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Cross Layer Hybrid Multicasting Policy Over Wireless
Mobile Network

Abstract

Applications of wireless mobile network are prevalent in recent years. Many
applications inherited or developed from wired network have been proposed to
enable mobile nodes to connect to wireless mobile network to access
resources/services from Internet using multicasting protocol. However, wireless
mobile networks have difficulty in forwarding information due to its inherent
dynamism and frequent topology changes. To multicast multimedia data stream,
we have to consider not only the issues of reliability, robustness, scalability and
stability of routing protocol, but also the content of transmission. Besides, when
handover occurs frequently during transmission, the throughput decreases
rapidly due to severe jitter and delay. This thesis presents a hybrid multicasting
policy for wireless mobile network to build a multicasting architecture using
cross layer design of network layer and application layer to manage quality
transmission according to flexible requirements. In summary, our goal is to
optimize throughput in order to fulfill the requirement of reliability and stability

of multicasting in wireless mobile network.
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CLIMP - Cross Layer Hybrid Multicasting Policy
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* Z4e MNet[27] > vo o7 € 252 F4L @ i% + chBottleneck » & T+ g 4T
TR CSE hgeprih o X Lo 4 (S § 4§ Data Buffer > + 23
Router # % 3% IGMPv3 - Receiver F1 i # & @ 314 -1 Handover % # F* - % Handover
#p B enMulticast Packets ¥ rud CS & 5 %75 (Caching) > % Handover = = s £ d CS
® # 2 Unicasting * ;%2 > 22 Receiver e Tunnel %4 & T4l F]pt & § CS £
? Communication Control Agent i i % iéhMulticast Packets > $% § 4 ¢ Queuing 42
% 3t Queue i E ~ -] ¥ 11 E~ B Threshold & k &3 Receiver #4% 24 Handover
SR RBE o 4 )’j*u{ Qsize = F (Frequency of Handover) » @ #8472 & 3 [GMPv3

/////

9 Router = = SSM iz € At ™ F &N 5 -
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3. 3.2 Congestion Control

f1* Communication Control Agent e84 » B~ & — =t Receivers e ACK v &
WAoo fif‘ué'\Receivers = 11 Edge Router * 7 Communication Control Agent ¢ 4F #

- % ACK 2t 4 @i 3] CS o 4t CS ij-*‘u'v” " E g # B Receivers ek i o § Gk TR P

~

L3 23| % - 1 Receiver e ACK ¥ J&p¥ » ;"j*ué M Receiver @ #HE st #4% e - % Source
=% Edge Router s Communication Control Agent ¥ % s Multicast Packets # Source
Address Lists ® 4% 3 #* Receiver ,T-*QE #4 v A Source Address Lists ® I » 4r
% Source Address Lists ¥ 7 ¢ Receiver R4 % Multicast Packets # % > d s &
. Receivers #e7 ACK w % ei% /% 1t 4= d Routers ¥ # a7 3% Query 3 4 07 58 5
v 1'% M Control Message #0verhead - @ * 3+ 35 & =t Receivers e ACK w J& P& & e
Jitter §= Delay fiim & iz 2] %74 i Congestion fii% 14 if P23 & Multicast Packets
eniG E AR S P B G kR B e o % vt At MAC & 2 4% RTS/CTS (Request to
Send/Clear to Send) %k | %74 § 57 Congestion » & * Receivers e ACK & 2| %7
Congestion e iR E b e B 4> F|PL € 3 4 E foat B enfe > 87 127 iKd
RTS/CTS erfp i3t & 2 4% ek £ 4 Congestion i = erifr > F 2Re ¥ 04 4 MAC & 9
Protocol ¢ » CLIMP 28 ¢ » F Edept i€ i€ Fidlk 5% 5 - WAt B iR 0 ¥
@ oieEd MAC B 4% B g » 4p 3 3 o

"ME )’jfu Communication Control Agent 4ri fiz & Coordinator Service &k 7 »xdy+#1
Congestion kg p? o 7 L3\ i 4% % wlihReceivers «7ACK %3+ & # Delay fr Jitter
Fw o £ &4 Delay v Jitter ¢hie » 3 .2 Threshold & » § 28~ 7 124 » &4 4t 9
® TOC # fi.’rﬁ:f.a‘w’%@ﬂi%llt Fm % e Threshold Value » %’ﬁ“."li#kiq‘é BFELE o 5
M ERJTGIRRE  APR UL ST R m@#ig?li # % % (High Priority / Normal
Priority / Low Priority) » i ¥t 33 » Routers #Data Queue ¥ - B3 Delay &

