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2 S wlebilly caymYl Leax Hdsl Leis JiSs papaddy ciynY!
eyl dssyd Al cond 5lae eayn¥l posliad Yilale GIlia ead Lagbsdl

s

@lsliyyl Lle 2Ly [ICANN 2007] (ICANN) fsiaill slac¥ly slecdU
slie Gapass dadd ud iUl ielaill oda y3g RFC 2050 s 535>l
(DNS  Zs5ial culalladll s lecal cilasl 3,1s) Linsl &ty ciyi¥l Jsasis
Gladl ale 3l Jo g clBUaill clow] joua>d Lo Joad <A root servers)
ARIN : 1) a1 €6,5Y1 Jemd SlEae caslie ICANN ol g
3 cngliall swlall Zelaill Lge JEmid illy (LACNIC (APNIC (RIPE

Lgalolia (ras pasliadl 35105 sasais zILa3s [ASO-ICANN 2007] (ICANN)

(DHCP ) Suali el B oS5 e 313 51 Jpuan!

@lga gl pslie patiash Lgisoas uslic WSS Llo dedaia Juasi O day
IP uglic g isnall e Jogaldl asdy Lo dsle Lot cilawnlly cilgx sl
Jillyy (il 550a] 5157 alaialy asd e U3 @iy Lo LWILE) Lgay cilgs yall
paiedd ol 91 AT 20 T W] Dy gon L play bl Gslie T Ll e
resws [RFC 2131] Ligmalins clawiall &gl DHCP Jssssigy duleall ol
Gyl g of oo LT IP olyie e Jpuandly Capal DHCP Jsso53s 0
J€o 2 Lo il §lgiall (yuii Leils lasy Eouomy DHCP iy il e
D5 Ly Caunall dje olyiall aiaiy 1 5 (Aol Jusls 5 e
pae lipall puglie Gapani Lege JI BLoYL e Jo 2 Laline olsiall
Pd Jia Lolo] wlegles le Jpandly Caunall Lisd DHCP Jy<asisy
Blsdl ol ¥ el 2 ade Sllay 31 J5¥1 asll olsicy Tuc yall €mis
Al lBlaitl clad asls ol gic 5 (default gateway) sl !
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Sl Legp il (ailas Gl le DHCP JsSosisn 5)ud omns
5yuall ol Jadiy Jio g JsEogig dule lla Lo LILE il (Lgy cane Juo g
Lo gons gl Al (35 )l gty 201 A5 ll oyl T Ll b
oy JLas¥l elens 2 LamYl pul sl Jlesin¥L DHCP Jsso5igym piens
il clinll b cun LSalOUl Llall cles sl 2y sl
Byl pa VLB Lwls ooy 21 G JBU i e Syt . |pfiss Layalisy
oo s 139a S 2 4T Jaimd] (e gyl Zeld I Lasall ] digsus
DHCP ewslly 2350 J5=2 2 sy TP (lsie gl Gy sapas Lue )b dsmidy
93Ung (g3 A sl et (oo pitall Com ULl Al 2le ey
oudiy DHCP sl Jilly odadd 3agamae 3040 Lygllas (pgliadl Lgd (el Gl
Lo yaye e jyund ceipii] Lo 35l igmaadl Jpumgll Lol 2 Ly Lall
2353l pete dpas 400 ST Jusy ¥ 50 Jaae 2000 ) ik )
s Olsie 2048 (e Al J) ol o Voo Dl ois 2 cdgll uds 2
oia 2y Ligmialinn ousliall aiain G DHCP ol alaial deasll 5351
Tigualls cpglic s JBL Jura lo) Blsie S12 e Aliss dads zlinen Ulal
G2 Lot 4ol 5,891 cyagliall Ze3l3 ot DHCP sl agiins (ab.c.d/23
Pl ey Ao ll e iy 50 JSo 2 L paliS 51 Amlly il
ol 5y JEm 2y 5,093 pugliall Gl ZaSLEN e Libslie! Glgic DHCP
558530 cpagliall L33 1 dilgie oy A5l Ciiine

pald capne zlisy Lo sole .ggd/asle Ly DHCP Jgso4ig 0 adieicw
dace ¥ Uldl 20l TP ylgie eIy 2 Loy £ugs wlaglas Lle Jgamll des iU
Lol .DHCP asls (17-4 Sl 2 oyl Ligiall Lasylay) A5 JE0 2 g
iy (relay agent) Jus,3 JuSsg d9g ) zlimiwd DHCP asls us gy @ 13
Lue yall 1580l Jisie DHCP asls 20-4 J€s il masgy DHCP asls olsic
elemall Juas Gl sapaal L3 Jem )3 JuSmg sl Jenny 223.1224
DHCP asls oof &Jll Liidlie 2 oyiain 223.1.3/245 223.1.1/24 e yall
e yall iEm il e Yot
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DHCP asts

