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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.

Key words ICN, NDN, Cache policy



1. FC®IC

M, SNS 8 A bV =3 U VEMZEORB R KIC KD, KRR
Boarsrysigttahcnsd. 7, chsnarysoviey
TYX AT BDITA YR —Fy MTEHRTITF AL ZABAMLT
W3, ZRUHEVARY P =77 Y v Uy ANDEMDBEHE L,
QoS DX AR XN T WS, fluc, HE ORIz BT 2 F—
DAy 7T ryYREICLZERA =AY R WS RED H 3 [11].
PR, avFrYEGFEOMEMLE aX MEEDDIZa YTy
YFUANY Ry b7 —2 (CDN: Content Delivery Network) 23
RS HWSERTWS., CON EZHDF % v ¥ 2 — N—THKX
N, avsyvEARTY v v DAY I HF RO ICF v v
Tat—ADRLEETZILT, aVvFryYEREMT I Ty
X DAV I —NOAREERL, ERI-VOELIhoa
TV REET 5.

Lo LBEDA Y& —2y FTHWSHHRTWS TCP/IP &, &
2 FEBBED=DIZEETENTED, 2 TO Y v MEEIZERZ b
BPREEL, SUEARA MW LT T v bDEREINS. 2D/,
BHAZ VBB BFA—a Y 7>V I#E 5 #7172 5 [9).
#12, CDN OENR ORMAIIEE VI R s 2300 5. 72, CDN
A —N—VL A RZDAFET 720, RTOUREEFETZ 2 h
TERV[6].

D XS REEEBET 2 -DIRR SN OERIEA A v b
7 — 2 (ICN: information-centric networking) T#% %. ICN &
NIV rDE IAMRFEERTVWEAY TV Ry F T —2
ETEEIN TV T Y VIERALBDTHZ NS & ZAHIHE
HL, vy P YV—2HDRX L —YRERATHE, 2y tv—2FL
DavFryYHHHTEZ LS RTR0wS aryEel b3
Sy NI =07 —F%77F % TH5. ICNITIIFEA R FEBEENTF
EL, AHFEDONRE 725 Named Data Networking (NDN) [10]
BEDOHDO—>THS. NDNIZBWTIE, a7y Y 2ERTS
BRIV DIZay 7 oY 2R3 2 7Y v oy DKRRA M IP 7
RFLRTWERL, avy7ryYOARTH 5. BEREEHET BB,
Interest 27 v F EIMHIN B ER T v MiE, BERav7FoYo
AFNCHEDE, BEAL—XETHXZ A bRy FRIREINS. F
72NDN Ety P V—=2HNDR L —Y % FH T 2HEEE X TV
5. J—=F (3 PY=IERTEN—RPLAL v FRREDZ
Z187) M LD Interest X7 v F FREET ZEIC, TTHHOD
FrvPaDl, ERaVFUVEFrv I a L TWAERE SN
EFrzv 35 bL, /J-RPERavFTUVEFrvyTalT
WBIEE, X7 vy Db DIZ Data 87 v P WS REH
v NTF—ZEIRETS. £/, /— K Data %7 v b 25k
FTBHIZ, FrvvraR)T 4 IZHDE, Data X7y PEHED
Fr oY all ANEZDPEIDERETS. ZDLDRIEEELDH 57
®, NDN iZA 7 =R EL, ary 7y YEEOHEDbEVwE X
nTn3.

L2 L7235, NDN OF v v > 2RI EEN KR > T»
5. NDNIZBI} 34y bV —2HNDFx v v > a2 FHATE DI,
Interest 87 v b DYLEREE BB T2/ — FICREXNS. *
DO NDNIZBIF2F v v aDMREE, avFyYeF vy
AR ANBEPEIDERDEZF Yy ARV 4, Frvia
DEBPED RVHHICHIRT 23> 7 oY Rk 2 EBHRARY > 4,
ROEary7ry YO NKESHICRKELSEEERZ TS, EhFry
S aDMREME T T AERD—2 L LT, BERL—FREFEET S H
> 27 4 (AS: Autonomous System) WO Interest 2$% v b D
SRS BBk a v 7oy kv v 2 XM TESL T, o AS
WHEETZRATY v vyDE T AET Interes DELEIND Z &3
ZHRITDHIENEZOLNS. ASHNI 74 v 72 BoEIE, bo
74y 7 OEGEAR P KIBICTIFS Z M TE S [4]. —HKEHA
HI72IRBE1Z, % AS 25H AS D2 —FDER%EH AS HEEToER
XHBILTRES. ZZTARTE, BEERE AS NIl
BBZEWVWIREDS, ERDXy VT —2Tay T YR EHEE

