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Abstract The introduction of ICN, which is a content name-based communication, is widely considered as an
efficient content delivery method due to the expected rapid growth of traffic volume on the Internet today. The
introduction of ICN affects the revenue of each ISP because ISPs exchange transit fees based on the amount of
traffic. Since ICN deployment is based on the decision of each ISP, it is necessary to analyze the impact of ICN
deployment on revenue of each ISP to clarify the potential for ICN deployment. We have analyzed the impact of the
gradual introduction of ICN on the revenue of each ISP in a hierarchical topology structure among ISPs and found
that incentives for Tier 1 ISPs are necessary to promote the introduction of ICN. As a system to provide incentives
for ICN deployment, it would be effective to create a fund by collecting a portion of revenues from ISPs whose
revenues are increasing, and to subsidize ISPs whose revenues are decreasing. It is also necessary to consider the
effect of increased revenue from users due to the effect of reduced latency obtained by efficient delivery through the
introduction of ICN. Therefore, in this paper, we analytically derive the impact of ICN deployment on the revenue
of each ISP in terms of transit cost and revenue from users, assuming a hierarchical AS topology. Then, we use the
Nash bargaining solution to find the adjustment fee among ASes given the ICN penetration rate, and derive the
change in revenue due to ICN introduction and adjustment fee, and clarify the diffusion potential of ICN.
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1. FLC®IC

REDR Y N7 —2DEEETIX, IP 7 RLRZHWT, ¥—
NWT ATV RN, =R Wolty b7 — 7888 % Hn
Ty MERET 2 2 e A— R TH S, X, @I
LT, avyryo&e IP 7 RLZAREHRT 34HIRERD 12D
DI —N—~y RBREETSZ. £, BES, A VX —%v T
BFTFAFPHBRORD &Y TRL, BHPEFROLI R
KBEED) v Fary7rve 3N dDPERICKE->TE
D, YouTube % Netflix 72 EICREX XN ZEHEEE» S D
B wvworzkdic, KER, KEBEDaY TV YEMEOEE
BRELEMLTVS. BED2S N5 7 4 v 7 QRN
TN B0, HRWEayF o YEEL LT, HL—&KIC
BWTarsyoeEFXyyvial, avsrryy&EFEARe LR
BETH S, HRIERA Y bV —2 (ICN: information-centric
networking) DREf TV 5.

ICN T, a¥ 7 ¥ YERICD interest ZEH LIz &, &
B L —R3Zary 7oy BTEHEST S, O, ERkars
VPN —RZNTF ¥ v¥aZNTWBEEIZIE interest Z#E
BRI, avF UV EREEIMET 5. JAUCkD, AR
72DDF—N—~y REE#L, XD —PFIGEWED»SD
SRR YT VEMESFIREE 2 D, BT Ry b T —
7 G OEEDHAFTZ 5. ISP (Internet Service Provider)
X, 4 Y2 =% v b 2ENOEGEEERHRT 2720, bI v
v b ISP EREITRY, BHEISP DT 7 4 v 7RI
JBUTRS YTy PEESLDED LTW3A, ICN OEAIZH
W, ISP DR N7 7 4 v 7 ZE(LT %72, ICN BANE
ISP ORI EL 52 2. £/, ICN OE NI ISP OfF
EHHMNCES 720, FIREARA R WS, ISP i, ICN
BPEALBRNEWZ S, XkoT, ICN O KATREM: 280 & A0
T 5121, ICN EAIZ & 2% ISP DFIEANDHEERE 5T 2
WEHH B

ICN @A, & ISP I & o THA. L THM XA, FIZgH
FIAENIWGER, ISP, ICN ZEALZVWEWR S, Zh
¥ TOMZFETIE, FEERYZR AS (autonomous system) D b AR
0 OHEE G, ICN HREEOEBEE D AS DI E 74T
L [6][10][9], ICN BADREEIKEVL L ¥ 1 D ISP 2 ICN
BAZRTICEA vy T4 TPRETHE e 2HLMITL
72, Aty T 4 TONGREKRBERTH S, Aoy T 4
TEMNEGT2I121%, PEEHIEINT 2 ISP 7 5 U2k D —HB % N
LTEESZED, PREDVRD T 5 ISP ICHEH» SIS E5
FTRZEREMTHS. Z I TABETIIREER AS +Ruedk
MEL, HIC—EHED AS D ICN ZEA L L 2DINED
ZLZBATHNCEH L, SEURFEREO R T L 2METT 5.