223.1.1.1 —
223.1.1.4 223129
l. NP 223.1.2.1
| e —
= T~2231327 :
223.1.12 .

ﬂ #sa DHCP
== 223.1.2.2

223.1.1.3 ﬂ' I
== =

223.1.31 223.1.3.2

talshas )l (e gsme Lilee DHCP J9Sagigp piiay asld dpu ol
s 2 .20-4 Jesidl 2 Lo g all dss il eilslaey 214 Jesill ny Less
Olgiall JI yiaddr el yedn (b (ol "eoyi¥ plye” 20 L) Jemidl
t o A Yl @lshasdl g aslall asdl Capasll paiazll
o A5l B slall Gnall J ¥ Lagll of :DHCP asls slanes| o
Uloy Jlasiwls clly @y dee Jeliw gl DHCP asls a0
67 @3y 2aill JI UDP e}y tpes Caiall Lol yy allg DHCP Calines|
oin Jeuys Of e oo JI ) TP @ilily e, 2 UDP i), calis
ey U1 25 B TP i i BLYI Gle Cayan ¥ caniall o] Sia)
O3 Csdi 1y A5 ddl ol DHCP sl glsic Byas ¥ >y Lo
& 5w DHCP Calaass¥ aillu) Sl gsimd 1P @bly 50>y DHCP
D "Gl 13" TP olgic y 255.255.255.255 dgasll Le3YI TP olgic
ULl dayy 2ads JI TP @bl 3um g DHCP {50y 5y - yiuasl! (0.0.0.0
il Al saell Jes Izl Yl delbl Loy asdd il
(45 5ol 2 bl dayy Bl e 3] Juuo Lis laiies) due a1
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dest: 255.255.255.255,67
DHCPDISCOVER

yiaddr: 0.0.0.0
transaction ID: 654

DHCP asl> 1B s
223.1.2.5 =il
g 3
Eﬂ L}
= DHCP caliass|
src: 0.0.0.0, 68 /

DHCP o ,e

src: 223.1.2.5, 67
dest: 255.255.255.255,68
DHCPOFFER
yiaddrr: 223.1.2.4
transaction ID: 654

DHCP server ID: 223.1.2.5
DHCP L, Lifetime: 3600 secs

\

src: 0.0.0.0, 68

dest: 255.255.255.255, 67
DHCPREQUEST

viaddrr: 223.1.2.4
transaction ID: 655

DHCP server ID: 223.1.2.5
Lifetime: 3600 secs

\

src: 223.1.2.5, 67

dest: 255.255.255.255,68
DHCPACK

yiaddrr: 223.1.2.4
transaction ID: 655

DHCP server ID: 223.1.2.5
Lifetime: 3600 secs

I

/

Rl 2ol el
Sl DHCP et

DHCP (35135 asls o Jelil] 214 Jem )

Colings! Uluy elinl gl DHCP asla sy : DHCP cilesls ggpe o
it le wiall J<= J) 125 DHCP (jaye Ly 230! e DHCP
CLou o) (&P}U ngo.l 5 ya 255.255.255.255 u‘j—’-’-” M.q.u.uuo) Luc).a.”
39>9 JLA.I_&y ‘).‘a..ﬁj ()‘:Al_a-._” u.A .))_” ‘LC.‘.)‘ OJW s L)&a_ﬁ uy
6‘4-9 % diudy uj-’)j‘ do U9 L_.\.c.).a_” 4&.1.‘.‘1_” ulc. DHCP &lasls 50e
Uy J ggind gogre s0e o o LY e S dile sy
(L ) BLaaes¥! Uluy) Laptll @30l Gle aslill e goye
)L:u‘ bag il &Lﬁj ¢l CJ""LU u.v.u}“ Js5o5i9m Olgicy
b}_zzn L.;‘ — Lzmo Lg.tﬂ u‘}u.” uj&.u_u ul.” sudl L_gl) IP u‘}m.
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e OF BLall G GAT Canial duapasd (Sae Yy cannall alaziud
[Droms 1999] alif 5T csleluw s0e ;Lo V! 50a asladl