Threshold Value & DT » @ Jitter % Threshold Value 7 JT > # Scheduling #%|%r
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Sonurce ER s EER

Data

PaﬂkEt j_. - i |

B 3.3 3o A K iz H
3. 3.3 Switch Protocol When Router Without IGMPv3 Support

IGMP p v &  swepk i * & & 8 4] enie s @ > < 3R> e Router ‘Fﬂ”ﬁ X Foie [GMPv3
APATESR A 3 L5 i Router 454 4% « & IGMPV3 st » ¢ § R I|T ¥ 19 T
A0 F B R A fe LR e GNP R & T 2 iR IOMPV3 chif e » § B4R v o 7
IRIEANTAR %’ﬁ e4 Communication Control Agent 4= CS eh& ¢ & 18 k284 % L 42 [GMPv3 >
Router » ¥ % % SSM #77 % e i o % Router fe 3| 2 ¥k chdte pF > T ¥ 4 1F

Communication Control Agent ##%8% » 4= Multicast Packets &% CS» ¢t pF CS & &

;I&;#;,\ # PIM-SM e Rendezvous Point » 12 PIM-SM 5 =_%k #& % Multicasting F#% -
3. 3.4 Source Discovery Agent

2 wentih s &3 SSM A £ 72 F & MSDP sh 4% > 1% Source s eniznt T3 A 2
FoiE s R F A L AR R DM inaniT2e? g F15 v 2 B E_ Source

Discovery s * @ & > v { 4§ &_Publisher 7 Manager > Receiver & ¥:4< Multicast

Packets & & 4v » #Fif#F 21 (7 (Pull) o 7 £ i 4k &) aofl 8 20 & 5% ejk i
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(Push) » Receiver % 74 » FHEH 2 ki c Multicast Packets ¢ 0 5 ¥ 2 AE - = de
~PE o e R 03T RE (Subscribe) ¥ g0 @ gt Y € - E 3 2% E I Receiver #& i Bif
7B (Unsubscribe) ¥ s ¥ Source & 8 fail - % — 1 Receiver % 11t % - B(S,G)

shMulticast Packets 37 B ¥ 3> CS ¢ 747 & 2 4 Source Discovery Agent * 32 >
#7140 % % — B Receiver & » % — 1 Edge Router shPRis = Bl 1 #& ) B~ [P ¥ 3eile P
Communication Control Agent ¢ i 4 (S #7141 ¥ & 5 * Receiver fi7 B ik ¢ B>

# = B (S, G Multicast Packets & @iZ e - CS j& ¢ 4= 2 Receiver 1 #s4e » fefci e
? s a1l b Receiver # % %1% Join(S, G):‘@%E_,Tfu? LB 4ed T Multicast Packets @ &
Ttk e 2 #_Receiver e7Edge Router © kl4# 5 ¢ (S,G)ehH # Receiver 4 {7 0 % X

CS» ¥ radnes = & 470 Edge Router # = - B ¥ e - Lzt - Bh &>
it & Receiver 23 R 41yt Multicast Packets s ¥ & i 0 By 37 B @ @ 5 9
AfiEE - BATEHF LT 2 - B4R 0 #r2 Source Discovery Agent #t i 7

BA# 5 Multicasting &) > X *t4efe fr Receiver § { #ehi d £ A k¥ 1 L iF
»FE R R AR o