BUR, 2?2 CHESRMICOWTIRR, 3. fiT AS Bo#H%s
PEMT S, 2L T4 SICHEFMEREZTRL, 5 STk
EErH5.

2. MERH

& ISP ORI G2 282 T 27200, ARTHEET
3 AS Mo ERI 7 ISP o b Ru D&, SN, &t
DEFIMUITOWTEHHT 3.

2.1 aAYFoY

MEDay 7y AS ETfRfitahn, Sarvrryod
4 X% L(Mbytes) T¥—¥ L, FEEERIIBVWTK&a YT
Y m B—EOMWE g, TEIRINZHET S, qn 1F,
IRXR 1D Zipf 7S &L, Fa¥ T VX qm ORIE
TEID YT, ¢ PRIANKREDE VI T VY, qu DDA
SEORVaYT Y YOEKRIEL TS, BOUIE, Q(m) %
Gm OEBDHE T2 (Q(m) =X, ¢i). F72, T—F DR
% U;, CP (contents provider) D% U, ¥ 55,

2.2 1 X k

ISPix b7 >y M% L7 customer ISP I LT, A
b o>y Y YT BT —XEREL — MG U 72
Ke&zr#Hess. ABONI Yy VB TIZF—XE%EL — b
V(Mbps) ® 0.75 FLHIL T = 100V TERITE 3 [2].
T, VIFEEEXAL - D 3G REL[3], AMoary T
YURIERRE D 2352, V=108 X 107°LD ¥ 75 [6].
AEIONS O bVETIE, b0y PY Y7 EOMARO
F—REEEL — P OAEFHEICHE S = H T 5 sum model =1
FELS, TR TcHsN3.

T = 100(kL D)%™ (1)

727 Lk=108 X 107> TH3. £/, % ASITHHEDORINE
I—YoHEEORE C EHINT 2 HEL, CIINAEL—
PEERL- ARABT 7 RBe LTRZITWAZ N TES
35,

2.3 ASE~ROY

ZOo0D AS MY 5 & ZDIFRRI, AT X RIS U
FIUPY VEEBINT STV Y MERie, MEREX
D WE T v RIS NS, FICEM LAY AS
Mprovider L LTHI Yy b —ERERMEL, FHLA
¥ AS 2% customer & U THHliz XV F7 0Ty b —E R
REZTL. EASh ORI ZOMELERTIV I %
provider-to-customer (p2c) V ¥ 27 LN, T AS 726 Hl7
& %121& customer-to-provider (c2p) V¥ 7 L MEX. DE D,
Fl—D+r7 Iy MERLY VOB, —HIZk>Tp2e V7,
fliFic o T2p V2 id. —J, bIVPy FVEDX
PnpiThhznwe 7 ) v 7k p2p & L, 2, Rk
@D AS R T 2TV SN S Z 2 HEZ V. p2ec DAAE
downhill, c2p DFjAI% uphill £ 52, £-HED»S p2c V>~
I DAREFRHLUTIHETEZR2TDASOEEEZD AS D
customer cone (CC) ¥ FE3 [4].

BLAY kD AS (LyAS) D% N, LEFL, & LiAS O,
Ly 1 AS 13§ 28 p2c U > 78, L 1AS IXH3 3
c2p V78, LgASIZX3 5 F p2p Vv 7 8%, #hzEh
are, af, giP LERT . 112, AFRTHET S AS i b
REYETNERT.

