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Mathematical Analysis of Shortcut
Tunnel Establishment Scheme Using
NHRP over Mobile IP Networks

Kim, Hyun Gil

Department of Computer and Electronic Engineering,

The Graduate School, Kyongju University

(Supervised by Professor Byun, Tae Young)

(Abstract)

In this paper, we evaluate end-to-end transmission delays between HA(Home
Agent) and MN(Mobile Node), in which we consider existing tunneling scheme based
on a legacy IP routing technology and a short-cut tunneling scheme based on ATM
cell switching technology. The concept of short-cut tunneling was introduced in
existing studies and short-cut tunnel can be established by using NHRP over
mobile IP networks consisting of LAN-based IP networks and ATM-based IP
networks.

To ease the mathematical analysis, we considered the locations of HA, FA, CN and
MN to classify geographical relations of those locations into four cases.

To confirm the advantage of the short-cut tunnel, we mathematically compared
short-cut tunneling method with existing tunneling establishment in terms of
transmission delay over tunnel.

The analysis shows that transmission delay over short-cut tunnel is lower than that
over existing tunnel based on IP routing, that is due to considerably removed store-

and-forward processing delay on short-cut tunnel over ATM network.
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2.1.1 LAN o Edo]A

flo

71E9] &l dole] Ed|¥o| IEEE 802.3% IEEE 802.5 &3} %
LAN AH|AEZ o] &34 AE ATt LANS ATMOA A &Fdte AH| A=



o2 vAA Yo, A" dEAAa"e] I wAE Skl fA
A FE I, LANS MAC 45 W EZ2X 9 59402 AYH o] AlgH
Tk ATM =90A171¢] o2l gk LANS] &8 AH|~E ATM 4 $lollA &3t
o] 7]¥ LANTS A5 84S BASy] fle wto] Ao stA Hth
gk Weto® ATM X ® oA = ATM "JollA Ethernet #} Token RingS
o &# ol Bl sl LANES A ¢FalAtH1][2].

LANEE= 4 AlTE st9l AT dole 944 AT ZEEZEA ATM
A9l At e A W@ 28 LLC(Logical Link Control) A 3-2]
a9 AT MAC AT ZEEZEA ATM 9ol f1Adth. LANEE
ATM 291AE S5 FHAde BAsta, ATM ¢S g3l 23lde Alest
of & AT ”%’4 ASS ATM LAZFE A% ol 7[& $8& &
ZEo]E0] 7]E2 LANOIA s2&3tE 2 A § NetBIOS, IPX, TCP/IP 5 2]
HES A 7:1]%— TEREZFS Fot] ATM el A~ 3 4 gl v
B o 9% AeHeA AokE: 7HAI UCeEE LANEE
Ethernet? 3 7] LANS thA3t7 v 712 LANDS| W2 o s #3ts}
o}

2.1.2 LAN o E#o|HY 7% 9 537

LANE®S] 7]&22]Q1 &4 7]&9] & Z2IHo| 7]EL] LANOA
A ZAH VIS VMEYA AS ZEEF AYES FEA ATMYS
Al & 4 Qe skl Stk ol s AulaE d17] fl8i4 LANE:= st
o] ATME-S t529] o &#o]E® LAN(ELAN : Emulated LAN)C 2 4
gt} o] ELANS A& s S ow AFgow o9y HAE

SAARE FAlo] Zhssttk. 19 1914 LECS LECS, LES, 71213 WX

= 74" LE AR Ao SlE ELAN 74S 8458 Hol F1
At
ELAN LAN d&#HA ZolAdE HANLE Client)?} &Y LAN <& o]
A AMUIA(LE Service)® T E T LECi ATMO] Fo A|AElo] F-2hy]of
T A AHS MAC 4% EEH, LESw T A|AEoly A9x]o]

12 offt



2y m 2o} JF Aolwrt ol Ago|He BAlEoe] BxE F% gt
LECE dlol¥ %, F4 W3k 7|} Ao 7|5 52 S o] 4
S Hd AT Eo]oA MAC o] ofE# ol B JAEH ) AE A ¥}

a1 LANUel A o2 7hAI g SAs F3E LUNIS 53k

LUNI |

LEC
(ATM Host)

LECS

LUNI
|
LEC ]
(ATM Switch)
BUS
LEC
(Bridge Router) LUNI [
(. LES

LES

D
[0
—+

~__ 7

[ Eth

1% 1.ELAN 74 &4

LES: ELANe|| 3t Ao, =4 7|52
= Z9EH yUAIYEHE ATM T4£2 52 wgdssE 7)sS F3si).

