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ABSTRACT

Content-Centric Networking(CCN) is a new networking paradigm to search for the routing information needed
to find a data from the content name, unlike conventional IP networks. In CCN, the mobility management, one
of the CCN challenges, is consists of consumer mobility and content provider mobility. Among both, in the case
of the content provider mobility, it requires too much overhead and time to update routing information on the
corresponding routers. In this paper, we propose Popularity-based Pushing CCN(PoPCoN) which considers the
content popularity to support effective mobility of content provider in CCN. Our proposed algorithm shortens
content download time for the consumer and reduces the network overhead during mobility as compared to the

existing approaches.

.M E kar glek ofell sk wlole] Eelg sjde 4

A B2 AEe] R Foll 9lom 53, HrFA

F L o584l 7RiAte] FARE Sl we) QlE Y| E9] Z(Information-Centric Networking)= &3}2]
—

Yol 5w dolele] i /Sl FAOE F7h oR EAaE Ans] 93 mle] vE2 o))

¢ First Author : Dept. of Computer Science & Engineering, Korea National Defense University, seelesO@ gmail.com, SHJ3]<d
Corresponding Author : Dept. of Computer Science & Engineering, Korea National Defense University, heungsoon.park@ gmail.com, 415]¢1
Dept. of Computer Science & Engineering, Korea National Defense University, kwontw9042@naver.com, £413]¢1

= E D KICS2014-09-357, Received September 22, 2014; Revised December 7, 2014; Accepted January 5, 2015

78



—H

T FHE A UEAZAA ARAZA oA ALE 7 V)= 7k FA 71

A= 52 Qe

1 FolA e B w=ellAe tEA ] ARFA
E$]=79] s}l Van Jacobson®] Content-Centric
Networking(CCN)?el| 2248 =3 o7-8}%ich. CCN
oA HE QA= FEl=o| $]X]el| AFEgle] Hhe
Zel=e] o]F o 2 AIFE AFslar, Al W
ey A RAlT AR ASshe SHI=E 2o
gch wheba CON2 AR aA7ke] o] A4 7
23 725 7Y ARAZAPL o3 A
gk EAZE s ol E dlAsE] $1gt 71d
= Qe

5 104 ARARFARE] o5 EAlE A EAL
AR QA= ZEH = “A.com/movie.avi’S A HAE
2l Al 2A4Fol, F7k] CCN 2h¢E R1~R39]
2198 glo]Eoll= T FEl=2] SAA BRI} wr]l
AR Folgick o] u] HwAlFAE =HQl AollA =
wQl B2 |55 3P, AR 8A7k= R29} R34 2}
5 Elolgo] Al wrbA] s FR=E 2S5
glon, WAL 98 AuE ulew Il B =7
A= AHAFA] ool 7]1E= A 3l
73}zl 2l84  Popularity-based Pushing CCN
(PoPCoN) =228 Alekgit). A RA|lZAR= o] 7S
243t o] 5Ad Ao E FHlx AFA|AE FHaAT
v, AR QAT 243 SHE=E Fd 5 gtk

B =] A thet Ak 242> CCNell tigh
2Nt ARAFAL o A el T3 A=ATE Al
A&}, 38 ellA= AHAFAR] o] 54 EAIE A
37| 913k PoPCoN 2H-S A8t 4742 Alelst
2dlo] A5-S Hrlslar A%} v 53l A
23} AFATE AL

]

oll
T;}o

o

Rl

-

[o
2 o e
0% Ho ol rlo ¢

—+

Content Name : = = =» Request Packet

JSA.com/movie.avi

consumer

Move

1
i
]
i
]
i
i
]
i
]

Y

- ~

T2l 1. CCNellA AHAZA} o]5A4 A
Fig. 1. Provider mobility issue in CCN

II.

e

o o7

2.1 Content-Centric Networking

CCNol|412] 3718 Interest #|A 3} Data IH O
T-EHr} Interests AH QAP Zel=E 2] ¢
a4 wkefsh= H7lo]v], Datat: Interestol] W3k 35
o 24 Zel= A= (chunk)E $H8}3 Intereste] &
HER o)lFsl] AR AR lA A,

