÐzetai

apì thn parĹmetro Heartbeat timeout kai an gia kĹpoia Ontìthta thc

sunergasÐac xeperasteÐ metaferìmaste thn epìmenh katĹstash energo-

poÐhshc.

3. Suspicion - KatĹstash pijanăc Ôparxhc peristatikoÔ. An h Ontìthta

lĹbei èstw kai èna mănuma proeidopoÐhshc ja perĹsei se aută thn ka-

tĹstash. To Ðdio ja sumbeÐ stic periptÿseic pou èqei xeperasteÐ to

qronikì ìrio gia th lăyh enìc mhnÔmatoc kanonikăc leitourgÐac apì mia

apì tic Ĺllec Ontìthtec. Ta stoiqeÐa tou mhnÔmatoc proeidopoÐhshc

katagrĹfontai kai xekinĹ h parakoloÔjhsh tou pijanoÔ peristatikoÔ.

Mèroc autăc thc parakoloÔjhshc eÐnai h dhmiourgÐa enìc {Metrhtă Be-

baiìthtac} gia to peristatikì, Notification counter, o opoÐoc katagrĹfei

to sunolikì arijmì mhnumĹtwn pou èqoun paralhfjeÐ kai èqoun sqèsh

me autì to peristatikì. SunolikĹ h {sussÿreush} bebaiìthtac gia to

peristatikì eÐnai mia morfă {yhfoforÐac me bĹrh} (weighted voting)

allĹ me th summetoqă thc paramètrou tou qrìnou.

KĹje nèo mănuma pou lambĹnetai apì thn Ontìthta exetĹzetai katĹ

pìson èqei sqèsh me kĹpoio apì ta upĹrqonta peristatikĹ. An prĹgmati

anăkei se èna apì autĹ tìte ja auxăsei to metrhtă Notification counter.

H taqÔthta aÔxhshc tou metrhtă autoÔ kajorÐzei th metĹbash sthn

epìmenh katĹstash leitourgÐac thc Ontìthtac.
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UpĹrqei h dunatìthta ÿste orismèna mhnÔmata na axiologoÔntai me dia-

foretikì trìpo wc proc thn axÐa touc, epomènwc kai gia to pìso ja

auxăsoun to metrhtă Notification counter. Pio sugkekrimèna, mhnÔmata

pou proèrqontai apì ta Sustămata AnÐqneushc Epijèsewn tou diktÔou

sto opoÐo anăkei h Ontìthta paralăpthc auxĹnoun thn timă tou Noti-

fication counter katĹ èna suntelestă Ðso me thn parĹmetro Local value.

H epilogă aută èqei gÐnei ÿste ta topikĹ mhnÔmata na qeirÐzontai wc

uyhlìterhc axÐac kai pio èmpista apì autĹ pou proèrqontai apì apo-

makrusmèna, xèna dÐktua. Autì to qarakthristikì eÐnai qrăsimo gia

dÐktua pou eÐnai apodèktec miac epÐjeshc ÿste na epitugqĹnoun sun-

tomìterh metĹbash se epìmenec katastĹseic pou sunepĹgontai kai thn

ekpompă mhnumĹtwn enhmèrwshc. Epiplèon anamènetai megalÔterh pija-

nìthta entopismoÔ miac epÐjeshc DDoS apì dÐktua ta opoÐa brÐskontai

pĹnw sto monopĹti thc diadromăc thc kai kontÔtera ston telikì stìqo.

Ta dÐktua autĹ ja èqoun ètsi thn eukairÐa na antidrĹsoun ègkaira. Gia

prosdiorismì thc taqÔthtac lăyhc twn topikÿn mhnumĹtwn proeidopoÐh-

shc qrhsimopoieÐtai kai ènac xeqwristìc metrhtăc, eidikĹ gia autĹ, o

Local counter.

Proc thn Ðdia kateÔjunsh leitourgoÔn kai merikèc akìma parĹmetroi thc

ulopoÐhshc: kĹje mănuma (proeidopoÐhshc) peristatikoÔ fèrei th be-

baiìthta tou apostolèa gia thn anaforĹ pou kĹnei, Confidence count.

EpÐshc se kĹje sunergazìmeno dÐktuo apodÐdetai mia parĹmetroc empi-

stosÔnhc, Sender confidence anĹloga me th sqèsh pou èqei to dÐktuo
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paralăpthc me autì
3
. ’Enac metrhtăc qrìnou me arqikă timă thn parĹ-

metro Suspicious timeout arqÐzei na metrĹei antÐstrofa metĹ apì kĹje

lăyh mhnÔmatoc sqetikoÔ me to peristatikì kai ananeÿnei thn timă tou me

kĹje nèo mănuma. Suneqizìmenh adunamÐa lăyhc mhnumĹtwn kanonikăc

leitourgÐac den auxĹnei kanènan apì touc metrhtèc, aplĹ diathreÐ thn

Ontìthta sthn Ðdia katĹstash. EÐnai protimhtèo h parĹmetroc Heart-

beat timeout na eÐnai megalÔterh apì to mègisto qrìno pou mporeÐ na

mesolabăsei gia thn lăyh enìc nèou mhnÔmatoc kanonikăc leitourgÐac.

Tèloc krateÐtai h diĹrkeia tou peristatikoÔ (me katagrafă tou qroni-

koÔ shmeÐou sto opoÐo autì xekÐnhse - pìte elăfjh to prÿto sqetikì

mănuma) ÿste na mporeÐ na ektimhjeÐ pìso grăgora èqei autì exeliqjeÐ

mèqri to pèrasma thc Ontìthtac sthn epìmenh katĹstash leitourgÐac.

O qrìnoc exèlixhc tou peristatikoÔ eÐnai h parĹmetroc Event time.

4. Alert - KatĹstash EnergopoÐhshc. H Ontìthta pernĹ se aută thn ka-

tĹstash gia kĹpoio peristatikì, efìson o metrhtăc Notification counter

xeperĹsei thn timă thc paramètrou Alert threshold. H Ontìthta para-

mènei se aută thn katĹstash gia diĹsthma Ðso me thn parĹmetro Aler-

ted timeout. O qrìnoc autìc ananeÿnetai efìson lhfjoÔn nèa mhnÔmata

proeidopoÐhshc. Me thn exĹntlhsh tou qronikoÔ orÐou h Ontìthta epi-

strèfei sthn katĹstash Suspicion me allagă sthn timă tou metrhtă

Notification counter sthn timă Alert threshold meiwmènh katĹ mia parĹ-

metro Tolerance. H meÐwsh aută gÐnetai ÿste na mhn upĹrqei suneqăc

3
Η παράµετροc αυτή µπορεί να αντικατοπτρίζει τιc επιχειρηµατικέc σχέσειc ή ποlιτικέc

προc άllα δίκτυα χωρίc όµωc να παρεµποδίζεται η ουσιαστική συνεργασία µεταξύ τουc.
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enallagă anĹmesa stic dÔo katastĹseic. EnnoeÐtai ìti:

2 ≤ Tolerance ≤ Alert threshold

Dhladă, h timă tou Notification counter ja meiwjeÐ toulĹqiston katĹ

2, me dedomèno epÐshc ìti opwsdăpote Alert threshold ≥ 2.

H metĹbash sthn KatĹstash EnergopoÐhshc sunepĹgetai mia seirĹ apì

enèrgeiec (anĹloga me tic rujmÐseic pou èqei kĹnei o diaqeiristăc gia thn

leitourgÐa thc Ontìthtac):

• AnalÔontai ta mhnÔmata pou èqoun lhfjeÐ gia to peristatikì ÿste

na bgei sumpèrasma gia thn topojèthsh tou diktÔou wc proc to

monopĹti thc epÐjeshc
4
. O sunduasmìc twn diaforetikÿn periptÿ-

sewn ja odhgăsei kai sthn antÐstoiqh antÐdrash.

• Stèlnetai enhmèrwsh sth monĹda diaqeÐrishc tou diktÔou ÿste o

diaqeiristăc na gnwrÐzei gia ta peristatikĹ se exèlixh.

• EnergopoieÐtai o Mhqanismìc AntÐdrashc sthn epÐjesh. Efìson

upĹrqei h antÐstoiqh politikă, h monĹda aută analambĹnei na thn

ulopoiăsei. H eidopoÐhsh gia energopoÐhsh thc monĹdac autăc pe-

rilambĹnei ta stoiqeÐa tou peristatikoÔ thc epÐjeshc kai stoiqeÐa

tou monopatioÔ pou aforoÔn to dÐktuo. Sth sunèqeia tuqìn enèr-

geiec analambĹnontai apì aută th monĹda anĹloga me to tÐ upago-

reÔei h politikă gia sqetikèc periptÿseic kai antÐstoiqa proc ta

4
Οι πιθανέc περιπτώσειc που αναlύονται στη συνέχεια είναι: (α)το δίκτυο είναι πηγή τηc

επίθεσηc ή πάνω στο µονοπάτι τηc, (β) είναι πάνω στο µονοπάτι τηc, (γ) είναι ο στόχοc τηc

επίθεσηc ή (δ) είναι εκτόc του µονοπατιού επίθεσηc.
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sugkekrimèna teqnikĹ qarakthristikĹ thc epÐjeshc. Efìson ulo-

poihjoÔn mètra katĹ thc epÐjeshc jewroÔme ìti h Ontìthta eÐnai

sthn epìmenh katĹstash leitourgÐac.

5. Reacting - KatĹstash antÐdrashc. H paramonă se aută thn katĹstash

gÐnetai gia ìso diĹsthma ulopoieÐtai kĹpoia politikă antimetÿpishc thc

epÐjeshc. H epistrofă apì aută thn katĹstash gÐnetai sthn katĹstash

Suspicion kai èqei ta Ðdia qarakthristikĹ me thn katĹstash Alert:

Notification counter = Alert threshold− Tolerance

O qrìnoc paramonăc sthn katĹstash aută epÐshc ananeÿnetai efìson

lhfjoÔn nèa mhnÔmata proeidopoÐhshc gia to Ðdio peristatikì.

H epilogă na jewreÐtai diaforetikă katĹstash h perÐptwsh energăc an-

tÐdrashc ègine ÿste o diaqeiristăc na gnwrÐzei anĹ pĹsa stigmă an èqoun

tejeÐ se isqÔ mètra sto dÐktuo kai, efìson to epilèxei, na epembaÐnei.

Pijanèc epembĹseic tou diaqeiristă mporeÐ na eÐnai h diakopă thc ulo-

poihmènhc politikăc antÐdrashc ă h ananèwsh thc me nèa, h opoÐa ja

efarmosteÐ Ĺmesa apì th monĹda antÐdrashc.

O PÐnakac 4.1 sunoyÐzei tic paramètrouc pou qrhsimopoioÔntai gia th rÔjmish

thc leitourgÐac (configuration parameters) thc Ontìthtac kai o PÐnakac 4.2

parousiĹzei ta plhroforiakĹ stoiqeÐa pou qrhsimopoioÔntai sth leitourgÐa

thc Ontìthtac.
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Parametroc Exhghsh
Heartbeat timeout To qronikì diĹsthma gia to opoÐo h Ontìthta

ja perimènei na lĹbei èna mănuma Kanonikăc

LeitourgÐac (heartbeat) apì Ĺllh geitonikă
Ontìthta. An autì xeperasteÐ qwrÐc lăyh tè-

toiou mhnÔmatoc h Ontìthta ja perĹsei se ka-

tĹstash {UpoyÐac PeristatikoÔ} (Suspicion
State) allĹ qwrÐc susqètish me sugkekrimèno
peristatikì.

Local value Suntelestăc bĹrouc gia ta mhnÔmata pou

proèrqontai apì ta topikĹ (apì to Ðdio dÐktuo

me thn Ontìthta) sustămata IDS.
Sender confidence Suntelestăc empistosÔnhc pou anatÐjetai

sta mhnÔmata apì ton paralăpth anĹloga me

ton apostolèa.

Suspicious timeout Arqikă timă metrhtă pou metrĹei antÐstro-

fa metĹ th metĹbash se katĹstash {UpoyÐac

PeristatikoÔ} (Suspicion State) kai ananeÿ-
netai me kĹje lăyh nèou mhnÔmatoc sqetikoÔ

me to peristatikì.

Alert threshold Timă ìrio gia thn parĹmetro Notifica-
tion counter pèran tou opoÐou h Ontìthta
pernĹ se katĹstash {EnergopoÐhshc} (Alert
State) gia kĹpoio peristatikì.

Alerted timeout Arqikă timă metrhtă qrìnou pou metrĹei an-

tÐstrofa metĹ th metĹbash se katĹstash

{EnergopoÐhshc} (Alert State) kai ananeÿne-
tai me kĹje lăyh nèou mhnÔmatoc sqetikoÔ me

to peristatikì.

Local notification threshold ’Orio gia thn timă Local counter/Event time
prokeimènou na paraqjeÐ èna mănuma proeido-

poÐhshc (Alert) apì thn Ontìthta.
Tolerance Timă meÐwshc tou metrhtă Notifica-

tion counter apì thn timă Alert threshold
ìtan h Ontìthta epistrèyei se katĹstash

{UpoyÐac PeristatikoÔ} apì katĹstash

{EnergopoÐhshc}. IsqÔei

Notification counter = Alert threshold −
Tolerance

PÐnakac 4.1: ParĹmetroi rÔjmishc thc Ontìthtac
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Parametroc Exhghsh
Notification counter ’Enac metrhtăc ({susswreutăc}) bebaiìth-

tac, bĹsei twn mhnumĹtwn pou èqoun para-

lhfjeÐ gia èna peristatikì. Gia kĹje diafo-

retikì peristatikì dhmiourgeÐtai kai ènac me-

trhtăc autoÔ tou eÐdouc. AuxĹnetai katĹ to

bĹroc pou ja dojeÐ se kĹje eiserqìmeno mă-

numa pou aforĹ to sugkekrimèno peristatikì.

Event time Qrìnoc diĹrkeiac tou peristatikoÔ apì thn

prÿth emfĹnish mhnÔmatoc.

Local counter Metrhtăc tou arijmoÔ mhnumĹtwn pou proăl-

jan apì topikĹ sustămata IDS
Confidence count Suntelestăc bebaiìthtac tou apostolèa gia

èna eiserqìmeno mănuma.

S Sobarìthta EpÐjeshc, S, ìpou:
S = (N − A + 1)/E
kai

E h (kanonikopoihmènh) timă thc paramètrou
Event time,
N h timă thc paramètrou Notifica-
tion counter,
A h timă thc paramètrou Alert threshold

PÐnakac 4.2: PlhroforiakĹ stoiqeÐa katĹ th leitourgÐa thc Ontìthtac

4.3.2 MhnÔmata pou antallĹssontai

H Epèktash tou protÔpou IDMEF

Ta mhnÔmata suntĹssontai sth glÿssa XML (eXtended Markup Language)

sÔmfwna proc th logikă leitourgÐac kai touc orismoÔc tou protÔpou IMDEF

[Deba04]. To prìtupo autì èqei sqediasteÐ gia tic epikoinwnÐec metaxÔ Susth-

mĹtwn AnÐqneushc Epijèsewn (Intrusion Detection Systems - IDS) kai orÐzei

touc kanìnec sÔntaxhc (Document Type Definition - DTD) twn sqetikÿn

mhnumĹtwn se XML. KatĹ thn paroÔsa ergasÐa to DTD tou IDMEF, epe-
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ktĹjhke (ìpwc problèpetai sthn Ðdia thn prodiagrafă), ÿste na perilambĹnei

epiplèon plhroforÐec qrăsimec gia th leitourgÐa thc Sunergatikăc Upodomăc.

Pio sugkekrimèna (sto pedÐo Additional Data) prostèjhkan plhroforÐec

sqetikĹ me ta prohgoÔmena kai epìmena dÐktua pou akoloujeÐ h diadromă miac

epÐjeshc wc proc to sÔsthma pou anagnwrÐzei to peristatikì. To ektetamèno

DTD parousiĹzetai sqhmatikĹ sto Sqăma 4.3 sth sunèqeia.
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EÐdh mhnumĹtwn kai pedÐa touc

KatĹ ton orismì tou DTD qrhsimopoioÔntai mhnÔmata dÔo eidÿn:

a. MhnÔmata kanonikăc leitourgÐac (heartbeats). Proèrqontai apì Ĺllec

omìtimec Ontìthtec kai dÐnoun mia èndeixh ìti tìso autèc ìso kai to

dÐktuo leitourgoÔn kanonikĹ. ’Ena endeiktikì tètoio mănuma dÐnetai sto

Tmăma Kÿdika 4.1.

b. MhnÔmata proeidopoÐhshc (Alerts). AutĹ mporeÐ na proèljoun eÐte apì

Sustămata AnÐqneushc Epijèsewn ta opoÐa leitourgoÔn sto Ðdio dÐktuo

me thn Ontìthta paralăpth eÐte apì Ĺllec Ontìthtec pou èqoun diapi-

stÿsei kĹpoio peristatikì asfaleÐac en exelÐxei. ’Ena endeiktikì tètoio

mănuma dÐnetai sto Tmăma Kÿdika 4.2.

<Heartbeat ident="1234">

<Analyzer analyzerid="Domain A Entity-123"></Analyzer>

<CreateTime ntpstamp="0x12345678.0x87654321">

2003-04-01T03:44:56,01+02:00

</CreateTime>

</Heartbeat>

Tmăma Kÿdika 4.1: ParĹdeigma mhnÔmatoc tÔpou Heartbeat

Kai ta dÔo eÐdh mhnumĹtwn perièqoun tic plhroforÐec pou metafèroun, orioje-

thmènec me epikefalÐdec (tags) XML, domhmènec ierarqikĹ, sÔmfwna me touc

(epauxhmènouc) kanìnec perigrafăc eggrĹfwn tou (DTD) tou IDMEF.

H prodiagrafă IDMEF perilambĹnei mia plhjÿra stoiqeÐwn allĹ parou-

siĹzontai edÿ autĹ pou sugkekrimèna qrhsimopoioÔntai sth leitourgÐa thc

Ontìthtac:
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• To anagnwristikì ident (identification) qrhsimopoieÐtai mìnon gia thn

arqeiojèthsh twn mhnumĹtwn tÔpou Heartbeat kai Alert ston aposto-

lèa.