BB DDIREINCDN Oary+ 7 28EICLT,
NDN IZBWTEIAMASH N F 74 v 7&%ZHIBL, NDN O
FrvyaltbfErm b w2 REIRET 3.

LIF, 2. T NDN OF v v albfiiz @ 27D D% EHE
ML, 3EICAMROREAROFMERNS. Z L T4HICHERE
FHEFE RIS OWTIBR, 5 HiTekE T 3.

2. BEEMRRK

NDN OB F v v & aREICKREL EAIATWS D, &
NETICF v v ¥ aflflicBE T 2MAIBZ S ALNS.

(1] T&, TCP/IP THELKH %R/ L T\% Domain Name
System (DNS) 2>t 7+ 2SZEIC LT, HICRERFy v a
W7 7R ATERZFEMERIN TV, EELHIENDN B3
* ¥ v ¥ aFRIX Interest 287 v + DIRERK E U 2IT 2720
BEICEHL, 3 L2To Interest 37 v FORRFDDF vy v
NREIND XD o7S, Fr vy aMREPKIEICEATE 2
EWHEBZNS, aVTUVHEFY vy afi@ it 72 NDN
BT 240 FEEZRELTWS. BRIIZIE, %% Internet
Service Provider (ISP) PIIC—DEFRRIDBHY — " ZRE L, #
ISP 2o F v vy 2 HMEINET 2. 2L T, ERPEAET
572002, /7 — K2 Interest 237 v M &BEET BH1IC, T IBEH
F—NIHWEDELT, BRavFoYDF v v s 2 DIFEERE
BT5. BLISPNEC, ERav7ryYyOF vy > adFES
R, BEDO 7+ V—7 4 7 %EFIZ, Interest 237 v b EER
aAVFIYVDF vy Y aEHELTOARFD D — PN, RER
BEIR-> THEET 3.

L LA s, BIff—N"OFRBIXMPBKEV LI, Ry b
V—HNDF % v 2 ERENET E2H— "~y FHEWV. Fio,
NDN OEWRT — A MIE 7 YV —F 4 Y IR EESEHE WS AT
BB, EFRF—NEHNE L2, NDN OR7— 08D
na.

[3] Ti&, NDN T CDN 2#583 372012, BELLEF v
PaflflsRERELTWS. ZO%ETIE, /— % 3EEICY
UC, ENFESEREERT. —FLERO — FIEEHEa v
FTUVEFYy a2 LT, KD CDN 2FEU &5 LEEEL RS
RINKaAvTFovEFryvial, BU)— FANBEOEER R
T/—FThH, 2—FIGEVWL A6 ARV T UV REMET
3. RBIZEHEDO NDN / — R TH 3.

BRI LZF v v > afililicE v v 2 DR R e M E
T35, CDN 2H¥EF 27-00/ETH 37D, NDN AKD 2
r—EpELbis. —5TNDN ZHWIUL, —Ed bReY
BB F v v 2 CDN X hEne S THD [8], NDN
DX vy 2 EEEREHT S22 T CDN OXEEBEL 23 &
ZAohb.

[7] TW&, ASHI L5 74 v ZICEH Lz BEZHELOH AR
LEINTWD., ZOFETIE AS WD 7 — R AS 4o a >~
TUVRETRERERMTS. FLT, ZOBEMEEE, Frv
TaDMEEAEL TRELETS. /- FOWHHACEIDF v
aDRBELERBRINDD, Frv v aDE I IHBICHE
T30, AML—=—Y3AMPEVEWS BERFETS. A
FHRIEF—HO M Ra Y LB TERWEES H 5.

