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Abstract

CCN is a content-centric networking architecture that routes and
delivers contents using their names instead of [P addresses at the packet
level of the network. In CCN, the name of the desired content in the
request message called interest is used to calculate route and to find a
match in the distributed cache. OSPFN has been proposed to distribute
name prefixes and calculate routes to name prefixes.

In this thesis, we propose a new core-based multicast routing algorithm
using OSPFN (CMR-OSPFN) for group communication in CCN. In the
proposed CMR-OSPFN, a core-router and node flood content name
prefixes and group name prefixes using the modified OLSA message in
OSPFN, respectively. The group name and the core-router information are
stored in the modified FIB table to provide the core-based multicast
routing. We also propose a new data delivery scheme that uses the TOS
field inserted in the message packet. The core router delivers data packet
to all the members within the group for an interest message from a user.
Therefore, the proposed CMR-OSPFN can reduce the content service time

to 7+ N, T}, relative to N,T;+ N, T}, in the dense user environment where

N, is the number of users and 7; and 7}, are the transmission times of

u
interest and data packets, respectively. We compare the performance of
the proposed CMR-OSPFN with that of CBT wusing NS-2 simulator. We
measure the content delivery time and the network bandwidth usage
relative to the number of hops between the core router and the service
server. Simulation results show that the average content delivery time and
the average network bandwidth usage of the proposed CMR-OSPFEN are
reduced to 45% and 74% relative to those of CBT at 10 hops, respectively.



In CCN, the LRU (least recently used) and LFU (least frequently used)
schemes are used in the distributed caches. We propose an effective
cache scheme for a core-router with volatile content. In the proposed
cache scheme, the content provider issues a volatile content to the core
router and then the core-router serves for the duration of the lifetime in
that content. To confirm the performance of the proposed cache scheme,
we measure the content service time from the service serve to the core
router. The average content service time of the proposed core router

based caching scheme can reduce by Ng,7; where Ng, is the number of
hops from the service server to the core router. In CCN, #, interest
messages should be used to receive a content consisted of /N, data

packets based on the OROP (one request one packet) scheme. We propose
the OROC (one request one content) scheme in which a core router

transmits /V, data packets for an interest message from node. Therefore,

the content service time of the proposed OROC scheme is reduced to

T,+ N,T}, relative to  N,T,+N,T, of the OROP one.

The proposed CMR-OSPFN with the new cache and OROC schemes can
be used in the dense user environments such as sport stadiums,
classrooms, theaters, and conference rooms. We develop the sport mobile
group communication service in stadiums using the proposed CMR-OSPFN.
In this service, the sport mobile service server issues game contents with
the lifetime filed and the core-router with a cache delivers game contents
to users for the duration of the lifetime of contents. People come to cheer

in the stadium can use this service using the cheer mobile application.
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\SMTP HTTP RTP... / \ File Stream ... |/
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(a) IP protocol stack (b) CCN protocol stack
Fig. 3. IP and CCN protocol stack
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(a) Content delivery in IP network (b) Content delivery in CCN

Fig. 4. Content delivery in IP network and CCN
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9 AdXle 7= 5QF o] FIB, PIT(pending interest table), CS(content

é Content Store )
Name Data =
Face 0, T
v . )
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i [
] .f'» q»
Index -2 QQ
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@ | P 1 <——te
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Fig. 5. CCN forwarding engine model
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(1)Interest

nten r
(:10 tent Store (CS)D : -Face 0 /china.org/jstv/china_talent/v3/s2
ame ata i
/china.org/jstv/china_talent/v3/s1 ® :,
/china.org/jstv/china_talent/v3/s2 | (9) cathe the data ",
(2) no matched data ® 'S
(10)deliver data
Pending Interest Table (PIT) Face 1 (7) Receive data
N Incoming s
ame tacs(s) Lifetime ®

(3) no matched entry
+china-orgfjstv/china_talent/v3/s2 0 (5) Add a FIT entry ®

(8) consume the entry

»
>

I

(6) Forward Interest

Forwarding Table (FIB) Face 2
- Oufgoing
Domain Prefix face(s)
(4) Check FIB entry
/china.org/ 1

Fig. 6. The basic operation of a CCN router

T2 69] ‘(2)no matched data’ofA]Q} 7ro] CSof A AtEl ZENX o]2u} Al
2 (4)Check FIB entry'@} Zro]
Q7 w7l FIBo| et ZRl= Al3At Yoz 2tef =u] HAEsh Interest 7
HZ ‘(5)Add a PIT entry'@} Zo] PITo]| A5t} ZEIXE

H7EA] A4 2k Eo] FRIAE ARSH ey ERIX A|FAME U o
ol oA mZE AZY Ta glol Al HolH mzl AZE S8Rt
‘(8)consume the entry’e} Zro] gojg 172 w=9] PITo| A% x| os
Q7 mzlo] AU Ao r FEIX QA AZEY L&

< A2 % ‘(9)cache the data’e} Zo] CSo] AAsto] &L ZRI= 27 Al &

5 211021
Al SGE 4 A ol

8% mi7lo F-E o] Fol LA|SHA] 2= 3
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@ CCN HIAJA] o7l

Interest packet Data packet

# Content Name # # Content Name $
Selector $ Signature uJ?

(order preference, publisher filter, scope, ...) (digest algorithm, witness, ...)

