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BRWA Y M=% —E R %24EMtT 57912, CDN (Content Delivery Network) 72 £ OFEFIR ZIRREZ S AT W
oo L UIRALRS TCP/IP 32 —HIC o THERAY T YYTIERL, aYyTYYORMETLTHEHRRX T
WEH LT v MREAFRNERHA L TWS. 2 2T NDN (Named Data Networking) 253 > 7 > 2RI
BET2H L0y NV—2 7 —F77F 2 L LTIREEINL. NDN Iy P7—2HNDOF vy Tahrbay
TUVERBETAIMEEZHATVS. LrLaryTyYoF vy ¥ aliBicFEE LRWES, AR LTEA X
hayr Y eBST2MENFELTVWS. ZZTARTIEASHE b 7 4y 7 &OHIEZ BN, Bfica >
TYYOFYVIFADaA— (I 7—) RERTLIARERETS. £, KOHENRKNZRKMT 270, B
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AR, SNS R MY — I VUEMEDRERERICE D, WRBBOay 7y yhtcnTtns. £, H—
DYz ITR=JIZT7I7ERAT25E EEZEBEER~ETEOaY Ty YNDOT7 7 AR RET LI ehH
[14]. 207D, v b T7—2 LD 7 49y ZBEHLTWS., ZRHENI Y FT =287 ) v v ADH
T2, QoS DK FHAMEM I TWS. fluc, HHOERHNCE T 2F—Day 7Y VEEIZ X 2 ERA—
Ay Fews S FET 5 [19).

PER, a7 YEEOMER EEEE 2R DL D722 Content Delivery Network (CDN) 23k <
WHENTWS., CDN ZEZHDF vy o a2 —NTHRIN, av7oUEF )T —"ORbOICEET 2 Z
YT, avFUyVEREHET AT v xOF ) DU H—NDOEAMBPERL, BERI—FOEL LBV TF Y
ERETS. LrLBEDAL Y Z—Fy bTHOWHRTWS TCP/IP 1%, FR MEEEDLDICHKFIINTED,
ETOT vy MEFIEARR NERPEL, FUERA ML T Ty MPEGEEIND. 2D/, HEEA ML
BINZFA—a >y 7 VIR 28 FI1245 [17]. B, CDNIEA—N—L 4 THEINTVE2H5DTH L7
B, RTOMREERREET 2 Z e TERWV([11]. #uz, CDN OEMURAHICIZE VIR S D300 5.

NDN (Named Data Networking)[18] 3Rz DRI Z RIS 2 7z DICiRE S iz, NDNIZBWTIE, av 7
VERERTIBICHVWEZDEZay T Y RREBETARAIDIP 7 FLATIERL, avFryYDLRITHS. B
KREGET B, Hwd7+7—7 4 > 277 —71F FIB (Forwarding Information Base) & M:E4L2 H DTH
3. FIBIEKaYy 7o VIIMET 2327 A MRy T2 WS EHEGRLTED, HEa Yy 7Y Ok %E R
TRE 2R > TV, Interest 287 v M EIHINZER AT v b — RIR2 720, ERay 7oy OH/RNTE
DE, WETAEAX T A MRy IAIREEXNS. T/ NDNIWEAY b7 —FZHNDR ML —I%FHT 2EER X T
W3, /J— FPEFD Interest 287 v M REEETZEIC, FTHEDF vy P aDHIc, ERarvrryrxyry
a2l TWVAREI0%F v I35, dbl, /—FPERIVT UV EFry > a L TWEGE, X7 Vv
DRHDIZData %7 v P EWHIEEHAT v FTTF—XERETSZ. £/2, /— D Data %7 v M REET
BRIZ, Fvy > aRU T4 IEDE, Data X7 v b2 HBDX vy Y2l AN E I ERET . ZD LD
KEREN D B 72D, NDN ZAR T — NG L, avy 7 Y YEEOHEDFhE STV 5.

L2 L7255, NDN O F vy & 2 BEEICIX 72380 > TW0ad. NDNIZBUI 24y FV—2HNDF vy ¥ a
ZHHTE2DIX, Interest 2% v b DIRIERERE FICHET 5/ — NICRESIND. Fio, ERI-—IFMPEET S
Autonomous System (AS) WO Interest /87 v b DEEFER FICER AL T U UAF vy a2 ZNTELT, o
ASIKIHFET 287U v v DY T AET Interest BHEIEXND Z & WEHT 5.