,\ user & 1sp
ocr p2c (c2p)
p2p

1 AS topology model

CAIDA @ Web ¥4 + [1] TAMEHA TS ASHD FKRnm
DT IUTO oD F -2 ZHWT AS bRy 2 EER
oV Y =& RayTEFLLT 3 (6.
as_rel file : BGP 7— 7 L1EH (RouteView) &, AS D
N—TF 4 ¥ RY > 4 [E#H (IRR: Internet Routing Registries)
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58 2005 FEIHEE L7z ASH M Re o7 =22 HWT, SR [4)
DITIET 18,967 D AS MINTHTET 5 85,136 DV » 7 % p2p,
p2c, c2p D=DIZHEL7zT7—&
as2attr file : FFE ASH PR 7 —&2EHWT, SCHK[5]
DHIET 19,537 HD% AS DJE%, Large ISPs, Small ISPs,
Universities, IXPs, NICs, Customers {2777 —&
ETULDORER, VAVYRK=3 b, &L 1Y kD AS
BE, Ny =49, No=2,123, N3 =2,565 £72D, g, g7,
gPiE, R1WCFELDLDDITKS. & LLASIE, & L AS
Loficeneh, H—RHER g° /Ny TY Y I HBFET S
CARES 5. FFkRIC, R gPP/(N, —1) T, & LiAS[H
WZp2p VY IDRIET B LAIRET 5.

# 1 Average number of links of each type from each AS

Layer | g%° ar | giF
1 440.41 | 0.00 | 3.27

2 10.14 | 10.16 | 5.72
3 0.00 8.40 | 0.46

% LLAS ITINAEEH 2 CP 2 2 —HFDLRE W, £ T 5. %
LAY EIZBWT, Ny DF AS 13— CP - 2—F 2 INAE
LTWw3b02 L, % CP OfRftay 7 yicntd 3 EkHR
Y, HBa—FOEREERRBEL -, Sar 7Y ORRER
BEhZNE—ThH2 e EET 3.

2.4 FvvafEt

provider AS & customer AS IZX L TA ¥ & —% v &K
NI BEGEE (P 7Py b)) RRETIRBEL DL 20D
ZELEZETORKELRET 3 (7. L7V 7HERELT
W3 oM AS B, %, VWO Sk y 2R HHEICEHET
EZETEDD, % ASIE p2p HEHLD AS ITH LT RE
L2 TORKEILE T 5. —J7T customer AS IZ provider
ASITH LU TREZILET 2, c2p V2 Ed downhill /714
Droey7E8RENT2Ze0s, BEEZLELRVL. Ly
L, CCADZ—FL CP DA ¥R —F v "AOFGERZ RS
BEENRDHD L, ZHUHDT F L2k LT provider
AS WILET 5.

ICNEA ASIZa Y7o YDx v v ¥ a b f %z B HW
T%%. provider ASD» 5 2p V¥ 7 RBolcaryr V%
¥y v¥adbZrT, XODLEE, provider AS IZ Interest %
AT 522k, HEDF vy rabhbary s YV REET
LIEMTE, Foevrm, 2FEDIE b7 Yy NEEHIR
TBHZEMAREL IR B. ZD7=® provider AS »H%Z{E Lz
VTUVIEFy v ad b, —J/T, customer AS B 5 p2c
VYO RkBolzayr vy, p2p V60 ay s VI,
FIUYy FERF Y v Y 2 EHEOHE THRELI V2D F v v
allw FEICr Iy VEOBEEDLS, F AS I —
TAYRBWT, VI UYy VEERZIFENS p2e, bTV
v MEORDORDELD p2p, F TPy MEETIND c2p,
DERSENET X D BSERNT Interest ZHEET 2. 2% D, CP
POBRHREMNMLAVYETE 2D VY 7DAERHAL, BWE
p2p V¥ 7 ERBHE LR, p2c VY 7 DAERHE L TL—HA
avFyYEREETA IR S.

Flo, FL—XDF ¥ v ¥ 2FEL ASHOD bRaJizon
TIEERET, av Ty YBEPHRAL LELAY EDASD
BL—RDFX Yy vV aidBE By DAEREZS. HA—DL A
YD AS XL TR —D B, #FT3dDr L, EioLA¥IC
BT 2 ASIEEHIBENKRERZ DB FHEINS 2D, % LiAS
DX vy Y aBB% By, < Broy ERDEIFRET 3. ZOfth
aR b, ASHO MR IRERILEREDTNTORY > 4
(6] TERLEDDEMET .