Nonhce Signed Info
(publisher ID, key locator, stale time, ...)

$ Data #

(a) Interest Packet (b)Data Packet

Fig. 7. CCN message packet types

Y 72 CONoJA ARZE]E oAIA] mi71Q1 874 mh7l(Interest Packet)n} oo
B mj7l(Data Packet)e] &S UERH Zlolch?l & Haje Zelx sulxprp 2

922 agsts 04 Holl, £ WAL 9XY EUAS 21 9t 9o wc
b 27" BUAS SHoR Aotk dolg mzlelth 13 7 (a)e] 8% T3

o B o2 ¥3o| WRY EHR 0|22 ol YEYaT MeHu], Pl

AR ARG dlolel B3l Al EHIX oS o] s, EHAE @

get F mizle] FRIX o]FZ g J|ARSte ARESH. @4 7l
“Content name”, “Selector”, “Nonce =2 A&, 32 7 (b)9] ¢lojg mjZl&
“Content name”, “Signature”, “Signed Info”, “Data”= JLA=ICt QA mj7lo]
Selector= Q7 mj7lo] FHI= o]Fof| 7|=EA] 42 olF == AMAIS] 7|=5t
+ Ixolth. 4 mizle Al CON =t FHI= ol55 &Qlsto] sfigsh=

clolEl7} CSol &xfshs 49 dlole T2lo] ot Sstc. tolel mzle] 2o
H2 @7 mj7lo] XU duteF 4 2(RPF, reverse path forwarding)s T2} @
YAt 2Rlx2 Agdch 24 W20 Nonces WL MHY vlole 2}
2, 0% Wzlo] H2EAAE Hoe N2 02 J2S 55 215 Y4

of 24 =S AEstq Tz P YASteH ARERIH. HolE  f7lo]

Signature?} Signed Info &= G|oJE AtA|Q] QAFut HOMIZ Ao o

9,
|o
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of, 7120 AEUL BoHYS kolv] s B 7t AR Al it ol MRS 4
YsHAIGL, CONOME EHAS S Bjad W 5

O 82 EHA U Zelx AFA] ofgt ARE AT ASstd BHE of
g9 7xolch, CCN tlAlA] Bzl E8IA olg &
shel o2 AHgSHA ok AgAH: Wshe EWAY o352 84 w3l ot
Aot g EH0] =g gbx AR Aok AYEE o CON =t
oA clolelg Ao clole] W §3 8% WA P2E o2 ueriuiA
AgAPIA ERIXE 335 Hh CON YEYS wE5o0] 2RIx0| o2

Versioning &
User/App supplied name Segmentation

Human
Readable: /parc.com/videos/WidgetA.mpg/ v <timestamp>/_s3
) L Il Il I
| | |
Globally-routable Organizational name Conventional/automatic
name
Binary

Encoding: |6 [8lparc.com||6lvideos |[1 1|WidgetA.mpg |[7[FD04A...][2[0003]

Fig. 8. Data name structure
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2) CCNOJN 9] 7]& 2t9d Luels

CONOAe] 715 2t98] AnalEe 7]& sAE Ao 2t9elat ttar 7 2
Blxo] 0|22 2o Agst= CCNO| E42 13t 2108 Fnajzoz ALgx}
of 9y EExo| oot sjY EUAES WA Pt 2 DA 2ol
s34gtch wabA] CCNojAle] 71& ahes Luals =
FRIA7b] Uop} was] 5UY 4 QUEAY} ehed LunelEo] H5e FQ
stof, Rz gist F AlEE FFAIZ17] e Ald =2 240 23S HF

A7E T 9k,

L

2

(1) SoCCeR(services over content-centric routing)"aP_T'_EJ%m]

SoCCeR SoCCeR

-------- Interest Ants
----- Data Ants
—— Normal Traffic

Fig. 9. The SoCCeR operation
S. Shanbhag® Tjo]E|9] L£AIAQl =715 1aiste] 1 99F o] SoCCeR
duES Aetstdtt. O™ 9% SoCCeR Zi2|EolA Alotsts UEHZE 55
2 Uepd Zloltt. 2149 Alsols Auel 584Q Balg 9sto] SoCCeR A%
S Aojstt). o] AZoA= JjulAT 2| A SHACO: ant colony optimization)2
12)5g o| g3t 7t 2h9E9] AntSo] ACOd o5 H2E ANstAl7|7] 9
5l Interest Ants?t Data AntsES 0|85t XA A2 Hol2& AAsHct.