1.2 HH

A CIEANDN ODF vy 2 a6 T XYy PRUKRZFEEENA L. 22T, F vy aOFHMEERH
EFTHE, aXFPEVASE NI 74y ZDHIRTE, F o574y Z7DEEEIX MR KRKIBIC RT3 22N TES
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[8]. —HFHMEAYIIRAEIE, B ASHH ASNOL—FDEREZH AS NERTREMEEE 8 THE. £ I TAMLE
TlX, EUMEERE AS NEITHRESE 2 L WH AL S, BROxy Vv —rTary 7 U VEMENRERED 5720
WIRRENZCDNOaryt2 7 2BEICLT, NDNIBWTEHIZXAMASE NS 74y Z7&%FHIKRL, NDN D
XyvalbiErm EXE 3 ARERET 3.

IR, 2B TNDN DX vy > a2 &) 2 7O DA ZEN L, 3B TANEOREA XDt zidRs. Z
LT 4 B CHREFHMERERICOWTIAR, 5 ETRRE2E L0 3.
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AIEICTIRRZESICNDN Z v bV —2 LD F vy v aZiEfld3 2 Tcar s YEEE2EEEZMET 2
2V NI =7 —FFI7F % TH5. FDD, Fyy P ahEEZ NDN OfEEEZ KELEAL, F vy > ok
W 2D Z L A5,

[4] TlX, TCP/IP TEEZEEHI%H/- L T3 Domain Name System (DNS) Da >t s 2BEICL T,
WREREX vy a2l 7 VA TERZFRENMEREINT VWS, FEHFSIINDN BTS2 F vy ¥ 2 F A Interest
Ry b OERERER ELTAT, Frv P 2aFHARMEWZ L EEML, H< D/ —FiZFry > aIhTw
5% vy a B ERAT AR RENENFATIAMERAICERLTWS. $ LETO Interest 287 v FHRFDDOF vy
TaANELGEEIND L DRSS, Frv P aHEEPKIBEZALTERZ2WHIEZIDNL, aVvFTrVHEF Iy a
fIiE L #t-D1) 72 NDN IZBU 2 HHTERFEZIRR L Twa. BERNIZIE, % Internet Service Provider (ISP) AN
W—OBHRIOBIY —NEFRE L, HWRISP 20X vy ¥ 2 HREINET 2. 2 LT, BRPEET LU0
Interest 237 v b DIEHEEO X, BIF—NZHWEDLEL, BRaAVTUVDFX vy ¥ 2 DFELMRT 5.
b LISP NERICER Y T VY DF vy ¥ aPFETIUE, B —NE—FOLVF vy o 2152/ —FZ
TOHEERFRZEEL, BB LTHWEDLE L/, — FNRET 3. 20858, /—FRi@FEoL—T4 7
ZE3UC, Interest 87 v PERERAVTUVDF Xy Y a L TVWARAFD D/ — P, RERKZIG-T
XS 5.

L2L, B —NOREIZAIPRKEIVER, 2y PV —FHDFXF vy a2 FRMENET 24—y Fd
W, Fh, AT MEEREDLDIEIV—T 4 Y IIDBERSHTHIHENDH D, BRI —NEHND L,
NDN O R 7 — B b s.

[7] TiZ NDN T CDN ZH#5E 3 2 - DICBEL L7 ¥ vy & 2l XEREEI ATV S, ZOF%ETIE Ry b
V—27 LD/ —FE IR, TRAENERIZBE R Txry Y affAREMLEXES. LIV
10/ —=FRIZCDNDOF vy ¥ a2t —NeEUEEZRL, CDN O X5 REREDPEET 2RiEe k5. SWEZ
X, LAY1D/ = FPRTarysoyoxry Y aZfET5. LAY20//—REIAKaAYT oY EF vy
a2l TVW3/—=FThHd. ZOLAYD/)—FRARAYTYYDOFELZREL — F~ARL, BREZFETZZ
YT, LAVY1ID/—FEDiTwe IAn6 A NKar Ty yYolifEEERTS. L4 v¥ 3D/ — FiZ@E O NDN
J—RTH5. INTOERIITELAYHLLEELAYANADP o TIEINSL XX TEILT, i DF vy
Sak XV BEIEATLIZ e REBL.

UL, BEEELEF vy > afilfliTx vy 2 DFHREHREDIA LT 25 DD, CDN ZH#ET 27200
BTH 570X NDN ARKD 27—z bh s, —7, NDN 20U, =0 bRadieBd2Fx vy
> aMREIZ CDN X h @ I TED [13], NDN DX vy > 2EEEIEH T2 Z 2 T CDN ORXEEH L 3
rEILNS.