e Tasly 3fmal yas Juslsll Caroall by of aa :DHCP Clls o
uih Ly sy DHCP Clls &lliuys Lgule Spurs 4 Lokl DHCP (g ye
sl oyl 2 539 sl Ll el sl o

lad] Dy DHCP (b il e asldl 3y :DHCP adial Hladl
gsllall el yialy Ll @i 1a€s 5.0 DHCP adbi

Ol o Jeladl gy DHCP adlisl Hlad] gl sl 3ymen

Pl e b paall TP Olsie a3l Jeain O p5many «JaiSal 13 aalidly

slgil say dilgie Jleainl 2 il 13 (g3l (¥ Hlaw¥! 5 L¢3 1> DHCP
TP lyie 5Ll pml 503l g 2T LinyT DHCP 255 5Lo¥l 500

Le 3] DHCP Jssmgigp 2 Jidy Juoy Luold Alatl su5lall s
Ll e Shie Logty cainall P olgia Ziags 5o ol of HLae¥l 2 Lo
J= 29 U cls g sl dy2 JI 3Gl I pugyd! deld e Jai
0250 JS 2 uan TP Olgie Jl pliog dilo suaus due 30 480 iy 1850
Je 2 U bl Bug san OF e allsill pie OF gt Jusill
Sl 5ale 0535 T ) il e La) Ol e 3l o Lo s
Gla s e Loy UG qolnls Bl 56 cad) pud Goanlsl
Y Mlied Aol Lils jslaia (o pedll dngl e (oo DHCP Js5m 559
e Jasd LY i ,b ailenid oo Sy sadal TCP dlus g Blaa Y eaa
Jadll 2 sugas Lueyd iy Jogi 3ye J 2 DHCP (o spux IP Glsic
JsEo 535 Lgmill il S Slacieles JUED TP Jysogipy pamiio (Lol
Gleaall gn Dhab Lein dumg @l Olyie Jlesinl Uil 5uba) mec TP
2 DHCP Jssogigym Js> dplo¥l Juoladl Lle ¢V clicoa, i il
(open source code) zgida junae maliy usg [dhe 2007]9 [Droms 1999]
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(Internet Systems Consortium) <i,0¥1 @lay sldl (o0 DHCP Jy5s 439 oo Guamnd
[ISC 2007]

(NAT) a8 jaglis daz; p

OF iz 01 Gy IPVA bl 5 g iaas s ciyi¥! Gglie Ladl o da
sy Sl s HLAG pag TP Glsie JI gl [P JsS 5590 Jen Sl =
<l old (small office home office) I3l casally jawll cassll) SOHO
se Juu il s VLl A (5 5 5 Laks O J) Lo ety
Sosliall e Ge TN Las yhsa paiaig Of gyl (ed 3readl e
ole) el e ,all Asmadl Gl cawdl ol Asaiddl Wb sieal Jes ddaiy
el oLl qgilials ) @aLaYh Sl 20 JLab¥ il 13 JEL Jew
oasaxi Gl zlixin Ll (is=.ill Game Boys dialy IP ailgay PDA
e 03 eyl Lans j8ge of of I3le =t poliall e ST dc gase
o lio zlimy I3lag S a1 dsm il Ll sagus d5al (pglind e Bl 2132 Y
Baple s dasil (s sdjm AlEll 2 TP (glie jouy Cayss dayal 3l
oin fie 2 lax Lealy Yleiwl cd¥ Gilly cosliall papnasyl A
[RFC 2663; RFC (NAT) igayddl (pobic dax,d lede Glay culag bl
3022]