3. BREAK

AHICTIIARTIRET 3, —HOL—XDF vy v 2% 37—t
L, ASHO NI 74 v 2283520 T, ASEINI 7497
BERESTHRCOVWTIHERS. 7 3. 1T AS DEFL— &
WKBWT, ASHCA VD FADEET 2307 vV ERRTEH
EEARRS. ZLTC, 3.2fiC, BRLZaYy7> Y%k ASHTS
7 — LT 3 HEERBRRD.

3.1 ASHDOAYTUYDIEA

1. HiTNZ L 31T, RETIEASE NS 70 v ZICEHL

— 2



T2y v aflfllZRET 2. TDEDIC, TTLELRDZDIEN
TV M AS KHEAT 23TV EBEANT2FETH S
NDN O 7 7 —7 4 27L& D, Interest 3% v MIERa > 7
VYV DHRNIHFEDE, TV v Ty ARWIEEXNS. B, L
H2arTrYDNRTY v v AS DNEICFEE LRV E X1,
#45 Interest 287 v M AS DIEFICZAI VT 35— v oA
N—RERBHLT, S8 AS NFLXX NS, ZDd ASDFr —+h
Uz A= REEWVUEENERE L TWAEEZ NG, 22T
K 1IRT LI, F— b7 24— XBEHEFEH L THRANGE
KNS Interest X7 v bOBERa VTV EFY T F ¥ T D
2T, ASNECTHEEDHZ ASHHDa Y7oy RIEETE 3.

L2L, ASHOL—ZDFx % v 2 BRI ERPH 279,
E2TONMary T Y% IT—bLTE2HEIAFARETHS. I T7—
fLOMRERAMT 2121, ARV T YYDAIFT—LTEZ
EHBYITHE. 20N Har T vDAREDERT 30
ERHD, FITHF— bz L—RIBWTarysryIl el
Interest DENEEEFHIT 5.

=

Gateway

Extra-Publisher

1 Detection of external-AS contents at gateways

3.2 =I5B/ —RFOERCEFE

AW TIZASHE NS 74 v ZIZHHL, 22 FDEW AS [
M7 4y I RAIBT S EHNE TS, 22T TCP/IP @
CDN @oarytFr+%#5FICL, ASHIZAYYFroar— (3
=) BERT 22T, 7V vy DRDHICASHD/ —F
PHavT Y EEEL, AS AADIRENLERERE AS N
Tt X BT, ASE IS 74 v 7 %HIBT 3. 3 5—1t
ik, avFUVEIL—RTEFryvralltk BEOBEHERY
4 THIRRLEZWTERMF v v o 2 ICa— 2R E LTS 2
Y THB. FhI7—fbliFrvakITs— LR

3.1 ETHRRZEIIE, Fv PTV—=F EORA ML —=JIZIEFED
HR2H 2. ZDEDANKDAYT VYDA T—(bT 2REND
5. ZZTH— b U2 ATHE LS YT >V Interest &
BOBE®RIS, NKEEN K% 0arysryis3 o —{bT 5.

ARETIE, ASDF — b7 =245 AS NED FEr P RHREL T
WEZEBETS. Z20RDTF— U A L—RXRTHRIEBED I 7—
BB ZHET 2 e AMREE B3 s, I 7 —HBICED
ASHERD b5 7 4 v 7 EHHHITE 2 X 512, Algorithm 1 127K
FTHOEACE 7 L2V XL ERET 2. A7 AT Y XLEEFERZ b
RHEMEESZICLT, BERI-F2LOEFIDI T —ADF
BRI R e/ ME T 5.

F=r Uz A= 5 —MEMBERELLDL, £3I7—
J—=RaxAN3IF—%UT2EF%E NLSR [5] ZHVWTEET 3.
DEFHEAT v MTIEI 5 — 2 TARIHERERATH I TY
5. TOXT Y FEZITE o/ — RiZT vy FADIERICHE D
= BHALI ST, ZOLE/ — Rz DF vy alZEREE
FRBHRDHIE, /- F 3 TOERLEa YTV ERERL, Frv
Pal, 3533, /J—FzDFvr vy aDRXFENTET

rEX, FZHaVTUVDOANREICESEIDNOMEEITS. B
LEZ%ary 7y YDANKRENR ) — PP T 22y 7y X hEn
BE, BIRRY Y 4 TAREDENI S—2EEHZ 3. L&Y
aAVFUYDONKEN ) — EPFRT 2ay 7Y K RWEGEE
FHarTrVEF Yy aTIEL ) — FANEFREREL, B
HEZI - FEFRECAEZITS. 208, AKogsvwar s
UV —FKWYR ) — R bERINZ k3.