• KĹje Ontìthta mèloc thc Sunergatikăc Upodomăc (Cooperative Infra-

structure) èqei èna monadikì kwdikì o opoÐoc qarakthrÐzei to dÐktuo

apostolèa (ă to topikì SÔsthma IDS) kai epitrèpei thn apìdosh diafo-

retikăc barÔthtac sto eiserqìmeno mănuma. O kwdikìc autìc perièqetai

ston prosdiorismì analyzerid.

• To anagnwristikì ident stouc prosdiorismoÔc phgăc (Source) kai

proorismoÔ (Target) tou peristatikoÔ anafèretai se dÐktua pou eÐte

anăkoun sth Sunergatikă Upodomă eÐte den anăkoun se aută allĹ eÐnai

Ĺmesa geitonikĹ se aută. Se kĹje Ontìthta upĹrqei ènac katĹlogoc

apì autĹ ta dÐktua kai tic sundèseic metaxÔ touc. H plhroforÐa aută

ìpwc ja faneÐ sth sunèqeia qrhsimopoieÐtai gia ton prosdiorismì tou

monopatioÔ thc epÐjeshc. Ta mhnÔmata proeidopoÐhshc (Alerts) mporeÐ

na èqoun pollaploÔc prosdiorismoÔc phgăc efìson autoÐ anafèrontai

sthn Ðdia epÐjesh (h kÐnhsh apì mia epÐjesh DDoS mporeÐ na eisèrqetai

se èna dÐktuo apì pollĹ diaforetikĹ shmeÐa tautìqrona).

• To stoiqeÐo Service dÐnei sugkekrimènec plhroforÐec gia to peristati-

kì, ìpwc prwtìkollo kai jÔra epikoinwnÐac
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<Alert ident="67890">

<Analyzer analyzerid="Domain A Entity-123"></Analyzer>

<CreateTime ntpstamp="0x12344321.0x87655678">

2003-04-01T03:45:57,03+02:00

</CreateTime>

<Source ident="X">

<Service>

<Portlist>25, 80</Portlist>

</Service>

</Source>

<Source ident="Y">

<Service>

<Portlist>25, 80</Portlist>

</Service>

</Source>

<Target ident="D">

<Node>

<Address category="7">147.102.13.10</Address>

</Node>

</Target>

<Classification origin="1">SYN Attack</Classification>

<AdditionalData type="8", meaning="Description">

DoS

</AdditionalData>

<AdditionalData type="8", meaning="Next-Hop Domain">

B

</AdditionalData>

</Alert>

Tmăma Kÿdika 4.2: ParĹdeigma mhnÔmatoc tÔpou Alert: H epÐjesh DDoS
èqei stìqo to sÔsthma me IP 147.102.13.10 sto (upojetikì) dÐktuo D, pou
emfanÐzetai sto Sqăma 4.5
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• Ta prìsjeta stoiqeÐa Classification kai AdditionalData parèqoun

prìsjetec plhroforÐec gia to peristatikì. To arqikì prìtupo IDMEF

an kai qrăsimo eÐnai sqediasmèno apokleistikĹ gia thn epikoinwnÐa meta-

xÔ SusthmĹtwn AnÐqneushc epijèsewn. Gia na kalÔyei tic anĹgkec tou

proteinìmenou protÔpou èprepe na epektajeÐ, diadikasÐa pou problèpe-

tai apì ton orismì tou. SÔmfwna me autìn ton orismì oi epektĹseic

gÐnontai qrhsimopoiÿntac ton prosdiorismì AdditionalData. Sthn pe-

rÐptwsh twn mhnumĹtwn pou qrhsimopoieÐ to proteinìmeno sÔsthma to

stoiqeÐo AdditionalData perièqei to {epìmeno} dÐktuo sto monopĹti

thc epÐjeshc ìpwc to anagnwrÐzei o apostolèac tou mhnÔmatoc.

• Ta stoiqeÐa Phgăc, ProorismoÔ, {Epìmenou DiktÔou} kai twn teqni-

kÿn qarakthristikÿn parèqoun arketèc plhroforÐec gia th monadikă

anagnÿrish miac epÐjeshc kai bohjoÔn sthn exagwgă sumperasmĹtwn

gia thn topojèthsh twn diafìrwn diktÔwn pĹnw sto monopĹti.

4.3.3 Paragwgă twn mhnumĹtwn

Aută gÐnetai apì th MonĹda AnĹlushc thc Ontìthtac. H proteinìmenh Su-

nergatikă Upodomă èqei wc èna apì touc kÔriouc skopoÔc thc na apofÔgei

ton pollaplasiasmì twn mhnumĹtwn proeidopoÐhshc sto dÐktuo. ’Etsi se kĹ-

je perÐptwsh gÐnetai h prospĹjeia na apofeÔgetai h epanĹlhyh plhroforÐac
5
.

Ta mhnÔmata proeidopoÐhshc eÐnai apotèlesma twn enhmerÿsewn twn topikÿn

SusthmĹtwn AnÐqneushc Epijèsewn kai parĹgontai ìtan isqÔoun tautìqrona

5
Φυσικά οι Οντότητεc επαναlαµβάνουν τα µηνύµατα σε χαµηlό επίπεδο (υποστηρίζονταc

επικοινωνία Multicast επιπέδου εφαρµογήc - περίπτωση επικοινωνιών peer-to-peer) όταν δε
χρησιµοποιείται κάποια δικτυακή υποδοµή που αναlαµβάνει αυτή την ενέργεια (επικοινωνία

Multicast επιπέδου IP)
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mia seirĹ apì sugkekrimènec sunjăkec:

1. H Ontìthta prèpei na brÐsketai se KatĹstash EnergopoÐhshc (Alert

State).

2. H Ontìthta èqei perièljei se katĹstash EnergopoÐhshc gia èna peri-

statikì epÐjeshc DDoS

3. H Ontìthta qreiĹzetai na basÐsei thn paragwgă nèwn mhnumĹtwn stic

anaforèc anÐqneushc twn topikÿn SusthmĹtwn IDS. Katfl autìn ton

trìpo, nèa mhnÔmata ja parĹgontai mìnon efìson upĹrxei diajèsimh nèa

plhroforÐa gia metĹdosh. ’Etsi, èna nèo mănuma parĹgetai se mia apì

tic exăc dÔo periptÿseic:

a. H Ontìthta èqei perièljei se katĹstash EnergopoÐhshc apoklei-

stikĹ apì mhnÔmata apì to topikì dÐktuo (ta topikĹ Sustămata

IDS).

b. Se perÐptwsh pou upĹrqoun mhnÔmata gia to Ðdio peristatikì kai

apì exwterikèc phgèc, o rujmìc Ĺfixhc twn enhmerÿsewn topikăc

proèleushc uperbaÐnei èna prokajorismèno ìrio. To ìrio autì ka-

jorÐzetai apì thn parĹmetro rÔjmishc Local notification threshold.

O rujmìc Ĺfixhc twn topikÿn mhnumĹtwn brÐsketai apì to phlÐko:

Local counter/Event time

H parĹmetroc Local counter metrĹ ta mhnÔmata topikăc proèleushc

gia èna peristatikì kai Event time eÐnai o qrìnoc pou mesolĹbhse



4.3 LeitourgÐa thc Ontìthtac 169

apì th stigmă Ĺfixhc tou prÿtou mhnÔmatoc gia to peristatikì

mèqri th stigmă metĹbashc thc Ontìthtac sthn Energopoihmènh

KatĹstash.

H parapĹnw diadikasÐa apìfashc gia thn paragwgă mhnÔmatoc apì mia

Ontìthta parousiĹzetai sunolikĹ wc diĹgramma roăc (Flowchart) sto

Sqăma 4.4. H logikă autoÔ tou algorÐjmou paragwgăc mhnumĹtwn eÐnai

ìti h taqeÐa sussÿreush topikÿn enhmerÿsewn sunepĹgetai megalÔte-

rh pijanìthta to dÐktuo sto opoÐo eÐnai egkatesthmènh h Ontìthta na

brÐsketai pĹnw sth diadromă thc epÐjeshc.

4.3.4 AnĹlush twn peristatikÿn

’Opwc anafèrjhke, me th metĹbash thc Ontìthtac sthn katĹstash Energo-

poÐhshc ekteloÔntai mia seirĹ apì enèrgeiec, h kuriìterh apì tic opoÐec eÐnai

h anĹlush twn mhnumĹtwn pou sqetÐzontai me to peristatikì, ÿste na bgei

sumpèrasma wc proc th morfă kai th diadromă thc epÐjeshc. Ta stoiqeÐa pou

èqoun sulleqjeÐ apì ta mhnÔmata kai qrhsimopoioÔntai gia autì to skopì

eÐnai ta exăc:

• Apostolèac mhnÔmatoc

• DÐktuo phgă thc epÐjeshc

• Stìqoc thc epÐjeshc. Autìc mporeÐ na eÐnai èna mìnon sÔsthma ă olì-

klhrh omĹda apì dieujÔnseic oi opoÐec ìmwc anăkoun sto Ðdio dÐktuo.

Sunăjwc h dromolìghsh kÐnhshc anĹmesa se diktuakoÔc qÿrouc Autì-

nomwn SusthmĹtwn tou prwtokìllou Border Gateway Protocol (BGP)
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Sqăma 4.4: Algìrijmoc Paragwgăc MhnumĹtwn

– BGP Autonomous Systems (AS) gÐnetai genikeumèna (aggregated) gia

ìlec tic dieujÔnseic pou perilambĹnei to AS proorismoÔ. Epomènwc eÐnai

logikă gia to Ðdio peristatikì h anazăthsh ìlwn twn dieujÔnsewn pou

anăkoun sthn Ðdia omadopoÐhsh dromolìghshc.

• Epìmeno dÐktuo sto monopĹti thc epÐjeshc, ìpwc autì anagnwrÐzetai

apì ton apostolèa tou mhnÔmatoc.
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• TÔpoc thc epÐjeshc: prwtìkollo (IP, TCP, UDP, ICMP k.lp.) eÐdoc

pakètou ă jÔra analìgwc.

• O qrìnoc pou shmeiÿjhke to peristatikì ÿste na gÐnei h qronikă su-

sqètish.

O prosdiorismìc ìti èna mănuma anafèretai se èna sugkekrimèno peristatikì

gÐnetai apì th sumfwnÐa twn plhroforiÿn gia to stìqo (pou dÐnetai apì to

stoiqeÐo Target tou mhnÔmatoc), ton tÔpo thc kakìboulhc kÐnhshc (pou exĹ-

getai apì ta stoiqeÐa Service kai AdditionalData tou mhnÔmatoc) kai thn

kontină qronikă apìstash
6
.

Apì th sunolikă anĹlush twn mhnumĹtwn pou èqoun apojhkeuteÐ gia to

peristatikì prokÔptoun diĹfora sumperĹsmata gia thn pijană topojèthsh tou

diktÔou thc Ontìthtac se sqèsh me th diadromă thc epÐjeshc:

a. To dÐktuo eÐnai h phgă thc epÐjeshc.

b. To dÐktuo eÐnai pĹnw sto monopĹti dièleushc thc epÐjeshc; aută to

diasqÐzei me sugkekrimèna shmeÐa eisìdou kai exìdou.

g. H epÐjesh den dièrqetai apì autì.

d. H Ontìthta den eÐnai se jèsh na apofasÐsei bĹsei twn diajèsimwn plh-

roforiÿn.

Pèra apì tic plhroforÐec mhnumĹtwn pou eÐnai anagkaÐec gia na bgoun au-

tĹ ta sumperĹsmata eÐnai epÐshc aparaÐthth h gnÿsh apì thn Ontìthta thc

6
Παράµετροc του χρόνου κατά τη µετάβαση τηc Οντότηταc προc την κατάσταση Ενεργο-

ποίησηc εξασφαlίζει την τεlευταία προôπόθεση.
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diadromăc proc to stìqo se epÐpedo diktÔwn (domains) gia to skopì autì

mporeÐ na qrhsimopoihjeÐ h plhroforÐa pou prosfèretai apì to prwtìkollo

diadiktuakăc dromolìghshc BGP [Rekh95] gia th diasÔndesh kai apìstash

metaxÔ twn Autìnomwn SusthmĹtwn (Autonomous Systems, dhladă domains

sthn perÐptwsh mac) proc to stìqo, ă ta bămata proc ton stìqo me stoiqeÐa

tou traceroute.

Gia thn parousÐash thc diadikasÐac diapÐstwshc thc topojèthshc tou di-

ktÔou wc proc to monopĹti thc epÐjesh paratÐjetai to epìmeno parĹdeigma:

’Estw to dÐktuo tou Sqămatoc 4.5 me touc leukoÔc kìmbouc na antipro-

swpeÔoun dÐktua pou summetèqoun sth Sunergatikă Upodomă (kìmboi A, B,

C, D, E kai F) kai touc gkrÐzouc kìmbouc dÐktua pou de summetèqoun sthn

Upodomă (kìmboi W, X, Y kai Z). Ta bèlh eÐnai h metĹdosh thc kÐnhshc

miac epÐjeshc DDoS diamèsou tou diktÔou autoÔ. H epÐjesh èqei wc stìqo

to sÔsthma 147.102.13.10 sto dÐktuo D (pou perilambĹnetai sthn perioqă

dieujÔnsewn 147.102.0.0/128).

Sto parĹdeigma ja exetĹsoume th diadikasÐa sumperasmĹtwn gia thn On-

tìthta tou diktÔou B.

Sto dÐktuo B ja katartisteÐ o PÐnakac 4.3 me tic plhroforÐec pou prokÔ-

ptoun apì ta mhnÔmata proeidopoÐhshc pou èqei lĹbei apì ta sunergazìmena

dÐktua
7
.

7
Το {Επόµενο Βήµα τηc Επίθεσηc} αναφέρεται από τη σκοπιά του αποστοlέα του

µηνύµατοc.
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Sqăma 4.5: Endeiktikì dÐktuo ppou qrhsimopoieÐtai sto parĹdeigma

Apostolèac DÐktuo Epìmeno DÐktuo TÔpoc

MhnÔmatoc Phgă thc Băma thc Stìqoc thc PeristatikoÔ

EpÐjeshc EpÐjeshc EpÐjeshc

1 A F B D 1(pakèta SYN,
jÔra 22)

2 A Y B D 1

3 C B D D 1

4 C W D D 1

5 D C Kanènac D 1

6 F X A D 1

PÐnakac 4.3: Sugkèntrwsh sto dÐktuo B twn plhroforiÿn gia to peristatikì
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O kìmboc B gnwrÐzei apì ta mhnÔmata proeidopoÐhshc (alerts) ìti o kìm-

boc D eÐnai o telikìc stìqoc. ’Etsi mèsw twn plhroforiÿn dromolìghshc

metaxÔ autìnomwn koinotătwn (Autonomous Systems - AS) pou parèqei to

prwtìkollo BGP mporeÐ na sumperĹnei th diadromă proc to stìqo (se epÐpe-

do dromolìghshc AS) wc B-C-D.

Ta stoiqeÐa pou apodÐdei h anĹlush twn grammÿn (rows) tou pÐnaka sto

dÐktuo B èqei wc exăc:

SumperĹsmata apì th grammă 1:

• To dÐktuo B eÐnai sto drìmo apì to A proc ton telikì stìqo D. H

diapÐstwsh aută gÐnetai apì to gegonìc ìti to B qarakthrÐzetai wc

{Epìmeno Băma} sth diadromă proc to stìqo. To dÐktuo B eÐnai se jèsh

na epibebaiÿsei autì to qarakthrismì qrhsimopoiÿntac gia to stìqo thn

plhroforÐa diadromăc proc to stìqo.

• Tmăma thc diadromăc thc epÐjeshc pou diapistÿnetai F-A-B

SumperĹsmata apì th grammă 2:

Ta Ðdia sumperĹsmata me th grammă 1 kai epiplèon

• Tmăma thc diadromăc thc epÐjeshc pou diapistÿnetai Y-A-B

SumperĹsmata apì th grammă 3:

• To dÐktuo B eÐnai pijană phgă thc epÐjeshc. To sumpèrasma autì pro-

kÔptei apì th diajèsimh plhroforÐa pou qarakthrÐzei to dÐktuo B wc

{DÐktuo Phgă} kai epibebaiÿnetai apì thn plhroforÐa dromolìghshc.

• Tmăma thc diadromăc thc epÐjeshc pou diapistÿnetai B-C-D



4.3 LeitourgÐa thc Ontìthtac 175

SumperĹsmata apì th grammă 4:

• To dÐktuo B den anafèretai to Ðdio sto mănuma allĹ apì thn plhroforÐa

diadromăc apì to B proc to dÐktuo stìqo mporeÐ na diapistwjeÐ ìti h

diadromă pou anafèretai sto exetazìmeno mănuma aforĹ èna Ĺllo mono-

pĹti pou sugklÐnei proc ton telikì stìqo D sto dÐktuo C. Autì epeidă

to dÐktuo C (pou emfanÐzetai sto mănuma) èqei diapistwjeÐ ìti eÐnai kai

pĹnw sth diadromă apì to B sto stìqo.

• Tmăma thc diadromăc thc epÐjeshc pou diapistÿnetai W-C-D

SumperĹsmata apì th grammă 5:

• De mporoÔme na sumperĹnoume apì th sugkekrimènh grammă tou pÐnaka

an to dÐktuo B eÐnai sth diadromă epÐjeshc ă pijană phgă. EntoÔtoic

edÿ epanalambĹnetai to tmăma C-D thc diadromăc apì to B sto stìqo,

to opoÐo eÐnai kai to koinì tmăma thc diadromăc pou prokÔptei apì tic

grammèc 3 kai 4 tou pÐnaka.

• Tmăma thc diadromăc thc epÐjeshc pou diapistÿnetai C-D

SumperĹsmata apì th grammă 6:

• H diadromă thc epÐjeshc prokÔptei wc X-F-A. Efìson kanèna apì ta

prohgoÔmena dÐktua den perilambĹnetai sth diadromă apì to dÐktuo B

proc ton telikì stìqo katalăgoume eÐte ìti apoteloÔn diaforetikì klĹ-

do thc epÐjeshc, eÐte eÐnai dÐktua prin to B sto drìmo proc to stìqo. O

(telikìc) sunduasmìc me tic prohgoÔmenec plhroforÐec diadromÿn apo-

kalÔptei ìti prìkeitai gia thn teleutaÐa perÐptwsh.
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• ’Ara, to dÐktuo B eÐnai sth diadromă proc ton telikì stìqo D. Qrhsi-

mopoioÔme kai pĹli thn plhroforÐa dromolìghshc BGP proc to telikì

jÔma.