Al gl dganly a3 NAT 2 Sgje dga Joc dpauss 22-4 Y= il s g
22-4 Jem all eVl Coladl Gle J3all dsnd e o jmes 312 alall NAT
2 da¥ @il lslls (Jd (e Lol e daially S5l dsss J5 s Dgiall @
Oasliall slina Jiay .10.0.0/24 duc yall issill lgie Gudd LY 3l iss0s
elen il [RFC 1918] 2 3ygmamdl TP pgliad oyl M5 i 10.0.0.0/8
dgadlly 22-4 e &3 2 gyl desaes Dola ugliay Gl of Ll
s3e2¥l gl dadd ine Lghslial (g5 ismud Lis Tl puglia ddlaiey
VYN Sl Wlia O L5005 (ll Tueal o o Afadll Gl (yeus 53551l
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NAT =l daa 5 e

WAN J dga LAN I dga
138.76.29.7, 5001 10.0.0.1, 3345

§=10.0.0.1, 3345
D = 128.119.40.186, 80

10.0.0.1
r
— —
\_\ ._@_ S = 138.76.29.7, 5001
D = 128.119.40.186, 80
. e 10004
- -
138.76.20.7 ==
- G E— R,
$=128.119.40.186, 80 5=128.119.40.186, 80
D = 138.76.29.7, 5001 D =10.0.0.1, 3345 |
S R ——

]

Al A lgie dex 3 2274 = )

10.0.0.0/24 (yyglisdl clind yuid Lgin yisall Joston Gl A3l cilesyddl oy
Digiall Jloaioaly pandl Lgunard Ldjie d5adn 535501 3362 Y1 Juy3 OF (5
Blad 75 dlpdl adyll Jexiad of GEmay ¥ G moly (<aly 10.0.0.0/24
Yo jtmess W) cgliall ol ;oW Ldlall 0¥l dssd ) )yl dss il
oo MR A d i il e YY) clie Slia oY Tylas (g s
Bl 2 dazd Lire LI 095y of oS 10.0.0.0/24 (sliadl o7 T . cagbiall
e dadd e LI Lol cpgliall ciles 13 end saasdl ddjdll des il
oY e ayy adial ol Jluyl die Bgiall pIles o saamll isoll
2- ledl (esmy § Gugyd fglie Jlestial g9 pall o 5520 Eg) Ll

NAT il fslic dax )3 allal aga

G Ll NAT dssall guglic L )3 Gle palall aagll gan ¥

JE= 224 J== il 2 sy TP Olgie 4 daly jlemso Chualy Lelly cdagess
Olsiadl aumid pe¥ cau¥l JI WY desall dhge ol il @bl
LY sl JI ey e deslatl bldl of s« juuall ol giass 138.76.29.7
NAT JI dhga commy ol JSoiy deagll Olyinss 138.76.29.7 ol giall
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Sl Juasi ol (rag Jeleats uB) oLl @Il e L5l dem il Juolis
2 Sapgll dlgie Lo Bl Juasy (ol ey Sleinglie Lle LI31 A il
e sl Jiamy YDHCP 3oyl (o’ dudd g8 olsal gy Ol ¥ el
429>d DHCP asls aa ol Jadng ccdyi¥l Zeas 393 DHCP asls e dilgie
By 2 ads Al A3ll Al Gaglie slad e cliwlsl G agliadl
(DHCP 4 50 @&

issill e NAT dage JI el Gl @bldl Slasy J& cilss 13
A ga dgaly Olgie wuusill) dgasll IP (lsie udd LT (WAN) Blail daclgll
Al Capaatl ao gl o yay Canssd (BLai) el ol A il Juas Gl NAT
e y3 Jgda Jleaioal 2 L sl (a5l Sblad! 3o g af Juwjo 0 g (21
TP (aglic I a8l Wh Jalill ald,i aidaae 2 freunyy aasll 2 NAT

e Jans Losinioe 0T ol y8loy <224 JEm il 2 sl JU ) sl
Naie) Cag asls e Cag dmao Cllay 10.0.0.1 Capall JM5 (e B3l dss A
(Ghlael) Jate @3 10.0.0.1 caraall alady .128.119.40.186 lsias (80
@by Ll | YLt dsa s J) @bl das g Juyy 3345 (sady jauaall
Sy seal 5001 HEnidy suds daie @3 sy cbladl susy NAT dse
i il dlaill digalsl IP olsiay ol TP (lgie Judian & cells alilyll
3y 3345 ujmy\ shall dile @03 Judiny ¢1387629.7 &1 alladll Lenly
el dadl \J.u> L@) NAT 4> ge _:Jj.' Lasie 5001 sousd! juuoll daia