3. ASHODRAEEDEH

B2 ASDHIZICICN ZHBAT R X W DprDarys
VX, ZDOICN ER AS »HEHEEEINZ X512k, —&
DASDp2c R c2p V7 LD NTT7 4 v 7 BORBDL T
X3, F/, ICNBATI—HFIZEDEWEENLSY TV
VEEMETE 5 Z itk - T, BEEERM ORI IHGFTE
5. BUEEBEREAEA T2 28T, 2—FOMEEM Eash,
I —FDOXINTFEEDOEIMATFHEENS. k> T, LyAS
B2038 Ry D55, ICN BADHIBRTELODDHZDIE, bF
VIy NERETIRABTHD, INHLOELERERLT S
ZrT, RERFARETENT 5.

3.1 FSUPVHE

2. HiCHMARIZAESFICH I E, M ICN 2EA LK
BED, ASHDY > 7 RicHET 2 o ey 78R ENT 5.
LLkAS 3 ICN ZEBEA L TWAHERY P, L L 20D, BUME Y
1 — 73 uphill AN E S HER F, , &, downhill J5 A8 2 i
R Fp 3, ZRZERTO X 51272 5 [6][10].

K K k-1

For = 350N G [0~ P

r=1s=k t=1 n=t

r m-—1

+3° J] = P)Pu{l - Qo) 2)
Fd,k = ZZQbr,s,kWTWS[H (1 - P’”)
r=1s=1 n=k
3 L0 - PPl - Qlow)}] (3)

m=k n=k

727U Gy EI—FHLA Y r, CPALAY s DY XIT, i
F70— DM EM LA YAt ERBERTHY, ¢ror i,

I—FRLA Y r,CPHLAYsDLED, FLASDc2p V>
I REE7a —EIMERTH 5. F7, o T LLASDF v v
SaDERTHB. 2. 4HI TR X512, FHEEZRMET 288
BIEHRHD =0, ICN BA ASFa >y 5>y OEE RS
%. % LyASHICN ZEA L TWAHERIX P, DT, HE%
B g’ P+l HOBHEAS b EE L ¥ v v > 2 2ABTE S
72, ICNEA LLAS DEaA YT U YDF v v a DRI
BHERE, {1-Wi/Ni(gP" Pu+1)} /(gEP Pe+1)=1/(g?? Pi+1)-
Wk/Nk vib, vy vad bR oy PREMICKE LD,
IR NORSENE Sl =Y a0
o= (4)
gOP P +1 N

IRBY (1) b, HLASHLAY k+1H5ZIMS b5
VIV MRTF L, LAY E—1AXIAS LI VY VR TP
FZzhzh,
TP® = 100{KLdU(Fy k41 + Faps1)} gk (5)
TP = 100{kLdUy (Fyi + Fax)}° " g" (6)

b, P RZLERRNBOMELRET 2 T, ThE
NOZRZPENT 2. 7270 d 3&1—FoARTEEar 7

VY HBERI T D 5.

3.2 7UERE

BifE B 2 R v 7 TEZ, LASINELZ—% 25
avF YV ETORHRY 7B n TH IR H, , ZEHT
5. R LEEOZDIZ, ASHO MRRY, f1—RIZEE
BY, FASETL Ry S T3,

3.2.1 Bilky K
HED CCIIWMLT, 4 y&X—%v FOEELEHEET 2HR
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Bd sz, mEMLAYDELIAS BT, ERICREE
WhAIND. 2DDHLAY 1 TE, H—D ASTY, L
W& p2p V¥ 7 EHWTERKE AS 28M55%. —HT, kb
TRV A Y, EEOHETHEDR WD, B—D AS, %
LWEp2p VY Z7EHWT 1 HDAAS ZRHTZEZON
%, mENEHLA Y ¢ T, p2p V¥ 7 EZHWT AS % n [HFEH
T HMERE b, B, H—0 AS (H AS) MEIRE N 51
EhRIE1/N, TH3. ¥/, t =230 &hE =1-1/N,
TH5. —HT, t=1Dr EXEHORHTEZ v 2EET
ZRENRDHL. 1EDAp2p V7 EHWT AS 2RRHET 20
i, BV 23 ASHH AS ¥ p2p V v 2 B FiOATH D
2\ p2p V7 EHWT AS ZREHT 2 D1%, 1 FIHTEHT
X3 ASOHTIOMEDAS & p2p V72 HFTBHEAETH
3. B2 AS ¥ p2p U > 7 &Honlk, —kizL L3l
ZOMEEZHTCEDTEZDZ L, a DL COHRT, HbDb
@D, cll, SULEFIWTERDL—DTHYUT I ViER
WHY L, U72b %2 12035 VHEROREREEZL D L,
[ (a—c—1i)