[12] T, ASTIF 27 4v ZIWCEB LI-BEFRSHE O FAPREINT VWS, ZOMRTIE AS NED / — K
MIC ASHMIBD a >y 7 oI $ 27 7 b REMEZ T 5. 7 — F3B 4 ZDERICESE, Fyv a2 DfE
EHEEL, vy yalBEORELLETS

J—FOWMFICED vy S 2 DRELEERINTZHDD, Fyy P 2 DBHIRLEBEMHEICKET 2720,
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AP —YaZAMBEVEWSHENFETS. FRIO0AREY Y Ao MRV EFHIRICLEARTH S 7
», FAMERRIFTNS.

EFROMESZEEZ, AETIEINDN OFx vy ¥ a N EF vy Y aRBRENEZR ET 222 Tazx b0
BWASHI N7 7 4y ZRHEIBT 272003 7 —OBNEEBEELIRET 2. I 7—tid/ — FICRRHGREX R,
FEXN2F vy adl e Thd. NKAVToV%IT—ICL, bI 749 20%I57—~\FETHILTHFry
aRAOMRER LTS, BB, I7—RBEHAMCORoTHEET 23D TH B2, BEFHEEINKL, A b
L—YaRXMIGITE S, £/, SBEFREIIFIALT 207 vV EEET 270D FHIE/ — FRIOKI
MELWN., ZD0, HiIck 2 F—"~y FHIFHITE 3.
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ABETIE—HOMNBa > 7o Y217 —fLL, HASHO N7 749 2% I57—~FETHZLT, ASH LS
74y 7 BEEOTHALCOVTENS. 7 3.1 HiTRETAOREH T L 2ot ASDa>F Y EI I~k
T2 REdNS. K328k 33T, ERTROMEREZA LT 27D DIRATARCOWTHIT 5.

3.1 fASOIYTYUYDIF—1k

AEITEARTY v v AS DINRICHEET 22> T Y DOHRT, ASODNRCEEDOH 2> TV %I T —
LT3 HRICOVTIERS, 35— HLVaryFryoar—2ZE2FBEORVF vy a2l ANLS L L,
BERREER Z, BIRNRLOANF vy 22Dl 2 0S5, NDNDJ — FIZFEELTWBERRY > —
WCHDOE, Fry a2 ANBEZITVWS. LrL, HERBHEA N —YaxAMEVWE, AKDOHZaVT Y
VEBBHLTLESAREEDRTEETS. 2 7—2HVIUE, ZOWRNEN TS, 72, av7ryoav—%=3
7= T5Z 2 FIF—brES

3.1.1 ftASOaA>VT>VODIEA

1 BTN E DI, RFFETIZASHE NI 749 ZICEB LEF vy o atfilfliziged 2. BRRICIZIT 4 AS
AMERANBRE X L2 Bk 2 AS WEB TR 3 4UE, ASHMEIANILEL <D, AS b 7 4y 7 OHIEEZFEHRT 2 &
WHEZTHS. BB, BANDEREZE2T AS AFICRIRT 2 Z e DBHETIIR WD, ANKay T YYD
ROBIRT 2 Z e EFE L.

ZNEEBT 570, MBNIRESINZ2EROBEE Y Ty RO ay 7oy D NKRE 2T 2 FiEDNE
b, BB, BRENIANGEIND ZCWEHEIY T YYD RT Y v vy 3 AS ONEICFET 22 2 B
K270, MRS ary7ovENEar T Y eSS, AS ONEANILEIN D BERNP AS BH 2 & &,
T AS DIFUFET 25— V2 A V=R ERBT 3. 22T, F'— bz A—XIZHEZFEH L THEHA
RN ZEROEE Y 7oy EF Y 7 F v L, MIbT 27 72 eidikx iR, sfar 7o vt
THREENBETEZ 2. 2B, Barrryn7 272 28h 6, ASHEOZ—FIt o TAKDE W2 > T
VUL, Elz, KETIIAS DT — b2 A EDHIBEEDARYy 7 2FTHI Ve BET 5720, TR
DEHODOMERER T ET 2 EZ 5.