Jas of das¥) NAT Wﬁdjbiub JP}.A).LC 02y ¢T Ll Ol S
60 (o 3ol NAT Jsosiom aeo Of oo 1205 Ly 16 cye (ypSme 2aill o3,
oy A5 ally Al da sl dga sl daly Olsie po Byl (udd 2 o g Cali
Y NAT Zex 3 Jooa I Mo Lingl dsll 2 3gm bl NAT Capny (3L
13 HTTP (b le ggimi illy dlolsll Glbadl i)y of qasll asls oyuy
Osiad NAT £ 5L IP blsic (g5 Lo Lay JLouyls 50s < NAT e gy camdye
NAT a5 50 ) oda BLadl sus g Juad Laade 5001 dgasll Jaie @d)g dga sl
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(359 dgasll P plsie Loaiiow NAT S den )3 Jyar 2 Eomdly sl o5
(3345) g sl ke @By (10.0.0.1) censlill IP Olgie e Jgunsmll dga gl liie
Laj) Lexsll Olsie Lligs ahll sua Mdie Ayl iSsiall B paill
Ay Al ) biledl daly oy < gl Siiie @B y9 ililid

OL yEol0 O ey Lisst 3,59 ailgiaadl 2 aly HLanily NAT codas
e Opiayias (IETF) iyl s Jae Goyd dawme 2 onllill (po yutal
Lisial Wl al3,T Jaxiod of Gmgrall (oo 45¥ Yo 3,3 Jle gy NAT
Gasll 2 Clw o 5w gVl (1) alawnll Lgial yudy cldeal
I Jmdll 2 Lol Less a3Y 03l dss il Gl Jond Sl cnloslil] J&slie
O yiang .(3ou=a gy 489 yaa Jolis el&.j‘! Laslall oldlall asladl ildee i
ol dazs 3 Zadll i adydl wlla alersll of Gmeyall e ¥ Lot
byl ] byl (o By e L clity NAT Jymsis o of eacdl e et
e ade 508 g pand! Lpaas g b ydlie @l o e ilapall o &
ply) IPV6 alazial Com 459 iy Loty oy yiany 28U aldyig IP cpglic
Jolodl Glls oo Yoo (IP cslic 2 sl dlemdie Lle clill (4-4-4 o5l
NAT 3 o Ll o L s 5] NAT Jolnss U fuell 13511 Leaid il
iy Laga Ussme

@laday pe Lelalas NAT axlys Sl 6,391 Lafydl edlssall e
e crgeall Ja3 SR claabas clalall Sl issliess o SUa
iyl b T iy iU il 2 45T I Jumdll (ye 55035 Y|
o 01 2 Ussadl esnd B 3T Wlhldne julad (oF pe TCP o g Tuw o A
Of gl ¥ MLy aslinss Jeall culsiony ¥ 4l NAT Il o5 B yulaill les
tn oalatll e T3l o lsll JShe 2 6yt Les TCP cdlam s Judy
O crEmes Ul 02a 2 NAT Jf clyy A yulaill 5y o 13] o3a NAT iles die
das 529 NAT Il elyg udd C 3Tyl 5oyl e B daitly Yyl A pudatl Sy
Coudaidl Goylo e B sl A sl Jlaw o0f ¢ySas . TCP JLusil Wil B udail]
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ot L) JLas¥T L] 3pmer A yulsill e 5 yiilie als TCP JLal T o
JLaIV Lleadl o2 e .cnlalll of S5kl Walon o (Eses By A (yapudindl]
30 NAT Hgloeid Uil clindal pe iSadl 3 (e g8101 20 aniady " Gals|
ool DBladl o0a 5€m3 ds oladl NAT Il clys By A coupadaill oya s oles
s iy Less (relays) ooyl cslindsd Jlesianls 2103 of pfmes &) Lo Legs