Interest Antst 7t == MDY 0 A AL 7|Eshe AlZF AS shAIn,

i

r)

SoCCeR 5L A]ZF A0 RJAO] AJAR] A]ZFS ol EEIX Au|A7} 7Hs
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Interest AntS $AIGHH,

S ©+< Data AntE Interest Ant7} AEE0] & A= E o|&s)] HLeth
SoCCeR ¥ FollM= 2429 2tE7F pAlet Data Ant Wof A|ZE AEIE A

u]2 JE} JRE olgstel J=2 ATt ol2igt AMetY A= st &
Ae mots ARL JMAlL 9lon] EF AFRAISO] Wshs Aulao] ofgh A2

AZFS A KA SRRl Fhs ettt

1 L84

(2) OSPFN(OSPF for named-data networking)at9& 2t mals B

| CCND ‘ OSPFN I l OSPFD \

OLSA
>
OLSA from
neighboring router
OLSA UPDATES
<€
ROUTE QUERIES
g
ROUTES
<
FIB Entries
<€

Fig. 10. The OSPFN operation

L. Wang2 OSPFN 2t¢8 di2|&Z Alotstdon, Aokd dilejE2 Ax|
[PojlA] AFZ %91 OSPF(open shortest path first) =2 8 2?2 CCNoj| 2tA] #
F3tof o]F 7Ivtez 2teEsh=t Qlof whE F2 dAN EfHS FAsteitt
OSPF9] vrals Oz AFEsto 2z 2B 9] LSDB(link state database)S &5
7} B}QESL OLSAZ Zejqsto] xPAle] Z22 mehsln Ao 722 Ae
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T} OSPFY| T} 7= X¢str] Lobs BAIS siZst] sl 12 103 2ol
CCND(content-centric networking daemon)?t OSPFD(open shortest path
first daemon)E CCN 2}@Eo] F7tsto] JHO a&AQd et oh5de Al
of tigt =AIdS siZstRtt. CCND+= Interestet Data WAIA] AES A 2|5,
OSPFNS o2 Auo| 7]uHst OLSAZ AA| YEY o] Zagsit ahoro]
OSPFD7} OLSAE AlstH  4Alst OLSAES OSPENo| Adsitt. OSPEFN2
OLSAZF RpAle] ZIRIA] obdA|S 3Esto] AH4le] OLSAZE obd 3¢ OSPFDO
Al FAA 2 &ote O &0 tigh BEE 4%t OSPFDE= AHil9] 2t2d
ol2oM T3 F S5t wd F= v]go tiet JES OSPFNoA ALt
OSPFN o] FJHEE ©o]&35to o|Fo 7|9t FIB 52 A/dstal CCNDoj 4

eIt olof OSPFDE= 7[A o=z OLSAE E=Hste eHo] EZ=2X] 7[¥H]
AT d2 EE Alibste, 549 425 A=t

C. Liz AREAPE RS ASes QoS = F422 GACFEES At
stAen, d= At 9 a&XQl F&S #sl HA(hello ant)e} NA(normal
ant)9] Alsetd + S/ 7NolS AREst 425 Bt FAsieith HAE
teEoll osl BgHM, 28 R UG FEE Ak AREH. NAE
HolHE 27sts AvlAtol] ofs 2D doHE FMst=dl AH&EH. NAE
dzo] oigh e¥sdTe xdstks tiAl HAE 2h%8 JES 245 fsl 2
HalE, 24 tidF, A d=o g5 Ad, Y HdE 5 NAEG o @2 F=
Zaottt, HA= 47 AR Aoz AR ARil9] FIBolA HgshAl 2Fl
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NLS(neighbour link states) EJ|o]&59 4Fdstal o= o|&sto] x|AQ] H=2E5 AF
obich mepH F¥ Jhs3 2ol WM HNE L AYNS 5
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(4) aRoutez}tLEl g pajz 27

R. Ahmedt QIE|YlolA] A g3t Aurt Z7ksts W ehod Holgo] aha

dol FEE Fol Atstd e, o] 7]¥te] DHT(distributed hash table)2 &
Ab Aoz 7] S migE & ok DHT= & 7HX] 48 845 =adsit A

3
1= MA 7] 32He BE Ftos st EaA wmcof] 7 Ry 3
ot partitioning?t & WAl2L &o] AMgte 4ol oigt ol 712 A
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I:I Indexing node
rc 157 re —
rc
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e e e e e e e e
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kt kt kt kt kt kt kt
kt kt kt kt kt kt kt kt
Fig. 11. Partitioning tree of the aRoute
2] 118 Partitioning E2] o|A|S &5l partitioning 1S AHsH Zlo|t.
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(5) LANES(logical address space network extensions) =z g3 [

K. Visalayx UEYT YR Aol AMEAL 27 AEE Adeh=d] 9lo]
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Table 1. Comparative analysis of routing algorithms in CCN

L2EE Mg | AIZARE | 24 olzd | #HA GES
SoCCeR O o)
OSPFN ) o) o)
GACF (@) @) O
aRoute O O O
LANES ) )

I 12 CON 2199 AnFSS 67ba 249 A Al mejakgol ofsh vl
243 Zlolth. £ 12 MUEH (JRLo 2tod %ueFol Pug wa A
S

g 4 Qe AT ARE ol 2-S SR iEELL oh SoCCeR2 AREAA|
=

@
x>
®
vyl
l
o}
oxl
u
i
o
ofo
%
oX
lz
1o
=
He
uj
ofm
ot
ia)
ri
>
r\J
lo
o2
o
>
N
=]
o
ujn
rlo