CCNe] 2}$Ele] xE Content Store(CS),
Pending Interest Table(PIT), Forwarding Information
Base(FIB)Z A%" CCN H|zle] £ A vk}
o] wapdon L Interest®] W A
Interest”} CCN 2}-9-E]ol] =251, 2l-9-E]= CSollA
Interest®] ©]5} dX|sl= Fel=r} 9l=A] Fels
gkt wkek guhd, &l FElEE Interest7} 012
QlElHo]~2 Bt dx|shs FHIZ7) fichd 2
Bl= PITel 4|8k @] Sl el s, PIT
Fuo| ooy, eheEle wesbl Az Sole
Interest®] <lE]Fo| 5 F7|]hc}. vEek PITo| 2|3}
= o] gichd, 2l9El= FIBell I3l 3H50]
=R #elS sl FIBell UAsh= &H-5o] glrhe
2R PITo A2 355 F718F Fof] UX]s
FIB 350l w2} InterestE Rt FIB 3ol = ¢l
tha &5t Interest+ ¥|7|¥It}. Datad] 9 A=
b5 Zth Data J%le] CCN 2h9-Elol] =215h,
23l CSell =23} Datadl Ax|sh= Zel=r} gl
A RIS gl ofn] dX|sh= o] olvkd =3}
gl Data 71L& 2HA1gke) CSell globd 2k$El= PIT
of dx|eh= o] oleA] Eels gt dAsh= &
Eo] olehd 2k$ElE £28 Data HFE CSell AA
3la, dx]Ek= PIT 312 wA¥ Qle]so] A~z
Data 7S Btk Datas Bl Fof| sliod PIT &5
& ARk PITel| dx]3h= a5e] glehd Data o)
71 AHA

)

e e

2.2 CCNojlM HEX|IZXS| olsd X|&

ARAFA}L e M EY A Ev]l o R o]E3dh=
A, A 7188 ARE SI Hlloxe
Interest& T] oA} FAIE 5= §lA Hc}. 713 whesgt
AN ®= ARAFZAE A2 EQlelA] 2Rl
o] Algdhe TR o]FS A vEHAR odel=
Zlot}. & AHAFA A SAA7HA] A% 2}-9-E]
2| FIB Hlo|Eo] A|E|olo} sh=d] A7lo] o]
28=5, o] whte] HIWE] o]dl= Aol W
= oWFE HWAS Zgich

19



The Journal of Korean Institute of Communications and Information Sciences ’15-01 Vol.40 No.01

ARl o154 Afleliz 2 dlo]AE Ag)
WAj) V=92 A ale] Sl elolE X4
A ARAFA} P Elelen o) FINL

o
N
i

A el o]E3 A2 FEl= o]F-S vleld A
ATe "8AE F+= "] 2®Z)  Rendezvous-

based(RD)®'9} Indirection-basedID)” 52| 7]%o]
Tk RD 7|Wellx] ARAFAT A2y mrdo=
o]53}A =7, Home Repository(HR)ZR= oflo]HE
2 2Rl XA B} 23E Interests 53T
HR- ZEl= o5 A28 XA 27} 23k= =%
] ARE AR vleld gl AR AR A HAS
Ae] 91210 BAYe] HReAA Interest & A5 =
3, HRS ARAZAFA] InterestsS g}l 314
5k RD 7|%-2 Data”} Interest®] 97425 w2 g
s HRS 58l A5 bl 9 =lo] A x|
Azto] Z7tslAl ¥} ID 72 RDe FAHS
Dataol] 91X AHHE Fe|go=2x 23l HrAls
27} o)57 Foll HROA| 1A RS el AHue
AHAR= InterestS HROA| 2= 2)i= RD9} 5
3o} SR AR QAT A WA Data #7512 HHA|
=, A% SAAHRE g3le] HRAFALAA 2
] InterestE B8 4= it} SHX|uE ID7 |2 A HA)
TR} AF o)E-S ke #AeE A RAlEAR)
XA B AAEZ] Aol AR AR} InterestE
Agshe 7497 A wmat 9o} 2 do|HE
ALPAE 1kl ARS ARSl] wliel, v AR
7} 7Fe®F CONellxl= ml a4 o).

Y EHNZ Ak vlES =] 2148 Ho]E-S
7YA8R= WP S ® Interest forwarding(IF)'® 7%=}
Zone flooding(ZF)®! 71%e] olck IE7 3 ellx] & BA)
FAR= o) E3lr] Aol BRElolA] o] ERHRE L],
Ol FAHE W gl9E= A RATAL] $1x]71 744l
= uj] 74| Interest= ¥ ol A A7) A W A|FAke]
ol gts F ARAIFAR] 71 Interest HE 02 F
7b 2F9E1 52 FIB A RS 7JA181H InterestS 7841
H AHE YA gk o] W ®FE Qs
Interest®] A4S EY 5 3, AGHE AR
e 2heE] ARE Aalste] n|8-s £ )
itk ZF 7198 o= Interest®} Zone W3S F7}s}
9tk Zone> A€ 2hpE|2] x|2iE 2l 92| 2]
Al A ABAGA) ol FsA d FH ke
Aol HHgE ARE Zer) ARAFAL o5 Al AR
SAAR= Zone HRE WO R UlF Interests: &
wWi-e] B ehEl oA ASgemZn ARATA}
Zone?] o= X E o] F3F=A] AFgle] InterestE