(A Jeadll 2 (Skye) glems @M s

UPnP JsSyig

A b}‘:. ol yie g0 e (Universal Plug and Play) UPnP Jgso4igp ya4s
[UPnP Forum co,all NAT JI Lugiy alinssly caunddt rlewdly clidg NAT
{UPNP pe cnddlgia NAT Jlg canall te Jo (& of UPIP ey .2007]
A e capall Gle aliis gym Lo Gaadas Cllay o (pSses UPHP alasialyy
32l @By alall TP o)lie) g (4 s Lndl il 635 IP ol sic) (rs Lemmyill NAT
S (g ALl NAT 31 J2 13 s ale e 63 J1 ol g3 e (alal
idhes (alal 22l @by alall TP (lsie) ga TCP &dlinsi T o bl e
(alall 22211 @35 aladl IP (lsic) Zasd L3 yae oo Gudatll UPNP (&mal elld L
oL @l ) Gadail ailas 0T (y5mas Iy
ool Olgie dly UPNP Jesins NAT 1 slyy clivine of (ompial Jliess
IP oylgie of Lisi omyialy 3345 liie Lle BitTorrent Gudsi Jidus 10.0.0.1
o zlimw «bud BitTorrent Gudad (4 anball (0 .138.76.29.7 38 NAT U alall
Jols aigmar el 6 Y cliall e cdliog Jsd Gle Lild (yem
2953 NAT I e wlauae 2 BitTorrent Gudad cllay iy .agae UL
03 Gudaill L) (5001 (138.76.29.7) JI (3345 (10.0.0.1) Zeamyul "inzd’
“lina 2 BitTorrent Gulsi olay of op&es (5001 JELI 1aa 2 taladl 2l
i oLl 1agr (5001 < 138.76.29.7) &)l giall 2 39 g 5ls duiiia | Ll
BitTorrent Gudad (41 8,235 aialls BitTorrent Jady o)l capns Jualy O



0 Y el SIS
512

Jaye OF o5 ALy (5001 (138.76.29.7) oolsiall JM5 (o 352 5e el
NAT @bicws Losie .(5001 ¢138.76.29.7) ylgiall J) TCP SYN (o yLnl Cagual
o (3345 (10.0.0.1) I Zajll 2 Zga sl Miia @39 IP Olsic yiiue SYN daj,
NAT J1 yue Leluuys

Sl pe JLai¥l e Lo )Ll ilapinsll maww UPHP i o do M5!
lgac ilgh 3,54l NAT J1 oles aal JUDP 4 TCP Jlewiuls NAT I sfyy
OLEs Lasy salls NAT J1 5Ly Lidiag Yas Sia UPnP 35 a3 tP2P culidadl
s paiza UPnP, NAT U L Loddlia cils aal olaahydl el Jadl
[Huston and UPnP 2004; Cisco NAT ol Jewsidl oo wuyelly 354 ,ally
2007]

(ICMP) CO5N1 B eSaid) by o849 9 3-4-4

IP JsSogisys tiuty olisoe B L1 cymll dsad fab ol 42055
(BGP, OSPF; RIP @iaig) duxsill @¥ssogiopg (ol cjadl 2 (384
(320! 11a g s> 50 589) ICMP JsSogig sy «(6-4 <yl 2 Lgudail CBgauy)

@lgrslly wlawnall deaxiady ([RFC 792] 2 ICMP Js&sgigp caw g @
ICMP Jysa 53950 c¥lentinl 5l o) lgin Led il ol cilaglas Jalad
O Y e Uas Uy cdslis Leyy JEL e e Uasdl e gL 5
Lels T Ules Il o2 .HTTP of FTP of Telnet clliais die "dga of| 155 iid g ol
Cagall | Juay slese slonl TP e 5o bty ¥ B Lo g 2 ICMP J5s43 5
Uluy daoll foii JSuie HTTP 4f FTP of Telnet udai clliadd die sl
g 1 Leloaysy & 21 Uasell sy (a3 3 g 5ill (ra ICMP

KoLl (oo dialy (TP J5Eogisps cre e ICMP (5o gigy iin) Lo Ll

@bl alasy Ja0s Lo @i ICMP Jily o) G 5 p8lia TP 340 ady 4 )leal
Less Laled IP cililys il g e 531 Jasdl Jici ICMP ke o) ines .IP
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@b Leaie Laykall uaiyy IP wlily @lusy 2. UDP 51 TCP @bily adad Jozxs
Dl @ligizme #1350 asay 4ls ICMP Uluy Jod TP @lily susy Cauns

{UDP 51 TCP el pdad s Sy Las Lalas

L9yl e e Lt sgsally podll sy Ja> e ICMP Al (g5id
ol Jaly Jo¥1 alall 2. s ICMP &llasy wdgs 20 e G TP bl 50
(s s Al Bl sy o (e iyl 5ty <) Lete il
iy ¥ ICMP Jiley of das ICMP JSlesy pl550 (am 23-4 <ol o
Y Yl e LY e Lgaei

