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Abstract With the proliferation of SNS and streaming, the amount of traffic flowing over the Internet has dra-
matically increased. As a result, the load on network nodes and publishers has exponentially increased, and various
mitigation measures have been proposed to provide better network services. One example widely used for load balanc-
ing and improving delivery performance is Content Delivery Network (CDN). However, there is a contradiction between
what users expect from the network and the network paradigm, and it does not provide a fundamental solution. The
reason is that for users who use SNS and streaming, the content source is not important as long as the content itself is
correct. However, TCP/IP adopts a packet forwarding method that focuses on the host, which is the content source,
rather than the content itself. Therefore, Information-Centric Networking (ICN) has been proposed as a new network
architecture to efficiently deliver content. Named Data Networking (NDN), which is assumed in this study, is one
form of ICN realization. The identifiers used for packet forwarding in NDN are content names that directly represent
the content, rather than IP addresses representing the content source. NDN includes caching functionality within
the network, and it is expected to improve content delivery performance. However, even in NDN, the problem of
retrieving content from a remote location still exists when the original content is not available nearby. Therefore, this
paper proposes a method to dynamically generate copies (mirrors) of the content’s origin in order to reduce inter-AS
traffic. Furthermore, a computer simulation considering the popularity fluctuations of real-world content is conducted
to evaluate the performance of the proposed method and verify its effectiveness.
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FrvrF3. bL, J—FRRERaVTFIUVEFYvIaLT
WBIBE, R7 Y vy Db DI Data 37 v b 2 WS AR
Ty FPTCF—X&RETS. %72, /— P Data %7 v b &RiEE
T, FrvaR)P 4 ZHEDE, Data X7y FEHEOD
Xy v all ANBDLEIDERRET S, DK REEEND 57
®, NDN 327 —AMnEmL, ary sy VREMEESEvE X
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L2 L%255, NDN OF v v > 2RI 2 E K > T»
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DBEEPED BOIFHCHIBRT 22y 7 Y 2RO B ERKY & 4,
"ROEaysryYDNRESHICKESEEEZ TS, vy
a2 QUREME TR T3 ERD—2r LT, BERI—MNEETLH
H#> 27 4 (AS: Autonomous System) D Interest 2<% v b D
TRARERE LICERa Y7oy aixy v 223N TELT, o AS
WFET A7V w2 vy DY 2 AET Interes BEREXINBZ Z LB
ZHRITHIENPEZOLNS. ASHIN I 74 v 72 BoEIE, bo
74y 7 DEEARPEKIBICTRIF2 28 TE 3 [4]. —HFEMA
HI7IRAELE, % AS 2 H AS WO —HDER%E H AS NEE Tk
XHBZZLTES. Z2ZTARTIE, BEERE AS M TREMX
BBV EDS, DRy VT =2 Tay Ty VB EHERE
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System (DNS) ®a >t F b 2SE LT, HICR#EZF ¥ v 2
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Service Provider (ISP) MIC—2EFRRIDBHH —~ZHEBEL, #
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A5,

[7] Ti&, ASHI NS 7 4 v 7 IEHLZBAESHEID SR
RINTWB., ZOMFETIE AS NED 7 — Rz AS AMEp a >~
TUVRETAERERMT S, F LT, FOBMEREE, Fyvv
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S aDRELERBEINDD, Fv v aDESEIIHEEICHE
T57%D, APL=YaARIBEVEWSMENEET . £K
FRIE—EBD bR UHAXIETERVWEED H 5.
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BERELTHRICOVWTHRNS. 9 3. 18T AS DEEFIL— &
WCBWT, ASHCA VD FABFET 2T VYR FERT )
EERRL. ZLTC, 3.2iC, BRLIZary7v Y%k ASHTS
7T 3 HERIBRND.

3.1 ASHDIVFTVDEM

1. HiTlRZ &SI, AMETIZASE S 74 v ZIZERL



FF vy P atlfliZigRT 2. 20EHIZ, TTRELRSZDIFS
TV v M AS ICIFET 2 aY Ty EFNTTETH S
NDN O 7 7 —7 4 ¥ 272 &b, Interest %7 v MIERa > 7
VY DERNTHEHDE, TV v T e AAWEEEINS. #IZ, L
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N—REFZHLT, AEEAS NLEXINSE. ZD7/2H AS D7 — b
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EEN D Interest X7 v FOERAVTFUVEEF ¥ TF TS
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L2L, ASHHDOIL—ZDF v vy a2 KEBIZIZLEREH 2729,
ETONGa YT oY% I T—ALTE2HIIAAETHS. 37—
{LOMRERKRILT 2121%, ARV TYYDAIT—LTEZ
EHRWYITHE. 20N Har T o vDAREDEET 30
ERHD, FITF— bz —RIIBVWTaryrryyIlek
Interest DEEFEFHIT 3.
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Gateway