fu



2123t} LECS+= ZElo|AEVF Al 3dts 74 dlolg HojA 4 FJHE
o] g3l d2Jeo LECA EAT o EHolA F LANS &3t}

LEC®} LE Au]A7ke] A% 2H8-2 LUNIOIA A 2% o] it
of o A A
st} ol 3 %

LECE Hx

of LAN ofE#o]de] MulAE w7] 8] LESY 58
225 37] 98 WA LESY ATME F47F HLEH, o]

2L LECSE S E53% 4 SQlvh. LECSS F4+% ILMI(Interim Local
]
=

Management Interface)

25 ol gskAY, 2 dE ATM FAuy, dE] Ak

o Al FAE ol Gsk= WRol vk olFA 53T LESS] ATM F

&g olgske] LES9t 91d AA S shal Al MAC F49
LESOIAl &ejFo] Als 55
ATMF 25 WobA =g 94
o} BE TAE] Hds)

LESe] &%°] ¥ LEC”

ATM F42E

AA] =0 ATM F47F B Q3ich 54X =9 ATM T4+ LESe 9]
& AFErh LECE H4A =T ATM F4ihE 2337 918 LE_ARP
T HAAE B ZAA =9 MACE Aol ®Bulth olw] LESEFE

flr
N
i

SHol 271E 7thE]l= F<F BUSel HolEE Rth BUS
OlE|E AAleAl AA = Q=

A2l ATM F42E5 2% w2 LESE #AHloA 53% LE
T AEE 23S LECA & o} o]ZX LEC

ATM F45 & F 3°H, o] 45 AlEsto] dHolHE
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2.1.3 MPOA(Multiprotocol Over ATM)
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MPOA(Multiprotocol Over ATM)& ATM GAolA & ASF E2EF A
E4 AES 98 ATM Forum® QEZZEZ O] B9 THFA 71est

Whebolth, LANEE AlHY U] S AESA BAH WaS
ol A AES ATl 12y LANEo = Z$EE 53
Qatrh ol e dHE FHSt] LANES A HY 1o RdR
MPOA©]t}.

=3 ATMY



2.13.1 MPOAS 4 ¥ &%
MPOAE FEpo|AE/AMY F2E A8, =84 74 242X MPOA
Zg}o] A E(MPOA)S} MPOA AH|(MPS)7} &A13tt. MPSE LANES 3|
AAdE 19 2 o] g MPOA AlAEIUe 4 Q45 Wo F3 it
MPOA Z2}o|AEMPC)= ATME el HEE IP S AEe] 913 s8tH, MACH
& UEA AFedA dds s =3 759 AT =
dA skl sle A AL AFHE AAskH, olefdt HAX2 ATM
2 otol)l7] ¢3) MPSelAl NHRP 7]uke] Ao Svt ZaEZS ALY
. 183 e MPCEFE] ZH4le] A QI # o] 2/AL

Ef A dolE ZHdE FAlste] Al AFsew dddith MPC

o
=
o]A+e] LECE /‘13]1\.@' 2 93 3} o] MPSSF EAIE S 9}\1:]—

o AN o of
l~> rulo
il

i)
ofo
by
Fu

ol
e
it

=

MPoA MPOA
Client L3 FWD Server
Function

LEC LEC Routing
Function

NHS

1% 2. MPOA AlAEIS] 4 4l 53

MPOA A H(MPS)= 2}$-Elo] $]xato] MPCOlAl W% @e] A= Ax
5 NHRP 7|®be] Aol g4 ZREFS o] &3lo] AlFsith

MPOA®] T4 2452 LANE ARO ZREFS o|§3dlo] AFaoz A



25 24T 7 v o] AR FHoE Hdyy ded uf o] gdH
T3 MPOASl F4 W3S MPCEol AFHAS AAsr] s T4
ATMT425 A4 & %55 &% NHRP-Resolution -Requests AR-E-$hrt,
IAEE AFE dFlo] HASHH HAX] Ip FAE Zt1 Y FAEE A
ek, HAA =27 gE ABue &3 sAEGH dFAQl P A
Ad WA ow HEZE gheEe dgsit o8t F45 ATMS] A oA
o A By witk verl AR E o] s ddskes Zlo] "k whek o]y
sk gj7le] ddo] G ALK SAEE AFHS AAste] £
A2 fFE AdstA #rokh

2.1.4 Classical IP over ATM

IPOAIA = Tt ATMElA 1P ABUESAE0] 1P 2-Eeol 23
AHH o7 AAE Sl FFo)A LIS(Logical IP Subnetwork)2} =2+ IP
AEVEAE 7|2 74 @9% 3ta Atk LISE ARPEF &= 3]
T4 g Ao o8 AT 7 Uvh3].