3.1.2 aAYFIYDIS5—{t

MEa > 7oy o7 7 AEREER LS, I 7 AL IR LHEET S, ASHEDOF vv ¥ 2 AEITHEE
TRERVWED, = b7 2 AIFASHHOF vy ¥ 2 BREICEDET, NRELN K% ONEa > 7>y D A5E
RT3, T, BEONK VTV EIT—ALONRE U GERT 2 Z e 2001, @E—EHBRUND
7 7 2 EBRDASIRT 5.
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F=bozABIT7—bT2ar7oVEy FERELES, K31DRTy 1R T LS, HASHD/ —
IS MLDEFERHEETS. L L, NDNIZTAR—ZDBEEFAZRALTED, 7 v 25005
ENTVREWYD, FFED /) — FANEFERT Y b 2ES72012, 7a—FXF3y A MERQREr 5. Ju—RKxy
A RT3, 37 ACOEFEEERFLITITERR NI 74y VPRETAMEIEST . ZOMEE RS
%7212, NDN ETHEE L7z pub/sub 5L [10, 5, 16, 15] ZEAT 2. ASHHD /) — FIZF— b7 24 D3
TR EZ8T, Y= MU ADBASHEHD ) — A5 —LOEFEE vy 2 T2 RAREICT
% pub/sub BTN EEHT 570D F — "=~y FREVEEOLNATVS. L LARERFIETIE, HHE AS
NE D 7 — FIZBRBEZX N, Wt Rs 7y — b2 A LRV, BAaZ MAENEEZITWS. ZOEFHAS
oy MCEI 5 — RV TARICHERERPTIHIN TS, 20Ty F2ZITH o=/ — R sy FAD

IHRICESE, AL IS LT3, ZOLE /) —FrDF vy P allEkBFREFEIONUE, M31DRATv S
2-aRT LD, /—Fal@dFPDFYarr U ERERL, Fryv>al, 3775, /—Fa2DFyya
DEIFENAET I X, K31DRTYy 72 RT LI, ZHarr oy eFrydagd AL —F
NEFERERA L, BEEEZTY — FRECEEZITS. 20T, HASHDOETD ./ — AT A ML —Y
HRHTE 3.

R O—EHD I E —ERFA T B =127, m%,\7 —fbLizarsFrydEL I 7 —bahzRrFELIZ
CONKELHRFT 2 Z B AARETH 2720, HWwI 7 -2 EMICHIR T 2 0823 H 5. £ 2T, si—m
4724 LI 7 LEAMEFACEX LT 3. 21T, ﬁbm\7 — RN T30, AiDBHTE-> 72
BHIRZEZ, —ROF vy 2 LTEHRINS ZEAlREL & 5.

i

/u
I

——Connect by NLSR

/ 2-a. Set a mirror
2-b. Transfer the’ g (at available space
request to nmghhﬂrs
. 1. Sencl a reguest of
' 'x._____.z' mirror-generation

3.1: Sending mirror request from gateway to selected routers in AS
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3.1.3 =S5—ADFEE

35— bDAEEITI L, AR LTIHERE EOFX vy 22 LAFHTE S, mERBNDIS—2FHT 3 2
CHRARETH B, ZD=DHITIEHE AS V\]@%ﬁ%i‘%ﬁf:&:{’ﬁﬁibti5——/\%%5&%&56:3‘6%%75%%. KN
HiTlE, ZhEERTE2-D0FEEENT

NDNk%mT,%*A#/F@%ﬁﬁﬁd7ﬁ7~?4V7?~7WT%6NBKEGVT&®5.HBME
KTy FOBEa YT UVITHIET 5417 A MRy TREEL, 5K T 5. 22T, FIBIZI 7 —~DIE A%
BZ, I7-ICNETEAZRANRYy TREHT LI LT, EARAEEET 5. BRINICIZI 7 —{bEiTo7

) — KW AS BEAI Z—DBFARILETZ2HRTH . Thbb, ASHOLR/ —RIZHL, I 7—(karyrv
YV OLMERIET 287 v P& NLSR[9) W T 7R —FX % 2+ F5. A7 —-KFFx XA bDART v M &2
Wolz/—Fi&, »~Fry MAREHEN a7 VBIZHIET A FIB EOTY P VDRI X bRy T %, A%
o bDRNBELER- I EFEBRCEETLZ LT, EESRREHT L. £/, I 75— 3ENHRBEFET 3. 3
T—MHEHELTHI Ty DT 3T —T 4 Y IODBEFEIITAS LS, FIBRNOARIZ—DTY MVIZHR—DFH
AR Z NG L, GO A Ry T2IRET 5. ZOFR, M321RT L5, I 7—(klikaryrrvicht
T BERIF AS INBANEE XN FIC AS FITAER L2 I 7 —ABE XN 5. T, Kar7Fovicnds ASW
I—FNLDOERIZETASHITHEE TS, FharvroyEIT—(bT32ickh, 2—FDione ZAh
LavryYERETAZeRD, EXREIEE ASHMZ 7 4y 7BOREGIAFTE 3.

