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Abstract

It is unavoidable for service provider such TOT to move
to IPv6, as IPv4 address is nearly exhausted. However,
performance of the current services is likely to be
deteriorated, while our network is transformed to pure
IPv6. To avoid high performance degradation, an impact
of such change should be known beforehand, so that
hardware/software inventory can be correctly and
properly planned to cope with the change.

In this research, we focus on studying a performance
change in two migration techniques, a pure IPv4
technology and a dual-stack transition technique. We
select an emulation technique for our study, since it is
more accurate than the other option, which is a simulation
technique. To inspect a performance change, real network
traffic is emulated using a traffic generator (Spirent) and
transmitted to a router (Cisco 1921). The total traffic load
(at an interface) and a CPU Process load of the router are

two performance metrics of our interest.

Keyword: Emulation , Traffic Load , CPU Process load


mailto:titinanp@tot.co.th
mailto:pinijm@tot.co.th
mailto:samakc@tot.co.th
mailto:sayamn@tot.co.th
mailto:saowapha@tot.co.th
mailto:anantapp@tot.co.th
mailto:sunsern@tot.co.th

1. unin

1.1 anuilusnuazanuddgyvesifgym
MIMAIZNUAAIDINNIEIAY TPv4 Ngnuandte1dny

a =] . . I o @
I9auduaesiiia (Internet Service Provider) 1uilade

e

'
) Y A o

a a 73 o & o {

drag i ldgInusmsdumesiia suiludesdSunlaeu

l1)gTws Tnnoaganii A IPV6 (Internet Protocol version
A A Y = 1 Yo =

6) tionazvereanuaInlumadinednsane I
oo A 2

waziilszaninmnniu

=KX A

= PR < 2 Jq ¥ a a =]
vue. NleN Fuduntaludliuinisowmesiiia 39l

Y

o J Ay = A o qy
ANNINYUNABIANYT NAFDV AT INULNY LWEW]ﬂWQﬂﬂW

=

A Y [ Yo a a =] [ 9 1
ma@mﬂmmm‘lmummiaumaﬂumm'lﬂ'lﬂamm

4
a &

Uszansnnuaziige uazded lilnansenuiavuiums
Y a k4 a aw tsy o
THuSmsateIns Inaeaau (IPv4) Taglumsitetiaeiinis
o Y a 1A =] .
31804015 IHUTN1529951510 U035 11A (Leased Line
Internet) ¥o4lasevieiTof Hseesumsliusnsale IPv4
1 Y A Y a 1 [ a o
pgudl uazums TWusmsadug lduTns Tnneadwnos
< 9y A YYou A Y = ' ]
Wagandune ligsvuTnsansadidalasavisganii
(Next Generation Network, NGN) 1 l1/aen$ou « fu
4 A 1 [} o % 4
ilesnindeyaneglulnssteilogimily IPv4 deginsal
' < o o ' 1 A
Tassie (5 uaes) @mnsnsesiumsnandeguds uaiile
= o A 1 1 a =] =} A
Imsdsulaouliglassedunesiinganiiezideyah
1< A 4 ] 3 o L4
iy 1Pv6 induinTuTaseane dee1aiinansznunuginsal
] a [} A A ] 1 [l < =1 =
Tasehaauedenandedlild uded1elsniay vue.iled
2 & yg Y a T T 4 a 4
Fudludlduins Insane dutludesdnuinansznuninaay

:JI A o a L4 @ Y a 1 Y
HumeihninseiuazlsuljamsIiuinms Tnseaielvied

o o & 4
Tuszauianela 52089 huuiluuuimaie1auwuns

IMusmsasalusuing

1.2 Ynguszasnvesmsive
A a 4 Y a
ienagauLas UATITHHANTENUNIT 1% Ins Innoadu
wositianesFu 6 (IPve) arug ldunisldIns Inasaidn

(IPv4) Taanaila Dual Stack Translation fuisuaes Cisco

¢ 3 v ] o W 1 a s
1921 ﬁa‘lﬂﬁmﬂmmmmmaﬁ]iwmumaimw VDI VUA.