%
A} Elol2e] s, BT AIS FHAIIE o £85tn 91, LANESE Y

O Oy Y u

7o A& EflE ol&sto AEES ASsl 2eH AAY IS FIAA BE

CCNoJA EJFAE Bl 2
Ruol o3t eheE Elolg Il WEHAE 1F Belo] ojit 2etolelEe
o] 40| mejEjojof #ih & 12 We 2k9El Hlo2e] sgAnl Zatoldieg]
o] 40| mej= OSPFN 2melzgto] ta 9lrt. olo] & =RoqLt OSPEN &
12]5e o] &sto] CONOA O] WEF|AE eloe] wnelEe Aesturl st

- 24 -



3) CCNojlA 15 34l ¢

aX

(1) CCNojA 9] Ax7F 28 £A7

[P UEYI MARE N-to-N 54 31§ SAlo] a8% 2E 2"

re

714

u

I=]

RRG(redundancy reduction gossip)= WA|A] 713 A&st7] s AHAlQ] o]
e == & Qolo 4hgo wEg MEslo] AAE st Z2EFl
- A71ReR YEYI Yo olxste =5 Yoo #TF AdHste HAIX S
Poloz YEYI Yo BRast 52 uAAle 47} Urk ol Ealy B

st A2 s12st7] 98l CCNOJ 744l 7158 @&ste] CCNoA RRG Z2E2

2 O Mo
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Fig. 12. The RRG operation in I[P network
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Table 2. scalability comparison in CBT and DVMRP
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1000 20 50% 30,000 1,000
100% 40,000
HEPPIAE Edjulg Aot 440 22 S2hotn 1F wWeo] 22 Gat ot
B, 44 gt WEPPRAE Eali O(S+G)9] 29| &4 (scalability)S 2=}
5 20|14 B At o] DVMRPO] 49 4x0] 27} A7bsto] wa} atoeje] 4

b Z7tete e B & 9ok sHAIT CBTO A9 AAzet ATglo] 189 &

W RE7|AE EE S ASste 2HeEVE EAfith ol &8 CBT7F 2

o epgugol] glof 71EY ax s|ute] WePRAE m2EZ0] YA ulste] 94
3 E4S ZEThs AL U 4 9tk 42 Jjvie] WEFJAE Erjo] A9 7

_30_



4 E22 ASSHE WEPIAECA Tol2 M| YA HEPIAE 4
Afe] 97|, FolE S Bot Edfmel o WERAE FAAY x|, =
I:H

=
AQ Z4 L O9S a7 5o nsjolste of2] Aol Ytk 20| 1Y

2 3A A 7HA] 252 U o o ol o] Fo] MH uiy, UEYI it
718t Fo] AEl "up J=2 y]ub Fo] AER ups o]

Qlojo] Fo| Mef wpyle WEFIAE I8, YEYI YA, oA ojo] Tt A
H 5 AE 71E Qo] ZoE AHsts Yot ol =E9] HEIAE OF |

L Og Wy Fol4 99z wcs

A ¢ RS We2 st o] PRt AA wWebe FYshA Yenjx st
o2 9y AAAsE At AZlo] LT F] Y5 AT Iy Ue
WAE 22 oy 9 2A L cof o)t &7
el Apgolch. A4 JIMF 2ol ME e YN AEUEE suoR Fojg MY
5] Theo] WEHAE 1§ £x 1§ Wejo] wato] AbEeglo] Hojst Meigic
ojepy YEYTY BE wSof ofgt Ad) Ald £x Ao Fo| H49 k=t 5
UEYTY FAlo] YAIF =0} 3

st ASHy HEPIAE I8 Wyt YEYIS EA |0 YA P
B B%e 450l Astette Aotk
Ao} Fof MEl wHut o 7t o] AE wwle HEFIAE OF WY 9

_3]__



Hjgo 2 sof

=
=2

Yug

].

LI

[<)

o OF o] o

o] 9|

|

B4 mEof 24

™ M T oF KP JoO™m & m %O
iy of ok 4y B " M ow oF W
v L 5T T o ow T
BT T R )
] m__u_m___ = A uﬂ i ™
L S T L I - T o
F o — b = ol e o 5
_— — ™ '3 an) fa)
‘.W 1o vAO dl _I_ ‘m_l Mn_u‘._ O 1__.._ -~
50 T Hr ol w| m@ Eﬂ_ - T To m m
_A_.o ..% ar .mH_ A_ n au x_.w_ ﬁ_.: m m
or Mm T =0 ™ n___m wh - r B BJ S0
3 5w oo B (I S L
w KT w @miz = oF
N w g of uF WDk o W
.A_ 17A_| — m 110 .A._O gl —~
_._.__ [=—3 _— o ,m_l C mﬂ A_._O /M
yA_ ™ S ..WH_ ‘N O_E @)
— o U S0 = w o o 2% &
™~ 7N NS ol
A T —_
w g4 o . AE R A&
WO T B o 1T o i
o B < T oz T TN ___mo F
Ry ® i T oy R
5D . nl ol O_E _.=_VH_ .Ul E_a _)_I -
2o X YR ) o
F o4 B W A R = A )
o 5 W o = o 9 5
w o B o == NT a <0 °
~X ,WH_ m.-mO _.:__.: ~ B _A_n_ O_.._ 1_Iu| ol ,Ql _A_.o _.ll_
S a0 u N o= T oz 2B o e
™ A ke o R = o Mo
A4 e T su W KB 5
T o B < Kp Howg T 5 o
~ o o= < P 50 o o o 3
T RGE o . ol 58 & & o
il My or A #H | o
Mo T R 5 —~ O W X ©°o 5
T M oW e o S wo e Wl