™ & _Source Discovery Agent =% iT 7w £ Bl :
Source Edge Router S Edge Router MH

Data delivery request message

-

Forwrard request message

-

Create (3,03) and
teply complete message
- Broadeast (3,0) message

Broadeast (3,0 message

Joit (3,5 or Bubscribe (3,00

Toin (3,09 Join (3,03 or Bubsctibe (3,0

@B 3.4 Source Discovery Agent & {¥7% &, B
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% 7 Source ¥ & ¥ 3% multicast packets & #_3 Source % #& & Multicasting PR7%pF >
v ¢ # Edge Router % &' F 4L @ % chF R & o § Edge Router fz 3] 3 & v g
v £ Forward % CS 4vig » % g CST ¢ Frig er ¥ 3 % % Multicasting Source #& &-PR
o R iEP e L(S,G)M L Routers R#E > # AV RIBFLEVARFRALE > T 5
[GMP A ¥ s Membership Report i} R = L “f LE LB RE S O F R
]+ MH(Mobile Host/Receiver)® 1z+d Edge Router #vif et @ 7 784 Multicasting
TORT 0 F U B4 (S, O)FHF e g » Edge Router ¥ Fde » (S, O FHF Lok
prs ¥ 2 3% 0 Subscribe(S, G)en® o & R EH e Join(S, G) & EH e
Subscribe(S, G) » #5%¢ Receiver 1 Edge Router ¢ — B /if#v &% Join(S, G i 3
Source # -1 Edge Router » I pF+ s ¢ CS» 2% £ d Source ## e Edge Router %ﬁ—a‘ RPF
k& = 3| Receiver ##7Edge Router HiBfyie/ » 2 0t RS 4e 2 f2 o 1T B g

{ #Fmen@) v P k28 Multicasting &8 (FiE 4% o
3.4 Multicasting Implementation

B ifj%i e 2 CLIMP ehMulticasting = 2 » @ 35 m3tenipln & fodr 4

WA Arm B B Yo AR A e A # P I CLIMP -

3.4.1 IGMPv3

CLIMP €3 # & IGMPv3 2. * et T j& 5 & %5 The Internet Group Management
Protocol ﬁﬁfa—l’i’r\lnternet 4 imMulticast #ie g 3 > v £3K3 & Internet * * 9
Protocol » ] ¥ 2% X % Scalability & & o [GMPv1 i} RN EE S - A

@ 37 IGMPv2 P 4e 7 4 & BRAEER pF il sosn & 0 [GMPv3 P& 4e » 1 $F SSM e 3%

BT et TONPVS it ¢ fitimen g -
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3.4.2 IGMPv3 Packets Delivery

IGMPv3 3t & {;*gr} [Pate kBix > o & FlL EGHAT T LI 5 hig * 4
Internet * - #75 ¥ [P # ¥ 7 enhancement ~ JF’E? iv @ IGMPV3 5 7.2 &< & > A
TF“fj&%ﬁi%fr— T [Pite pF o %’%’ﬁb %5 f% [GMPv3 ehdt e 2 4% ."JT)*T%{IP Packet
Layout :

MAC header IP header 1GMP packet |( IGMP packets B35 IP packet HHIERY, protocol value =2 )
IP Packet Header Frame
000102 03 04 /05|06 /0708 09 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 |25 26 27 28 29 30 31
Version IHL TOS Total length
ldentification, | Flags | Fragment offset
TTL l,"' Profocol ' Header checksum
,"1 s Source IP address
,f'! Destination IP address
,,"' ‘," ) Options and padding ::
Options. Variable length- e
00 01 02 03104 0506 (07 00/01/02/03 0405 06 /07 --n" Value : Description
[Precedence|D/[T[R[M iU [cclass Option . ? ”(R:zgg:réd
\‘.‘ \\\ ‘“\\ 2 |Debugging and measurement
Bits 0-2: Precedence, “, R :Reser\fed.
Bit 5: 0 = Mormal Celay, 1 = Low Delay. Y \‘
Bits 4: 0 = Mormal Throughput, 1 = High Throughput, .
Bits 5: 0 = Mormal Relibility, 1 = High Relibility, ' .
Bit 6-7: Reserved for Future Use, ‘.“ C. Copy flag. 1 bit
3 Indicates if the option is to be copied into all fragments
i Value Description
‘\‘ 0 |Donot copy
N[ 1 |Copy

B 3.5 IP Packet Layout/Header
IGMPv3 Packet #.i% % IP Packet * #i%:ch, %:i4p % IP Header ¥ &1 Protocol
Segment (value=2) > 4-® 3.5 #777 » k% 7 Packet 5 IGMPv3 Packet > » CLIMP
F1* TOC(Type Of Service) Segment * & )@ﬂ@ﬁ%gw?m% Feo
% v 2 - B IGMPv3 4t # pF(Protocol = 2) > &4 [P Packet e7Data Packet

jRl kg o fiﬁg  ¥| IGMPv3 Packet » #7r2sv i g %5 — ™ IGMPv3 ¢ Packet Layout :
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Type Number (hex) Message Name