[ Y

2. MdwNneIveq

2.1 madiamsuSunlasulilg 1Pv6 daemaidia Dual-Stack
FNNAIU0I A.7.1990 IETF (Internet Engineering Task
Force) isuuadammataenlnilinuIns Innea loi e
Yo A Y Aa
udilgrinisviaunauueaasaiaza1s I nduN19ng
VA ] o Y Yo A 99
e lvgitnuninngsesivldluouina uaz 1ddvuaseld
Whu'lefigunn (1Pv6) Tasfiieamasvunanadi 40 Tusi uaaq

nSeudisuiueanesves IPv4 Tadanini 1

IETF Simuamnasmssessumsdsulasusu 1 laad
J o 3 A A 1 Yy 9 o Y
saztsuaesnune lefijuauazsunn landounulaold

uaang (Dual Stack) [RFC 1933] n3el¥gTusfinseuie
(Tunneling)

Flow Label
|J\'ext Header | Hip Limit

Ver | TC |
Pavload Length

Source Address

Destination Address

IPv6 Basic Header

Ver [ THL | TOS Total Length
Identification Flags| Fragment Offset
TTL ‘ Protocol Header Checksum

Source Address

Destination Address

Options Padding

IPv4 Basic Header
MNN 1: nSeufeuvinaennosszning IPve i IPv4
v 9
mslSunlasulaelduaang (Dual Stack) Hnugiums
M Tasld IP Stack aoedufe IPv4 Stack tay IPv6 Stack
° o A~ A o Aqu Y} 3
wawmugiuly Welinewndndunldan IPv4 doyanae

<1

' 4 {
gnaeanna IPv4 Stack uaziiolaiiilu IPv6 Joyanazgn

a

@

' ¢ & a 2 {1 { o
d999nN19 IPV6 Stack Fuiluifmsisudundtengadimsy

matlsunlaenly 1pve



ad oA Aa v
3. AITMTAUHUUNTIVE

TumsanyimansznuvednslFauIns Innea IPV6 A

J 1 a Il A qu v 1 d’l
LINUADTNITLFIDULADILUA uﬁuuﬁaummahlﬂu

3.1 m3draedlnssrnanazmsdiassdoya
t4 J o
lumsnadoumanovaueIvoIglnIalis uABI aITAM
v o ' o v v A A
TaTagnssranelaseiienaznisitaesdoyadiomieeiio
1 E2 v
Emulator #31unm3ideii1d14gilnsaitwe Spirent Ju STP-
2000A-HS arunuTagT1/sunsu Spirent Test Center uaz
@ ¢ - : e A
gunsalisuaes Cisco 1921 alunililu 1suaed Mldaulu
Y Aa 1 Aa =] =1 =1 1 o
M3 1IN NNVt uuv. i leed luilegiiv
Tagmsguanouauedves CPU Process Load ﬁumqﬂﬂmf
¢ o 4 ' 7 o =
5UA03 lagiinsireuaeginsniainIng 2
4 3 7 o v
v Aes 1921 (R1) Wwsumesiiimsdaredoya

a I 1 o
nswiandly 1Pv4 sehaden  nlSeuieudusunes 1921

4 9 o

' 4
(R3) Fadesiimsdedoyansilaniing IPv4 uaz IPv6

GO0/0 Port //2/1m
i
Cisco 1921 Gon Port //2/ Spirent SPT-2000A-HS
R1
G0/0  Port /2]
=5 I
G0/1  Port //2/4M

Cisco 1921 Ethernet

R3

LAN

= i o
MNN 2: M3iFoude 131905 1917 Emulator

gUnsal Spirent SPT-2000A fmihifisaeamssians
Routing Table Lﬁauamﬂﬁﬂuﬁmﬁma{ﬁéfmmimaau
Tag MimslaldanIng Tnaea OSFPV2 vusumes R1 uas
lalHa1 OSPFV2 1az OSPFV3 vuisuaes R3 udiiiaes

mmamﬂﬁ'ﬂu Routing Table N Spirent Tagarda OSPFv2

Route vu1a 10,000 Entries tay OSPFv3 Route vu1a 40
Entries
ﬂﬁi‘hammwﬁiﬂuuqﬂﬂmf Spirent ionAao UM