3.2 IZ5—ODOREEE

B1HITIEHEASIKBWT, AKDOH2MASDar T YE ASHED /) — RT3 5 —(kL, AS NEDOERZ
NI TR X2 ARNERE L. L, BEBEFIRCELD, TATZ— s oA ANARSERAT v b OERES
MAEHEI Y TYYDIT—%FifFLTWS /) — FIEHEIN. 22T, 2 7—ORBET BHNCE > TX AS
WERD + 5 7 49 7 BEEPLTAREMNTEET 3. 2D L5 RIRNE <720, AEITIXI 7 —BEESHFTOREL
TLTYXLERET S,

IS5 —MEOREMIEI T —ILTAIICEZHASHD 57 4y Z78MEi <720 TH 2. 2D, —F
HARR 7 IRBBIZ H AS NDOER AT v b3 77— TCOVRIEHZR/MELTE2 22 TH 5. £/, AL TIE—
DDAV T IV LTERDI 77— %'%?5utkib,l —FOERBEZFICHIH T2 2 dEZ TV
3. WICREAEEO HEZRTFD DI 57— TOVPEEER/MLT 222 TH 3.

Z 2T, REALE7 VTV XKD ZHE, ANz b RKednrs, 1EHUED /- FOETE/—F
£y FOHT, BEDD ) — FADEEEHS—F/NE W — Ry b THS. L/ —Fty FAD ./ — FED
LADEE, R 2ERIGAZEPMEO—FESW/ — FEELE TR S, 2Dk, ARETEMUT I/ —F
Y FNAD /) — FOHFTHERHFDD /) — FADFEERy TROWHE W 2D/ —Fty bR
CEHRTS. LTI/ — Kty boHERMEDFHELETH 3.

o N: FRuYHND/ — Pk

eicl: HE /) —Ftwv FID/—F

jedJ: /=Kty b ZEEZW/ —FEy b

enl: J— Rty FNIIZEEND ) — RO

dij: I OHFT jIZ—FENW/ — Finb j FTOHERE
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Intra—AS‘"’rw

Gateway
__——-'—:'f" - -

=27 ol Forwarding Path

New Forwarding Path

Publisher

3.2: Changes Interest-forwarding routes to mirror in intra AS from publisher in external AS

o /—Ftvy boi#EHIME (CCNS: Closeness Centrality of Node Set):
1

CCNS= ——MM87 ——
e Y i

ek, EEROEO—FE W — FERD B DI MR IHNORTD ) — FOEEF LM% KD T
TOIREND L. LEPIMEO—FEV// — Rty b2RDZZEHFELTHS. LirL, £ToEEhLtEr
RO BFHERIIG KR IZD, F—NNy RBKEVL., 22 TAMTE, BERZ MRELEMEZSEL, KV
AR TR R EEEIRD 515 k5, Algorithm 1 \IRTHREAE 713 ) XA ZIRET 5.

9 NLANERR AR B TR
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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 = of C' with considition that we can
reduce H if we replace C,, with x

5: Replaces C,, with z and return step 3 if C,, exists

6: Completes algorithm after outputting C' as results if C,, does not exist

REREEE LA 703V XATRDS, 3128 TANK LS, ¥'—bY 455 pub/sub E7 L% H N

T3 7 —(LOEHZE RGEILESCICAET 2. TOTy b 2RI o7/ — FBT5EFEEIL D L 512745,

1. HEORA ML —JWIT—HOEESRELDHIDE I F v 7T 5.
2 BERERDI X, FMarvrroreIs—(klL, HIBE[MITHrsF vy 2 lTANS.

3. BERBEDPRVEE, TyyPalNElTRYar7rY A ARE (FEEAry MCid#BchTtws) »iK
W3 F—%HT.

4. NKEDEMa YTV EDERVI S —BEFEETIHE, —BHVWI 7J—RERTS.
5. FELRWGE, EiEAry 2%, — FABRE L, BEiE2ZT72/ — FHFE UL E1TS

AT, BOWAREDHZ a7 VI EICREREELOELICHEX NS X512k 5.