Fig. 16. Packet delivery in CBT
- 32 -



Iy 172 BEPRAE F2 4 TgS Uepd Zlolch ARde] Auud 1§
ez EAEE AR AY PeEL 1gH Fol JAEES Yn Ub

1]
U

JOIN_REQUEST W|A[X] & o] 2B S &sto Buir dozn Ef] &
MM S AlEfstch HAlAlS FAsHE CBT 2t E2 71 AEIS 7|9dsta ot
7t A7 2B & EEote= JOIN_ACK HAIAIS Zefolsty ERlE 45| 1%
stAl "t} EF JOIN_REQUEST tA|x]of] tfsh FE7F Fz4e] CBT 2h-Ef
ojo] Qle 4% 3ol 2t9E7HX] JOIN_REQUEST HAIAS HZstAl kil CBT
E] ol YA ohg 2he-Eol 95l JOIN_REQUEST HIAIX|S Bl o F=

5

ox,

2 &l A7 2FEfolAl JOIN_ACK HAIXS HUA Hot. qie 9] Aho] apigo]
O] FOolX|1L UH B&= HEZHAE Ho|]H& &4l 3o 2HeHE dRs6t ¢
oj .
= Multicast Tree
SRCQ\ ----_Non Multicast Tree

JION_REQUEST
JION ACK

Fig. 17. Multicast route discovery in CBT

_33_



[II. 2 CMR-OSPFN(Core-based Multicast Routing
algorithm using OSPFN) &i2]&8 AFEst g-5491

dlolg AT WAl

=~

BEAE OF 42 Y9 uldo] ofZAlold, N-23d 7|¥te] 1N 0
oY 2HE, I5AIE, 248 H eHdee, | VN a9, 2 mAdE, 22 2

.'I__é'._
A Y 4, M A, EEEL 0o AY, A2UENT m208, 24 AlY
S UEYNAD 771 2RA S5 S HYR 2okilA 712 EOY

A2 25 ®|Y § F7PF dlolEy Ao mizle LA

SAo] M 4 Utk EF 1 SA YA AY 75 PES 8} 2AE W
Aol thgt Aol WAIAE AAICE olze MY g Ao stou REHAS

SRIATE S ottt Alo] HAIXE AEstez e¥se ZAE 7PqT.
CCNojlA] P2P AAZE 05 Al S8 A5 HEFIAE 7|9 71y e &
Z(gossip protocol)?g Agsto] MARQYN. 714 meEZTe HEIIAE g
£8 Hol= ¢lo] A9l o]Rst= & & U2 LUtE =EE AEISto] HA|
A A&sks Aot ol WAl 7l5= 7HXIA] g+ [P 7|8t YEQ S0 |5
= HAIXY 25 &Y 4 Qo ti7] XA AIREE 7WdsiRnt. Est 29 Elo]

_34_



g H H7F BRsHA] febz AR YEYI PN 82 AT
o SHAIRF YIE S oA 2ked = glo] doz AdEieh :=oA of-83F
HAIRS AEstez HENIT E=o] wist /S @A

CCNojlA @@ HAmAA E(ACT, audio conference tool)2 CCNQ| Are] A
39 ojZ2|Ao1M AFg o]&sto] LU, o] £ 3o HAo| i3t e
o] Rsg At AARE 25 SAS Aleett. SRRt Breo] RES HAGHOL
5= ACTY] 4§ oot 25 s4ldl A-&striol AeistA] oot

o]9t Zo] CCNolA o]FojX|1L Q= IF A2 St BEIAE & UA9
A2 UEHZ A5l ofd 38 AlSS ol&sto] 7HgEi glen], CCNOjA]
HEHZ AlSS o8&t BHIHAE 2h& | et A5+ o] RO XA
&L et ojo CCNojlA HEEZHAE 2ped du2E5S AMES M=z HolY
A FAo] dist A7t E st

 ==olAe CCN 7|8te] a4l FEPIAE 2hed dueEs Alsta,
o] AHE&Sr M=z Holg AL ®AS AQtstAt oith. Akst= CCNOA 3
ol 7]gt HEIIAE 2 H® L ue]S(CMR-OSPEN,  Core-
Routing algorithm using OSPFN)ojJA] 7]& CCN 228 &12]%5 OSPFNof H
EFIAE o2 HEAl HAIXIE Zststel 18 Te] 7] FEITH E3 ole
Qg eleh mol 2t9Eo] 9M&9 MAS 9 OSPFNC| 2t9E Eoj2g 2
ettt Aehe CMR-OSPFN 212|&2 P HEFHAE 2t

e

a

O

o o
s
Rl
iu)
aX
2

ol

o
o
7
5
A
=
c
=
Q
®
7
Z}

7]& CCN 2teHe ZHIES 274 ARRAY] J4==20 diojy mjzls A

o}, SHAIRE AQFsh= CMR-OSPEN €| &oA= shuel 24o= HX| 1F

Hgjo A dlojgl mjZls MYsljof sto 2, TOS(type of service) BEE Zh= 7]
& CCNoJ HAIR] BiZlS 7ot 22 FEE Aetetct