SÔnoyh ApotelesmĹtwn gia ton kìmbo B:

• Telikă diapÐstwsh diadromăc: X-F-A-B-C-D, Y-A-B-C-D kai W-C-D

• To dÐktuo pou pragmatopoÐhse thn anĹlush eÐnai pĹnw sto monopĹti ă

kai phgă thc epÐjeshc. Proteinìmena shmeÐa efarmogăc mètrwn enantÐon

thc epÐjeshc: Ta ShmeÐa DiasÔndeshc tou AS B me ta AS A kai C

Ta apotelèsmata autĹ, efìson h Ontìthta èqei perièljei sthn KatĹstash

EnergopoÐhshc ja metaferjoÔn sto Mhqanismì AntÐdrashc. To diĹgramma

roăc apìfashc gia thn topojèthsh tou diktÔou wc proc thn epÐjesh kajÿc

kai th dhmiourgÐa tou monopatioÔ parousiĹzetai sto Sqăma 4.6. AntÐstoiqec

enèrgeiec diapÐstwshc tou monopatioÔ pragmatopoioÔn kai oi upìloipoi kìm-

boi thc Sunergatikăc Upodomăc, me telikì apotèlesma thn tautopoÐhsh twn

antÐsotoiqwn tmhmĹtwn tou.
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Sqăma 4.6: DiĹgramma roăc gia th diapÐstwsh thc topojèthshc tou exetazì-

menou diktÔou wc proc th diadromă thc epÐjeshc
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Mia polÔ eidikă perÐptwsh pou jewreÐtai akraÐa kai mĹllon apÐjanh eÐnai

h pijanìthta h Ontìthta na èqei perièljei se KatĹstash EnergopoÐhshc me

thn pleioyhfÐa twn mhnumĹtwn na upodeiknÔoun ìti eÐnai ektìc monopatioÔ

epÐjeshc. Akìma kai se aută thn perÐptwsh to qeirìtero apotèlesma pou

mporeÐ na èqoume eÐnai h lăyh mètrwn enantÐon thc epÐjeshc se kĹpoio dÐktuo to

opoÐo den eÐnai sth diadromă thc epÐjeshc. Sthn perÐptwsh aută to apotèlesma

ja eÐnai na ephreasteÐ mh kakìboulh kÐnhsh h opoÐa ja èqei qarakthristikĹ

parìmoia me autĹ thc epÐjeshc proc to dÐktuo jÔma. AllĹ parìmoia mètra

se diaforetikĹ dÐktua, pio kontĹ sto jÔma, ja èqoun to apotèlesma oÔtwc ă

Ĺllwc tou periorismoÔ autăc thc kÐnhshc.

4.3.5 AntÐdrash se èna peristatikì

Afìtou edraiwjeÐ h Ôparxh enìc peristatikoÔ h Ontìthta qrhsimopoieÐ ta

stoiqeÐa thc anĹlushc gia na apofasÐsei tic katĹllhlec enèrgeiec. Sthn en-

deiktikă ulopoÐhsh thc Ontìthtac autèc anafèrontai sth basikă antÐdrash

thc apokopăc thc kakìboulhc kÐnhshc sto katĹllhlo shmeÐo tou diktÔou,

anĹloga me thn topojèthsh tou diktÔou wc proc thn epÐjesh. O sqediasmìc

ìmwc uposthrÐzei kai th qrhsimopoÐhsh diaforetikÿn politikÿn filtrarÐsma-

toc thc kakìboulhc kÐnhshc. H antÐdrash sthn epÐjesh perigrĹfetai apì

ènan arijmì apì proapofasismènec politikèc, diaforetikèc efìson autì eÐnai

epijumhtì, se kĹje dÐktuo.

O Mhqanismìc AntÐdrashc kaleÐtai me thn eÐsodo thc Ontìthtac sthn

KatĹstash EnergopoÐhshc. SunduĹzei stoiqeÐa, ìpwc parousiĹzetai apì to

Sqăma 4.7, apì tic paramètrouc diamìrfwshc thc Ontìthtac, ta apotelèsma-
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Sqăma 4.7: Sunduasmìc Paramètrwn - StoiqeÐwn Politikăc tou DiktÔou

ta thc MonĹdac AnĹlushc (teqnikĹ stoiqeÐa thc epÐjeshc kai anĹlush tou

peristatikoÔ), kai tic proepilegmènec politikèc. Oi politikèc autèc diatupÿ-

nontai se mia apì tic glÿssec perigrafăc diktÔou kai diamìrfwshc energÿn

stoiqeÐwn.

Mèsw twn politikÿn diatupÿnetai ènac arijmìc apì diaforetikèc epembĹ-

seic sth dièleush thc kÐnhshc apì to dÐktuo. Oi diaforopoiăseic mporoÔn na

anafèrontai tìso se diaforetikèc diĹrkeiec diakopăc thc kakìboulhc kÐnhshc

ìso kai se diaforetikĹ posostĹ parempìdishc thc, orÐzontac diaforetikèc

prodiagrafèc gia to filtrĹrisma thc kakìboulhc kÐnhshc pou antistoiqeÐ se

diaforetikèc epijèseic.

Epiplèon eisagwgă stoiqeÐwn (input) sto Mhqanismì AntÐdrashc apoteleÐ

h perigrafă thc topologÐac tou diktÔou me tic energèc suskeuèc tou. DÐnetai
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èmfash sthn akribă perigrafă twn energÿn suskeuÿn sta shmeÐa diasÔndeshc

me Ĺlla dÐktua kai h eisagwgă plhroforiÿn gia ta geitonikĹ dÐktua (perioqă

dieujÔnsewn IP).

O Mhqanismìc AntÐdrashc qrhsimopoieÐ ta stoiqeÐa apì ta mhnÔmata pou

èqei lĹbei h Ontìthta gia na axiologăsei th sobarìthta tou peristatikoÔ.

’Ena mètro autăc èqei epilegeÐ na eÐnai o metrhtăc thc sunolikăc sobarìthtac

tou peristatikoÔ ({susswreutăc bebaiìthtac}) Notification counter. Autìc

me th seirĹ tou ephreĹzetai apì thn topikă proèleush twn mhnumĹtwn (parĹ-

metroc Local value), thn empistosÔnh tou apostolèa gia thn proeidopoÐhsh

(parĹmetroc Confidence count) kai thn empistosÔnh pou anajètei h Ontìthta

stic anaforèc kajenìc apostolèa (parĹmetroc Sender confidence). Shmanti-

kì rìlo sth diĹgnwsh thc sobarìthtac tou peristatikoÔ paÐzei to katĹ pìso

o metrhtăc autìc èqei xeperĹsei to ìrio energopoÐhshc thc Ontìthtac (pa-

rĹmetroc Alert threshold). EpÐshc qrhsimopoieÐtai kai o qrìnoc mèsa ston

opoÐo exelÐqjhke to peristatikì, apì th stigmă pou stĹljhke to prÿto sqe-

tikì mănuma, mèqri thn energopoÐhsh thc Ontìthtac parĹmetroc Event time).

Katalăgoume ètsi sth diapÐstwsh thc sobarìthtac tou peristatikoÔ me ton

upologismì enìc empeirikoÔ mètrou pou ja qrhsimopoihjeÐ gia thn epilogă

thc antÐstoiqhc politikăc. ’Etsi, wc Sobarìthta EpÐjeshc, S, orÐzoume to

apotèlesma:

S = (N − A + 1)/E

ìpou:

• N eÐnai h timă thc paramètrou Notification counter (o {Susswreutăc

Bebaiìthtac} gia to peristatikì) th stigmă pou h Ontìthta pèrase se
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KatĹstash EnergopoÐhshc

• A eÐnai h timă tou orÐou, Alert threshold, pèra apì to opoÐo h Ontìthta

pragmatopoieÐ th metĹbash se Energopoihmènh KatĹstash.

• E eÐnai h (kanonikopoihmènh) timă thc mètrhshc Event time, o qrìnoc

pou qreiĹsthke apì th stigmă Ĺfixhc tou prÿtou sqetikoÔ mhnÔmatoc

mèqri th metĹbash thc Ontìthtac sthn Energopoihmènh KatĹstash.

H Sobarìthta S, epomènwc apotupÿnei to pìso èqei xeperasteÐ to ìrio Ener-

gopoÐhshc kai me ti taqÔthta. H timă pou prokÔptei eÐnai megalÔterh tou

mhdenìc (0) kai suneqÿc auxanìmenh mia kai upologÐzetai mìnon ìtan h Ontì-

thta eÐnai energopoihmènh, opìte isqÔei N > A. H timă thc S ja auxĹnetai

stic periptÿseic:

• ’Opou èqoume megĹlh {sussÿreush bebaiìthtac} gia èna peristatikì me

shmantikă upèrbash tou orÐou EnergopoÐhshc (megĹlh timă N − A)

• ’Opou èna peristatikì faÐnetai na exelÐssetai me megĹlh taqÔthta, opìte

h Ontìthta èqei perĹsei se katĹstash EnergopoÐhshc se polÔ mikrì

qronikì diĹsthma Event time.

To problepìmeno diĹsthma timÿn thc Sobarìthtac S diaqwrÐzetai se tmă-

mata (ìqi anagkastikĹ Ðsa), tìsa, ìsec oi epijumhtèc politikèc antÐdrashc.

’Etsi anĹloga me to diĹsthma sto opoÐo kumaÐnetai h parĹmetroc S epilège-

tai h politikă antÐdrashc pou antistoiqeÐ sthn problepìmenh sobarìthta tou

peristatikoÔ.

Skopìc autăc thc anĹlushc ătan h katanìhsh twn paramètrwn pou mpo-

roÔn na qrhsimopoihjoÔn gia ton kajorismì thc sobarìthtac miac epÐjeshc
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kai h exagwgă enìc mètrou sÔgkrishc thc sobarìthtac twn epijèsewn ÿste na

epilègetai h katĹllhlh kĹje forĹ politikă. To poia ja eÐnai aută allĹ kai ti

dunatìthtec parèmbashc ja parèqei eÐnai jèma ulopoÐhshc allĹ kai epilogăc

ergaleÐwn epèmbashc sto dÐktuo.

Apì pleurĹc ulopoÐhshc dokimĹsthke mèsw prosomoiÿsewn ènac mhqa-

nismìc antÐdrashc se peristatikĹ DDoS metĹ to pèrasma miac Ontìthtac se

Alert State. Ta stoiqeÐa exèlixhc tou peristatikoÔ (arijmìc topikÿn ă apoma-

krusmènwn mhnumĹtwn, qrìnoc mèsa ston opoÐo h Ontìthta energopoiăjhke)

qrhsimopoiăjhkan gia ton upologismì kai thn anĹjesh {BajmoÔ Sobarìth-

tac} sto peristatikì. Sth sunèqeia stoiqeÐa thc topologÐac tou diktÔou se

sunduasmì me basikèc politikèc antÐdrashc bĹsei thc sobarìthtac sunduĹ-

sthkan gia na apotelèsoun eÐsodo sto ergaleÐo Netspoc [Nets] pou parĹgei

autìmata LÐstec Elègqou Prìsbashc (Access Control Lists) gia touc katĹl-

lhlouc (anĹloga me to peristatikì) dromologhtèc tou diktÔou. To ergaleÐo

autì, an kai prosèfere mikrì bajmì euelixÐac katèdeixe ìti h efarmogă poli-

tikÿn antimetÿpishc mporeÐ na gÐnei me autìmato trìpo. Ta mètra pou efar-

mìsthkan ătan to plărec filtrĹrisma thc epijetikăc kÐnhshc proc ton telikì

stìqo, diaqwrÐsthkan de mìno wc proc to qrìno diĹrkeiac thc efarmogăc touc

[Aleu05].

4.4 SumperĹsmata

Sto kefĹlaio autì parousiĹsthke h arqitektonikă kai h eswterikă leitourgÐa

thc Sunergatikăc Ontìthtac, tou basikoÔ sustămatoc pou kĹnei dunată th

dhmiourgÐa thc Sunergatikăc Upodomăc. Ta kuriìtera qarakthristikĹ twn
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Ontotătwn pou èqoun basikă shmasÐa gia thn katanìhsh thc filosofÐac lei-

tourgÐac thc Arqitektonikăc allĹ kai gia thn anĹlush twn apotelesmĹtwn

twn prosomoiÿsewn pou akoloujoÔn eÐnai ta exăc:

• H arqitektonikă logismikoÔ thc Ontìthtac eÐnai qwrismènh se tmămata

(modules) akoloujÿntac to prìtupo twn autìnomwn programmatistikÿn

diergasiÿn (autonomous agents). EÐnai ètsi dunată epilektikĹ h diakopă

leitourgÐac, h anabĹjmish kai h epanekkÐnhsh epimèrouc tmhmĹtwn thc

Ontìthtac.

• H Ontìthta pernĹ diadoqikĹ se katastĹseic energopoÐhshc (Normal

State – Suspicion State – Alert State) {susswreÔontac} bebaiìthta

gia kĹpoio peristatikì. Se epÐpedo pollaplÿn diktÔwn h diĹkrish aută

mporeÐ na katadeÐxei ta shmeÐa pou èna peristatikì gÐnetai pio èntona

antilhptì.

• H leitourgÐa thc Ontìthtac elègqetai me mia seirĹ apì paramètrouc

apì ton topikì diaqeiristă kĹje epimèrouc diktÔou. Oi parĹmetroi au-

toÐ metaxÔ Ĺllwn mporoÔn na kajorÐsoun thn {empistosÔnh} (bĹroc 

weight) pou ja apodojeÐ se apomakrusmènec anaforèc, poio epÐpedo sus-

sÿreushc bebaiìthtac ja jewrhjeÐ wc asfalăc èndeixh peristatikoÔ kai

gia pìso diĹsthma h Ontìthta ja parameÐnei se mia katĹstash energo-

poÐhshc ìso de lambĹnei nèec anaforèc. Sthn prĹxh kĹpoiec apì autèc

tic paramètrouc eÐnai protimìtero na apofasÐzontai apì koinoÔ apì ìla

ta dÐktua prokeimènou na upĹrqei koină sumperiforĹ twn summeteqìntwn

sth SunergasÐa.
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• Ta mhnÔmata pou stèlnontai apì ta dÐktua-kìmbouc thc Sunergatikăc

Arqitektonikăc perièqoun (me epèktash thc prodiagrafăc IDMEF tou

IETF) thn plhroforÐa prohgoÔmenou kai epìmenou diktÔou (ìpwc su-

mpe-raÐnontai sto dÐktuo-apostolèa) sto monopĹti thc epÐjeshc. H plh-

roforÐa aută sugkentrÿnetai se kĹje kìmbo-paralăpth kai ìtan autìc

perĹsei se katĹstash Alert qrhsimopoieÐtai ÿste (a) na diagnwsteÐ h

jèsh tou kìmbou pĹnw sto monopĹti thc epÐjeshc kai (b) na diapistwjeÐ

to megalÔtero dunatì tmăma tou monopatioÔ.

• BĹsei twn qarakthristikÿn thc epÐjeshc allĹ kai th diagnwsmènh to-

pojèthsh tou diktÔou-kìmbou pĹnw sto monopĹti thc epÐjeshc eÐnai du-

natìn na prosarmosteÐ to eÐdoc, h èntash thc antÐdrashc sthn epÐjesh

kajÿc kai to shmeÐo efarmogăc thc. Ta anwtèrw tekmhriÿjhkan me

sqetikèc ulopoiăseic se mikră klÐmaka pou pragmatopoiăsame.

Sto epìmeno kefĹlaio akoloujeÐ h anĹlush thc leitourgÐac thc Sunergatikăc

Upodomăc wc genikì sÔnolo, mèsw prosomoÐwshc.



KefĹlaio 5

ProsomoÐwsh kai AnĹlush thc

LeitourgÐac tou SunergatikoÔ

UperkeÐmenou DiktÔou

5.1 Eisagwgă

Sto kefĹlaio autì parousiĹzontai mia seirĹ apì peiramatikèc dokimèc pou

èginan pĹnw sth leitourgÐa kai th sumperiforĹ thc Sunergatikăc Upodomăc.

Oi dokimèc autèc èginan mèsw prosomoÐwshc kĹpoiwn peristatikÿn epijèsewn

DDoS se endeiktikì dÐktuo me pollaplĹ domains. Ta sustămata IDS kajÿc

kai ta topologikĹ qarakthristikĹ twn epimèrouc domains (AS) montelopoiă-

jhkan me mia seirĹ apì paradoqèc sumbatèc me thn trèqousa empeirÐa apì th

diaqeÐrish diktÔwn ìpwc autĹ tou E.M.P. kai tou E.D.E.T.
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5.2 SkopoÐ thc prosomoÐwshc

To UperkeÐmeno Sunergatikì DÐktuo, ìpwc fĹnhke apì ta kefĹlaia 3 kai 4

sunjètei èna polÔploko sÔsthma sunolikĹ to opoÐo ephreĹzetai sth leitour-

gÐa tou apì pollèc diaforetikèc paramètrouc tìso eswterikĹ (deÐte touc sqe-

tikoÔc pÐnakec gia tic paramètrouc diamìrfwshc twn Ontotătwn tou kef. 4),

ìso kai exwterikĹ.

AstĹjmhtoÐ exwterikoÐ parĹgontec pou mporoÔn na ephreĹsoun aută th

leitourgÐa eÐnai:

1. Oi idiaiterìthtec twn susthmĹtwn IDS se kĹje epimèrouc dÐktuo (epa-

nalambĹnontac ta sumperĹsmata tou tmămatoc 2.3.1): h mejodologÐa

anagnÿrishc, oi parĹmetroi rÔjmishc (kai kat’ epèktash ta qarakth-

ristikĹ {fusiologikăc} kÐnhshc sto sugkekrimèno dÐktuo), to qronikì

parĹjuro anÐqneushc, h pijană qrăshc {bajmÿn bebaiìthtac}
1
.

2. ’Alla zhtămata pou eÐnai dunatìn na empodÐsoun thn omală antalla-

gă apotelesmĹtwn kai katĹ sunèpeia thn apotelesmatikă leitourgÐa

tou UperkeÐmenou DiktÔou, p.q. diajesimìthta grammÿn lìgw epÐje-

shc k.lp.