£ JPPT il
0 0 Gauall 3y
3 0 i)l ismdd Jyo sl 5o ¥
3 1 igxsll capal Joosll sman ¥
3 2 il ds=siod o sl b= ¥
3 3 g oll 2l Joum gl yEman ¥
3 6 WBgran it gl i
3 7 Bgyaa il dgasll e
4 0 (playV 2 eamill) juuall 3
8 0 S b
9 0 o ga e (e
10 0 & g Calinss)
11 0 TTL 50 < Lgl
12 0 i e UL 30 g Fang )
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10 3555 "8 5301 (e ICMP Wby jugil! (ping) il el Jouys
(echo request) "soall Clls’ Ulay 650 ! dga sl Cincas 5y slmll Cagall
@la @laes @ens 0" 95, "0 ¢ 53l (e (echo reply) “gouall 5y ICMP Ll y
ol a3 T 6D Skl allad (e pilis ojmsn iadl asls 3uas3 TCP/IP
o=l Gle [Stevens 1990] wliss e Jo¥! Juadll Ggims ((process) Lilec
sl el s 0950 OF o9l (e T dany il (50 galipd oY
10" 3555, '8 g9l (e ICMP Blisy adgs Juaaadl allad e b o

@& «(source quench) jaall 3is Dy L&5LA 63V ICMP Jlu) re
o sl el i)l 038 o a1 imyill Gl Ll i Lo ol Lasi
Jane aua>d Gle o)l capans I Alupdl Wl Jlapb alaad¥ e Sl
2 afamill il aud TCP Jyagisy of I Juadll B Lof, a&) .4l
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1 Initialization:

2 N ={u}

3 for all nodes v

4 if v is a neighbor of u
5 then D(v) = c¢(u, v)
6

7

else D(v) =
8 Loop
9 find wnot in N’ such that D(w) is a minimum
10 addwto N
11 update D(v) for each neighbor v of w and not in N’:
12 D(v) = min{D(v), D(w) + c(w, v)}
13 /* new cost to v is either old cost to v or known
14 least path cost to w plus cost from w to v */

15 until N’ =N
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paseied Iy sy @5V sudall daladl datie Guyat a9l v Sy Lgstfg.oﬁf:;?
IS Ly o lnd Baleakl domie Coptnid 3558 - (yals olas
Dy(y) = min, {c(x, v)*Dy(y)}

Coamill selast dmfics x sudall oLl dzie yad 13N 2y sGall et
il JE5 1 Loy poldl auasd! bl dostie x 30Gall Juyics Mtie cola
sl J€s of Ul egr 2ol daladl cilgmia Tslad of Lol ofmar il
Dyy) iladl &l 0am olb cppalyio b Sty Bludl wlexie Jols Juls
[Bertsekas 1991] du(y) Ty 4 x (e 2.;.\5_—,‘_,.'»ATJLM_L sl degall Jo g
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(DV) daleal!| doxia dga)yls

X dude JS= 2

1 Initialization:

2 for all destinations y in N:

B D.(v)=c(x,y) /*if yis not a neighbor then c(x, y) = o */
4 for each neighbor w

5 D,(y)= oo for all destinations y in N

6 for each neighbor w

7 send distance vector D, = [Dy(y): y in N] to w

9 Loop

10 wait (until I see a link cost change to some neighbor w or
11 until I receive a distance vector from some neighbor w)
12

13 foreachyin NV:

14 Dy(y)=min,{c(x, v) + D\(»)}

15

16 if D,(y) changes for any destination y

17 send distance vector D, = [D(y): y in N] to all neighbors
18

19 forever
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16 yshaiad!) Lgilpun ) dosad! ZaLeall doriie $555 @5 (14 ylasadl) Gl &yl
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D.=[Dy(x), D«(»), D«(2)]= [0, 2, 7]
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X 3Bl Ceoan JEL Jrew e Lo
D(x)=0

D(y)y=min{c(x,y)+Dy(»), c(x,2)+D.(y)}=min{2+0, 7+1}=2
D(z)=min{c(x,y)+D,(z), c(x,2)+D.(z)}=min{2+1, 7+0}=3
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