3.3 =S—OFBVER

311 HTIREELEAPTH ASKKBOWTARDDHZMAS Day 7 oY BT 2 FEERELE. ZoAR
ZRHVAURE, BDF =Ny FTERCH LWARI Y F oY 2L, WIS —%2 BT 2208 TE 3.
L2L, ary7FryYOANREFIFECELLTED, F20EHES B> TV, 20k, EENLZFAYTca
YTUYVDANKEERIT 52T, VAR AL LADANKELRLERKMTE S, AKEZROPIT TSy
TUVEIT—ALONRE U GERABESENGFET S, Z20E5R2ar 7oV 73— 3HENMETT2ERERE
5. REITIE, BRRICMASDaY Ty YDANREERIL, H2ar7 oA LERLHAE-125, Zoay
TYVEITALTREN I T —MEANEERET 5.

ANRDHZarToINDT7 7RI Ra>T oV IV EEZNICEZNTHLZI e, NRDOd2ar T
YYDT I RRBIIMD AL T YD T I AFh S RELANNTANUEE F RS, BV, fToary Ty
VDT 7 AP ONNEERATZ T, ANKary 7YY EHFENT2 et s, 22 CHHAT2D
B ZRa7 3] THhb. ZRaATEEZAVIUE, HLENPENIET—Xty PSR TV ZFHETE 5.
F=b Uz A TRELETOMAS DIy T U VIIHNT2ER ATy NOBET—ZtEy b L, Farvrry
D7 7 ABINIET 2 Z RAa7E2FERICGEIET . 2L T, $2aY7VDZLRAAT7HTHHRELBEEE
BRI, 20arysryyEIT—(boNRr L TGEAT, 3128 TRREARTI 5 —1b217S.

¥/, B Z—2ERT 25837 —DBRETORLENDHS. £ T, Y=tz IZ2TDIT—
DERBREINR O EZHBXES. 2LT, Y~ bV AR—BEVIF—%2FET5 /) — Fic: 5 —1LoEH

10 VLATEERER B oA S e
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kD, IT-RBEBOEDRVW — W7 —(LDEFH AT v b ERZTW 72K, HiLwvwIsg—TthHwIs—%
BT 2. ChT, BRAGDB LA LBAE-7-ar7ove3Is—bds2k, Rt ko3 5 —%2FNIC
HIFRS 2 Z e SAJREL 12 .

<
%
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BAE GV

ARTIENDN IZBWT, aZXPDEWASHE N7 7 4y ZBEHIRT 280103 7 — RGN EIRE L2, Al
R ROENELERT 272018, KFETIEHEKS I 21— a iliDFrydaby FRPASHKRY TR
RIS 5. AR TIZASE NS 74y ZHIRICEHL, ASHOaY T YDAE I F—{LHRELTWS. Z
DD, P2l —yaryOREBETENSay T Y LA FEELRVWET S, F/2, Xy YV —2 Ltoarysr
Y DNKEDTE Zipf BAWHED ZDBHONTWE 70 [6], ARETD Zipf pMICHIETZKa 7Y DOEK
LEREET 5.

4.1 FHERG
BRI MRS 2 B D E R T 5 5.
e IT— VA K/ —FDF vy aBREDSHIT—IKEIYYTAIREDESE

o I —HONERa L F VI L THRT 2 I 75—

g AS RifERR: 2T O Interest 287 v FDERZ—H AS OAEBTHR SN PR v T8
e XryTaby MR I—HOEUZSERISHNLT, XTV v v DAY Y H—NLNDEHT, THRbEL—
ZDF vy Ta, I7-—moT—REREFTELES
F7, FevaflliRe LTUTORY S 4 2% 4, HWEHEOFMIGEZTTS.
e FyyTaRUI g
1. LCE: Data %% v " EHT 2 LTHD/ —RTary7ryyEFrya
2. PROB: Data 287 v bDRER EDK /) — KT, X7V vy oDk y FTHEHIKIH T 2R T
STV X xvTa
3. UNIPROB: E/E#* T, Data 87 v bOREK LOK /) — FTHL, a7V eEFryia
o EHRY T 4
1. LRU: RBRICER SN TH 6 OFG@ERE SRR D 2 > 7 > ZHIkR

2. FIFO: &b HWIRZNICF vy > a ¥ Nzary 57 oY ZHIkR

HEMY I 21—y a Yy THWET 4 740 NOEEREMEZR 4.1 1R-77.
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%% 4.1: Simulation Configurations