KÔrioc skopìc twn prosomoiÿsewn se aută thn ergasÐa eÐnai h diapÐstwsh

thc sumperiforĹc tou SunergatikoÔ DiktÔou wc proc ta exăc:

• Plhrìthta thc sunergatikăc anÐqneushc (katĹ pìson ìla ta dÐktua-

mèlh antilăfjhkan to Ðdio peristatikì pou ta aforoÔse). Autì aforĹ

1
∆ηlαδή το κατά πόσον το σύστηµα IDS χρησιµοποιεί µια {κlιµακωτή} ανίχνευση (µε

ανάθεση βαθµού βεβαιότηταc) των περιστατικών αντί για ανίχνευση δύο καταστάσεων (υπάρ-

χει ή δεν υπάρχει περιστατικό)
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th Sunergatikă Upodomă sunolikĹ pèra apì thn katĹ tìpouc plhrìthta

pou parousiĹzoun ta epimèrouc sustămata IDS.

• TaqÔthta sunolikăc anÐqneushc gia olìklhrh th Sunergatikă Upodomă

(efìson epiteÔqjhke kĹti tètoio).

• EuaisjhsÐa se pijanèc lĹjoc aniqneÔseic (False Positives) se kĹpoia

mìnon apì ta epimèrouc dÐktua thc Upodomăc.

H sumperiforĹ aută zhteÐtai na axiologhjeÐ bĹsei twn kurÐwn paramètrwn

rÔjmishc twn Ontotătwn thc Sunergatikăc Arqitektonikăc, ÿste na kajori-

steÐ h epÐdrash touc kai na axiologhjoÔn pijanèc rujmÐseic pou ja epifèroun

kalÔtera apotelèsmata stic zhtoÔmenec leitourgÐec.

Proc aută thn kateÔjunsh eÐnai epijumhtì na prosomoiwjeÐ h epÐdrash

twn anaferìmenwn exwterikÿn paragìntwn katĹ trìpo pou na apoteleÐ katĹ

to dunatìn stajeră (anĹ epanĹlhyh thc prosomoÐwshc) exwterikă eÐsodo (diè-

gersh) tou sustămatoc enÿ to bĹroc thc epÐdrashc sto sÔsthma na apodojeÐ

stic paramètrouc diamìrfwshc twn Ontotătwn.

5.3 Sunolikă LeitourgÐa thc Sunergatikăc Upo-

domăc

SunoyÐzontac thn parousÐash thc Sunergatikăc Upodomăc tou kef. 4, h pro-

blepìmenh roă leitourgÐac thc sthn prĹxh (asqètwc tou qrhsimopoioÔmenou

upobĹjrou qamhloÔ epipèdou kai twn eswterikÿn leptomereiÿn ulopoÐhshc)

anamènetai na èqei wc exăc:
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1. ’Ena peristatikì epÐjeshc aniqneÔetai apì to topikì sÔsthma (ă ierarqÐa

susthmĹtwn) IDS se èna ă perissìtera dÐktua - mèlh thc Upodomăc.

2. Oi Ontìthtec twn diktÔwn pou pragmatopoÐhsan thn anÐqneush, efìson

gia to sugkekrimèno peristatikì èqoun perĹsei sthn katĹstash Ener-

gopoÐhshc (Alerted State), metadÐdoun se ìla ta mèlh thc upodomăc th

sqetikă plhroforÐa.

3. Oi paralăptec thc anaforĹc, anĹloga me tic rujmÐseic pou èqoun gÐnei

stic dikèc touc Ontìthtec, pernoÔn epÐshc ă ìqi se katĹstash energo-

poÐhshc. To pèrasma autì basÐzetai tìso se tuqìn upĹrqousec esw-

terikèc anaforèc touc (apì ta topikĹ sustămata IDS) ìso kai apì th

sussÿreush bebaiìthtac pou prokÔptei apì tic lhfjeÐsec apomakrusmè-

nec anaforèc.

4. Me to pèrasma sthn katĹstash EnergopoÐhshc (Alert State) dhmiour-

goÔn ă ìqi tic dikèc touc anaforèc proc thn Upodomă bĹsei tou bajmoÔ

topikăc proèleushc twn mhnumĹtwn pou odăghsan sthn katĹstash aută.

5. Me to pèrac tou peristatikoÔ eÐte upĹrqei èna sqetikì mănuma enhmèrw-

shc apì ta sustămata IDS eÐte pernĹei o qrìnoc anamonăc se katĹstash

EnergopoÐhshc me apotèlesma stadiakĹ h Upodomă na epistrèfei se ka-

tĹstash Fusiologikăc leitourgÐac (Normal State).
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5.4 SÔnoyh twn leitourgiÿn susthmĹtwn IDS

gia anÐqneush peristatikÿn DDoS

H autìmath anÐqneush epijèsewn DDoS basÐzetai sthn paratărhsh {anwma-

liÿn} se kĹpoiec paramètrouc qrhsimopoÐhshc tou diktÔou (se antÐjesh me thn

diereÔnhsh gnwstÿn qarakthristikÿn —{upografèc} —pou qrhsimopoioÔn-

tai gia thn anÐqneush epijèsewn Ĺllou eÐdouc). H anagnÿrish twn paramètrwn

gÐnetai sugkrÐnontac autì pou jwreÐtai {fusiologikă} leitourgÐa tou diktÔou

me thn trèqousa katĹstash pou epikrateÐ kai efìson parathrhjoÔn diaforo-

poiăseic pèran enìc orÐou jewreÐtai ìti upĹrqei kĹpoio peristatikì en exelÐxei.

Me aută thn prosèggish tÐjetai mia seirĹ apì zhtămata pou aforoÔn th

sumperiforĹ twn IDS wc eisìdwn thc prosomoÐwshc. Ta zhtămata autĹ exar-

tÿntai merikÿc apì ton algìrijmo anÐqneushc pou qrhsimopoieÐtai kai apai-

teÐtai na analujoÔn gia na proseggistoÔn wc proc thn epÐdrash touc sthn

prosomoÐwsh. Ta shmantikìtera eÐnai:

1. H mÐa ă perissìterec parĹmetroi leitourgÐac tou diktÔou pou ja te-

joÔn upì parakoloÔjhsh prokeimènou na diapistwjoÔn anwmalÐec. Se

prìsfatec ereunhtikèc prospĹjeiec upĹrqei poikilÐa protĹsewn gia diĹ-

forec paramètrouc pou mporoÔn na bohjăsoun thn anÐqneush sugkekri-

mènwn eidÿn epijèsewn
2
. EndeiktikĹ anafèrontai:

• Oi analogÐec pakètwn enìc sugkekrimènou eÐdouc wc proc to suno-

likì mègejoc thc kÐnhshc gia anÐqneush epijèsewn ”SYN floods”

2
∆είτε τη σχετική ανάlυση στο κεφ. 2
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[Maha02]. H mèjodoc aută katalăgei sth diapÐstwsh tou sugke-

krimènou eÐdouc thc epÐjeshc.

• H analogÐa diktuakÿn roÿn me mikrì arijmì pakètwn [Andr04]

k.lp.

EÐnai dunatìn epÐshc na gÐnei sunduasmìc pollÿn diaforetikÿn paramè-

trwn me diaforetikoÔc bajmoÔc suneisforĹc sthn edraÐwsh bebaiìthtac

gia diaforetikèc epijèseic [Siat04].

2. To ti jewreÐtai fusiologikă kÐnhsh bĹsei tou opoÐou ja gÐnoun oi sug-

krÐseic me tic trèqousec timèc. Pijanèc epilogèc eÐnai:

• Qrăsh twn qarakthristikÿn thc kÐnhshc apì sugkekrimèna diastă-

mata sta opoÐa ătan dedomènh h apousÐa epijetikÿn peristatikÿn.

• Qrăsh mèswn ă mègistwn timÿn twn paramètrwn pou ja parako-

loujhjoÔn, me proèleush ta Ðdia diastămata {fusiologikăc} lei-

tourgÐac

• Qrăsh {surìmenou parajÔrou} (”sliding window”) gia th sÔgkri-

sh thc trèqousac (upì exètash) kÐnhshc me tic timèc thc se èna prì-

sfato diĹsthma (algìrijmoc {prosarmozìmenwn orÐwn}—”adaptive

threshold”). Mia apeikìnish thc mejìdou {surìmenou parajÔrou}

dÐnetai sto Sqăma 5.1. Zhtămata pou tÐjentai me aută thn pro-

sèggish eÐnai (a) h adunamÐa anÐqneushc diaforopoiăsewn me polÔ

argoÔc rujmoÔc exèlixhc ă mikrèc sunolikĹ diaforopoiăseic, (b) h

anĹgkh anÐqneushc sto prÿto qronikì diĹsthma sÔgkrishc. Kai

stic dÔo prohgoÔmenec periptÿseic an den epiteuqjeÐ to suntomì-
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Sqăma 5.1: Mèjodoc {surìmenou parajÔrou} katĹ thn perÐodo {ekmĹjhshc}

tero h anÐqneush oi timèc thc {problhmatikăc} kÐnhshc ja apote-

lèsoun metĹ apì lÐgo (lìgw tou {surìmenou parajÔrou}) mèroc

autoÔ pou jewreÐtai {nìrma} sÔgkrishc. EpÐshc se perÐptwsh pou

anagnwristeÐ epituqÿc to peristatikì prèpei na lhfjoÔn prìnoia

ÿste na mhn eisĹgontai plèon trèqonta stoiqeÐa sto mhqanismì

tou {surìmenou parajÔrou}.

3. To qronikì diĹsthma mèsa sto opoÐo ja gÐnei h anÐqneush. AnĹ sÔsthma

IDS eÐnai dunată h qrăsh enìc ă perissotèrwn diasthmĹtwn sÔgkrishc

anĹloga me ton algìrijmo anÐqneushc. ’Etsi se algorÐjmouc paratărh-

shc kai sÔgkrishc thc trèqousac leitourgÐac se sqèsh me th jewroÔme-

nh wc {fusiologikă} sumperiforĹ (p.q. algìrijmoc {prosarmozìmenwn

orÐwn}) èqoume th qrăsh enìc ă perissotèrwn diasthmĹtwn sÔgkrishc
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sta opoÐa ja prèpei na èqoume apìklish Ĺnw enìc orÐou gia na ani-

qneuteÐ èna peristatikì. H mèjodoc aută apeikonÐzetai sto Sqăma 5.2.

Se Ĺllec periptÿseic upĹrqei sunduasmìc thc qrăshc twn diasthmĹ-

twn anÐqneushc, ìpwc ston algìrijmo {Susswreumènwn AjroismĹtwn}

—”Cumulative Sum” ă CUSUM [Siri04]. To Sqăma 5.3 parousiĹzei th

mèjodo aută.

Sqăma 5.2: Qrăsh thc mejìdou ”Adaptive Threshold” katĹ thn perÐodo anÐ-
qneushc
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Sqăma 5.3: Qrăsh thc mejìdou ”Cumulative Sum” katĹ thn perÐodo anÐqneu-
shc

4. H Ôparxh ă ìqi diaforetikÿn epipèdwn bebaiìthtac anÐqneushc

5.4.1 Exètash tou qrìnou anÐqneushc

Gia thn anÐqneush twn peristatikÿn, an qrhsimopoihjeÐ h koină praktikă tou

{parajÔrou} anÐqneushc, măkouc t, èqoume ta exăc endeqìmena:

1. H ènarxh tou peristatikoÔ na eÐnai lÐgo prin, èstw qronikì diĹsthma

x, thn ekkÐnhsh nèou parajÔrou anagnÿrishc. Se aută thn perÐptwsh

de ja upĹrxei anÐqneush sto amèswc epìmeno shmeÐo elègqou allĹ ja

qreiasteÐ na mesolabăsei Ĺllo èna diĹsthma t ÿste na {susswreuteÐ}
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bebaiìthta (ìpwc perigrĹfhke prohgoumènwc) gia thn Ôparxh perista-

tikoÔ, ìpwc faÐnetai sto Sqăma 5.4.

Sqăma 5.4: Qrìnoc pou mesolabeÐ gia thn anÐqneush tou peristatikoÔ Ðsoc me

t + x

Se aută thn perÐptwsh o qrìnoc pou ja mesolabăsei gia thn anÐqneush

tou peristatikoÔ ja eÐnai:

ω = t + x (5.1)

2. H ènarxh tou peristatikoÔ na eÐnai lÐgo metĹ, katĹ qronikì diĹsthma x,

thn ekkÐnhsh nèou parajÔrou anagnÿrishc. Autì ja dÿsei qrìno sto

sÔsthma IDS na susswreÔsei bebaiìthta kai na aniqneÔsei to perista-

tikì katĹ ton epìmeno èlegqo parajÔrou anÐqneushc. H perÐptwsh aută

faÐnetai sto Sqăma 5.5.
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Sqăma 5.5: Qrìnoc pou mesolabeÐ gia thn anÐqneush tou peristatikoÔ Ðsoc me

t− x

O qrìnoc pou ja mesolabăsei gia thn anÐqneush tou peristatikoÔ ja

eÐnai:

ω = t− x (5.2)

SunoyÐzontac tic sqèseic 5.1 kai 5.2 katalăgoume sth genikìterh diatÔpwsh:

ω = t + x (5.3)

ìpou gia to x isqÔei:

−t < x < t (5.4)
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DieukrinistikĹ, anĹloga me tic timèc tou x èqoume gia to sunolikì qrìno

anÐqneushc w:

• An to x brÐsketai sthn perioqă tou mhdenìc, tìte o qrìnoc anÐqneushc

thc epÐjeshc w topojeteÐtai sthn perioqă tou t, dhladă h arqă tou

peristatikoÔ tautÐzetai me thn arqă tou parajÔrou.

• An to x eÐnai sthn perioqă tou t, tìte to w eÐnai sthn perioqă 2t kai

èqoume thn perÐptwsh ìpou to peristatikì xekÐnhse kontĹ sthn arqă

enìc parajÔrou anagnÿrishc allĹ (pijanĹ lìgw mikrăc èntashc) den

aniqneÔthke parĹ mìnon ìtan sumplhrÿjhke kai deÔtero parĹjuro anÐ-

qneushc.

• An to x eÐnai sthn perioqă tou −t, èqoume w sthn perioqă 0. H exăghsh

autăc thc perÐptwshc eÐnai ìti to peristatikì xekÐnhse lÐgo prin to tèloc

tou parajÔrou anÐqneushc allĹ parìla autĹ aniqneÔthke (pijanĹ lìgw

megĹlhc èntashc)

Katalăgoume ètsi ìti to w anăkei sto diĹsthma (0, 2t).

Sthn prĹxh, katĹ to sqediasmì miac prosomoÐwshc pou perilambĹnei pollaplĹ

dÐktua upĹrqoun dÔo astĹjmhtoi parĹgontec:

1. Akìma kai an to peristatikì emfanisteÐ se kĹje èna dÐktuo thn Ðdia

stigmă de ja upĹrqei sugqronismìc wc proc to shmeÐo pou brÐsketai

to parĹjuro anÐqneushc tou sustămatoc IDS se kĹje dÐktuo. ’Etsi

se kĹje èna dÐktuo ja gÐnei tuqaÐa h anÐqneush metĹ apì qrìno w pou

paÐrnei timèc sto diĹsthma (0, 2t), ìpwc analÔjhke prohgoumènwc.
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2. KĹje dÐktuo (domain) epilègei gia ta topikĹ sustămata IDS diaforetikì

măkoc parajÔrou anagnÿrishc t.

Wc proc to zăthma 1. eÐnai fanerì ìti o qrìnoc anÐqneushc w gia kĹje èna

apì ta dÐktua pou ja sumperilambĹnontai sthn prosomoÐwsh ja èqei tuqaÐa

timă sto diĹsthma (0, 2t) akoloujÿntac thn omoiìmorfh katanomă.

Wc proc to zăthma 2., kĹnoume thn upìjesh ìti ta diĹfora dÐktua epilègoun

mia koină, praktikă timă l wc măkoc parajÔrou anÐqneushc, p.q, ta 5 leptĹ,

kajÿc kai kĹpoia pollaplĹsia (ă upopollapĹsia) autăc me fjÐnousa pija-

nìthta. LambĹnontac upfl ìyin to ìti gia kĹje măkoc parajÔrou anÐqneushc

t ja isqÔei kai pĹli qrìnoc anÐqneushc sto diĹsthma (0, 2t) kai me leptome-

ră anĹlush katalăgoume sthn katanomă thc pijanìthtac qrìnou anÐqneushc

apì opoiodăpote apì ta mèlh thc Sunergatikăc upodomăc ìpwc faÐnetai sto

Sqăma 5.6. To Sqăma autì dÐnei tic pijanìthtec gia to qrìno mèsa ston opoÐ-

o ja epiteuqjeÐ h anÐqneush se opoiodăpote apì ta mèlh thc Sunergatikăc

Upodomăc.

Stic prosomoiÿseic dokimĹsthke h perÐptwsh ta dÐktua thc Upodomăc na

epilègoun diĹfora parĹjura anÐqneushc măkouc n ∗ λ (me n = 1/2, 1, 2 kai

3). Oi prosomoiÿseic ìmwc èdeixan ìti den upĹrqei ousiastikă diaforĹ sta

apotelèsmata se sqèsh me thn epilogă koinoÔ parajÔrou anÐqneushc gia kĹje

dÐktuo thc Sunergatikăc Upodomăc.
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Sqăma 5.6: Pijanìthta gia to qrìno anÐqneushc se opoiodăpote apì ta mèlh

thc Sunergatikăc Upodomăc

5.5 Proôpojèseic kai Aplopoiăseic pou elă-

fjhsan upfl ìyin

BĹsei ìlwn twn anwtèrw, kajÿc kai exfl aitÐac thc èlleiyhc antÐstoiqwn mele-

tÿn sth bibliografÐa wc proc tic akoloujoÔmenec rujmÐseic twn susthmĹtwn

IDS anÐqneushc anwmaliÿn apofasÐsthkan mia seirĹ apì proseggÐseic sthn

prosomoÐwsh wc exăc:

1. Ta sustămata IDS pou brÐskontai se dÐktua pio kontĹ sto telikì stì-

qo, katĹ tètoio trìpo ÿste na dièrqetai apì autĹ megalÔteroc ìgkoc

sugklÐnousac kÐnhshc, èqoun uyhlìterh pijanìthta na aniqneÔsoun èna

peristatikì DDoS lìgw thc megalÔterhc anwmalÐac sunolikĹ sthn teli-
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kă kÐnhsh. Pio sugkekrimèna epilèqjhkan pijanìthtec anÐqneushc 0, 95

kai 0, 90 anĹloga me to pìso auxĹnetai h apìstash tou diktÔou mèlouc

apì ton telikì stìqo. ’Opwc ja faneÐ sth sunèqeia, gia kĹpoiec pro-

somoiÿseic dokimĹsthkan kai diaforetikèc pijanìthtec anÐqneushc twn

peristatikÿn, apì 0, 50 èwc 0, 95.