Extra-Publisher

1 Detection of external-AS contents at gateways

3.2 IS—EE/ —ROBRCES

A TIEASHE NS 74 v Z1IZEBEL, 22 POEW AS [
NI T4 v IRBIBTAZEEHNE TS, 22T TCP/IP @
CDN @oarvte 7+ #5FIZL, ASHICAHY Y Froar— (3
=) BEE T2 T, X7V vy yDRbOHICTASHD/ —F
PHarT Y EREEL, AS AHANDIRENLERERE AS N
ERCSEMEX BB 2T, ASHINTI 74 v 7 %HIRT 2. 3 5—1b
i, avFrVEL—XRTHy v alltg, @EOEHERY
4 THIRLARWTERMF v v aMiCa—2 R FELET 5 2
eTHb. FhIg—fbliFrviakITs— LR

31 HTHARZEIIE, v hT7—Z EDOZA ML —DWZEBEED
HIRDH 2. ZDEDANRDAYT VYDA T—(bT2REND
5. FITH—1r vz TEELEZEa YT VYD Interest Fl7&
BOERIS, NKELN K% 0aysry 3o —{bT 3.

ARETIE, ASDF — b7 =245 AS NED FEur P R{HREL T
WEZEERET L. 20D =MV 2 A =X TRIEDI T —
FLBRLZHE T2 e AMREE KB s, I 7 —HBICXD
ASHED M Z 74 v 7EBIMHTE 2 £ 512, Algorithm 1 1Z7/R
THOEACE 7 L2V XL ERET S, A7 LT ) XLEEFERZ b
RHILEMELZSZICLT, BERI-F2LOEFIDIFT—ADF
LRIt R i/ ME T 5.

F=r Uz A= T —MEMBERELLDL, £3I7—
J—FRaAN3IF5—%NTEEFEZ NLSR[5] ZHVTERETS. &
DEFHEAT v MUZI 57— 2 THRICRERERSTZHZ ATV
5. TOXT Y FEZITW o/ — R8T v FADIEFRICHE S
 BHALISLT 3. ZOLE /) —F a2 DX v v allER%E
EREDPDHIUE, /- F 3 FOXYa TV EERL, Frvv
Yal, 35133, J—FzDFrv v aDREREINFET
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2rEE, BT UYVDOANREICE S NOLUEEITS. B
LEHEay Ty YDANKRER ) — P T 22y 7Y X hEw
BE, BIRRY Y 4 TAREDENI S —2EEHZ 3. L&Y
aAavFTYYDOANRER — RPFFET2a Y70y L RWES,
FMarTrVERYy v a2 TIEL ) — RAEREREmEL, B
R — RIZRICAEITS. Z0R, AKoEway s
VIR —&EYR ) — P EEhS itk s.

37— fbarFryoER, 27—t/ — FDER, I5—(to
FHErWS, I 5—(bo—HOMHEIZ—ER T Zricftvn, 2
T—DI7A4 7 XA LDITLEABERILEZ LT 5. U, 3
7 —DEBUIDEN RS, BERS, FilLWwIT—%UThE
%, MORAPTE-ZI -3 HREEZ, —OoFyvyraay
TUVEROTWANLTHS.

I ntra—AS—/

Gateway

2 Sending mirror request from gateway toselected routers in AS

Algorithm 1 Optimally selecting nodes placing mirrors

1: Input: n, mirror count and G, topology

2: Randomly selects n candidate nodes C in G

3: Derives H, average hop length to closesr node in C' from each
node in G

4: Finds node C), adjacent to any node z of C' with considition
that we can reduce H if we replace C,, with =

5: Replaces C,, with z and return step 2 if C), exists

6: Completes algorithm after outputting C' as results if C,, does

not exist

3.3 IS5—AODFEE

T LEATSIREITIE, 747 =T 47 RITH L EIT/ —
RWEELIT—DFEELLRVWED, 1. HiTiiR7% NDN I2E
F2Fvyy a2 RAOMEMKAL LTHRIRTERWV. 2079
WEH72ITHER U 7= 2 5 —1C Interest DA XS K5, AS AD
N— R DERIET — 7V (FIB: forwarding information base) % &
1IEL, Interest 253 7 —IWCHREEINZ KO T HRLEDND 5.