[IiZo(a—1)

L%, TIZThP(n>0) IZOWTHER DL,
a : B D AS K (N1-hPP *Ny)

b :n—1EHDREH AS OEME (REP *N:)
c 1 c2p VIR (g7
ThHhH, XRXTHELNS.
ey ™ Ve — Ny = g )
hlff"n_lNl—l

Hi:O

R, p2e, 2p V¥ 72ROV A YHOREH K Yy THIZ,
2—HDLAYr, CPOLAYs, mEMEHLAY D5,

r+s—(2t—1) 9)

1- (7)

h:i):,[)n =1-

(8)
(N1 — hYh,_ N1 — 1)

Tﬁ%ﬂé.i@&:y?VVﬁHCNﬁlASKiD#vv
TaXNTVWEEE, W 2hDaryFrIREDAS hHE
BREXNZ L5112k, BEHRy 7BOELT 3. 2720
TTREREOTFMNLAVYASTxFr v aZdhTWbdarys

VYMBERIN-E, EMLAVYIIEEESZ V. XoT,
Lk ASTHF x v 23 NbMERp 1E, k<K DL &,
K
pr = PeQ(or) [ (1 = Pat1Q(on+1)) (10)
n==k

THELN, k=K D 2 3IXATHELNS.
pe = PQ(on) (11)
Dloze»s, Hy, OWRISMBUTDO XS 12GE61 5.

max(r,s)

Hr,n+r+s—(2t—1) = hf,pnGr,s,th H (1 _pk) (12)

k=1
1
Hyr_x = pp—— 13
rir—k Pkgzp_’_l ( )
Hyr—py1 = px pgip (14)
g, +1

3.2.2 _LREARRE

I —FOIRGFBIEICNT 2BICE S S TE#KL, EEREKD
BHASED 1Ry TP T 222 iIc2a—Fh oD S %
EHET2E T 5. Hyp, 2K 2HERSMDH HRDZ ICON B AH]
YEABD KRy THOWEHEE Zh 2 h(k), (k) £ T3,
I—FH» 5D LyAS OPEE D _LFRIARHE By 13,

(GED : ZoHE, p2p V¥ ZE2HRWT CC AihiET.

E; = 1+ S(h(k) — h'(k)) (15)

7D, ICN EABRDH /2725 LpAS D2 —F 5D HME 7
Ze 2B Ay IR TRENG.

Ay = EL,CULW, (16)

3.3 Ty aHR

T 3= OREB—FH DIBER B2 XY 45— LTH BN,
AFTHBANOHF = REEDRATHS. DD, % ISP I1XH
oM EEE LTINS 32, ASHODWHH, 2%b ICN @
BATIOKERIGEEZBZIENTES., LZIATHALT
BrBROGHEN L SEEY LT, MEOMHAEZRALT 2E
BTHrF vy aRB@rHonTnd., 22 TARTH O
HEF vy aRBRTH LD, BEUr s ICN EAFDIY
225, ICN BAK & 22 (FIFR) inmsofEr RT3
REXRD, ASHOFESEZEN T2, 3.1Hik 3.2.2 i,
LrAS O Ry 2% (USD) i

Rk=T+A=T£C7TkCP+Ak (17)
THELNS.

ICN BAFMRD Ly AS OIS Z tE%E AR, £ 5. ®L;AS
5% LiAS AZ T RO AT R HES v, (b < )
e L, + v yli(’ﬁﬁg@:i ’)T, ?j]ﬂi AR)Q+{E}€”]' e ARj—
xp; DEERAILT 2 21, ZRDZ. BHERKITKR DX
ARy + Tk, = AR] — Tk,j DL %tﬂ@f, Tk, j Li,

AR; — ARy,

> (18)

Lk =

Y.
4. W EFF M

4.1 FF @& H

B L AS KINEENS CP ra—F DR W, 2, W, =
0.460, W2 = 0.426, W3 = 0.114 IZFET % [6]. ISP A1 —
FrOEINT2bedbrD7 7 A E% A, =50 USD, 1—
BOREE U, =10°, CP OfRHE U, =10 v L, 2 —¥
OHBEay 7oy HERRE d=10F%. £/, av
FUVOREE M =10° L, far5F oY oERLEEE S
S XX 1D Zipf PHICHET 5.