( IGMPv3 Header Frame )

Ox11 Membership Query
Ox22 “Yersion 3 Membership Report
Ox12 Yersion 1 Membership Report
Ox16 “Yersion 2 Membership Report
0x17 Yersion 2 Leawve Group
Membership Query Version 3 Membership Report

B 3.6 IGMPv3 Packet Layout/Header
IGMPv3 header & 4 = #%i» %5 » — & Membership Query(# 4 % #) > - &
Membership Report @ = Jﬂ" Zf1* Header ® 7 Type Segment Value %~ % - Type
Segment Value = 0x11 &_ Query Packet > m Type Segment Value = 0x22 #%_ Report
Packet - £ %3 Query Message > Max Resp Code @ﬁ?}@ #2¢ 1 Router ik ¥p ke ch
Congestion fim kB EH B, WF B4 pFEika Congestion w4 ik 2 Router #
i¥ Packets P¥ %% o @ Number of Sources’ % 7= Packet ¥ 7 Source Address(Sender)
#® > & Edge Router %< - 113t & Receiver Join Group PFE~{¥ Source Fit o £
% 5 Report Message #%i» » 4 Number of Group Records # # Packet # ¢ % % >
Group Record @ Group Record 7 Layout 345 %l 3.7 ®* * - % Group Record *
3% 3 Number of Sources {r Multicast Address 2% Source Address, *&_ (S, G)
F L - Edge Router %‘%E’ iz Membership Record %2 i § # 97 A e f 91k b

IGMPV3 PR A% eHF 3L o
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Source aAgaress L
Source Address [2
= -y
= —_
R -
Source Address [N]

Bl 3.7 Group Record Layout
d mﬁ;";m‘i%? 700 f% 0 IGMPV chat e - B e - & g Ejepir iy 5 Ao
Kamm ok ene 4k (S, G)>Group Record=>Membership Report—=>IGMPv3 Packet—>IP
Packet - % * /i e Router 42 ¥| IP 4t i¢ £ d Protocol Segment 7 f&-E_J e & 2 e
#te > 4ok Z_IGMPv3 > Bld [P Packet ® “Data Packet P~d! IGMPv3 3#t¢ > £ d pt 3t

¢ ¢ Type Number % 7 27 €8> Query & ¥_Report 4t » £ 87 & W] eh¥t B A2 -
3.4.3 Multicasting Process

Bt F - B4 5% CLIMP ¥ Multicasting g2 » & $&40 i@ A2 Receiver # ¢n
Join / Leave - Source # ¢ Data Delivery % Data Queuing ° 7 L3P Join & iT4r

PRI R E TR 3.8 G

»
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cs

.

_RegisteriS.G)
~
\ oy \\%
7R
e <
\c} OG / Network

Edge — Edge
Router M) ey Wizl .M Router %
w T Join(S.G)

B 3.8 Joining Process

== Reverse Path Forwarding

<—— Control data flow

% Source % - =t % Edge Router #:i¥ Multicast Packets F* > Edge Router ¢ &= -

TR E 2(S,G) o ® e pF Edge Router € # CS i% - B Register(S, G)&sip 3 4 »

e

& CS ehSource Discovery Agent 4vif % 7 — B ATe g3 2(S,6) » & %’ﬁ“z’ IGMP
£ 3% #p 2 e Membership Query f= Membership Report & 2 #&d CS kR #9775 ¥ip e
F3(S,G) > Receiver ¥ 12 d Edge Router {F4vp #n et ? 3 7R FH3F 07 14 2 > R
is Receiver ¥ M :E# & ¥ £ Join & &4 * Subscribe s ;% k- Jc Multicast
Packets -

Bl 3.9 Z_CLIMP &2 Leave hf2/ » - & &t % Hin™ > % # & Source # &_
Receiver & &M #3% wf8 ¢ = 41— B Leave(S, )3 & » T F & g2 » e 4L € 7
- b ehfER > ¥ 5 Source # Receiver &iti% ) Leave U L3N ALY ¥ ikl o B R
L — Rl o CLIMP &4 CS 2§ f3k = PFAF p f2 3] Receiver 7 ACK, VEEEE
receiver © Mg iEle > ¥obg CS X3 AR T FER PN d Source # Edge Router

# % e Multicast Packets > ﬁ*wu«a Source @ MLgEFIE e o

42




Leaving Edge Leaving

‘—
unsuhscribing Router unsubscribing .