F3, I 7—bETS /- FEIREICI 7 —(LEEEZITERD
HOo®REEROHZ /) —FTHD. 20/ —FBI7—{L3T5a
VFUVETFDERL, Frvyadi FLTIT—PET
L7z, ASEEAIZ—OFEZHOGES. Thbb, M3 IR
FTEo1Z, ASHOZE/ —FRiIIHL, 2 7—fbkaryrsryoihz
R1FF 587 v F & NLSR[5] #llVT 70— k¥ v 2 +F 5. &
Tu—RF ¥y XM Fy FERZITW o7 — R, <7y FAIR
X NTar T UVHD FIB Loy MU %, A7y FHE|
BLIER—- FBEBICEET S Z 2T, Interest DELESAI%E EHT
5. ¥ —3EMHRMBELET 5729, FIBHOKRI F—0D
IV MVIRHFA—DHEMPREZNEGT S, £, I 7—DHEKLT
% Interest D7+ V—F 4 Y IDEWIITZAB3 XS, I 5—1f
TV MUPBHIREEZ 25, MOy FVIRT. ZOME, X
4ITRT &I, T T Leary T IR 2 ERIE AS AN
NIEREXN I AS ITER L2 T —~IRiEdh b, 2T, K
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T3, FlarrryvEIs—{btTrIickh, 2—HDEVE
IAhbarvFyUREETAI R, BERELEL ASHTZ
74 v 7BOBBDI/HTES.

irror \

Intra-AS

Gateway

3 Notifies other nodes of existence of mirror
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Intra-AS™
Gateway
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. £_—_-; :-:_-:'3’ Old Forwarding Path

New Forwarding Path
Publisher

4 Changes Interest-forwarding routes to mirror in intra AS from

publisher in external AS
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AR TIENDN IZBWT, aZXFDEVWASH IS 74 v 78
ZHIR T 28093 5 —MREAXEZREL L. AREEAXOBFEMM
MRS 27212, AEITIEFHEMKS I 21— a ik bFry
Yaby FRPASHEy TREFMT 2. AL TIZ ASHE NS
74y ZHIBICEB L, ASHDar 7y DasE I T —bx5R
ELTWE7®, FHEiCIIANERT Y v > xDAEEER L. Tk
bbb, AEa T Y LAFELRVEHEKS I 2 —> 3 V21T
5. %7, 2y =2 btoarFryo NKESHE Zipf i
JIHES Ze BHILNT WS [2], AFHTD Zipf HICH D &
AV TV OBERKBELRET 5.

4.1 FMEEH

DURIcEREETM TRV 2 FEER EHT 5.

o IT—H A I T —EHHAN, Ho AS 2o AR
ELPrEBLTOWRWED, b LETORREEII—RHET3
&, RARANG YTV iEF vy adhkliRkd. Z0OHE
B Fryv aERIRMERT 2 e TFHENE. Z07RD /) —
Fr—2) LoFxyyraFRO—E%ZI7—HIC, RODAR
EFoF vy aHiCHWS, &/ —RFOFr v 2 BEBDI B
IT-—HIHWREREI TV A XL ERT 3.

o IS —ADIEEaY T VI L THERT2IS5—D
BrIo—BrERT 5.

o ¥y AS MREEE: £ To Interest 287 v FAER 22—
AS OHERT, AR Y TR I N ERTHETERT .

e Xyyraby bE 2—FOEEFEERIINLT, TV
DAV I Y= NDHNDOEG, TROBL—-XDFr v
B, 27T —XERETELEATERT 5.

F72, FryvyadlflaRe LT RORY > 4 2% 4, AW
BrE OFHEEAT S .

® Caching Policy:

(1) LCE: Data ¢/ v bEHT28TH/ —RTavys v
VieXyviadd.

(2) PROB: Data %7 v ORI EDOK /) — KT, TV
oDy THBHNCRIEIT 2 ERTay Ty Y EFr v va
T5.

(3) UNIPROB: EEfERT, Data 37 v b O EDK /) —
RTHL, av7FyViFxrv>adsd.

® Replace Policy:

(1) LRU: RRIERINTH S OFBEREOPRKDa Y 7
Y ZHIFRS 5.

(2) FIFO: BB EVREENICF vy v adzar 7oy zHl
FR3 5.

MY I 2 =y a Y THWAET 4 7 4L F ORFEREMEE R
1iTR7.