Mauveusuaesudazddlasnsasia Traffic Stream @ne

vu1a Packet Size a1 9 NUsunamsvilasiunamuadvisy
. ' s o {

m3snagey (Total Traffic Load) Aowesn Aeasei 1

a , 4
15199 1: Total Traffic Load dowosnildlumsnaassvinauiiana

512, 1024 wag 1518 lun

Packet Size Total Traffic Load
(Bytes) (Percentage
512 25 | 30 | 35 | 40 | 45 50

1024 50 | 60 | 70 | 80 | 90 | 100

1518 50 | 60 | 70 | 80 | 90 | 100

3.2 anyazues Traffic Stream
4 . . o o
91nsal Spirent a$19 Traffic Stream $1uau 3 Anbue
dreuuna Packet Size w3 19n 1 udwimsnaasylae
] I 3 v csy
wgeenilu 3 Tuaeu fage lil
o A & o ! a a P
Jugoun 1 Wumssiasalasavieusmssumssitialaey
A ' s
msadrunnz 1Pv4 Stream 1d3s0guuisunes R1 uaz R3
@8 Packet Size taz Baseline Traffic Load 49115199 2 &4
a A A o o d,, I
Ysuamslilaidinsiraestwlfdugulumsnaaen
msiauveasunesneg luduneui 2 uazdunoui 3
ao 'l
~ . ' s Aq
19190 2:  [Pv4 Baseline Traffic Load #eWosnilslunisnaaea

yaudiame 512, 1024 uag 1518 o

Sunes Packet Size IPv4 Baseline Traffic
(Bytes) Load (Percentage)
512 25
R1 uagy R3 1024 50
1518 50
Fupoudt 2 lumsiaesdeyaiisunes Rl Fail

. . { o {
Baseline Traffic Load #134 IPv4 Stream ¢nun3199 2 11a

Y v 1]
U UIMTINY IPv4 Stream Traffic Load aiua1519i 3




15199 3: IPv4 Traffic Load Mifiuduaenesnivuiauiamna 512

1024 wag 1518 Tun

Packet | Stream 15 IPv4 Traffic Load

Size Type (Percentage)

512 IPv4 0 5 10 | 15 | 20 | 25
(Ballsglllilne) 25

1024 IPv4 0|10 | 20 | 30 | 40 | 50
(Ballsglllilne) 50

1518 IPv4 0] 10 | 20 | 30 | 40 | 50
(Be:z);?ne) 50

9
@

A J ° ~ &~
YUADUN 3 Lﬂumimam%yamﬁma{ R3 @41
. . A A Y]
Baseline Traffic Load 11w IPv4 Stream @1u915199 2 1427

4 v v
NNUUIMMTINY IPV6 Stream Traffic Load a1us1519n 4

M1519N 4: IPv6 Traffic Load MuAuaenesniivuiauiama 512 |

1024 wag 1518 Tun

Packet | Stream USwa IPv4 uaz IPV6 Traffic

Size Type Load (Percentage)

512 IPV6 0| 5 |10 | 15|20 | 25
(Ballspglllilne) 25

1024 IPv6 0] 10 | 20 | 30 | 40 | 50
(Ballsgllzilne) 50

1518 IPV6 0| 10 | 20 | 30 | 40 | 50
(Be:E(;/ILilne) 50

3.3 MsTanamsmManuved 151n03
naannmsaalTinams e Tnaavuiaais o Hvina
[ 1 9 12 1 9 9 4 o a L4
UAAINAAIN ) MUTBYAAINAIVINAUIAD TINTAATIEH
o 3
wan1snageulasiidnlsdwilu dszianves 1P Stream
Traffic , Packet Size uazaFunamswidlanaziidiulsamune

o 1 @
CPU Process Load U945 11910 5LUAALA7

4. NavaINUIVY

Yy Y
v A 9ga o

av Y o o d?’ | I
N13IVYATIU N”ﬁ]melﬂ‘VHﬂ15%1@@\153‘]J‘]J”UL!3J1LWE]E1]L!

u

a 4 Y 9 @
MR IlumMs IR IERRanszNUUeIN1s 199U IPV6 d1151

15015 Leased line Internet ve4 Uu9.NloN laglinanis

4
=

a sy & o w
mmwmrémvammammmﬂumﬂumu

4.1 wamsnageutilediveyanug iy IPv4

]
a 1

a o 4 Y a
lunisIvelastauyagiuinsuaesnlvusnis Leased

@

€e o

a

line Internet Tuilagiiuiiu SuSinadeyaiiiiu 1Pv4 fivuia
Packet size @199 nu uazlSuans e lvanais q Au
uazrasInmstunulsuadeyadenandisdunus
w3 AIRUEMINenawaesifindaluiiiian Cisco 1921
uana'ld@1o CPU Process Load vedi51A95 69915197 5

M13197 5: CPU Load 1i10153&1 IPv4 Load 19119 Packet Size @14 9

Packet Size Traffic Load CPU Load
(Bytes) (Percentage) (Percentage)
512 25 46
1024 50 51
1518 50 40