2. Antijètwc, ìla ta dÐktua èqoun Ðdiec pijanìthtec na parousiĹsoun lan-

jasmènec aniqneÔseic (false positives). Wc apotelèsmata lanjasmènhc

ektÐmhshc autèc den upìkeintai sthn Ðdia sumperiforĹ me ta pragmatikĹ

peristatikĹ epijetikăc kÐnhshc. EpÐshc jewroÔme monadikèc anĹ dÐktuo

tic periptÿseic lanjasmènwn aniqneÔsewn, dhladă de sunepĹgontai pa-

rĹllhlh antÐstoiqh anÐqneush se Ĺllo dÐktuo thc Upodomăc
3
.

3. Gia kĹje kÔklo prosomoÐwshc se kĹje dÐktuo-mèloc ja gÐnei anÐqneush

tou peristatikoÔ me mikrìterh ă megalÔterh pijanìthta sÔmfwna me thn

topojèthsh tou se sqèsh me to monopĹti thc epÐjeshc (ìpwc proseg-

gÐsame sto (1) pio pĹnw). JewroÔme ètsi th pijanìthta anÐqneushc se

èna shmeÐo apì to opoÐo dièrqetai ligìterh kÐnhsh meiwmènh katĹ 0,05.

4. Efìson prìkeitai na epiteuqjeÐ h anÐqneush peristatikoÔ se èna dÐktuo,

gia to qrìno pou ja gÐnei autì ìla ta dÐktua epilègoun koinì parĹjuro

anÐqneushc măkouc λ = 5 leptĹ ă 300 bămata (sec) prosomoÐwshc. O

qrìnoc anÐqneushc se èna dÐktuo ja eÐnai tuqaÐoc me omoiìmorfh kata-

nomă sto diĹsthma (0, 2t).

3
Μια lανθασµένη ανίχνευση µπορεί να οφείlεται σε µια {φυσιοlογική} ανωµαlία τηc

κίνησηc (που έχει την ονοµασία {ξαφνικό πlήθοc} —”flash crowd”) οπότε θα ανιχνευτεί σε
περισσότερα του ενόc δίκτυα. Μια τέτοια ανωµαlία όµωc ούτωc ή άllωc είναι ένα εξαιρετικό

γεγονόc που πρέπει να αναγνωριστεί σε επίπεδο ποllαπlών δικτύων, ακόµα και αν δεν έχει

κακόβουlη προέlευση.
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5. H Sunergatikă Upodomă meletĹtai sth sumperiforĹ thc gia diĹforec

diĹrkeiec epijèsewn pou akoloujoÔn ta apotelèsmata pou èqoun gÐnei

sthn kajoristikă gia to antikeÐmeno anĹlush touMoore [Moor01]4: epi-

lèqjhkan ta qronikĹ măkh pou fĹnhkan na epikratoÔn sta diagrĹmmata

katanomăc diĹrkeiac epijèsewn kai faÐnontai ston PÐnaka 5.1.

Diarkeia Epijeshc Bhmata Prosomoiwshc
(1 deuteroleptou)

1 leptì 60

2 leptĹ 120

5 leptĹ 300

10 leptĹ 600

20 leptĹ 1200

30 leptĹ 1800

1 ÿra 3600

2 ÿrec 7200

2,5 ÿrec 9000

PÐnakac 5.1: Oi qrìnoi epijèsewn pou qrhsimopoiăjhkan

Shmeiÿnetai ìti kai h mikrìterh akìma diĹrkeia peristatikoÔ jewreÐtai

shmantikă wc proc to măkoc parajÔrou (twn 5 leptÿn) kai gia autì

to lìgo de gÐnetai diaforetikìc qeirismìc wc proc thn katanomă pou

dÐnei tic pijanìthtec gia qronikĹ diastămata anÐqneushc sto sunergatikì

peribĹllon.

6. H anÐqneush èqei mìnon dÔo pijanèc katastĹseic (jetikă ă arnhtikă).

7. To {bĹroc} pou apodÐdetai stic anaforèc –h {suneisforĹ} twn anafo-

rÿn sthn anÐqneush thc Ôparxhc enìc peristatikoÔ apì mia Ontìthta

4
∆είτε περισσότερα σχετικά στο κεφ. 2.
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eÐnai 1,0 gia enhmerÿseic pou proèrqontai apì to topikì sÔsthma IDS

kai 0,8 gia autèc pou proèrqontai apì Ĺlla dÐktua. ’Opwc ja parousia-

steÐ, se kĹpoiec prosomoiÿseic dokimĹsthkan diaforetikèc timèc gia to

{bĹroc} pou apodìjhke stic apomakrusmènec anaforèc.

To dÐktuo pou qrhsimopoiăjhke katĹ thn prosomoÐwsh faÐnetai sto Sqăma 5.7

Sqăma 5.7: To dÐktuo pou qrhsimopoiăjhke sthn prosomoÐwsh
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5.6 ParĹmetroi proc ’Elegqo

ParĹmetroi pou elègqjhkan gia ton trìpo me ton opoÐo ephreĹzoun th lei-

tourgÐa thc Sunergatikăc Upodomăc eÐnai oi exăc:

• Alert Threshold. Prìkeitai gia to ìrio {bebaiìthtac} pĹnw apì to opoÐo

edraiÿnetai h diapÐstwsh Ôparxhc enìc peristatikoÔ. H èndeixh {bebaiì-

thtac} prokÔptei me th lăyh diadoqikÿn mhnumĹtwn (topikÿn ă apoma-

krusmènwn—ta teleutaÐa me diaforetikă suneisforĹ) pou aforoÔn to

Ðdio peristatikì.

• {EmpistosÔnh} (apìdosh bĹrouc) se apomakrusmènec anaforèc. Ta dÐ-

ktua–mèlh epilègoun to bajmì pou anaforèc apì apomakrusmènec phgèc

(Ĺlla dÐktua) ja suneisfèroun sthn edraÐwsh thc bebaiìthtac gia thn

Ôparxh enìc peristatikoÔ.

• Timeouts. H parĹmetroc Suspicion Timeout orÐzei pìso diĹsthma ja

parameÐnei to sÔsthma sthn katĹ to ămisu energopoihmènh katĹstash

(Suspicion State) epomènwc pìso euaÐsjhto ja eÐnai se diadoqikèc enh-

merÿseic me megĹla qronikĹ diastămata metaxÔ touc. H parĹmetroc

Alerted Timeout èqei thn Ðdia shmasÐa thc euaisjhsÐac gia thn paramo-

nă sthn energopoihmènh katĹstash. Oi timèc gia touc qrìnouc autoÔc

prèpei na eÐnai sugkrÐsimec me to mèso qrìno anÐqneushc tou peristati-

koÔ apì to IDS.

Epiplèon axiologăjhkan kĹpoiec (exwterikèc) parĹmetroi anexĹrthtec apì

th leitourgÐa twn Ðdiwn twn Ontotătwn oi opoÐec entoÔtoic paÐzoun shmantikì

rìlo sthn telikă sumperiforĹ thc sunergatikăc Arqitektonikăc:
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• Pijanìthtec anÐqneushc tou peristatikoÔ. DokimĹsthkan mia seirĹ apì

diaforetikèc periptÿseic rujmÐsewn twn susthmĹtwn IDS sta dÐktua-

mèlh thc Upodomăc. AnĹloga me th rÔjmish tou èna IDS mporeÐ na

deÐqnei mikrìterh ă megalÔterh euaisjhsÐa se anwmalÐec pou shmato-

dotoÔn thn pijană Ôparxh enìc peristatikoÔ. To prìblhma twn su-

sthmĹtwn anÐqneushc anwmaliÿn eÐnai ìti uyhlă euaisjhsÐa mporeÐ na

odhgăsei se lanjasmènec aniqneÔseic (False Positives) enÿ antijètwc

qamhlă euaisjhsÐa mporeÐ na èqei wc apotèlesma epijèseic na perĹsoun

aparatărhtec (False Negatives). Qrhsimopoiÿntac diaforetikèc pija-

nìthtec anÐqneushc sta dÐktua pĹnw sth diadromă enìc peristatikoÔ

prosomoiÿnoume ta apotelèsmata diaforetikÿn rujmÐsewn euaisjhsÐac

twn antÐstoiqwn susthmĹtwn IDS.

• Qrăsh PlhroforÐac TopologÐac apì ta mhnÔmata. Sto kef. 4 eÐdame

pwc afìtou upĹrxei pèrasma sthn katĹstash EnergopoÐhshc (Alert Sta-

te) h plhroforÐa TopologÐac pou perièqetai sta mhnÔmata qrhsimopoieÐ-

tai gia thn anakĹluyh thc sqèshc tou diktÔou pou èqei energopoihjeÐ me

to monopĹti tou peristatikoÔ. Se kĹpoiec prosomoiÿseic elègqjhke to

katĹ pìson h plhroforÐa aută mporeÐ epÐshc na qrhsimopoihjeÐ wc pa-

rĹgontac apodoqăc ă ìqi miac apomakrusmènhc anaforĹc peristatikoÔ.

Pio sugkekrimèna, stic periptÿseic autèc, kĹje dÐktuo–mèloc pou lambĹnei mia

anaforĹ peristatikoÔ elègqei to katĹ pìson perilambĹnetai sto perieqìme-

no tou mhnÔmatoc wc shmeÐo proèleushc thc epijetikăc kÐnhshc ă wc epìmeno

dÐktuo (prÿto băma) sto monopĹti thc metĹ ton apostolèa. ’Ena parĹdeig-

ma autăc thc teqnikăc, parousiĹzetai sto Sqăma 5.8 gia èna uposÔnolo tou
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diktÔou thc prosomoÐwshc tou Sqămatoc 5.7. To dÐktuo E blèpei wc phgă

thc kÐnhshc to dÐktuo F kai wc prÿto epìmeno băma thc to dÐktuo B kai ja

perilĹbei aută thn plhroforÐa sta mhnÔmata pou ja steÐlei proc thn koinì-

thta. Sthn perÐptwsh pou epilègoume na qrhsimopoiăsoume thn plhroforÐa

topologÐac, apì ta dÐktua pou ja lĹboun mia anaforĹ apì to dÐktuo E ja thn

axiopoiăsoun mìnon ta F kai B. Anamenìmenh sumperiforĹ sthn perÐptwsh

aută eÐnai na mhn energopoihjeÐ kanèna dÐktuo ektìc tou monopatioÔ

Sqăma 5.8: Qrăsh plhroforÐac topologÐac prÿtou epipèdou

Me th qrăsh thc plhroforÐac topologÐac parousiĹzetai entoÔtoic to exăc

prìblhma: Gia kĹje metĹbash enìc diktÔou–mèlouc se katĹstash Energo-

poÐhshc apostèlletai mìno èna mănuma. ’Etsi, èna dÐktuo pĹnw sto monopĹti
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thc epÐjeshc, sto opoÐo to topikì IDS den èqei aniqneÔsei to peristatikì ja

èqei wc phgă plhrofìrhshc mìnon èna ă (to polÔ 2) apomakrusmèna mhnÔmata

me apotèlesma na èqei mikrìterh pijanìthta metĹbashc sthn Energopoihmè-

nh katĹstash. Pijanèc lÔseic antimetÿpishc autoÔ tou problămatoc eÐnai oi

exăc:

• Qrăsh polÔ qamhloÔ epipèdou {bebaiìthtac} gia th metĹbash se Ener-

gopoihmènh KatĹstash (Alert State) akìma kai metĹ th lăyh periorismè-

nou arijmoÔ mhnumĹtwn. DhmiourgeÐtai ètsi prìblhma isqurăc antÐdra-

shc akìma kai se periptÿseic lanjasmènwn aniqneÔsewn (false Positi-

ves). Autì mporeÐ (se kĹpoio bajmì) na antistajmisteÐ me thn apaÐthsh

lăyhc mhnumĹtwn apì dÔo toulĹqiston apomakrusmèna dÐktua`mèlh thc

Upodomăc.

• Pollaplèc, diadoqikèc apostolèc mhnumĹtwn apì dÐktua ta opoÐa èqoun

perĹsei sthn katĹstash EnergopoÐhshc. Sthn perÐptwsh aută diatrè-

qoume ton kÐnduno èna dÐktuo to opoÐo èqei kĹnei lĹjoc anÐqneush na

{plhmmurÐsei} to dÐktuo me mhnÔmata, kĹti to opoÐo antibaÐnei sth filo-

sofÐa sqediasmoÔ thc lÔshc thc paroÔsac ergasÐac (kef. 3).

• Qrăsh thc topologÐac gia thn anagnÿrish mhnumĹtwn allĹ kai ensw-

mĹtwsh kai plhroforÐac {deÔterou bămatoc} se autĹ. H lăyh kai qrh-

simopoÐhsh autÿn apì ta dÐktua-paralăptec ja gÐnetai ìpwc kai proh-

goumènwc (apaÐthsh gia summetoqă se kĹpoio dÐktuo pou anafèretai

sto mănuma wc mèloc tou monopatioÔ) allĹ ja mporoÔn na enhmerw-

joÔn perissìtera dÐktua. Sto prohgoÔmeno parĹdeigma tou diktÔou tou

Sqămatoc 5.7, h plhroforÐa pou ja staleÐ apì to dÐktuo E ektìc twn
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diktÔwn F (phgă thc kÐnhshc) kai B (prÿto băma thc kÐnhshc) ja peri-

lambĹnei epÐshc to dÐktuo C wc deÔtero băma thc kÐnhshc. H teqnikă

aută parousiĹzetai sto Sqăma 5.9.

Sqăma 5.9: Qrăsh plhroforÐac topologÐac deutèrou epipèdou

H teleutaÐa perÐptwsh jewrăjhke wc pio aplă kai ulopoiăjhke se kĹpoiec

prosomoiÿseic prokeimènou na dokimasteÐ h epÐdrash pou ja eÐqe sth leitour-

gÐa thc Arqitektonikăc.
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5.7 Apotelèsmata twn Prosomoiÿsewn

5.7.1 Alert Threshold

H prÿth prosomoÐwsh aforĹ sthn epÐdrash thc timăc thc paramètrou Alert -

Threshold sto qrìno pou paÐrnei se mia Ontìthta, pĹnw sto monopĹti epÐje-

shc, na ftĹsei sthn KatĹstash EnergopoÐhshc (Alert State). H Ðdia diereÔ-

nhsh ègine gia diĹforec diĹrkeiec peristatikoÔ. Ta apotelèsmata faÐnontai

sto Sqăma 5.10 ìpou gia diĹforec timèc tou Alert Threshold dÐnontai oi mèsoi

ìroi twn qrìnwn gia EnergopoÐhsh miac Ontìthtac sto monopĹti anĹloga me

th diĹrkeia tou peristatikoÔ:

Sqăma 5.10: EpÐdrash thc timăc Alert Threshold sto mèso qrìno EnergopoÐh-
shc Ontìthtac sto monopĹti thc epÐjeshc

Ta apotelèsmata deÐqnoun ìti, katĹ to anamenìmeno, qamhlìterh timă

Alert Threshold epitrèpei th suntomìterh metĹbash se Alert State. H epÐdra-

sh sthn taqÔthta èqei akìma megalÔterh shmasÐa se peristatikĹ mikrìterhc

diĹrkeiac ìpou eÐnai anagkaÐa h sÔntomh anÐqneush prin oloklhrwjeÐ h drĹsh
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touc.

Sth sunèqeia exetĹzoume to sunolikì mèso qrìno paramonăc sthn KatĹ-

stash Alert State sunartăsei thc timăc Alert Threshold kai thc diĹrkeiac thc

epÐjeshc. To Sqăma 5.11 pou prokÔptei apokalÔptei ìti h Ontìthtec paramè-

noun sthn Energopoihmènh KatĹstash gia diĹsthma anĹlogo thc diĹrkeiac thc

epÐjeshc, gegonìc pou dÐnei mia èndeixh gia th stajerìthta tou sustămatoc

afìtou epètuqe thn EnergopoÐhsh.

Sqăma 5.11: Apeikìnish thc epÐdrashc thc parmètrou Alert Threshold sto mè-
so qrìno paramonăc sthn KatĹstash EnergopoÐhshc Alert State gia diĹforec
diĹrkeiec epijèsewn

ExetĹzontac th sumperiforĹ olìklhrou tou monopatioÔ to opoÐo akolou-

jeÐ h epÐjesh (sto dÐktuo tou sqămatoc 5.7 oi diadromèc pou perilambĹnoun ta

dÐktua F-E-B-C-D kai A-B-C-D) èqoume thn apeikìnish thc sto Sqăma 5.12.
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Sqăma 5.12: EpÐdrash thc paramètrou Alert Threshold sto mèso qrìno pou
apaiteÐtai gia na energopoihjeÐ olìklhro to monopĹti thc epÐjeshc

To sqăma autì upodeiknÔei ìti se kĹje perÐptwsh diĹrkeiac epÐjeshc apai-

teÐtai mia elĹqisth timă gia to Alert Threshold ÿste na epitÔqoume energo-

poÐhsh olìklhrou tou monopatioÔ.

SumperasmatikĹ katalăgoume ìti h epilogă mikrìterwn timÿnAlert Threshold

èqei wc apotèlesma th megalÔterh euaisjhsÐa thc arqitektonikăc akìma kai

se peristatikĹ mikrăc diĹrkeiac. An exasfalisteÐ ìti ja apaithjoÔn toulĹqi-

ston dÔo mhnÔmata sunolikĹ (kai endeqomènwc perissìtera an prìkeitai gia

apomakrusmèna
5
) gia na ftĹsei h Ontìthta se KatĹstash EnergopoÐhshc

tìte èqoume apokleÐsei se megĹlo bajmì thn epÐdrash twn lanjasmènwn ani-

qneÔsewn (False Positives) sth sunergatikă Upodomă SunolikĹ, akìma kai an

èqoume EnergopoÐhsh kĹpoiwn apì ta epimèrouc dÐktua.