Bl 3.9 Leaving Process

Leaving | Edge
> | Router

£ K} FIF % HMulticast Packet 9 Delivery {rQueuing /&2 %5 # 3. 10
kP o Bz 4 24 Handover ehfiiw2 T > Multicast Packets € @ Source #4 ¢ Edge
Router i# fL CS #— & # % (Check Rule) » 4% i3 %ifklr%‘iﬁl??ﬂ‘iifﬁlg - B.d ¢ Edge
Router & ] Receiver 447 Edge Router > £ ¢ * Router # % % Receiver » 4r& % #
Handover » %% B 3.11 - BRI CS ¢ v § Data Buffer «h& ¢ % Caching Multicast
Packets » & Receiver = = Handover £ ¢ CS 4= Handover #f & soMulticast Packets

2 Unicasting = ;V#% % Receiver o

Packet Data
Or

Buffer Data

___ .| Edge
Router

B 3.10 Packet Data Delivery



cs

Edge Buffer Data -
Router \

Handm.-'er\

Edge |Packet Data /
v | Router | "7 g

| Edge
Router

Router| Netwoik Router |

‘wj

B] 3.11 Packet Data Queuing

%

s

HOBE 28 2 Belh A H
4.1 Mathematical Analysis

o AR = S VAR T N O
# 17 CLIMP = SSM 73t & @ 3% = & > Protocol cost * # &%

3

% packets #&Pp % %/, @

B 4.1 2% i A 47 P ek Fenficd] > S i e 2 e MMROP[ 341443

- — % transaction #7
7z control packets {- data packets °

d2
" MS | —| Erp
dl e2
i
m ERs ERil | G
sSource 2 R Receiver
- ‘ f g2
ER12

B 4.1 24 = A A 4550
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BAEE O Flih- & SECRGRPE o
S ALLE ST
A : the mean rate that a source generates multicast datagrams °
u : the mean rate that a mobile moves from one subnet to another o
p : packet to mobility ratio (PMR), defined as A / p-
qno_M : probability that a mobile visits a subnet with no other members o
N : the average number of mobiles per group in a cell °
n : the mean data offset in the adjacent subnets -
I : the average of the length of a control packet -
L : the average of the length of a datagram packet
r : the cost to process a packet in each node (assumed also for a control
packet transmission cost for single hop, r=1) -
B : units of transmission cost (unit of processing cost ) -
C control : the cost to process control packets per handoff, including
mobility binding and group participation °
C datagram : the cost to deliver multicast datagrams to a mobile in the
newly visited subnet °
CER : the cost to forward one multicast datagram from ERs to ERr -
a,b,cl,c2,dl,d2, f,el,e2 » % £ & BLFF ﬁﬂ@ﬁé?]z\l * o
Fyp 0 enddie 4o P B 401 as e icd] > AP e s E Protocol Cost e
2 247378 %F »Cost of Protocol = Cost of Control Packets + Cost of Datagram Packets °
m Cost of Control = Mobile IP Registration Overhead + Group Participation
Overhead Per Handoff » g ¢t 2 ie# # 14 7] 4t CLIMP 4= SSM 5 Cost of Control » 4=
CLIMP = {2%el + qno_M*¥[a+tb+d2+(N+2)*e2+2(c2cumptd2)+el+f ]} X r* B * Jcymp (1)