80

HhS 4= 9lr}h Zone flooding WS o]-83P tlE
7ol wlal KAz 2 5 ek AT v
Interest = &l3] WE$ o] BF 23 Eejgo] HbAY

shA| =k

< 5" 8Ao] gl7] wiiel o] TR=E A1

2 WISk el Bashl (8]

~
e
=
{mt
do

W27} fAE, Q) ek g EelEt W A
Felzr} GAEC) 2 Q7| Ee] FulxEe] 21
Al SIS 7] wEel AR LAAES A 2e
23 ge qlee] Eazurt gopdos wes
ATe 4 glov), 2 A% A § 4 9 =)
i}

)

A pAlel el o] RerolA sfgEElEE 4
Alstetar Alkshs wlA S gt o)= A =
Eof gk} g2 kEEe WY A=
=5 HAsp "ok A AR e3AbEol
25 Hew o, T sl
AAFS HEAZ 2 2S5 Sk

A G7HA] AArg ZHl= A2 7
Al FERE 77k 131l FRl=E F37] wirel
d= 2 AL 1S u) AlSSH FHAE s 5

==
T
1 2l
otk ols} o] ARAFAE Q1] TRz ¥x 5
A, <
<] T

o

i
o
ol
e
o
N
2
=2

. 91| 7|8 ZA 7|8 (PoPCON)

E =FolAe CCONellA] FHl= Al-g21e] o]5A
2K0E 98 V|=E 43l  Popularity-based
Pushing CCN(PoPCoN)-& Ak}, %12 PoPCoN<©]
718Nl esiA] A E S A w] AdAe) Ft ok
are]Eel| thalia] Amgiel PoPCoN-S- 71 AR o}
3 Ak

- ARAFAR) AR AR} Alole] FF YES A
R e = =



T FHE A UEAZAA ARAZAE o)A ALE 7 V)= 7k F4 7

-
L

- HIAZ o154 <5 7Rl 2lsiA B RAEA

3.1 712704

PoPCoN- 81718l SelzE we =t B
ks AAEL S, o]l duiet A wAlgA}
= Bf FEHEE QAT o]k (o]3) 8 xTy
oAA At o] 53l Aol 7] eolvh. ARAF
27} o)) Aol TeHl=E FH- s AdS 8
W AR A= Adgle] FHIEE W 5 9low
o] 53t Folle 71l HelE 34| Sdol= ¥t 3}
ARk Tl o]n] i FHIAE AT gl o]k

=7b lefl 2dashl 2aag g ek ol

7b gl AHAlARE i FHl=e] fAAH RS

Aelslgdon, o] Zal=e| Qly]wel| s Ak
t} o] QI7]&o) wheba] 'hS- Shar FEl=0] Hofro]
35 Felshs 525 SCANo|gfar 39, o]k
AR e FHES Adshs S48 PUSHERTL A9
gt} 917183} SCAN, PUSHE 3.3740l4] AA8HA|
A gict

3.2 AlAE] M

3.2.1 @zl A7

PoPCoN<9] E2HS- 9] A2 3 sj7e A
Aslglen]  M-Interest®} M-Data®  FEErh
M-Interest= SCAN©] Sz uf, W Alg2p7} 54
o= Ee FHl=x H A5 Ay fla B
= Hzlolth M-Interests 7122 Interest2} -
ZEo1} Mobility 418 F7}slo] Zel=o] w-folit
7} gelEm ACK 2 415t M-Datat A BAEA}
7} PUSH 52H& & o) o] = Aun) Zel= At
= 98 ARgEe ARlew, FH=e] {EUIF
(Freshness)¥} MACF4A 348 zZHer) #5713k
M-Data2 Wl Zel=o] B2 g3 2fo} vES=

o ¥713 AAEE 2AEE 5] aH A
e, MACS ol Fagng Ags] 918 4
g5}

N

3.2.2 =g Al A

PONCoN=- 7| CCN2| 2919 <zl 71 9]
o AAPE QR pAelglr). =3t ol
7FARE 7153] f18h4 Csef ZHlE - 2l
o 4714 55 F718leitk M-Data®] 5718
A7) 917 8 Q7§ 3, AR e} o] 5 A
= TEN] 7 Aelistate) I, FHIEE BAE
o]t ARE 7153}7] 93t B FRKpossessor) 3
Folr}. Ak 52 A#] AJejd o N, o5 AH
o Mo 7]E%Ich