Tasfdsuansidalvaam q dunsidlandvua
< =} ° 1 A A
uiaing 1518 ezl CPU Process Load d1nimswlan
= < ¢ A 2 1 o
Hvwrauiiang 1024 lusidesnnuiainavuialva il
v 1 Jd F A Y A=
893 1dIUVBNIAIABIAD VoY alA1T0Y 1T MBI TIIAN
<3 J a A
Uszuranaudiamnaganas u1nnil uaznsidantvuia
uiiang 512 luwis CPU Process Load 1naifsansiland
<3 I'g 1 a 1
vinaudang 1024 luvnaudiinegiing e Tnaadseniiga
£ £ A S < P
ATIM T 1D UAB S Na1szulanaLNAINALEALAD S

Y {
UDBYNIN

4.2 wamsnageuiied Traffic Load wanihy IPv4
nansnadeueiinissiasansilafiilu IPv4 @y

Taodradeiumanissranaluiade 41 udawiinisiiiy

YsnansiilaTwaniisiu 1Pv4 drein3esile Spirent dae

vyuia Traffic Load veau@ay Interface auiiidon 3.2



Y ]
Fuaoun 2) aJwai]1ﬂﬂﬁﬁwmﬁuﬂ?mm%’ayaﬁ@ﬂan
s A %
Tadunanadie CPU Process Load ¥edi5 11903015199 6 4
Y = & A1 oA 4? IS a Y
AT UaAIAENTINAINNIND 3 FalA NNV WBaFY

~ A ai . '
13199 6: CPU Load 140111 IPv4 Load 1U11@ Packet Size 114 9

CPU Process Load
(Percentage)

Packet Size
(Bytes)
512 46 | 56 | 64 | 72 | 80 | 88

1024 51|62 |70 | 78|86 |92

1518 40 | 48 | 53 | 57 | 64 | 69

CPU Load
100%

Packet

90% A Size
/ 512
80%
/ —— 1024
70% ——1518

60%

50% +— \/v
40% T T T T

25%
30%
35%
40%
45%
50%
55%
60%
B65%

= o= & = 8 =2 #
S @ o b o B ©
=S K 8 8 & & ©

Traffic Load

MNA 3: CPU Load titoiilus IPv4 Load i@ Packet Size 9149 9

4.3 wamsnaaauien Traffic Load iy IPV6
wanInageuleiinissaoans ilaniu IPv4 1A

Tagdravanumanissiasaluiinde 4.1 udriinisiiy

a a g 4 .
YSunansiilaTnaaiuilu IPv6 druaTesile Spirent Al

vyu1e Traffic Load vedusiay Interface au¥iiven 3.2

@ 1

4 '
(ﬁiTmmu‘n 3) NWEH]Tﬂfﬂﬁ‘ﬁ%ﬂuﬁUﬂiiﬂm%@Nﬁﬂﬂﬂﬁ?’J

U

Tadunaasdie CPU Process Load 1941510035 #901319% 7

= 4 A £ A A d?‘ I~ a
FIFWTOUAAIAONTINA WA NN 4 FaUA NNV Wi

IudennuFunNINNI1INg 1Pv4 nsialvaanewdng

U

NIdUAIN CPU Process Load NA1g1nY 80 %

A3199 7: CPU Load 1o IPv6 Load flvn1a Packet Size 719 |

Packet Size CPU Process Load
(Bytes) (Percentage)
512 47 | 65 | 77 | 86 | 92 | 93
1024 531819192 |93 |93
1518 41 |54 |64 | 71|76 | 85

CPU Load
100%

Packet

Size
7&@)} e

—h— 1024

90% -

80%

70%

——1518

60%

50%

40%””./

= Traffic Load

MNA 4: CPU Load 1ilorilu 1Pv6 Load w110 Packet Size A4 9

4.4 wannumanmaioiin Traffic Load IPv4 uaz IPV6
1WSouAeuran13RIUUe I A0S A28 CPU  Process
Load owindSuamsmdalvaaimiy IPv4 uag IPV6
v . ' o ' S o o
@28 Packet Size ¥11AA19 9 AU WUINTVADTNNRINTAIAD
IPv6 Traffic Load aaug 1y IPv4 Traffic Load 93 CPU
Process Load ganiusuaesninsdase IPv4 Traffic Load
= 1 =3 ~ R I =} =1
egegnufed lunnnstisaannsanaaaiiunsvoumey
AULAIA19UDY CPU Process Load Tagiiiian1uyuiaved
o 2 b g 4
Packet ldaanimn 5 Fuiluwavea CPU Process Load #
=} af ~ % I
insdlavuia 512 ludt nmi 6 Fudlumaves CPU Load