SSM = {2%el + qno M*[atc2+(N+2)*e2+2%c2ssm + el + f1} ¥ r % B % Jssu  (2)
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HP gc2eume v c2ssm A~ B & B B Edge Router 2o B F1 5 1% 2607 e m A 4 i
*Ahs AR od FAT g hg qno M = 0~ ﬁ*n\Recelver 4e » e Edge Router = %
B(S,GOEHEe > U FEFR S 2 EHFE e > 7 F 22 Join ﬁiﬁ%)’]&&% o d (1)
fe(2)v g 23258 Control Cost éh%1% = #17™ cZcume I c2ssm 1* %2 Control
Packets 32~ | » 33 Control Packet eL3o+ | ¥ 5 4881t [P 4f¢ kidis
s - (- BAITHE]) > #7017 g5 = LR 970 c2ouvp fr C2ssm EPIE <

(& % Routing B /2 E# > Neng ) > ¢

J=t

£ Cost of Control » d *+ CLIMP

4R SSM AR kB Y AR EE R 0 - T8 G CS R AT B A S
AP A e e AR kg > § Traffic #{4c & 2B F5 Traffic #4em % 2
Congestion fimp# > CLIMP %15 7 CS t% 84 f4] Packets =hi 3 pr B - JEdiEFniE % &

5 v F @ ¥ 1% 8 Throughput fo"% X7 Delay fv Jitter e 8 o ¥ - AR 4ok

“}E‘\

Fihe g £ N RTE R e R S > P RIE AT AP AT - ] 5 E 4d B0
Ry Kot o

£ % & 47 Cost of Datagram Packets ° Cost of datagram = (datagram generation
rate) * (mean sojourn time to stay in a subnet for a mobile) * (the cost to deliver
a multicast datagram to a mobile in the newly visited network) o gy F if cf
ApEs A 2 BNF
CLIMP = A * 1/ u * CicLmp)
= p * [(atCERcumpytel) + ano_M*(atb+d2+e2)] * Lcump) (3)

SSM = A %1/ pu * Cssm

= p * [(atCERssmytel) + qno_M*(a+CERssmyte2 1* Lisswm (4)
g (Dfe(d)+ ¥ 154> 5 qno M 5 0 > 25 Cost < ] & L5 i Edge Router 2

FFatentem g2 PR S A o ¥ - BHREE 5 quo M > 0w F £ 3

FH e EH FH S PRI AT 0 E B BRI ko R o
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4.2 WHARH

AR 4.2 5 i Topology & st #& CLIMP 4= SSM & Delay, Jitter, v

Throughput = @& & 3 o

Source
@ M1
\a—-’/
@RS M2
AN

ER? R3 ERG @

Source : Source Node ER : Edge Router
M : Mobile Device (Receiver) R : Router

Bl 4.2 Network Topology for Simulation

4.3 3-BK L

i g 2 NS-2 4 + NS-2 With SSM Extension[42] % ##& ¢ #& CLIMP = SSM % Delay,

Jitter, 4= Throughput = & e 3 > 12 AP o § 90K T ik
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4.3.1 Simulation Parameters

Simulation time : 10 seconds

Connection Mode : Duplex-link

Bandwidth between routers and nodes : 0.5 Mb

Delay between routers and nodes :

Queue management = DropTail

Multicast Packets : UDP/CBR

Rate : 1024kb

Packet size : 48 bytes

Traffic :

UDP/Exponential :
Packet size : 1000 bytes
Burst time : 0.5

Rate : 100 kb

10ms

4.3.2 Operation During Simulation

at 0.
at 0.
at 1.
at 4.
at 4.
at 1.
at 7.

at 9.

2
6

~ 0.5 “UDP/Traffic start"
“Multicast service start"
“ M2 join-group "
“M2 leave-group"
“M4 join-group"
“M4 leave-group
“M6 join-group"

“M6 leave-group"
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at 9.5 ~ 9.8 “UDP/Traffic stop "
at 9.9 "Multicast service stop"
t 1.0 P B 4> Join ¥| Multicast Group: ™% % 4.0 4,3 4.1 =% # Handover -
Receiver M2 # & 3| M4 > ~ & 7.0 #/ 3] 7.1 4% 2 Handover > Receiver M4 # &
3 M6 -
44 BHAFE R