ARP A= ATM host®] @3] oJsf HAA9] IP F4£5 ATM F4= W
gate AY9S kel ATM hostell Al AE st o] FA4AE AFE3ke] LIS
o] ohE ATM hosts} A2 AAES 3 4 9l sHAIRE thE LISe]
2% IP hostttell A A0 ATM 14 HAS & 4 gl WHEA] LISE o

Asts B9EE oM ATM ddo] o] Fojxit,

ol

R



Q

ARP Server ARP Server

il Logical
IP Subnetwork LRI IP Subnetwork ,
ATM Host 1 (LIS) A1 (LIS) ATM Host 2
IP/ATM
Router

1% 3.(a) Classical IP over ATM

1% 3. (a)= LISE 74" 1 :
BaoA sl 5Ad #E s skl LIS W S AES) #9-E
2 7AEY 54T ATMY SlollA ZF LISe tE LISE3 A2 532
2 Z2e0 EAET ATM host?} 453 LISE 8] 8H= ARP A
AA0 ATM ste] Falsth gy MZ e LISl &
9} FAIE REEA] F3te] 1P 2Bl E Afete] Tt ATME S F 3l
AP 7S Agsty & ow Ad WA FdEor & AL &

ATM F4 5 E 53 Zlolth. ATM hostt= H 4% =9 ATM
53at7] 98l ApAlo]l &8 LISE #Elsts ARPOAl T4 314 235k
B2 w0 ATM F425 853 F Atk o] FAE AMEdtY] 57 =&
o} ATM A4S dto] diolgE AFsirt. olelst 52 g 19 3. (b)ell

A BolFa gl

2L
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SVC Setup

Destination

719 3. (b) Classical IP over ATM

Classical IPOA R @A = A2 & LIS ﬁ;—fs& SAEZS EAloE Z
HAJ ATM A4S 3 57} gl olgst ZARS aldsty] flst] A=
ThE LISH S ZAEZre] AHZAC ATM 944 AHo] 7tsdte=E A3

Zlo] NHRP T2 E S R do|t},

10



2.2 ©]F IP(Mobile IP)

HY A& AE FA Az AR 5 oA du 2 ol 719 Q)

HY 298 T2 EFE A5 PPP(Point to Point Protocol)©] 7] wlit-oll & &

HHelHE Adsty Ad we e B =2V &8 UEYAR olF
Z =

=l 1HE g g 5 gl7] wEol
o 2eiA 1P A B wfAZEe] o]s/de Alssty] flsiA g e Zlo]
o]% IPE, IETF mobile IP WG(working group)°l A # 2+3} 3 t}6][7].

°]F IP= MNE o]sAS Adata st IPE 7HA AL ofHAL <lH
e J&ets A4S 7heA st o] ol IPe AF AT A4 /A
b 1P AF9] 9" EAE sty fste] 2708 PFAE VY S,
A I A Me R AL P9 MNo| o] Fsh A8 S5 otalal
2} 3]-‘—3 TAEA COA(Care-of Address)E 7FHXITH ©] COAE MNo| &4
=5 o7 olFd wwnt wWANHE= FiARE ALY AXARE
FA(Foreign Agent)E &3] HA(Home Agent) oAl GO =H A =4l
o S1Alel tisk HAle olF HAEE LHFI AT Fho|Hh o|F Fslo

N& d4E& A% A4 & Ak

2.2.1 °1% 1PY T4

o]% IPE= MNI MNo] @] %3k HA, 18|31 MNo] o]%&| &3folrl
FAS} FARYFE 3dE COoA, 7183 MNe| AL BuUs Ip SAER

7wl k. ols Zztel wiste] ApAIE] A

MNE ol% wSeba shed 449 1P FaE A g3 g4

(point off attachment)& HH'&= EAE 52 #h-9-Holth

y

HAE MNO & HEYA A%t 29E 52 3 AEo|t) MNO|
SUEHAE HouS ZHF HAYS EHo]Eo] MNo| o]&F3 £ 2

11



TAaE 73AAA MNo| olEd FAS FAE WIS He
(encapsulation)3}¢] B € & (tunneling) A7t} o] IS F3Fo] MNo] o]
o