5
Αυτό εξασφαlίζεται µε τη διαφορετική συνεισφορά των αποµακρυσµένων µηνυµάτων.
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5.7.2 {EmpistosÔnh} (apìdosh bĹrouc) se apomakru-

smènec anaforèc

Sthn prosomoÐwsh aută dokimĹsthkan diaforetikĹ bĹrh gia tic apomakrusmè-

nec anaforèc kai sunduĹsthkan me diaforetikèc euaisjhsÐec twn epimèrouc

susthmĹtwn IDS sto na anakalÔyoun to peristatikì (to opoÐo sthn pro-

somoÐwsh metafrĹzetai se pijanìthtec anÐqneushc). To Sqăma 5.13 dÐnei ta

apotelèsmata autÿn twn dokimÿn wc proc tic pijanìthtec EnergopoÐhshc (pè-

rasma se Alert State) ìlwn twn diktÔwn thc Upodomăc pĹnw sto monopĹti

thc epÐjeshc
6
.

Sqăma 5.13: EpÐdrash tou suntelestă suneisforĹc apomakrusmènwn mhnu-

mĹtwn stic pijanìthtec EnergopoÐhshc (pèrasma se Alert State) ìlwn twn
diktÔwn thc Upodomăc pĹnw sto monopĹti thc epÐjeshc

QamhlĹ bĹrh suneisforĹc twn apomakrusmènwn mhnumĹtwn antistoiqoÔn

sthn katĹstash ìpou kĹje Sunergazìmeno dÐktuo sthn Upodomă leitourgeÐ

me megĹlo bajmì anexarthsÐac, {apokommèno} apì ta Ĺlla. Antijètwc ìso

6
Η προσοµοίωση αυτή αφορά επιθέσειc µιαc διάρκειαc µόνον 1 ώραc (3600 δευτεροlέπτων).
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auxĹnontai ta bĹrh autĹ tìso ta dÐktua sunergĹzontai perissìtero, katală-

gontac se plărh apodoqă twn apomakrusmènwn apotelesmĹtwn kai apìluth

{diasÔndesh}. ParathroÔme th shmantikă suneisforĹ twn barÿn pou apodÐ-

dontai sta apomakrusmèna mhnÔmata sthn pijanìthta energopoÐhshc thc Upo-

domăc Ĺnw tou 80%) akìma kai stic periptÿseic qamhlÿn epidìsewn (posostĹ

anÐqneushc) twn epimèrouc susthmĹtwn IDS.

5.7.3 Timeouts

Oi qrìnoi anamonăc metaxÔ diadoqikÿn mhnumĹtwn meletăjhkan wc proc thn

epÐdrash touc sth stajerìthta thc katĹstashc EnergopoÐhshc kai to mèso

qrìno gia th thn energopoÐhsh tou plărouc monopatioÔ tou peristatikoÔ. Ta

apotelèsmata pou prokÔptoun apì autèc tic dokimèc faÐnontai sta sqămata

5.14 kai 5.15.

Sqăma 5.14: EpÐdrash twn paramètrwn Timeout sto qrìno pou mia Ontìth-
ta pĹnw sto monopĹti thc epÐjeshc paramènei se katĹstash EnergopoÐhshc

(Alert State)



5.7 Apotelèsmata twn Prosomoiÿsewn 212

Sqăma 5.15: EpÐdrash twn paramètrwn Timeout stic pijanìthtec Energo-
poÐhshc (pèrasma se Alert State) ìlwn twn diktÔwn thc Upodomăc pĹnw sto
monopĹti thc epÐjeshc

Kai stic dÔo periptÿseic parathroÔme ìti metĹ apì èna metabatikì stĹdio

stic periptÿseic twn polÔ qamhlÿn timÿn twn qrìnwn anamonăc (wc proc touc

qrìnouc anÐqneushc kai antÐdrashc twn susthmĹtwn IDS) h epÐdrash touc eÐnai

stajeră gia diĹforec diĹrkeiec epijèsewn. ’Alla endiafèronta sumperĹsmata

pou prokÔptoun:

• Apì to Sqăma 5.14 blèpoume ìti oi Ontìthtec paramènoun katĹ mèso

ìro se energopoÐhsh (Alert State) qrìno anĹlogo thc diĹrkeiac thc

epÐjeshc epideiknÔontac stajerìthta gia timèc twn timeouts Ĺnw twn

arqikÿn timÿn.

• Apì to Sqăma 5.15 parathroÔme ìti gia mia sqetikĹ qamhlă timă Alert Threshold

pou eÐqe epilegeÐ gia aută thn prosomoÐwsh kai se kĹje perÐptwsh ti-

meouts (plhn twn arqikÿn timÿn) o mèsoc qrìnoc gia thn EnergopoÐhsh
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olìklhrou tou monopatioÔ thc epÐjeshc eÐnai kĹtw apì ta 600 deuterì-

lepta (10 leptĹ) gia kĹje peristatikì me diĹrkeia Ĺnw twn 10 leptÿn.

To dÐktuo sunolikĹ antidrĹ oriakĹ taqÔtera apì to mègisto qrìno 2t

(600 deuterìlepta) gia thn energopoÐhsh epimèrouc IDS sta dÐktua pou

anÐqneusan thn epÐjesh (akìma kai an h epÐjesh den èqei aniqneuteÐ se

ìla ta dÐktua–mèlh).

5.7.4 PlhroforÐa TopologÐac

DokimĹsthkan oi dÔo periptÿseic qrăshc plhroforÐac topologÐac pou ana-

fèrontai sto tmăma 5.6. KĹje anaforĹ anÐqneushc epÐjeshc apì èna dÐktuo

perieÐqe stoiqeÐa gia to prohgoÔmeno kai ta epìmena (èna ă dÔo) bămata tou

monopatioÔ thc. Oi anaforèc dianèmontai kanonikĹ mèsw tou UperkeÐmenou

DiktÔou allĹ gÐnontai dektèc apì èna dÐktuo-paralăpth mìnon efìson to

aforoÔn Ĺmesa.

’Egine h prosomoÐwsh dÔo diaforetikÿn periptÿsewn enswmĹtwshc plh-

roforÐac sta mhnÔmata proeidopoÐhshc wc exăc:

• AnaforĹ sto prohgoÔmeno kai to amèswc epìmeno dÐktuo apì autì pou

stèlnei thn anaforĹ (mìnon geÐtonec 1ou epipèdou).

• AnaforĹ sto prohgoÔmeno kai epìmena dÔo dÐktua sto monopĹti thc

epÐjeshc (geÐtonec mèqri kai 2ou epipèdou).

Oi dÔo autèc proseggÐseic apodoqăc anaforÿn dokimĹsthkan gia thn epÐdra-

sh pou ja eÐqan sthn energopoÐhsh olìklhrou tou monopatioÔ thc epÐjeshc

se sqèsh epÐshc me thn apìdosh diaforetikÿn barÿn sta apomakrusmèna mh-

nÔmata kai gia diĹforec pijanìthtec (euaisjhsÐec anÐqneushc). SugkrÐjhkan
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epÐshc me thn perÐptwsh plărouc diĹdoshc (kai qrhsimopoÐhshc) twn anĹfo-

rÿn apì ìla ta mèlh thc Sunergatikăc Upodomăc ìpwc aută parousiĹsthke

sto tmăma 5.7.2. Apì thn prosomoÐwsh proèkuyan ta apotelèsmata tou pa-

rousiĹzontai arijmhtikĹ ston PÐnaka 5.2 kai grafikĹ sto Sqăma 5.16.

Pijanothta Aniqneushc
0,50 0,65 0,80 0,95

1E 2E TI 1E 2E TI 1E 2E TI 1E 2E TI

S
u
n
t
e
l
e
s
t
h
c

B
a
r
o
u
c

0,5 0,02 0,04 0,58 0,08 0,13 0,83 0,25 0,33 0,96 0,65 0,69 0,99

0,6 0,02 0,04 0,57 0,09 0,13 0,82 0,25 0,32 0,96 0,65 0,69 0,99

0,7 0,02 0,04 0,57 0,08 0,13 0,84 0,26 0,32 0,96 0,64 0,69 1,00

0,8 0,05 0,07 0,85 0,15 0,20 0,97 0,36 0,41 1,00 0,72 0,75 1,00

0,9 0,05 0,07 0,85 0,15 0,20 0,97 0,37 0,42 1,00 0,73 0,74 1,00

1 0,04 0,07 0,85 0,15 0,19 0,96 0,37 0,41 1,00 0,72 0,74 1,00

PÐnakac 5.2: Pijanìthta EnergopoÐhshc (Alert State) olìklhrou tou mono-
patioÔ epÐjeshc (gia diĹforec pijanìthtec anÐqneushc kai diĹforec apodìseic

barÿn se apomakrusmèna mhnÔmata) ìtan gÐnetai qrhsimopoÐhsh thc plhrofo-

rÐac pou perièqetai sta mhnÔmata, mìnon stouc geÐtonec 1ou epipèdou (1E)

tou apostolèa, stouc geÐtonec 1ou kai 2ou epipèdou (2E), ă se ìla ta mèlh

thc Sunergatikăc Upodomăc (Topology Independent – TI).

Ta apotelèsmata autĹ deÐqnoun, katfl arqĹc upodeèsterec epidìseic ìtan

oi anaforèc axiopoioÔntai mìnon stouc geÐtonec prÿtou kai deÔterou epipè-

dou se sqèsh me thn perÐptwsh axiopoÐhshc touc apì ìlouc touc kìmbouc thc

arqitektonikăc anexartătwc topologÐac (Topology Independent – TI) se ìla

ta mèlh thc Sunergatikăc Upodomăc. Autì ofeÐletai sto ìti sthn prÿth pe-

rÐptwsh h plhroforÐa anÐqneushc diadÐdetai se polÔ ligìterouc paralăptec.

’Etsi ta diĹfora dÐktua èqoun diajèsimh shmantikĹ ligìterh plhroforÐa pro-

keimènou na katalăxoun se anÐqneush. To sumpèrasma autì epibebaiÿnetai kai

apì thn (oriakĹ) kalÔterh epÐdosh pou parathreÐtai sthn perÐptwsh diĹdoshc

twn mhnumĹtwn mèqri kai touc geÐtonec deÔterou epipèdou.
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Prèpei pĹntwc na tonisteÐ mia Ĺllh shmantikă pleurĹ (pou prokÔptei apì

ta apotelèsmata twn prosomoiÿsewn allĹ den apeikonÐzetai sto diĹgramma):

Den upărxe kanenìc bajmoÔ energopoÐhsh twn Ontotătwn ekeÐnwn pou den

eÐqan Ĺmesh sqèsh me to monopĹti thc epÐjeshc. To sumpèrasma pou prokÔ-

ptei eÐnai ìti akìma kai an meiÿjhke shmantikĹ h sunolikă energopoÐhsh tou

monopatioÔ ă ìpoia energopoÐhsh Ontotătwn sunèbh ătan Ĺmesa sqetizìmenh

me to peristatikì kai apokleistikĹ mèsa sto monopĹti tou.

5.8 SumperĹsmata

Apì ta prohgoÔmena apotelèsmata thc prosomoÐwshc katalăgoume sta exăc

sumperĹsmata:

• H timă thc paramètrou Alert Threshold eÐnai protimìtero na eÐnai qamh-

lă ÿste mia Ontìthta na pernĹei sÔntoma se katĹstash EnergopoÐh-

shc (Alert State) aniqneÔontac akìma kai epijèseic polÔ mikrăc diĹr-

keiac. H rÔjmish leitourgÐac thc twn Ontotătwn ÿste na proôpojètoun

thn Ôparxh anaforÿn apì toulĹqiston dÔo phgèc apotrèpei ton kÐnduno

Ôparxhc lanjasmènwn aniqneÔsewn (False Positives) lìgw uperbolikăc

euaisjhsÐac.

• H Sunergatikă Upodomă parousiĹzei tic kalÔterec epidìseic anÐqneushc

ìtan upĹrqei auxhmènh {empistosÔnh} metaxÔ twn melÿn thc pou meta-

frĹzetai se apìdosh uyhlìterou {bĹrouc} ({shmasÐac}) sta apomakru-

smèna mhnÔmata. To apotèlesma autì mporeÐ na antistajmÐsei tuqìn

qamhlă euaisjhsÐa twn topikÿn susthmĹtwn IDS pou me th seirĹ tou
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prostateÔei apì peristatikĹ lanjasmènwn anagnwrÐsewn. AntÐstoiqa

kalÔterec epidìseic sunolikĹ exasfalÐzei h diĹdosh twn anaforÿn sto

megalÔtero dunatì arijmì melÿn thc Sunergatikăc Upodomăc.

• Oi qrìnoi anamonăc metaxÔ diadoqikÿn mhnumĹtwn (Timeouts) metĹ apì

èna metabatikì ìrio polÔ qamhlÿn timÿn parousiĹzoun parìmoia epÐdra-

sh sth leitourgÐa thc Sunergatikăc Upodomăc gia diĹforec diĹrkeiec

epijèsewn.

• Oi diaqeiristèc mporoÔn na epilèxoun na aporrÐptoun mhnÔmata pou den

aforoÔn Ĺmesa ta dÐktua touc. H epÐdosh thc Sunergatikăc Upodomăc

sth sunolikă anÐqneush epijèsewn ja meiwjeÐ allĹ epÐshc ja apotra-

poÔn entelÿc opoiesdăpote energopoiăseic Ontotătwn ektìc monopatioÔ

epÐjeshc. Apì Ĺpoyh epÐdoshc pĹntwc sunÐstatai h mègisth allhlepÐ-

drash. O sqediasmìc apostolăc mhnumĹtwn sto dÐktuo {apì ènan se

polloÔc} (teqnikèc multicast) egguĹtai ìti de ja upĹrxei uperfìrtwsh

tou diktÔou apì mhnÔmata metaxÔ twn Ontotătwn. Epiplèon, h polu-

plokìthta qrăshc plhroforiÿn topologÐac apì to BGP de dikaiologeÐ

thn pijană epideÐnwsh twn epidìsewn.
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6.1 SugkrÐseic me Ĺllec lÔseic

Sto KefĹlaio 2 ègine mia parousÐash twn kuriotèrwn prìsfatwn ereunhtikÿn

protĹsewn antimetÿpishc twn epijèsewn DDoS. Sthn paroÔsa enìthta axio-

logoÔntai Ĺllec lÔseic pou proseggÐzoun th filosofÐa kai tic mejodologÐec

thc paroÔsac ergasÐac kai sugkrÐnontai me thn proteinìmenh arqitektonikă.

Oi sugkrÐseic autèc ja katadeÐxoun kalÔtera orismènec leptomèreiec thc pro-

teinìmenhc prosèggishc.
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6.1.1 SÔgkrish me th lÔsh COSSACK

To sÔsthma COSSACK anaptÔqjhke apì sto USC kai parousiĹzetai sthn

ergasÐa [Papa03] tou Q. Papadìpoulou kai twn sunergatÿn tou. H lÔsh

energopoieÐtai se dÐktua sta {Ĺkra} tou DiadiktÔou (edge networks). ’Opwc

kai sthn paroÔsa diatribă gÐnetai h prospĹjeia na antimetwpisteÐ to prì-

blhma thc qamhlăc akrÐbeiac twn sunăjwn teqnikÿn anÐqneushc peristatikÿn

DDoS (pou qrhsimopoioÔn th diĹgnwsh anwmaliÿn ` anomaly detection) me

thn suneisforĹ plhroforiÿn apì diĹforec phgèc.

To sÔsthma ulopoieÐtai me thn egkatĹstash eidikoÔ logismikoÔ parako-

loÔjhshc kai epikoinwnÐac (”watchdog”) sta shmeÐa diasÔndeshc (egress poin-

ts) diktÔwn Ĺkrou (edge/client networks). Ta watchdogs elègqoun thn eiser-

qìmenh sto dÐktuo kÐnhsh gia na entopÐsoun peristatikĹ DDoS kai na kajo-

rÐsoun ta qarakthristikĹ stoiqeÐa thc antÐstoiqhc kÐnhshc. Sth sunèqeia me

qrăsh enìc mhqanismoÔ epikoinwniÿn multicast mèsw tou diktÔou peer-to-peer

Yoid [Yoid00] apostèlloun aută thn plhroforÐa sthn koinìthta ÿste ekeÐna

ta dÐktua Ĺkrou apfl ìpou xekinĹei h epijetikă kÐnhsh na lĹboun mètra enantÐon

thc. QarakthristikĹ, èna sugkekrimèno multicast group dhmiourgeÐtai gia tic

epikoinwnÐec anĹmesa se ìla ta emplekìmena sto Ðdio peristatikì watchdogs.

H lÔsh COSSACK apoblèpei sthn antimetÿpish tou problămatoc apì

Ĺkro se Ĺkro (end-to-end) energÿntac sta dÔo Ĺkra tou DiadiktÔou pou

enèqontai sto peristatikì: to jÔma kai ta dÐktua proèleushc. H prìtash

problèpei epÐshc ton èlegqo twn diktÔwn proèleushc apì ta topikĹ watch-

dog gia thn anakĹluyh twn upologistÿn pou qrhsimopoioÔntai sthn epÐjesh
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(zombies1) kai th lăyh mètrwn antimetÿpishc thc epÐjeshc sÔmfwna me tic to-

pikèc politikèc asfaleÐac, katĹ parìmoio trìpo me th Sunergatikă Upodomă.

Oi diaforèc anĹmesa stic dÔo proseggÐseic sunoyÐzontai sta exăc:

• H kÔria diaforĹ tou COSSACK apì thn proteinìmenh Sunergatikă Upo-

domă eÐnai ìti to prÿto epikentrÿnetai se enèrgeiec sta Ĺkra tou Diadi-

ktÔou me skopì na stamatăsei thn epÐjesh sto dÐktuo phgăc. H aposto-

lă plhroforiÿn apì to shmeÐo pou to peristatikì aniqneÔetai (kontĹ sto

jÔma) apoblèpei sthn enÐsqush thc bebaiìthtac entopismoÔ tou sthn ph-

gă tou. Antijètwc, h proteinìmenh sth diatribă SunergasÐa apoblèpei

sthn antallagă plhroforiÿn anÐqneushc, thn automatopoÐhsh epikoinw-

niÿn kai to suntonismì energeiÿn sthn omĹda diktÔwn (domains) sthn

perioqă tou jÔmatoc; H filosofÐa pou uiojetăsame eÐnai h anÐqneush kai

antÐdrash sthn perioqă tou jÔmatoc. O lìgoc gia thn prosèggish mac

eÐnai h se kĹpoio bajmì eukolìterh sunergasÐa (ad hoc ă kai mèsw empo-

rikÿn sumfwniÿn) sth Ðdia diktuakă perioqă apfl ìti se apomakrusmèna

shmeÐa tou DiadiktÔou.