Interest EH W 3= 18] 29} kom] Hioz
FAE Fo] 71Ed) 2] AlEA A etk
Interest”} PoPCoN ==of 5o 37l e & &
ozt 71 7} 7129 Intereste | CCN2| A&

T

o

1o oot

Interest
packet
arrived

Send out data
packets on
arrival interfaces

Add incoming
interfaces

Send ACK
to incoming
face

1
1

1

1

1

1

1

1

1

1

1

! "

| Counting
| ACK, NACK
1

: Create PIT entry
1

1

1

1

1

& Forward to
upstream

Send
NACK to
incoming face

T2 2. PoPCoNellA Interest 37! E$e A3}
Fig. 2. Interest packet forwarding process in PoPCoN

Data
packet
arrived

I
M-Data packet | Data packet

Request
Data to the
node

obility Option~, - = — == —
IAC Check2

Cache to
Content Store &
Forward to
downstream

Cache to Content Store
until Freshness time

2! 3. PoPCoNe¢l|4 Data |7 Z¢d Aak
Fig. 3. Data packet forwarding process in PoPCoN

]
i
|
I
1
1
1
1
1
|
I
1
1
1
1
1
I
I
I
I
1
1
1
1

81



The Journal of Korean Institute of Communications and Information Sciences ’15-01 Vol.40 No.01

Z10] PoPCoN r=of E01H 7] Hell & s}
M-Data #|7lo]™ PoPCoN z}$E]:= o]A 3419
MAC 355 #]lstar, A7) =o] glrhd dlofe]
Fo] o]kt AHRE o] g3le] FRIEE 84
wkek n|EAds) =] glohd, CSeoll FEE FHlxr)
A=A RS shan, EARIH A7)gch EA1EA]
2¥od, PITE #)lsle] 844 g=e] glow ZHl
=5 CSoll A3k s qlejdo]~2 wlic). PIT
o glowl FEl=E CSoll AAsla Ful= f57%
7HA] Zel =5 wasic

3.3 & Lu2lE

PoPCoN-> o]l §Iuta)& uf A HAFALe] o] 5
A A9< ¢s) SCANI PUSH £2-3 83t}
SCAN= Q7] &< uje} FE-or Fxbwn, AnA|
FAPL o] el FEl= F8 Bl S B]ls)
+ Zxtoltl. PUSHE AHBAZAP | T =22 Q33
o] o Data ZloI} o= A HE Hdsh=
o] Fagk F2te|ck WA SCAN F2fel Hazgt qly
55 ofobwar, o]ola] SCANZ} PUSH 52hs AW

it

-
—

’

)
au

3.3.1 27Ig(Popularity ratio)

ZHl =] V| e= AR eS| FHEE Fx
e Aol we galckn wa, ol
(reference probability) Zipf-like ¥+¥& wEr}y
71 Zipfilike FEelA] A1 < i<
7o) Ez (2] AES py(7) o2 Eal
A W 2,

o

Py(i) = 1 . (2,1)’1 (1)

(&%
1 j=17]

SCANL g4 0 2 2hE3)7| ==t SCANA| A
= S Ve P(i)ol=kar 3k Aj@2)eh 3ol
T3}

kR

B = 5y = )

AuAZAE o] @7 G gleka Fhgad,
P,(i)E 7 Q] Qs Tulze) Axshs Pu(1) S
o R g Bz FERE Py(i) ) WEE
ERS) 4 @l e Hze] #slsh
Zipt 2|l e} Fpistel, o Eelzs} Ales

82

ol wjeh] el ARSRe o] FolAlrh Q7lE
& ek BrRae dus 19 2o

Algorithm 1. Pseudo-code of calculating process for
popularity ratio

Input : DATA(C(3)), Py (i)

let ¢ is content ranking

let C(7) is a content which has ith rank

let Py(i) is C(i)’s Popularity concerning Zipf-like
distribution

let P,(i) is C(i)’s Popularity ratio

1 : if C(7) is arrived then
P, (i) < calculate (1 / i)
write Pp (i) in Popularity ratio entry of

[SSIN S

Content Store
4 . end if
Output : P, (i)