{ A o { % 3
aunsmavuia 1024 1o vag N 7 @9 1unaves

CPU Load ffimswilaviua 1518 lust

CPU Load
100%

90%

A

80%

——IPva
70%

IPv4 and
IPv6

60%

50% 7

40% T T 1

25% 30% 35% 40% 45% 50% Traffic Load

MNN 5 1W5euifioy CPU Load 7l Packet Size 512 Bytes



CPU Load
100%

90% /
80%
70% /
IPv4 and
9,
60% / IPV6

50% R

——1PV4

40%

50% 60% 70% 80% 90% 100% Traffic Load

MR 6: 15 8uifioy CPU Load 7l Packet Size 1024 Bytes

CPU Load
100%

90%

80%
70% /
IPv4 and
o
o / IPv6
50% /
40%

—t— Py

50% 60% 70% 80% 90% 100% Traffic Load

MWN 7: W50uifion CPU Load Al Packet Size 1518 Bytes

5. agwamsIde

1] o o o
NANTTNUUDI NI INADA IPV6 NUISUADSAINTUMST
TuSms Leased line Internet 1ijaiin1s 19911 1PV6 Avug )
i 1Pv4 (Tagldimaiia Dual Stack) wud 1 USuamsvlila
Tvaauin ) iy CPU Process Load w85 1180392111914m1in
1 A o 9 = 1 = o @ Ax
12115 UABININNIUAY IPVA 1Higgpd1anen Tagiladeniina
v Y
@Mty uYINIslsuianaved CPU 1dun vuiaued
Packet Size v®4 IP Packet uag Us5uia Usuiansiuia
¥
Tviaaluvaziiu
1511993 Cisco 1921 7 vua. Mo 17155 Leased line
o o o ' q Yo o
Internet  Tuilagafutiy awsadSoudeldiinudy 1Pve
U v Ao W ' g s
upy Dual Stack 18 fladsiididnedaiisnfesunesizdes
v Fa v
1¥n151)szuramaminayy lun1siiaiuuuy Dual Stack &4

g Vo A A g A 9 P o
Yuegiuvnansmilandlu 1Pv4 By s umes In1siiau

b1}
1 '

Ea
nladitngyaondd uazluvaziul 1IPve niwiaTvaadn

U

i lfisuaes ldewisalszuranasiu nagiinisTou
(Drop) ﬁﬂ’amvm‘fu A fial1d

Tumsidanms g 1Pve Tuns1du3ims Leased line
Internet @2eimaila Dual Stack fuisunesAuiiliusMsey

q’;’ o I~ 9 a =R a 9 a
uufnu‘ﬂummmiwwmﬂimmmaga IPv4d 193

[

4 '
gsuuimstiu q Dldaueg mszezlinansznuedaninae

o s A A A g 4 2
Mz uaes wolnsmialuundly 1Pve uvun

o Ay

3 9 S @ o o o a
Tuszvuiisudniies Fuiluiladedrandesnioisanluns

]

Nawudmsulaliusmslueuan

6. 19NA13019949

[1] Wellden Odom, “CCNA ICND2 Official Exam Certification
Guide Second edition,” Cissco Press,ISBN-13:978-1-
58720-181-3 pp. 609-610 , 2004.

[2] M. Lind , V. Ksinant , S. Park , A. Baudot , P. Savola
“Scenarios and Analysis for Introducing IPv6 into ISP
Networks” , March 2005

[3] R.Hinden , S.Deering , Cisco Systems ,“IP Version 6
Addressing Architecture” , February 2006

[4] M-K.Shin, Y-G.Hong , J.Hagino , P.Savola , E.M.Castro
“Application Aspects of IPv6 Transition” , March 2005

[5] R. Gilligan , E.Nordmark “Basic Transition Mechanisms
for IPv6 Hosts and Routers™, October 2005

[6] R.Hinden, S.Deering , E.Nordmark “IPv6 Global Unicast
Address Format” , August 2003

[7] S.Deering , B.Haberman , T.Jinmei , E.Nordmark , B.Zill
“IPv6 Scoped Address Architecture” , March 2005

[8] J. Bound , “IPv6 Enterprise Network Scenarios” , June
2005