Parameter Value
Topology At Home Network][1]
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
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4.1: Cache hit rate against mirror size ratio
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4.2: Average inter-AS hop length against mirror size ratio
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4.3: Content generation with popularity change
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4.4: Cache hit rate against relative cycle length of mirror generation
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4.5: Cache hit rate against mirror size ratio
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4.6: Cache hit rate against number of mirrors with 50% mirror size
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4.7: Cache hit rate against number of mirrors with 10% mirror size
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4.8: Cache hit rate against mirror size ratio in Verio
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4.9: Cache hit rate against mirror count in Verio
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4.10: CCNS against mirror count
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4.11: Cache hit rate against frequency of content generation
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4.12: Cache hit rate against frequency of content generation
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4.13: Cache hit rate against ratio of mirror size
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4.14: Cache hit rate against ratio of mirror size
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4.15: Average inter-AS hop length against frequency of content generation
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4.16: Average inter-AS hop length against frequency of content generation

FIREIC, M 4.15 ¥ X 4.16 225, ASEI NS 7 4y 7BOMENCEST L CRENR I S —AEDIEFS NI H B

NTW2aMEEEZH LD
72 1 H3 AT E

INT, ZRATHEEHISENR I

IS—4pEEZa T o NKEICH LT, Kbk

ThHh, MEFTEEMRERZALETE2 LHERL .

24

NLANERR AR B TR



BLE fEm

NDN TlENL—XIZF ¥y Y aZBAL, V'—XDFXry>apb X7y yDORbbicaryr oY rlilfEs
5. L»L NDN DO vy ¥ 2RI Interest 237 v + DHRkfEg L TOAEME N 572D, NDN OF vy ¥ aff
BEDIA EDWREETH 2. ZD7DMD ASIT ATV v ¥ REAET 5, IAMDEVWASH N 749 78D
KD HNE#ETD 5.

Z ZTARTIE, ASHTOEWFyy>abky MREEFL, ASH N 74y 7B0OHIREZKET 2 2% H
HNZ, NDNICEBIT 280 I 7 —MRIEZIRR L, ASHHDary 7Y% ASHETI 7—{bkL, ASWED + 7
TAv I T—ANBETBZICRRRE L. FEEHY I 2L —vavickh, IBEARNCED ASHOF vy
Yaby FEREPMLET S IEME L. S%ITE L TRFEOFEE N PERTIC X 2 HERER A — Sy RO
BT FRENETONS.

25



BT EE

AR EITOICH 2D, ZIRERHEVWE LINERICEH L ES. FHAGakifimsr L TniiniziEr v
b — 7SR E ORI L 3.

26



SZ

1]
2]
3]

The caida homepage. http://www.caida.org. [Online].
The verio homepage. http://www.verio.net. [Online].

Vaibhav Aggarwal, Vaibhav Gupta, Prayag Singh, Kiran Sharma, and Neetu Sharma. Detection of spatial
outlier by using improved z-score test. In 2019 3rd International Conference on Trends in Electronics and
Informatics (ICOEI), pp. 788-790, 2019.

Jianxun Cao, Dan Pei, Xiaoping Zhang, Beichuan Zhang, and Youjian Zhao. Fetching popular data from the
nearest replica in ndn. In 2016 25th International Conference on Computer Communication and Networks
(ICCCN), pp. 1-9. IEEE, 2016.

Jiachen Chen, Mayutan Arumaithurai, Lei Jiao, Xiaoming Fu, and KK Ramakrishnan. Copss: An efficient
content oriented publish/subscribe system. In 2011 ACM/IEEE Seventh Symposium on Architectures for
Networking and Communications Systems, pp. 99-110. IEEE, 2011.

Seyed Kaveh Fayazbakhsh, Yin Lin, Amin Tootoonchian, Ali Ghodsi, Teemu Koponen, Bruce Maggs,
KC Ng, Vyas Sekar, and Scott Shenker. Less pain, most of the gain: Incrementally deployable icn. ACM
SIGCOMM Computer Communication Review, Vol. 43, No. 4, pp. 147-158, 2013.

Chavoosh Ghasemi, Hamed Yousefi, and Beichuan Zhang. icdn: An ndn-based cdn. In Proceedings of the
7th ACM Conference on Information-Centric Networking, pp. 99-105, 2020.