3.3.2 SCAN

SCAN-> A BWAZA} Zel 22| <l7]Eel wehr
FEHo g TEE FHd FEE Felx Hfes
7} d=A] Flghe) ARATA R €S| Q7]E =
o] Q7|87 AME o]83led SCANS 15417
t}h SCAN®| 557 M-Interests H2 =78 3}
3, CSell AE S Nelx Moz #Hg)
M-Interest F|71-& HES o] == M-Interest®] T
g2 o]5-S5 Flsla, 9 =R FE Flgch
ACKE Ryl o]t A W= CS9 Possessor &5
o 7]E%ck

SCAN?®| gk T3] 49} o] malElc) Aw-S
A3 Al o= 25l o] 170 ARAIFARe)
174e] Aw A=}, 4789] o] =(N1~N4), 1742

» Interest

@ — = — > Interest(ACK)
y — == Interest{NACK)
" Tk = M-Interest
rd
b, "4,6 @%
ST
PN
2y E™

Consumer

Content Store (Provider)

[ Mame _____[Data] Freshness time | state | Possessor |

JA comycen pdffv3/fs2 B 10H M N2, N3
/A com/movie.avifv2/s1

33 4. SCAN 5243} o
Fig. 4. An example of the SCAN process



T FHE A UEAZAA ARAZA oA ALE 7 V)= 7k FA 71

At

r

|

i

AXxT(R1), SZ=ER2)7}F itk N1, N4= ¢
= WSk gom N2, N3 Ze=2E 353

7F4staL.

=
s

R lN' Fo

@O ARAFA= SCANe| F-5=% M-Interest
e HRes|~8 3la, CSol|l A &5
S NellAd] M2 w7sk)

@ M-InterestE ¥R N1, N2, N3, N4= s
Zel=7} 9lex] CSE Feldel N2, N3+&=
ACKE ARAFA}NA AEslas, N1, N4E=
NACKE A3}

@ AHHAFAR= ACKE 2 N2, N3-S CS9
Possessor 3150l 7|23}

ARAZANA A2 =E SCAN-S dwz|E 29}

Zrom, o] g Eol|x o] FARS odare|E 33 vk

Algorithm 2. Pseudo-code of SCAN (Provider)
Input : Popularity Ratio

let 7 is content ranking, C(7) is Content(¢) in PIT
let Pp(C(¢)) is Popularity Ratio for Content(¢)

let nn is the number of neighbor nodes

let s is State, p is Possessor in Content Store

1 if s is N then

2 process packet forwarding as CCN

3 else if s is M then

4 if Random([0,1]) <= P,(C(¢)) then

5: forward M_INTEREST(C(%)) to neighbor nodes
6 Timer start during 2 - RTT(1_hop)

7 For (until nn equal nnack+nack and Timer is 0)
8 Nk <— count a number of the received ACKs
9: Nk <— count a number of the received NACKs
10 : p < MAC addresses of nodes with ACKs

11 : End For

12 : PUSH(p), stop processing
13 : end if

14 : else PUSH(p), stop processing
15 : end if

Output : M_INTEREST(C()), p

Algorithm 3. Pseudo-code of SCAN (Neighbor nodes)

Input : M_INTEREST(C(:))
let 7 is content ranking
let C(7) is Content(7) in provider’s Content Store

1 if receive a M_INTEREST packet then
2 if possess C(7) then

3 send a ACK to Provider

4 : end if

5 else if not possess C(¢) then

6 send a NACK to Provider

7 end if

Output : ACK, NACK
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Algorithm 4. Pseudo-code of PUSH (Provider)

Input : p

let 7 is content ranking

let C(7) is Content(7) in provider’s Content Store
let s is State in Content Store

let p is Possessor in Content Store

1: if s is M and p is not empty then
2 push M-DATA(p) to incoming interface in
PIT_ENTRY(C(7))
3 : else sis M and p is empty then
4 push M-DATA(C(%)) to incoming interface
in PIT_ENTRY(C(7))
5 : else stop processing
6 : end if
Output : M-DATA(C(2)), M-DATA(p)

Algorithm 5. Pseudo-code of PUSH (Request nodes)
Input : M-DATA(C(%)), M-DATA(p)

let 7 is content ranking

let C(¢) is Content(z) in provider’s Content Store

1 if receive a M_DATA(C(7)) packet then
2 store a Content Store with C(%)

3 : else if receive a M_DATA(p) packet then
4 send a Interest(C(7)) to p

12 : end if
Output : Interest(C(¢))
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