-

_35_



CCN dlole A& &Al2 shte] tofE] mfzlof] thsh stite] a7 m7ls A=
o Eeot o] EEEAZ A Lot tlolE mZld] dis] EEZHAE HEo] Tt
sotth AA71A REPHAE AL of ARSAPE ELeh HlolE miZlo] tish 87
7S shte] eheE= ALstls B =HeE7E st tlo|H & ol§sto] of
ARt Hgete Ag oot

73 182 CONojlA Hlofe] M age Uepd Ziolct. Zefo]dE A, B7} 59
3t 28122 XSS A CON 29 f 12 6= Agate 2Hx5 st
|= #pAl9] PITO] A, Bo] 4 mjzlo] 2419 mo]A } 2
R7geret. CON 2198 lo] ZRIX AlZALZLE dlolg mzlg falst, PIT HB
= ol&sll HlolH mZlE A, BoAl BEPHAESIH. of BEPHAE AL CCON 2t
E 1o] A7} /et 2RIA 97 mzles ZHE AlgAtAl At dlofE o7l
= 7|Hel= &< BERE Ut FHA0f tigh 84 mjzlo] pAlE= I oA o
FolAl Zlo|tt. o= stutel 2t Hof| St FHE 2% it BE mjAvt ¥4
o] 7F's¥h CCNoJ 54 wiZo|tt.

2ol E E, G7F 5Ygt ZRI=AE CCN 2k 207 @7g3tet. ojnff CCN 2}-¢
Bl 2= CCN 2498 13t g2 CSofl 87 sigst= dlolH7F Ao} 2ot CCN
eheH 2= ZHE ASALR HlolHE 8745HA] oAl vh2 €SO oy mZlS
ety 28|82 Eo| 94 mZls aAlt & Go| 84 mZls fAlskls 499,
B a7dof tigh CSof HlolH mjzls Mgt & oAl G| 870 et tlolE A&
o] o]Fojxlt}. of Foll= ABo 2744 Zo] BEIAE HLo] o] FojA|A] o=
=3

El

=
LA

i
2
O

m[m
rp
e
aju

rok

oft
rd

_36_



Content
Providers

CCN ROUTER 3

CCN ROUTER 2

Fig. 18. An example of data forwarding in CCN
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Fig. 21. Relationship between CCND, OSPFN, and OSPFD
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0 8 16 24 31
LS Age Options LS Type
Opaque Type Opaque ID
Advertising Router
LS Sequence Number
LS Checksum Length

Opaque Information (variable size)

Name LSA Opaque Infomation

Size in Bytes of Name Prefix(32bits)

Name Type(8 bits)

Name Prefix(Variable size)

Fig. 22. OLSA message format
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User/App supplied name
|
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/sport.com/jejuunite/videos
L ] L

| |
Globally-routable Organizational
name name

Fig. 23. Name prefix structure
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S st Zoo|dEzME AFHch CONY 2PEE oS AEAR

Globally-routable name& 0|83l ZEH X AZAIS & 4 9Jon] ZENX AZA}t
=
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Fig. 24. Name tree traversal

User/App supplied name
1

| |
/sport.com/jejuunite/_multicast

| |
Globally- Content- Multicast
routable name Group name Information

Fig. 25 Multicast name prefix

structure

a2 25= Globally-routable name, Content-Group name, Multicast
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(2) EEH2E 2t H= HA

RTR 1(Core Router)
IP:141.225.8.1

RTR 3
IP:141.225.8.3

RTR 2
IP:141.225.8.2
10.0.2.1 10.0.3.5

10.0.2.2 10.0.3.6

SR .. Q R

10.0.5.1 10.0.5.2

RTR 4 RTR 5 RTR 6
IP:141.225.8.4 IP:141.225.8.5 IP:141.225.8.6

Fig. 26. Network topology for route discovery
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Table 3. Name prefixes originated by each router

Router Name Prefixes

/sport.com/jejuunite/videos
RTR1 /sport.com/jejuunite/images
/sport.com/jejuunite/musics

/sport.com/fcseoul/videos
RTR2 /sport.com/fcseoul/images
/sport.com/jejuunite/_multicast

/sport.com/fcseongnam/videos
RTR3 /sport.com/fcseongnam/musics
/sport.com/jejuunite/_multicast

/sport.com/hyundai/videos
RTR4 /sport.com/hyundai/musics
/sport.com/jejuunite/_multicast

/sport.com/bluewings/videos
RTR5 /sport.com/bluewings/images
/sport.com/jejuunite/_multicast

/sport.com/dragons/videos
t. d i

RTRE /spor com/. r.agor\s/lmag.es

/sport.com/jejuunite/musics

/sport.com/jejuunite/_multicast

7t 2teEl= A5l cenname YRS ARSSH FAIs71E dshe ol AFARet
HEPZIAE o5 FFALE . ®et 2
&l o2 428 YAIE 4 ot RTRI, RTR372]1 RTREO] digh -4 w2
£ 49 At 7} 4 A2 2 E7E Bt ofF ARAL HEIAE o AR

Atz /3% 3 RTR1, RTR39] F& tF 4= 442 24t

El= multipath-order H§3-& At

Ho
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Table 4. Router configuration files