8 A4 ANF ASH o Sohfol AN MN AR & 9

FAT MN°| |53t vESAe] A= ehv8H F2 aAEott
MNo] FAZ ©o]F3le] Al A3 FAS ¥ il(advertisement) WA A S &
5t6] MN©] FA°ll 5 S(registration)3til HAI7Z] FAS] F4HE TFA
Th MNO] FAS 425 SEAZCZN Aal9 925 A% HANA &
Aotk =3 HACA & 317S U]-H 9 % (de-tunneling)3k 32 MNo| Al &
F et

my

COA(Care-of Address)= MNO| & H&E5HS on|sitt. =, FA9
TAE HAR HEH =& 79 FA Aol

2.2.2 < 3} (encapsulation)

gxAd A& WH O ZE IP-in-IP encapsulation(RFC 2003), minimal
encapsulation(RFC 2004)°] Ut} ElE 2] 91?1 HAClA ARl 5% MN
¢l COAE HHAR sh= dole 1o Aeste= Ao 1P wojH 13 9]
AHE WA AY AMER AUE F7HACR 295 FHE o] FojXHh

® [P-in-IP &3}

IP-in-IPI A= 19 47Fo] A2l Ip dole] 13 W <o A2 1P3Y
(W2 1IP3)|H outer IP header)E 2%t} H}FZ IPE U= MNS COA7} 24
IPFA4E TAHEY, o Fa7F HEe E57F "rh o IP tlolE 132
TTLO] 3l Eol& A2 Aeste dolg 13 dHojgt FES xx8
T} FA© A1 dolE 2o A v 1PEld & Al Asta A2l 1P do]E

I8 58§ MNe| dEeit

B Minimal %} %3}

12



Minimal € 3}= IP-in-IPo| A&k Zo] o] 1P dloje 13 W gke]l MN
o] COAE MEE XA 1P F42E zhe v 1P sl E 2t 1P v
geiol Holz = Afole] AWk IP FUjHtt A7]= Zom Ao wAlA|
U 522 F4E X3 AER IP Y (minimal 3E)HE 4] st} o]
ool s A2 slus F71Eed oE dude] FEEE yEs A4
gozx eI =S vl IP-in-IPo] H|3] eWE =y AXnt BE
(fragmentation)®] ©oJ&] o] Sl d#e dlo|H IS FE3H7] 8l ni
&t 9} minimal Y] RS Aol st Hideh HA4S AXTh

#IF A IFHOZ=
HHE 1P El 2T P FlE IFHOZ=

(a) IP-in—IP Encapsulation

P A #IPHOzZ=
HH& IF &l Minimal Tl G IFHOZ=

(b) Minimal Encapsulation

a3 4. &3}
2.2.3 ol% P9 &

ol% P MNE HESA T4 Fio] HAS T4 e A¢ 23
AZ Wy TAE HAC uleld Elo]Ee] COAE XFOZH 3
Atk =, MNo] a9 YEY A o] ofd & YEYA
S AS Aol & YEYH BOoR oSS A= Fa HA
A Wi MN2 2219 A &3 e HAR ARLlo] o]s3sh 5
COAS HWORE s|M A& dds . g424= 14 55 &

=
AR, D MNo] Aol &3 HARYE thE el FAR o]%3tglth

jus)

4o

ol
-

w32

)
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@ FAE A&HHoE A4l W Yo FurAAE Hjo] MNES &
S FEgT @ MN #AHAlo] el HACA thE el FAR °]533a
FAS] F1 WAAE Fa A8t MNO F4AE JEA7]L MN| &
HAIAE Bttt 3 FA= MNO| HA°l 55 o7 WAIAE Hulth
FAv A48 HolEo]l MNE F425 Y4EAI7]a MNe| &5 HWAIAE
ith EE3 FAE MN©O] HAOIA FAR o]E3le] 48 A2 F49 COA
= MNE dd F4< HAol AFeto] Fth HAT ARl HolEel A4
MN9| F4e] FAZFE MZ o8 COA T4AZ BAAL ® 1P &4
EE y7le MNO g F49 HAZ AE3tt. ® HAE A4l2 oAy
o MNe| FAZ o]&3tlas HolEe FAE gRletil [P SAERF
H 2 375 MNo| o]53s FAS] 421 COARE &3} ato] E|E™ A
2tk @ "H49®g Hol HZ S FAZL wroba] zpale] Hol B4 &<lstal
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