• Sto COSSACK ta shmeÐa anÐqneushc eÐnai apokleistikĹ ta shmeÐa dia-

sÔndeshc twn diktÔwn Ĺkrou. Sth Sunergatikă Upodomă pou anaptÔxa-

me, h anÐqneush enìc peristatikoÔ mporeÐ na gÐnei apì opoiodăpote apì ta

dÐktua kontĹ sto jÔma; ta mhnÔmata pou ja antallaqjoÔn apoblèpoun:

sthn exasfĹlish thc plhroforÐac apì perissìterec apì mia phgèc, sthn

epibebaÐwsh thc kai sthn anakĹluyh thc diadromăc thc epÐjeshc, ÿste

na diafanoÔn ta pijanĹ shmeÐa lăyhc mètrwn. EpÐshc exasfalÐzoume

1
∆είτε τη σχετική περιγραφή στην ενότητα 2.2.1 για τα συστήµατα υποlογιστών που

χρησιµοποιούνται (συνήθωc χωρίc γνώση των χρηστών τουc) στην εκτέlεση επιθέσεων.
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thn energopoÐhsh thc upodomăc akìma kai sthn perÐptwsh apokopăc

tou telikoÔ diktÔou ` jÔmatoc lìgw thc sfodrìthtac thc epÐjeshc.

• Sto COSSACK ta eidikĹ sustămata (watchdogs) analambĹnoun ta Ðdia

to rìlo thc anÐqneushc twn peristatikÿn kai èqoun thn euelixÐa na

qrhsimopoiăsoun diĹforec teqnikèc (endeiktikĹ: plhroforÐec netflow,

stoiqeÐa SNMP k.lp.). Gia to lìgo autì prèpei na topojethjoÔn sto

sÔnoro tou diktÔou. Antijètwc oi Sunergatikèc Ontìthtec eÐnai qră-

stec (katanalwtèc) twn stoiqeÐwn pou lambĹnoun se topikì epÐpedo apì

(anexĹrthta) sustămata IDS.

SumperasmatikĹ, h Sunergatikă Ontìthta pou parousiĹsthke sth paroÔsa

diatribă diaqwrÐzei safÿc tic leitourgÐec anÐqneushc kai epikoinwnÐac me tic

Ĺllec Ontìthtec. Epomènwc den periorÐzei ta shmeÐa topojèthshc thc Ontì-

thtac kai epitrèpei anexarthsÐa sthn epilogă susthmĹtwn IDS se kĹje dÐktuo,

antÐjeta me to sÔsthma COSSACK to opoÐo oriojeteÐ me austhrìthta ta sh-

meÐa topojèthshc twn exeidikeumènwn susthmĹtwn tou. H empeirÐa apì th

leitourgÐa tou DiadiktÔou deÐqnei pwc ta diĹfora dÐktua (domains) den upa-

koÔoun se omoiìmorfouc kanìnec diaqeÐrishc kai den uiojetoÔn anagkastikĹ

koinĹ sustămata IDS.

6.1.2 SÔgkrish me thn upodomă GDI

H {Pagkìsmia Upodomă ’Amunac}, GDI (Global Defense Infrastructure) pou

proteÐnetai apì toucWan kai Ĺllouc sto [Wan02] problèpei th qrăsh eidikÿn,

topikÿn SusthmĹtwn AnÐqneushc epijèsewn DDoS (Local Detection Systems

— LDSes) se strathgikĹ shmeÐa se olìklhro to DiadÐktuo, ìpwc p.q. ta
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kÔria shmeÐa antallagăc kÐnhshc (Internet Exchanges) k.lp. Ta LDS kata-

tĹssontai se {plărwc} (”Fully”) kai {merikÿc} (”Minimally”) ulopoihmèna me

antÐstoiqec dunatìthtec anÐqneushc-antÐdrashc ă mìnon antÐdrashc. Ta egka-

testhmèna LDS sunjètoun to Katanemhmèno SÔsthma AnÐqneushc Epijèsewn

(Distributed Attack Detection System — DAD). H katanemhmènh aută arqite-

ktonikă organÿnetai kai leitourgeÐ me thn antallagă mhnumĹtwn anĹmesa sta

LDS. Ta LDS eÐnai domhmèna me arjrwtì trìpo (modular), apoteloÔmena apì

monĹdec diaforetikÿn leitourgiÿn (anĹlush kÐnhshc, anÐqneush epijèsewn, an-

tÐdrash stic epijèseic k.lp.) oi opoÐec eÐnai dunatìn na diamoirastoÔn kai se

diaforetikĹ upologistikĹ sustămata. Ta {Plărh} LDS anazhtoÔn peristati-

kĹ epijèsewn DDoS basizìmena tìso stouc enswmatwmènouc aisjhtărec, ìso

kai sta mhnÔmata proeidopoÐhshc (Alert) pou lambĹnoun apì geitonikĹ sustă-

mata. H antallagă mhnumĹtwn entìc tou GDI pragmatopoieÐtai me th qrăsh

teqnikăc {axiìpistou plhmmurÐsmatoc} (”reliable flooding”) kai ta mhnÔmata

kwdikopoioÔntai se IDMEF.

Sthn prosèggish aută h antimetÿpish twn epijèsewn gÐnetai me thn eg-

katĹstash fÐltrwn periorismoÔ thc kÐnhshc stouc dromologhtèc kormoÔ tou

DiadiktÔou stouc opoÐouc eÐnai egkatesthmèna ta LDS. Ta {elafrÔterhc}

ulopoÐhshc LDS qrhsimopoioÔntai apokleistikĹ gia thn egkatĹstash tètoiwn

fÐltrwn periorismoÔ thc kÐnhshc se akìma perissìtera shmeÐa parousÐac qwrÐc

leitourgÐa anÐqneushc.

H prosèggish aută parousiĹzei pollèc omoiìthtec me thn proteinìmenh

sthn paroÔsa ergasÐa (mhnÔmata IDMEF, {arjrwtă} arqitektonikă logismi-

koÔ, metĹdosh apotelesmĹtwn anÐqneushc thn koinìthta, egkatĹstash fÐl-

trwn periorismoÔ kÐnhshc gia thn antimetÿpish twn epijèsewn DDoS). EntoÔ-
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toic, oi dÔo lÔseic èqoun diaforetikoÔc stìqouc, klÐmaka egkatĹstashc kai

mejodologÐec anÐqneushc.

Sthn prosèggish thc paroÔsac diatribăc oi Ðdiec oi Sunergatikèc Ontì-

thtec den ulopoioÔn leitourgÐec anÐqneushc allĹ diaqeirÐzontai topikèc (apì

sustămata IDS) kai apomakrusmènec anaforèc gia na katalăxoun se sumpe-

rĹsmata Ôparxhc ă ìqi peristatikÿn me uyhlì bajmì bebaiìthtac. MporeÐ na

uposthriqjeÐ ìti ta diaforetikĹ sustămata IDS parèqoun sunolikĹ kalÔterec

pijanìthtec anÐqneushc lìgw twn diaforetikÿn proseggÐsewn pou mporeÐ na

qrhsimopoihjoÔn metaxÔ diafìrwn diktÔwn.

Apì thn pleurĹ diaqeÐrishc twn apotelesmĹtwn to kĹje dÐktuo thc Suner-

gatikăc Arqitektonikăc mporeÐ na epilèxei na apodÿsei megalÔterh ă mikrìte-

rh empistosÔnh sta apomakrusmèna mhnÔmata apì sugkekrimènec proeleÔseic

afănontac ètsi ston kĹje diaqeiristă thn prwtoboulÐa gia thn {omogenopoÐh-

sh} twn apotelesmĹtwn pou lambĹnei katĹ ton trìpo pou jewreÐ kalÔtero.

H Sunergatikă Arqitektonikă apoteleÐ èna sÔsthma diaqeÐrishc kai sunto-

nismoÔ anexĹrthtwn se megĹlo bajmì energeiÿn enantÐon twn epijèsewn DDoS

sta plaÐsia miac genikĹ mikrăc omadopoÐhshc diktuakÿn perioqÿn (domains),

qwrÐc na proôpojètei thn egkatĹstash exwterikoÔ exoplismoÔ sta ìria eu-

jÔnhc twn anexĹrthtwn diaqeiristikÿn perioqÿn. Antijètwc, h perÐptwsh tou

GDI eÐnai amfÐbolo an ja gÐnei apodektă sto perÐploko peribĹllon tou Dia-

diktÔou kajÿc parembaÐnei se zhtămata idiaÐtera euaÐsjhta, ìpwc autĹ thc

asfĹleiac
2
.

Tèloc, mia Ĺllh shmantikă diaforĹ eÐnai ìti h Sunergatikă Ontìthta pou

2
Οι διάφορεc χώρεc έχουν διαφορετικό νοµικό καθεστώc ωc προc την προστασία των

υποδοµών.
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qrhsimopoieÐtai sthn paroÔsa ergasÐa apoteleÐ eswterikì tmăma
3
kĹje sum-

metèqousac sth SunergasÐa diaqeiristikăc perioqăc, epitrèpontac ètsi uyhlì

bajmì empistosÔnhc kai dunatìthta rÔjmishc (configuration) sÔmfwna me tic

topikèc politikèc kai proteraiìthtec.

6.1.3 SÔgkrish me to plaÐsio CITRA

To sÔsthma CITRA (Cooperative Intrusion Traceback and Response fra-

mework) [Schn00], [Ster01] apoteleÐ epÐshc ergasÐa pou parousiĹzei omoiì-

thtec me thn paroÔsa. QrhsimopoieÐ thn ènnoia twn {koinotătwn} (diktua-

kèc perioqèc ` domains) oi opoÐec organÿnontai se topikèc omadopoiăseic

(neighborhoods). Se kĹje koinìthta pragmatopoieÐtai anÐqneush peristati-

kÿn me epikèntrwsh sta shmeÐa diasÔndeshc me Ĺlla dÐktua (boundary points).

Anaforèc anÐqneushc dianèmontai stouc kontinoÔc geÐtonec me apotèlesma na

eÐnai dunată h parakoloÔjhsh (tracing) thc diadromăc thc epÐjeshc kai h lă-

yh mètrwn enantÐon thc. Sto CITRA qrhsimopoioÔntai {odhgÐec} (directives)

antimetÿpishc tou peristatikoÔ anexĹrthta proc to eÐdoc twn diktuakÿn su-

skeuÿn pou eÐnai egkatesthmènec sta diĹfora shmeÐa
4
. Oi epikoinwnÐec entìc

thc upodomăc qrhsimopoioÔn to exeidikeumèno prwtìkollo IDIP (Intruder De-

tection and Isolation Protocol).

Oi diaforèc me thn paroÔsa ergasÐa epikentrÿnontai sta exăc:

• To plaÐsio CITRA, epikentrÿnetai se diaqeÐrish asfaleÐac susthmĹtwn

3
Υπό πlήρη τοπικό έlεγχο.
4
Υπενθυµίζεται ότι στο κεφ. 4 τηc παρούσαc εργασίαc δοκιµάστηκε η παρόµοια προσέγγι-

ση υlοποίησηc µέτρων εlέγχου τηc κακόβουlηc κίνησηc ανεξάρτητα από τιc εγκατεστηµένεc

συσκευέc (ή ακόµα και την εσωτερική αρχιτεκτονική του δικτύου) και η µετάφραση τουc στιc

συγκεκριµένεc ιδιαιτερότητεc του εκάστοτε δικτύου µε το (πειραµατικό) εργαlείο Netspoc.
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IDS kai memonwmènwn stoiqeÐwn tou diktÔou. H Sunergatikă Arqite-

ktonikă leitourgeÐ se anÿtero diaqeiristikì epÐpedo (qarakthristikĹ den

analambĹnei to rìlo anÐqneushc) me skopì thn automatopoÐhsh kai thn

epitĹqunsh thc sunergasÐac anexĹrthtwn diktÔwn (domains).

• Sto CITRA qrhsimopoieÐtai apokleistikĹ to prwtìkollo IDIP gia th

diakÐnhsh plhroforiÿn. DhmiourgeÐtai ètsi h apaÐthsh upostărixhc tou

eidikoÔ autoÔ prwtokìllou se ìla ta stoiqeÐa tou diktÔou pou prìkei-

tai na to qrhsimopoiăsoun kajÿc kai oi antÐstoiqec rujmÐseic asfaleÐac

sto dÐktuo ÿste na epitrèpetai h dièleush tou. H paroÔsa lÔsh qrh-

simopoieÐ thn ekĹstote diajèsimh mèjodo qamhloÔ epipèdou (p.q. peer-

to-peer, multicast k.lp.) gia to sqhmatismì tou uperkeÐmenou diktÔou

(overlay network) ÿste na exasfalÐzei men th mèjodo {apì ènan se

polloÔc} na mh desmeÔetai ìmwc apì sugkekrimènec teqnologikèc lÔ-

seic kai na qrhsimopoieÐ thn plèon prìsforh. EpÐshc, sth Sunergatikă

Upodomă dÐnetai bĹroc sth qrăsh tou upì exèlixh protÔpou IDMEF, gia

thn kwdikopoÐhsh thc plhroforÐac, to opoÐo apoteleÐ thn perissìtero

apodektă aută th stigmă lÔsh gia na qrhsimopoihjeÐ wc enopoihtikìc

parĹgontac me pollĹ diaforetikĹ stoiqeÐa asfaleÐac (sustămata IDS,

Ĺllec suskeuèc pou qrhsimopoioÔn to prwtìkollo k.lp.).

6.1.4 SÔgkrish me th mèjodo Pushback

Sta [Maha02] kai [Ioan02] oi R. Mahajan kai oi sunergĹtec tou proteÐnoun

mia lÔsh gia ton èlegqo kÐnhshc uyhloÔ fìrtou. H lÔsh aută ulopoieÐtai

apfl eujeÐac sta diktuakĹ stoiqeÐa (dromologhtèc) tìso gia to tmăma anÐqneu-
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shc thc epijetikăc kÐnhshc ìso kai gia thn antimetÿpish thc. Mia epÐjesh

DDoS aniqneÔetai apì thn upèrbash kĹpoiwn orÐwn apìrriyhc pakètwn stic

ourèc proÿjhshc enìc dromologhtă. Sth sunèqeia epishmaÐnontai kai omado-

poioÔntai ekeÐna ta tmămata kÐnhshc pou eÐnai upèujuna gia thn fìrtwsh tou

diktÔou. Ta tmămata autĹ apokaloÔntai high bandwidth aggregates. H episă-

mansh touc gÐnetai me deigmatolhyÐa (sampling) thc kÐnhshc pou aporÐptetai

apì èna kĹpoio ădh upĹrqonta mhqanismì {aposumfìrhshc} (p.q. to Random

Early Detection – RED) kai h omadopoÐhsh sÔmfwna me kĹpoia koinĹ stoiqeÐa

(p.q. telikì stìqo, qarakthristikĹ prwtokìllou k.lp.) pou parousiĹzoun.

To sÔsthma (sto dromologhtă), èqontac anagnwrÐsei ta sugkekrimèna

qarakthristikĹ thc epijetikăc kÐnhshc orÐzei fÐltra periorismoÔ thc sto dro-

mologhtă kai metadÐdei thn plhroforÐa anÐqneushc se Ĺllouc dromologhtèc

anÿterou epipèdou (sthn ierarqÐa diasÔndeshc) qrhsimopoiÿntac èna eidikì

prwtìkollo pou protĹjhke gia to skopì autì kai apokalèsthke Pushback.

Autì èqei san apotèlesma ton entopismì băma-băma tou monopatioÔ thc epÐ-

jeshc proc th genikă kateÔjunsh thc phgăc thc kai to stadiakì èlegqo tou

diktuakoÔ eÔrouc pou katanalÿnei.

An kai h ergasÐa aută apotèlese ènausma gia thn paroÔsa diatribă upĹr-

qoun shmantikèc diaforèc anĹmesa stic dÔo proseggÐseic pou epikentrÿnontai

sta exăc:

• H proteinìmenh sth diatribă lÔsh energopoieÐtai se anÿtero epÐpedo dia-

qeÐrishc. H prosèggish pou akoloujeÐtai sthn paroÔsa ergasÐa eÐnai

katĹ kÔrio lìgo h prosforĹ thc katĹllhlhc Sunergatikăc upodomăc pou

ja dieukolÔnei th sunergasÐa metaxÔ diaforetikÿn diktÔwn (domains).
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Basikă sqediastikă kateÔjunsh apoteleÐ h anexarthsÐa apì ta sustă-

mata anÐqneushc (IDS).

• H lÔsh Pushback, se antÐjesh me th Sunergatikă Arqitektonikă parou-

siĹzei duskolÐec sthn klimĹkwsh pèra apì ta diaqeiristikĹ ìria enìc

sugkekrimènou diktÔou tìso lìgw zhthmĹtwn empistosÔnhc ìso kai lì-

gw thc anĹgkhc gia dikaiÿmata diaqeiristă stic suskeuèc pou apaitoÔn-

tai gia epembĹseic qamhloÔ epipèdou tètoiou eÐdouc.

• Gia th ulopoÐhsh thc lÔshc Pushback apaiteÐtai h sunergasÐa ìlwn twn

dromologhtÿn enìc Autìnomou Sustămatoc, mèqri touc dromologhtèc

sunìrou (edge routers), dhladă mèqri ta ìria diaqeiristikăc armodiìth-

tac thc perioqăc pou ulopoieÐ to prwtìkollo Pushback. Antijètwc,

sthn paroÔsa prosèggish den apaiteÐtai anagkastikĹ h plărhc kĹluyh

ìlwn twn diaqeiristikÿn perioqÿn pou pijanìn na emplèkontai se mia

epÐjesh.

6.2 SumperĹsmata apì th diatribă

Sth diatribă aută parousiĹsthke mia arqitektonikă h opoÐa epidiÿkei katĹ to

dunatìn na prosfèrei mia oloklhrwmènh lÔsh sto prìblhma twn epijèsewn

DDoS. To prìblhma autì proseggÐzetai kai stic treic perioqèc antimetÿpishc:

thn anÐqneush, ton prosdiorismì tou monopatioÔ kai thn antÐdrash. H prìta-

sh thc paroÔsac ergasÐac eÐnai h sunergasÐa metaxÔ diaforetikÿn diktuakÿn

perioqÿn (domains) mèsw enìc mhqanismoÔ pou mporeÐ na exasfalÐsei automa-

tismì, taqÔthta, asfĹleia kai diaqeiristikă anexarthsÐa. Ta sunergazìmena
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dÐktua sunjètoun th Sunergatikă Upodomă.