RTR1 Configuration File

ccnname /sport.com/jejuunite/videos 1
ccnname /sport.com/jejuunite/images 2
ccnname /sport.com/jejuunite/musics 3
multipath-order 10.0.1.2 10
multipath-order 10.0.1.6 20

RTR3 Configuration File

ccnname /sport.com/fcseoul/videos 1
ccnname /sport.com/fcseoul/images 2
ccnname /sport.com/jejuunite/_multicast 0
multipath-order 10.0.1.5 10
multipath-order 10.0.3.6 15
multipath-order 10.0.3.2 20

RTR6 Configuration File

ccnname /sport.com/dragons/videos 1
ccnname /sport.com/dragons/images 2
ccnname /sport.com/jejuunite/musics 3
ccnname /sport.com/jejuunite/_multicast 0

ZF 2p Bl A9 1 g UlEY E2Y5] Al ol AFAR ¥
BI7IAE o5 AFAtOl tigt OLSAE A3/dgtct. OSPFDO] 95| A3+ APIE
ol o 2H2FE OLSA =A}/AMA|/AH|0|ES 245 OSPFDE ALl 9]
OSPFNOJA| OLSAS A& Zloltt. Zt 2teEol= HEHNI Yo 2=29¢ 2=
ZRIZ9] o]F FFALe HBEIIAE olF HFALS R o5 AFAL HolEO]
F%%]o] Zch RTR30] thst OLSA= 7 30z} Zrh ® 4°] RTR39] 2}9E 9]
8 O o 2295 ddte 2719 ol AFAR 719 BEIIAE o] EAF
AFE UEAR F2Ys7] fldll OLSA tlAX|o] o] FAIt HEFIAE o] F

REAL PHE AU
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RTR3 Opaque Name LSA

LS Type 10
Opaque Type 236
Advertising Router 141.255.8.3

Opaque Information

20 (Size in byte of prefix name)

0 (0/1 O-indicates uri, 1-indicates ccnb)

/sport.com/fcseoul/videos

RTR3 Opaque Name LSA

LS Type 10
Opaque Type 236
Advertising Router 141.255.8.3

Opaque Information

23 (Size in byte of prefix name)

0 (0/1 O-indicates uri, 1-indicates ccnb)

/sport.com/fcseoul/images

RTR3 Opaque Name LSA

LS Type 10
Opaque Type 235
Advertising Router 141.255.8.3

Opaque Information

25 (Size in byte of prefix name)

0 (0/1 O-indicates uri, 1-indicates ccnb)

/sport.com/jejuunite/_multicast

Fig. 27. OLSA for RTR3
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5fl, CMR-OSPFN2 ©]§ FFAL Eo]E59] ol FFA HZEY o] ol A+

AR HEFRAE ol F HEAIAE T

Table 5. RTR1's Name prefix table

RTR1 Name Prefix Table

Name Prefix Advertising Router
/sport.com/fcseoul/videos 141.225.8.2 (RTR2)
/sport.com/fcseoul/images 141.225.8.2 (RTR2)
/sport.com/jejuunite/_multicast 141.225.8.2 (RTR2)
/sport.com/fcseoul/videos 141.225.8.3 (RTR3)
/sport.com/fcseoul/images 141.225.8.3 (RTR3)
/sport.com/jejuunite/_multicast 141.225.8.3 (RTR3)
/sport.com/hyundai/videos 141.225.8.4 (RTR4)
/sport.com/hyundai/musics 141.225.8.4 (RTR4)
/sport.com/jejuunite/_multicast 141.225.8.4 (RTR4)
/sport.com/bluewings/videos 141.225.8.5 (RTR5)
/sport.com/bluewings/images 141.225.8.5 (RTR5)
/sport.com/jejuunite/_multicast 141.225.8.5 (RTR5)
/sport.com/dragons/videos 141.225.8.6 (RTR6)
/sport.com/dragons/images 141.225.8.6 (RTR6)
/sport.com/jejuunite/musics 141.225.8.6 (RTR6)
/sport.com/jejuunite/_multicast 141.225.8.6 (RTR®6)

o2 FTAIRl L2 RTR 1o thst FIBo] i WS A&t BAYS o2
S0l AmEH o]F FFAL /sport.com/jejuunite/musicso] tigt FRHI=E 75l
2EE & 59 o]F AFAL HolEoA A=t 12]i OSPFD&= ® 63 20|
28 HolZ2HE ZHZEE 7M1 2eHEo oF § AES AMt FIB 2
Feo] = 1 73 o] olF FHFARN FRIAE VMl 2EHE ot O
So® dHn. FIB g5 /43 thaol CCND2] FIBotoll AFdghct
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Table 6. RTR1's routing table

RTR1 OSPF Routing Table
Destination Advertising Router
RTR2 10.0.1.2 (RTR2)
RTR3 10.0.1.6 (RTR3)
RTR4 10.0.1.2 (RTR2)
RTR5 10.0.1.6 (RTR3)
RTR6 10.0.1.6 (RTR3)