4.2 I—HRISEN AS OINRELIC5Z 3HE

ICN DSAREADKEDN S, TXTD L1AS HBICN ZEAL
2 EDELAS BEKD S0Py NEOE(LE AT, 77%
ZABOELE AA,, DESOELE AR, R Z2hZ2hEHL /-
FTRHRHOH L1AS DADICN HNE P %2 00056 1 AEfLXH
ZOHIBZDHEL A YD AS ODIRE(LRZFMMT 2. K 212,
BIGE S IR LT AT, ¥ AAy 270y b T35, S 2ELX
VL&, AT, Z—ETH3, L1ASHBICN 2EAT 3 Z
© T, VYIBERNE NI 74 v 7@EDBBADL, LiASD b
Sy VET IR, Te, T3 I3EMT 3. —HT AA
BIRTOLAVYTIEDETH D, & A 13 S OHEIMHEN
BT 5. K2, 31T, BISE SITHLT AR, 27
Oy b33, ARy DFFEDRS, SHTRITNIVWE E, bV
Pv MEEFRRIZ, LiAS OIZSIEIEA§ 2 KiHl, Le & L3AS
ORI T 2. —H SPREVE XX, TRXTOLAY
T, Ky THOBMT LB A DHEINEIERAKZ L, ICN EAT
L1AS OIGEE bIEMNT 5.

INBRERMS, ARI<OTH 2 S DIETIX, ICN ERXDT-
DX, A>T 4 THRETHE. —HTLAY 1 DI
MEDETH B =, LAY 1DISPIFHARIC ICN 2EAT
B2, ARy T 4 TEDER.
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6 Layer 1 ——

Layer 2
Y P A layer3—=— |
2 = )

AT, (10° USD)
o

2
4
60" 002 0.04 0.06 0.08 01 012 014 0.16 0.18 0.2
S (%)
(a)
8 Layer 1 —=
Layer 2
16 Layer3 —=—
14
~
Q12
3 o
- 10 /Q(/&//
o T
— 8 )‘7/%/
~ -
2 &
5° o
4 T
pad e
2 p«/&/ RS i
0
0 002 0.04 0.06 0.08 0.1 012 0.14 0.16 0.18 0.2
S (%)
(b)

2 Change of (a) transit fee and (b) access fee of each AS in
each layer against S, sensitivity of users for delay, when only

L1 ASes introduce ICN

25
Layer 1—<
20 Layer2
Layer 3—&—

"0 002 004 006 008 0.1 012 0.14 0.16 0.18 02
S (%)

3 Change of revenue of each AS in each layer against S, sensi-

tivity of users for delay, when only Lj ASes introduce ICN

4.3 A B £

FHLAYXYD AS D ICN HBRHED, £ L;AS D52 LyAS X
NS TAREE 2y, WWE R DHEEINTS. AR <0T, 2—%
POHDPEEDENDIKEN S =9 IRET 5. K 4(a)(b) 12,
P2 Ps%0, 0.5, 1.0 DB A ICEEMHREL, PL DA% 0
75 1 OHPFATEII B/ ED 12 ¥ 213 % P ICRHLTT
ay Mg A, P @iﬁﬂﬂbiﬁéb\ x12 Ciiéb[]j—é Z ti?”)o, L1AS
D ICN ¥R RIEINZ A, LoAS S L1ASIZHIAD b5 Py
FEDBEDL, ET7 7 RBERHEINT S5, LiAS A
ICN 2B AT 2 Z 212X % LAS QUGS R AENL, #
DGR, LoAS 205 LiAS NZHDON 2 TS DM T 5. fib
ISP @ ICN ¥ &R Py % Ps OHIMIH, 210 1FBD T 273,
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