35— fbarvFrYoER, 35—t/ — FDER, I5—(to
FFEWS, I 5—(Lo—HOMHEIZ—ERE T Zricfrv, 2
T—DIAT7RALDITLAHEEALEX TS, #Hug, 3
7 —DEBUIVNEN L 5. KBRS, HiLWVWITF—%THe
=, BIOEMATE-ZI 73R EEX, —FoFrvy>2ay
FUVERoTVWAENLTHS.

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 x of C' with considition
that we can reduce H if we replace C,, with =

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

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

not exist
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4.2 AVTVYDOARHREZE LA WiEE OFHE
AHEICIEa >y 7Y O NKORBNCEE LR WEED, 125
KDOFvrvraby FREFEYASHFRy TRZHMET 2. 1B,
X512, BAREF vy aRY T4 1lB3, #EFREAVE
BEDFvyvraby bRE FHASHD I 5 —H 4 XKL
TORT. 37— XL 0 DEER, BEARXEHORVWEEI
MM 2. 25—%4 XHOBEIMIEN, Frviaby FRHELE
B350, 37—V A XD 04 BB T2H7=00d, Frva
by FROEEDPRONRLS Ko7 ZHE, Fyvar LTH
WBEZENTELRXEY DY A ZXWNEL 25 Z e HERE Bbi
5. M6IT, I7—0AXITR LT AS BEEFR Y TREZRBRIC
Ty bTEH, BEAREHAVWSZET, ASHINTI 74920
HITEREhERIE 2 5 —H 4 XL Imc Wy, RIS % 2 & 2505

RBTE3. UEozZehs, BEAROBNUEIHER T 3.
0.40
0351
(]
=
= 0.30 |
(7]
=
(]
(4]
“ 0251
—e— 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



3501 | —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 0.3 0.4 0.5
Ratio of mirror size

6 Average inter-AS hop length against mirror size ratio

4.3 AREORBZtZZER L /- EEETME

4.2 fiTlx, &a v 7 YO ANKELEE CREIZEL L0
BEITBWT, REAROBIELHE L. Lorlarysryo
ANZREDPARETH 3 L WHBEIZIFRENTH Y, 207D, kb
RIGEVFHESTEZ 2 X5, avFryoANKELLzEZR L
BEITOWT IS 3.

Google API 2> & EfS L 724 Ml O MR EIMORRYI T — X %
ERLL, chsiEiay 7>y o ANKERLERTRRYIF — &
LART. FLUTHEBARERRY T —2%, ITO 3 EHEOZE(
RENZELDB.

(1) ay7yoyP) ) —RINEHBEIEVARETH 205, T
CRANRENMETRT 3.

(2) ay7yIRY Y —2ZhERIBVAKET, »2EV
W oM, BWAREZRED. THbOEARIIESLHLICIKTT 5.

(3) avFooRV ) —2RXNEHLEINKOEDRHZHD

D, V) =RAZNRDONKEHERT 5.
Ihe 3NRRVDANKEZRDS, FarT o VRL, 7YX A
W= RT 5. FAFC, a0 TFoVDI4 7RA L B2HRD S,
WIRHCTEAES 2 a > 7 > Y E% 10,000 i & HWICHERS 2 728
AVFTIVDIATRALEBEXZE 10,000 Ez0ay 7 YH
ERENBRICHED S 4 724 205800, HIFREN2 X5 ICRE
T3, ZLTCaryryYERERICEDET, 74 7X4 2%k
T5. 20, BRLEZAREZAAZ ICEIE, Faviyy
R UASEZLORRINT — 2 2B L, BRI L ->THa Y
TYYDEAERETS. ZLTC, FaAV TV VDEAIFEIE,
AR VF VT REZA LAY FZTRIRDD., ZDT X
BEOX Karvrrvogx4szay FOERERE Zipf 0146
TRETS. ¥/, YIaL—2aryofEfFIcedirwn, Fitvna
VFEUIERARL, HnwarFrYRHEIERT 52 LT, BHIEISGED
ATEZ(EY I 2L —RICFEE L.