# 1 Simulation Configurations

Parameter Value
Topology At Home Network
Zipf parameter 0.8
Simulation Time 200,000 requests
Number of gateways 3

Ratio of mirrored contents, K 0.1

Number of contents 10,000
Cache size at each node 100
Mirror Building Cycle per 50,000 requests

4.2 AVTYYDOARHREZE LA WEE OFHE
AEITIEa YT Y O NSRBI EE LR WEE D, 154
RDOFvyvaby FREFEFGASHKRy TREZFMET 2. 1B,
K512, MAREF vy aRY I 1 1XB13, B#EFREHAVE
BEDFyyabky bEE FHASHD I 7 -4 XL
TRT. 27— XA 0 OBER, BEAXNEZHVRWEEIC
4T3, 35— XoBImctky, Frvsaby bR LE
FT20, 37—V A XD 04 BB T2H72D00, Frva
by FROEEBROhRLS Ko7 ZhE, Fryvyra LTH
WARZEDNTELZXEYDH A XWNEL 22 ZeHERE Bbh
3. K612, 37— A X LT AS B Ry TRERBIC
Tay MFEM, BEFREZHAVBEZET, ASE NS 74 920
BT RIZ 2 5 — 3 4 XL ImcEwy, R NS % 2 & 255
RTEL. DEozers, BEARNOEMEDHERTE 3.

0.40 1
0.35 1
[
-
&
=
<= 0.30 1
]
=
]
S
0.257
—eo— LCE+FIFO —e— PROB+LRU
LCE+LRU —e— UNIPROB+FIFO
0.20 1 —e— PROB+FIFO —e— UNIPROB+LRU

0.0 0.1 02 03 0.4 05
Ratio of mirror size

5 Cache hit rate against mirror size ratio
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35.0 1+ —e— LCE+FIFO
' LCE+LRU

—e— PROB+LRU
—e— UNIPROB+FIFO
—e— UNIPROB+LRU

—e— PROB+FIFO

32.51

30.01

27.51

Forwarding hops across AS

25.01

0.0 0.1 0.2 03 0.4 0.5
Ratio of mirror size

6 Average inter-AS hop length against mirror size ratio

4.3 AREORMBZEEZER LMk

4.2 §iTiE, Ka v 7Y O NKEDEE TRBEICZEL L v
BEICBVT, REAROEMMELHER LK. LrLaryTryo
ANKERARETH 2 L WHERIEBRENTH D, 2D/, kb
FHIEIGEVIHEATE 3 X5, avFr YD ANRELLEEE L
BEICOWTIHMET 3.

Google API 7> 5 HBUS L 7 E A ME O MR B ORI T — & %
EREL, chbiEay 7>y D NKERLE R TRERYT — &
LART. FLUTEBARERRS T —2%, T 3 EEOZE(
RENZELDD.

(1) avyFryoRY ) —2Zh=ZRKEEVCARETH 2D, §
CRANRENETT 5.

(2) ay7ryoRY ) —2ZhZRKEEVCARET, »oEV
HM oM, muAKRERD. TR AKUIERLITIE T 5.

(3) avFyIYRIN)—REINEHLRIANKOENLDSHD

D, V) —RXNHONK RT3,
INB 3INREVDANKEZLLIS, FarToViIIxlL, FV& L
IC—RT 3. AR, Ba0FoYDS54 7XL LERDB.
WIRHCTEAES 2 a > 7 > Y E% 10,000 il & HWICHERFT 2 728
AVFTIVDIATRA LEBEXZ 10,000 HEOa YT YR
ERESNBRICHED T4 724 205800, HIREN2 X5 ICRE
T3, 2LTarysyYAERAMCELET, 74 724 1%
T5. 2O%, BRULAGEZAARZ VICEDSE, Kavrry
W LASEZLORERSIF — X 2ER L, BRI L > THa>
TYVDEAERET D, FLT, AV TYVDEAIIHIE,
AR VF VT RZAL LAY FTRIIRDD., ZDTF I
HOox RarvFryoRRxfszay s OERERE Zipf 216
THRETS. T2, PIal—yaryoffficedizwy, filtvna
VFUIRAERL, HwarFryRHIERT 3 22T, HEIGED
ANGEZE S I 2L —RIZEELT-.

M7warysyEREREZ 1 Lz &, 37— EpEY
OHEMPIREZIHL, BEAFRODFrvaby FRERT. &
B, RBREEINDZDIZIF—ERERTHZ. I -4
OB, by PERIMER L. BERe L TEZLNZD
X, I 7—OEEEENa YT VY DAREZITGBWORRWT
ETHb. ZOLE, IT7—DENEARLTRLLD, Frv
aMBED TAB. L LAdss, arsry o ANKEELS ML
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