O trìpoc pou proteÐnetai na epiteuqjeÐ aută h sunergasÐa eÐnai me th

leitourgÐa enìc exeidikeumènou sustămatoc, thc Sunergatikăc Ontìthtac, upì

topikì èlegqo se kĹje èna apì ta dÐktua, to opoÐo:

• DhmiourgeÐ èna uperkeÐmeno (overlay) dÐktuo epikoinwnÐac anĹmesa sta

dÐktua to opoÐo eÐnai qamhloÔ fìrtou, qrhsimopoieÐ th diajèsimh kĹje

forĹ teqnologÐa diasÔndeshc.

• AnalambĹnei th epexergasÐa anaforÿn (topikÿn kai apomakrusmènwn),

ÿste na perĹsei stadiakĹ, anĹloga me to bajmì sussÿreushc bebaiì-

thtac, sthn epibebaÐwsh Ôparxhc peristatikÿn (Alert State).

• AnalÔei th diajèsimh plhroforÐa ÿste na prosdiorÐsei to monopĹti (ă

toulĹqiston kĹpoio mèroc tou) thc epÐjeshc kai thn topojèthsh tou

oikeÐou diktÔou se sqèsh me autì.

• AnalambĹnei mètra periorismoÔ kai elègqou thc kÐnhshc thc epÐjeshc

akoloujÿntac tic topikèc politikèc kĹje diktÔou, prosarmìzontac thn

antÐdrash sth sfodrìthta thc epÐjeshc kai epilègontac ta shmeÐa epèm-

bashc sÔmfwna me th diadromăc thc.

Ta kÔria qarakthristikĹ thc Sunergatikăc Upodomăc pou suntÐjetai katĹ

autìn ton trìpo sunoyÐzontai sta exăc:

• Ta summetèqonta dÐktua diathroÔn plărwc th diaqeiristikă touc ane-

xarthsÐa

• H Sunergatikă Upodomă apoteleÐ èna sÔsthma diaqeÐrishc anaforÿn;

gÐnetai plărhc diaqwrismìc apì thn kajfl aută leitourgÐa anÐqneushc
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kai qrhsimopoioÔntai ta apotelèsmata apì ta diajèsima se kĹje dÐktuo

sustămata IDS. To qrhsimopoioÔmeno prwtìkollo IDMEF paÐzei to

rìlo enopoihtikoÔ mèsou me th sÔntaxh twn anaforÿn diaforetikÿn

susthmĹtwn katĹ koinì prìtupo sth glÿssa XML.

• UpĹrqei h dunatìthta qrăshc pollÿn diaforetikÿn teqnikÿn/prwtokìl-

lwn epikoinwnÐac (anĹloga me th diajesimìthta touc) gia th dhmiourgÐa

tou uperkeÐmenou diktÔou kai thn antallagă mhnumĹtwn me qamhlì fìrto

diktÔou ({apì ènan se polloÔc})

• Se topikì epÐpedo h Sunergatikă Upodomă apoteleÐ enopoihtikì stoiqeÐo

gia tic diaqeiristikèc leitourgÐec
5
.

• EÐnai dunată h klimĹkwsh thc Upodomăc se megĹlo arijmì diktÔwn enÿ

problèpetai h parĹkamyh mh sunergazìmenwn diktuakÿn perioqÿn.

• KĹje èna apì ta dÐktua thc SunergasÐac mporeÐ na epilèxei to bajmì

empistosÔnhc (bĹroc) pou ja apodÿsei stic apomakrusmènec (ă akì-

ma kai tic topikèc) anaforèc. H apìdosh empistosÔnhc kajorÐzei to

pìso ja ephreasteÐ apì ta sumperĹsmata Ĺllwn kai mporeÐ na apeikonÐ-

zei susqetÐseic tou pragmatikoÔ kìsmou (etairikèc sqèseic, sumfwnÐec,

apokleismì mh èmpistwn merÿn k.lp.).

Ta pio pĹnw qarakthristikĹ analÔjhkan jewrhtikĹ kai dokimĹsthkan me thn

ulopoÐhsh miac seirĹc apì prwtìtupa. Se autĹ epibebaiÿjhke h leitourgÐa

twn diafìrwn tmhmĹtwn thc Upodomăc kai h dunatìthta qrăshc enallaktikÿn

teqnikÿn kai mejìdwn diasÔndeshc thc.

5
∆είτε σχετικά το σχήµα 3.1 στο κεφ. 3.
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Epiplèon, pragmatopoiăjhke mia seirĹ apì prosomoiÿseic ta apotelèsmata

twn opoÐwn katalăgoun sta exăc sumperĹsmata gia th Sunergatikă Upodomă

wc sunolikì sÔsthma:

• H Upodomă eÐnai dunatìn na leitourgăsei stajerĹ kai na perĹsei stadia-

kĹ se katĹstash plărouc energopoÐhshc (Alert State) ìlwn twn diktÔwn

melÿn pĹnw sto monopĹti miac epÐjeshc.

• H sunolikă epÐdosh anÐqneushc beltiÿnetai ìso auxĹnetai o bajmìc em-

pistosÔnhc metaxÔ twn epimèrouc diktÔwn thc SunergasÐac.

• To prohgoÔmeno apotèlesma isqÔei kai ìtan ta posostĹ epituqÐac anÐ-

qneushc sta epimèrouc dÐktua eÐnai qamhlĹ. ’Ena shmantikì sumpèrasma

eÐnai ìti h Upodomă mporeÐ na epitrèyei th rÔjmish twn katĹ tìpouc

susthmĹtwn IDS se qamhlă euaisjhsÐa (apotrèpontac tic lanjasmènec

anagnwrÐseic ` false positives) kai na thn antistajmÐsei me th sunolikă

prosforĹ plhroforÐac.

• Oi prosomoiÿseic èdeixan epÐshc kalÔterh apìdosh sthn anÐqneush akì-

ma kai gia peristatikĹ mikrăc diĹrkeiac ìtan kratoÔntai qamhlĹ ta ìria

(qrìnou kai sussÿreushc bebaiìthtac) gia th metĹbash kĹje miac Su-

nergatikăc Ontìthtac sthn katĹstash EnergopoÐhshc (Alert State).

6.3 Dunatèc mellontikèc epektĹseic

H Sunergatikă Upodomă apoteleÐ èna sÔsthma pou leitourgeÐ se pollĹ epÐ-

peda (sunergasÐa metaxÔ diktÔwn, prwtìkolla epikoinwnÐac, enswmĹtwsh me
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to sÔsthma diaqeÐrishc, eswterikă arqitektonikă Ontotătwn k.lp.). An kai

apoteleÐ èna genikì sÔsthma asfaleÐac pou leitourgeÐ wc sÔnolo, o sqedia-

smìc tou katĹ epimèrouc tmămata epitrèpei thn euelixÐa gia allagèc, pijanèc

beltiÿseic, kajÿc kai dokimèc nèwn teqnikÿn. PollĹ shmeÐa mporoÔn endeqo-

mènwc na allĹxoun ÿste na apodÿsoun kalÔtera apotelèsmata ă pijanĹ na

epekteÐnoun th leitourgikìthta thc Arqitektonikăc se nèec perioqèc pou den

eÐnai Ĺmesa profaneÐc. Sto tmăma autì sugkentrÿnontai oi pio endiafèrousec

apì autèc tic protĹseic pou mporoÔn na apotelèsoun antikeÐmeno mellontikÿn

epektĹsewn kai antÐstoiqhc diereÔnhshc.

• GenÐkeush thc Arqitektonikăc ÿste na apotelèsei to plaÐsio suntoni-

smoÔ drĹsewn asfaleÐac gia mia genikìterh antimetÿpish jemĹtwn kai

peristatikÿn pèran twn epijèsewn DDoS. Se mia tètoia genÐkeush thc

qrăshc oi dunatìthtec omadopoiăsewn kai stadiakăc klimĹkwshc pou

prosfèroun ta dÐktua peer-to-peer kai to IP multicast mporeÐ na epitrè-

yei th dhmiourgÐa sugkekrimènwn {perioqÿn asfaleÐac} katĹ to prìtupo

thc orgĹnwshc eujÔnhc twn omĹdwn CERTs (”Constituencies”)

• Pijanìc plărhc diaqwrismìc anĹmesa sto epikoinwniakì kommĹti kai to

kommĹti thc antÐdrashc. O diaqwrismìc autìc ufÐstatai ădh se epÐpedo

arqitektonikăc logismikoÔ me th qrăsh diaforetikÿn leitourgikÿn mo-

nĹdwn. An oloklhrwjeÐ ÿste na upĹrqei h dhmiourgÐa dÔo diaforetikÿn

tÔpwn Ontotătwn (plărouc kai epikoinwnÐac/sullogăc stoiqeÐwn)
6
ja

mporeÐ na epektajeÐ kai na genikeuteÐ h egkatĹstash tou {aploÔ} tÔpou

Ontìthtac (pijanĹ me parĹllhlh leitourgÐa tou sqetikoÔ logismikoÔ se

6
Με παραπlήσιο τρόπο προc το DAD — δείτε πιο πάνω
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Ĺlla genikăc qrăshc sustămata).

• QrhsimopoÐhsh ergaleÐwn diaqeiristikăc politikăc tìso se epÐpedo or-

gĹnwshc metaxÔ diaforetikÿn diktÔwn ({apodektèc} epikoinwnÐec kai

apìdosh empistosÔnhc se epomakrusmèna mhnÔmata) ìso kai se epÐpedo

eswterikăc leitourgÐac: metĹbash apì tic paramètrouc diamìrfwshc se

arqeÐa politikăc gia thn Ðdia th sunergatikă Ontìthta.

• Sthn arqitektonikă peer-to-peer eÐnai endeqomènwc dunatìn to ShmeÐo

SuntonismoÔ (RP) na apìkthsei epiplèon leitourgikìthta. EÐnai duna-

tìn ètsi se autì na diathreÐtai plărhc plhroforÐa diktuakăc diasÔnde-

shc kai dromolìghshc (antÐ na apoktĹtai aută apì to prwtìkollo dro-

molìghshc ă me ergaleÐa ìpwc to traceroute). H prosèggish aută den

uiojetăjhke sto prÿto stĹdio exètashc tou problămatoc affl enìc gia

lìgouc aplìthtac (h anaparĹstash megĹlou mèrouc tou diktÔou sthn

Ontìthta dhmiourgeÐ eidikèc apaităseic sthn ulopoÐhsh) affl etèrou de

gia na exetasteÐ h aploÔsterh dunată perÐptwsh.

• Ja ătan endiafèron na diereunhjeÐ h prosarmogă thc leitourgÐac thc

Sunergatikăc Arqitektonikăc sta qarakthristikĹ leitourgÐac twn katĹ

tìpouc susthmĹtwn IDS. Bèbaia sth bibliografÐa den upĹrqei èna koinì

mètro axiolìghshc autÿn twn susthmĹtwn allĹ autì ja mporoÔse na

gÐnei kai empeirikĹ me ton kajorismì miac {genikĹ ektimÿmenhc} (sta

plaÐsia thc Sunergatikăc Upodomăc) akrÐbeiac twn susthmĹtwn IDS

se kĹje dÐktuo. Oi trìpoi prosarmogăc thc upodomăc se mia tètoia

plhroforÐa mporeÐ na eÐnai:
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– Me thn pijană rÔjmish thc paragwgăc mhnumĹtwn apì thn Ontì-

thta se antistoiqÐa me thn anamenìmenh akrÐbeia (posostĹ false

positives) twn topikÿn IDS

– Se kĹje dÐktuo oi paralăptec apomakrusmènwn mhnumĹtwn na apo-

dÐdoun bĹroc sta mhnÔmata apì kĹje dÐktuo anĹloga me thn axiolì-

ghsh twn susthmĹtwn IDS tou apostolèa. Me ton parìnta sqedia-

smì, autì eÐnai dunatìn gia kĹje epimèrouc diaqeiristă allĹ mporeÐ

na gÐnetai sta plaÐsia thc SunergasÐac katĹ kĹpoio autìmato trì-

po

• Qrăsh exeidikeumènou filtrarÐsmatoc me merikă apokopă thc sugkekri-

mènhc epijetikăc kÐnhshc proc to telikì dÐktuo-stìqo ÿste aută na

melethjeÐ pijanĹ (a) wc proc ta qarakthristikĹ thc pou endèqetai na

emploutÐsoun bĹseic qarakthristikÿn (signatures) gia epijèseic (p.q.

tou sustămatoc Snort) kai (b) gia trìpouc leitourgÐac Worms kai Ĺl-

lwn tÔpwn autìmata diadidìmenou kakìboulou logismikoÔ.

• Qrăsh {epipèdwn leitourgÐac}: Summetoqă men sth Sunergatikă Upo-

domă gia apìkthsh twn plhroforiÿn kai thc upodomăc epikoinwnÐac, a-

ntapìkrish ìmwc mìnon se peristatikĹ pou aforoÔn sugkekrimèna dÐktua

kai/ă sugkekrimèna qarakthristikĹ epijetikăc kÐnhshc sÔmfwna me etai-

rikèc sumfwnÐec k.lp. Autì eÐnai èna qarakthristikì pou an efarmosteÐ

meiÿnei men thn isotimÐa twn kìmbwn epitrèpei ìmwc kĹpoia epiplèon lei-

tourgikìthta. H skopimìthta tou eÐnai jèma diereÔnhshc.

• Antallagă epiplèon plhroforÐac metaxÔ twn Ontotătwn pou na ana-

deiknÔoun ton ìgko thc kÐnhshc pou faÐnetai na dhmiourgeÐ h epÐjesh se
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diĹfora shmeÐa parousÐac thc SunergatikoÔ Upodomăc. H anasÔnjesh

thc mporeÐ na upodeÐxei tic kÔriec diadromèc thc kakìboulhc kÐnhshc kai

katfl epèktash thn kateÔjunsh proc thn opoÐa brÐskontai perissìtera

ta dÐktua phgèc.

• Sta dÐktua peer-to-peer eÐnai dunată h qrăsh pollaplÿn epipèdwn ka-

takermatismoÔ thc plhroforÐac peristatikoÔ. Sto kef. 3 exetĹzetai h

qrăsh diktÔwn peer-to-peer me dromolìghsh basismènh se kleidÐ (Key

Based Routing – KBR) wc upìbajro epikoinwnÐac allĹ kai orgĹnw-

shc thc Sunergatikăc Upodomăc. Problèpetai ètsi h plhroforÐa tou

peristatikoÔ (prwtìkollo kai jÔra thc kakìboulhc kÐnhshc, tÔpoc pa-

kètwn, perioqă dieujÔnsewn tou telikoÔ stìqou k.lp.) na apoteleÐ thn

eÐsodo miac sunĹrthshc katakermatismoÔ (Hash-function) gia na oristeÐ

o kìmboc thc Upodomăc pou ja sugkentrÿnei sth sunèqeia tic plhro-

forÐec gia to sugkekrimèno peristatikì.

AntÐ gia th qrăsh thc sunolikăc plhroforÐac tou peristatikoÔ wc eÐ-

sodo thc sunĹrthshc katakermatismoÔ eÐnai dunatìn h diergasÐa aută

na gÐnetai katĹ tmămata mìnon autăc thc plhroforÐac. To apotèlesma

tou katakermatismoÔ kĹje epimèrouc tmămatoc plhroforÐac peristati-

koÔ mporeÐ na qrhsimopoihjeÐ wc {dieÔjunsh} enìc kìmbou apojăkeushc

sto dÐktuo peer-to-peer KBR. Ta stoiqeÐa gia to peristatikì mporoÔn

na apojhkeutoÔn stouc sugkekrimènouc kìmbouc pou prokÔptoun apì

to katakermatismì kĹje tmămatoc thc plhroforÐac. KĹje ènac tètoioc

kìmboc ètsi, sugkentrÿnei automĹtwc thn plărh eikìna gia ìla ta peri-

statikĹ pou parousiĹzoun èna sugkekrimèno qarakthristikì (p.q. eÐdoc
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prwtokìllou TCP). Antistrìfwc, kĹpoioc pou zhtĹ statistikèc plh-

roforÐec gia ta peristatikĹ bĹsei sugkekrimènou qarakthristikoÔ eÐnai

dunatìn na anazhtăsei genikeumèna stoiqeÐa ston antÐstoiqo kìmbo tou

diktÔou peer-to-peer pou prokÔptei apì thn efarmogă thc sunĹrthshc

katakermatismoÔ sto qarakthristikì autì.

• Pijană qrhsimopoÐhsh thc epiplèon leitourgikìthtac pou prosfèrei to

IP Multicast sto IPv6 (prokajorismèna Multicast groups gia sugke-

krimènec omĹdec suskeuÿn  p.q. dromologhtèc  kai sugkekrimènec

perioqèc Link Local - Site Local) gia dhmiourgÐa sugkekrimènwn oma-

dopoÐhsewn (p.q. gewgrafikÿn ă emporikÿn) anĹmesa sta dÐktua pou

summetèqoun sth Sunergatikă Upodomă. ’Opwc anafèretai alloÔ sth

diatribă, kĹti tètoio mporeÐ na epiteuqjeÐ sto IPv4 me ton èlegqo thc

paramètrou Time to Live (TTL) sta pakèta.

• O mhqanismìc twn mhnumĹtwn kanonikăc leitourgÐac (Heartbeats) stic

periptÿseic pou qrhsimopoieÐtai sthn trèqousa prosèggish
7
aplĹ pro-

kaleÐ mia metĹbash se katĹstash UpoyÐac ’Uparxhc PeristatikoÔ (Suspi-

cion State). MellontikĹ mporeÐ na qrhsimopoihjeÐ gia thn energopoÐhsh

sugkekrimènwn elègqwn proc thn kateÔjunsh pou upodeiknÔoun oi (mh)

lăyeic twn mhnumĹtwn autÿn.

7
΄Οταν γίνεται χρήση επικοινωνιών υποβάθρου IP Multicast. ∆είτε σχετικά την ενότητα

3.4.1.
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