Table 7. RTR1’s FIB table

RTR3 FIB
Name Prefix Next Hop Multicast
Group

/sport.com/fcseoul/videos 10.0.1.6 (RTR3)
/sport.com/fcseoul/videos 10.0.1.2 (RTR2)
/sport.com/fcseoul/images 10.0.1.6 (RTR3)
/sport.com/fcseoul/images 10.0.1.2 (RTR2)
/sport.com/jejuunite/_multicast 10.0.1.6 (RTR3) jejuunite
/sport.com/jejuunite/_multicast 10.0.1.2 (RTR2) jejuunite

o2 MZAt Elo]29] o]2 A=At HWE|FJAE o]2 M=ol AL OSPENL

HEZJAE o]F FFAN] AT / 039 _multicastE AfA|stal RTR 1of ofigh

FIB Blo]59] ol FFAF 2lZE9] HEo] Aggtey. £ RTR 19 HEF|AE

5 lZeo tight 2= HEFNAE ol AFAMA FRI= OF o]5x Zo,

o2 59 diE BE+= ® 62 o8l WEFNAE o|F FFAIE TAS 24eH
FIB

Hlol2ol 8=
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o1F FEAIS} HBEPIAE 0|5 HEAL of2] 2pQEo|A S2YESICH, FIB

=

g5 4 2 AHE Fohe ts Fo diY g 42 AT oF 4=
o digt $AdeHs 4= HE= RF7] Hs8l Ae=ol Aot FIB Holgo tF
FdR=E Ad5te 2% 4= "ol H2 ol AFAY 2H Uit te &2
men A Sl et ol ZAFAtl oish " 4 o= ol o wte
FIB Elo]=of Adsto] gttt

Table 8. Multipath ording for the /sport.com/jejuunite/musics

RTR3 FIB

Multicast

Name Prefix

Next Hop

Group

/sport.com/jejuunite/musics

10.0.5.1 (RTR5)

/sport.com/jejuunite/musics

10.0.1.5 (RTR1)

/sport.com/jejuunite/musics

10.0.3.6 (RTR6)

3 ©2 opxjgto] A&sE7] Th2ol, OSPFNE Che
e & Ho o 9H29S Ze 2heEol g Folgt: A & 4 Atk
81} Zro] RTR3+: FIBZ = E Fof
/sport.com/jejuunite/musicso]] tfst RTR39] & &5 A7] ¢3f,
OSPF 2}

CCND+= A 3o A« FIB =

d= v8o =2

S REARO] WA 219E|(%, RTRL, 6) A
10.0.1.5(RTR1)?} 10.0.3.6 (RTR6)Q] =}Eof] A 2 =9 742 vH|E&S At
23Tt 72 8% Aou], We o] 9HA0S Yo wch RTRIo| RTR3Z

wE 20 #2 u]82 7hxE Ve, RTR6S RTR3O.2 5 19] %2 u]§2 7Hal
Cf. 22D RTRES RTRI0] A49] Z=29l thg ol ©ch. 1202 A4
A& ohg Fol 0fat vlgol 291 RTR60| Tok. £3t RTR3S AHIQ) O H=

+8 deo] WY F=E Mo
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User/App supplied name
|

| |
/sport.com/jejuunite/musics/_CORE
L ] 1 Il J

| | |
Globally-routable Organizational ~ Core Router

name name Information

Fig. 28. Name prefix structure of the core
router

Table 9. Modified FIB entry at RTR3

RTR3 FIB
Name Prefix Next Hop Multicast
Group
/sport.com/jejuunite/musics 10.0.5.1 (RTR5)
/sport.com/jejuunite/musics 10.0.1.5 (RTR1) Core
/sport.com/jejuunite/musics 10.0.3.6 (RTR®6)
/sport.com/fcseoul/videos 10.0.3.6 (RTR6)
/sport.com/fcseoul/videos 10.0.5.1 (RTR5)
/sport.com/fcseoul/videos 10.0.1.5 (RTR1)
/sport.com/jejuunite 10.0.1.5 (RTR1) jejuunite
/sport.com/jejuunite 10.0.5.1 (RTR5) jejuunite
/sport.com/jejuunite 10.0.3.6 (RTR6) jejuunite
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Fig. 29. Extentsion of CCN Packets
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Interest
Packet

Multicast
Packet

A

Data PIT Sava

Packet Multicast of FIB
\ 4
0's bit of TOS

1->0

Interest Packet
Forwarding

Fig. 30. Flow chart of the Interest Packet to the
CCN Core Router

Table 10. Modified PIT Entry
Name Multicast Group face
/sport.com/jejuunite/videos/B.mpg/v3/s0 jejuunite 0,2
/sport.com/FC_Seoul/videos/A.mpg/v3/s0 FC_Seoul 51

o] 2eEHe 84 mFlo] 2t fioly mjzlo] Al CSofl A=A =

S

S Apalef CSofl lom T 299 Hojgl miZlo] TOS O¥Af HIEo= 1
LA vl Eo] BEPHAE OF FES AAgetet. CCN 3o 2488 PITO X4
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/ Data Packet /
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Fig. 31. Flow chart of the Data Packet
to the CCN Core Router
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Table 11 Simulation Parameters

Parameters Values
Link bandwidth 100Mbps
Link delay 0.1ms
Interest/Request Packet size 1Kbyte
Data Packet size 50Kbyte
Content size 10Mbyte
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Fig. 34. Network topology
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