By b PR Sl AR R T et S % 0§ L kg A& Throughput 2 &
iR 5a B 4.3 0 &R Y & @7 5 d CLIMP % Throughput = & 2 & £ i
SSM » 7rg %)% CLIMP + SSM % 7 — # Congestion Control 4] » ¢ 32 Packets
Scheduling 4w Rule Filter - &8 & Traffic Loading # % p¥ € v* #p &g > v £ 55 8 A
3+ SSM e Routing = 3¢ ks it H R ket > #r2 pFH Throughout + e F #1025
B o 1 12.5% ¢ > @ &7 114 3 &5 = & Handover # 2 # > Throughout -
Bde— gt g #7 k- > ¥ & CLIMP %‘—k‘}#ﬁﬂ‘j‘f‘ug AR R 7 _'rﬁ@;ﬁ%]’kig P FRE_FI G 7
CS t 2% Caching Data B % » i (8 2 B 8 3 Throughout 7 %2* » %3 Delay v Jitter

(L HF P
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CER-Throughput

600 T T T T T T T T T T T T T T T T T T T
"CLIMP" =+
noopt +

o0 + 1

o RSNSOI ppssmptr® 1

300 .

Throughput Ckbps

200 - b

100 .

o 05 1 15 2 25 3 35 4 445 &5 H55 5 g5 7 75 8 85 9 945 10
Simulation time

Bl 4.3 Simulation for Throughput

£ Kkt g Delay s8> 4o B 4.4 4w

#* Application Layer e7Multicasting * % > tDelay ¢r& 3R ¥ ¢ v 272 1L >

¥]% Application Layer # ™ & @ﬂi%];k e R Rl o R EEE YD f?;ﬂi%] S¥c o
- %4 Packet Loss B » i*ud» FEBNE TR HFES LN N B Fen

Multicast Packet 4ct i3 i+ * Packets % § #a# =t & &% 9 Packets > ®#f *hehig 1t
Packets « § 44 % > R FIE:*=H - * {80 § & L £ @B (Retransmission) » 2 =
Ak SR AL B 5 PR E G RE O T A 1?{—'%&{?‘3& Root Node * ##
% 0 A x4 B Root Node ihE @ # iy € @ Delay h@ 8% ) » F¢ CLIMP 1% CS

%% Data Buffer> - 3 £@7% .']‘i%ﬁ‘if-ﬁCSf]*‘uéi“ FEBOTREF L o - BhnpF
¢ 1% Data Buffer e Hit Ratio #— % Queuing Size 73 & > f i m?ug w4 ek

% Delay 7 #7% i o # % 715 CS it 0 Congestion fFims 3 — &3 &7 i - BE2R
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WA b R e T o o R AR A G - ARR hFIE o e B¢ g kAT 0 - B4 CS

B AP A R R L?é:j‘&lf“ AR T %k g CLIMP v+ SSM " i

734, 6%
CEBR-Delay
0-3 T T T T T T T T T T T T T T T T T T T
"CLIMP" ——
ngopn
0.25 b
0.2 r b
T
o a5 b
]
0.1 F b
0.08 E
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o o5 414 15 2 25 3 35 ¢4 45 &5 BE 5 65 7 7H &8 85 9 9.5 1o
Simulation time

B 4.4 Simulation for Delay

Bfs kg Jitter eh& Maci > F 45 B 4.5
Jitter v 4 v Router » # Packet Queuing esxic 3 2 & enf2 58 #70ud CLIMP ¥
> Delay i® 5 bt ¥ Jitter enfiin A 4 & o e 38> @ 1 CLIMP & Jitter *
P IR kg v SSM ka2 g8 e £ F] 5 Application Layer ¥t 1A chie i i wih
s & Kt SSM 5 4 66. T%-

3.

F RS @ Jitter nip R A T @ L0 T a0 %k
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CEBR-Jitter

Jitter (mz)

T T T T T T T T T T T T T T T
"CLIMP" =+
noopt +

* L L k3 LI K O L & A A LA O

+ &+ H#+ + + + +

1 1.5 2 25 3 3.5 4 45 5 55 6 &5 F FA5H &8 8.5 9 9045 1o
Simulation time

Bl 4.5 Simulation for Jitter
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i iz w g e MNulticastingAp M AT g % 5 A @ rCross Layer
S RS S L A PERS £ LR T LT SR
R E R G A E RIS T E TS B Y R B Robustness £~ 3E
B oo TN A RFT Y P R Ao g iAo @ 2 B $Cross Layersr B A &
R5 oAt - RO A T dZAF SR RV oar § € R L et AR o T L £ -
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