Mohamed Hefeeda and Behrooz Noorizadeh. On the benefits of cooperative proxy caching for peer-to-peer
traffic. IEEFE transactions on Parallel and Distributed Systems, Vol. 21, No. 7, pp. 998-1010, 2009.

AKM Mahmudul Hoque, Syed Obaid Amin, Adam Alyyan, Beichuan Zhang, Lixia Zhang, and Lan Wang.
Nlsr: Named-data link state routing protocol. In Proceedings of the 3rd ACM SIGCOMM workshop on
Information-centric networking, pp. 15-20, 2013.

Yuanzhi Kan, Quan Zheng, Jian Yang, and Xiaobin Tan. A cache invalidation strategy based on pub-
lish /subscribe for named data networking. IEEE Access, Vol. 8, pp. 80074-80085, 2020.

Dirk Kutscher, Suyong Eum, Kostas Pentikousis, Ioannis Psaras, Daniel Corujo, Damien Saucez, Thomas C
Schmidt, and Matthias Waehlisch. Information-centric networking (icn) research challenges. Internet
Research Task Force (IRTF), pp. 1-38, 2016.

Jun Li, Hao Wu, Bin Liu, Jianyuan Lu, Yi Wang, Xin Wang, Yanyong Zhang, and Lijun Dong. Popularity-
driven coordinated caching in named data networking. In Proceedings of the eighth ACM/IEEFE symposium

on Architectures for networking and communications systems, pp. 15-26, 2012.

27



ZE Xk 28

[13]

[15]

[16]

[17]

[19]

Ge Ma, Zhen Chen, Junwei Cao, Zhenhua Guo, Yixin Jiang, and Xiaobin Guo. A tentative comparison
on cdn and ndn. In 2014 IEEE international conference on systems, man, and cybernetics (SMC), pp.
2893-2898. IEEE, 2014.

Rajesh Nishtala, Hans Fugal, Steven Grimm, Marc Kwiatkowski, Herman Lee, Harry C Li, Ryan McElroy,
Mike Paleczny, Daniel Peek, Paul Saab, et al. Scaling memcache at facebook. In 10th USENIX Symposium
on Networked Systems Design and Implementation (NSDI 13), pp. 385-398, 2013.

Boubakr Nour, Kashif Sharif, Fan Li, Song Yang, Hassine Moungla, and Yu Wang. Icn publisher-subscriber
models: Challenges and group-based communication. IEEFE Network, Vol. 33, No. 6, pp. 156-163, 2019.

Haitao Wang, Sripriya Adhatarao, Mayutan Arumaithurai, and Xiaoming Fu. Copss-lite: Lightweight icn
based pub/sub for iot environments. arXiv preprint arXiv:1706.03695, 2017.

Guoqiang Zhang, Yang Li, and Tao Lin. Caching in information centric networking: A survey. Computer
networks, Vol. 57, No. 16, pp. 3128-3141, 2013.

Lixia Zhang, Alexander Afanasyev, Jeffrey Burke, Van Jacobson, KC Claffy, Patrick Crowley, Christos
Papadopoulos, Lan Wang, and Beichuan Zhang. Named data networking. ACM SIGCOMM Computer
Communication Review, Vol. 44, No. 3, pp. 66-73, 2014.

Meng Zhang, Hongbin Luo, and Hongke Zhang. A survey of caching mechanisms in information-centric
networking. IEEE Communications Surveys & Tutorials, Vol. 17, No. 3, pp. 1473-1499, 2015.

<
%

AR AR AR TR

4%

28



FRERUAL

[1] Cao Xuheng, LIl W, “NDN B2 ASH F 7 v ZHIBO D08 I 7 —HEIE ©, BFEHERE
¥R 2023 FRE KRR, B-14-8, KE /A > 54 >, 202343 A

[2] Cao Xuheng, Ll #EHH, “NDN D ASHI + 7 7 4v ZHIED /-0 D I 7 —BINECEE ©, BT HEHRBEER
RS~ Y X > b (ICM) B%E2, ICM2023-16, BRfE /A > 4 >, 2023 £ 7 H

[3] Cao Xuheng, Ll #ElE, “NDN D ASH + 7 7 4 ZHIIZ B L2810 X 5 —EEE ©, B IHEHOEE
FR2023F YV A4 LT 4 K, BS-4-8, £l E, 2023 £ 9 A

[4] Xuheng Cao, Noriaki Kamiyama, ”Dynamic Mirror Placement for Reducing Inter-AS Traffic in NDN”|
IEEE CCNC2024 (Work in progress session), 2024

29