M7icayryYEREAREZ 1 L&D, 35 —4mEH
OENREZICHL, BEAFRDFryvaby FRERT. &
B, FBIEESNZDFI 7 —4EMEMTH 2. HHI 54K
FEHOBEIMmEY, by MERIMER L. BERe L TEZLNZD
i, I 7—OMERENa YT VYD ANREZITBLO 2RV
ETH3. 2O E, IT7—DFENHARLTLRELD, Frvv
S atBED TAB. L LASs, arFry AN ELLSML
WSS, BEFTREHVE Z e TREARE D ERZHEENES
Nz, ZhT, \REDOEEERT 256 TS, BEAXITE
ThH3ZrriRLE.

—e— LCE+FIFO (approach) —— LCE+FIFO

LCE+LRU (approach) LCE+LRU

—e— PROB+FIFO (approach) —-— PROB+FIFO
—e— PROB+LRU (approach) —:= PROB+LRU
—e— UNIPROB+FIFO (approach)  —— UNIPROB+FIFO
—e— UNIPROB+LRU (approach) —-— UNIPROB+LRU
0.40 1

o 0.351

=

c

=

< 0.30

(5]

=

(=)

<

“ 0.251
0.20 1

1 10 100 1000
Relative cycle length of mirror generation
7 Cache hit rate against relative cycle length of mirror genera-
tion

DB oOFHIiTIE, I 7 —4sEL a > 7y v ARERORE2
100:1 & L 7.

IZFryrat A L THFryvaky FRERT.
M5 IR L7zkD1Z, RIEDF v vt A XhoBimzttue v
MRIIEINT 22, 37—V A XD 04 2R DD 2D,
Frvdaby FROMMBPALNLRLRS.

KoL TFxryy>aky bRERT. 7L AS
PNDEN—RTIT—%INETEZIN—XDF v v aBRIZ—
EROT, I7—HoEntEy, I5—(boRessarsy
VEWEEAY T 5. BEARXEHORWEES (27 -85 0) 05E
CHBLT, BEAXEHWSE 2T vy MR RIFIEMT 5 Z
v, ¥l —HBoEimcfto y PRIIMET T2 2 PR TE
5. 2 7 -Bomttwy, 35—k TEZarT VD
BAL, 37 —DZHRUEDMKBRLIZ72DTHS. Z07HIT7—HK
31 OGENREOERL IR o7

0.35
0.301

<)

L

c

+= 0.251

< LCE+LRU

5 LCE+FIFO

& 0.20 1 —s— PROB+LRU

—e— PROB+FIFO

0.15. —s— UNIPROB+LRU
) g —e— UNIPROB+FIFO

0.0 0.1 0.2 03 0.4 05
Ratio of mirror size

8 Cache hit rate against mirror size ratio



0.35 1
0.31
Q
)
o
+ 0.251
£ LCE+LRU
< LCE+FIFO
S 027 —e— PROB+LRU
—e— PROB+FIFO
0.15 1 —e— UNIPROB+LRU
—e— UNIPROB+FIFO

0 1 2 3 4 5
Number of mirrors

9 The Impact of Number of Mirrors on Cache Hit Rate

Z ZETOFMME Ladder &, T2bbXEOE W — FHE
ELZWERBYTHS At Home Network & HWW7=. fliod X A
TO MR TOREARXOENEZMHR S 2720, GXRBDONT
J — FDFEAET % Hub and spoke o F Ko P TH % Verio D k
AurPZ2HAWT, #EAXOMREZFES 5. 10 eXK111Z, =
TP AR I BTN LTFryvoaby P EREKALRT.
Verio I2BWT A UHA OFERIEF SN, BRSO BIEHHE
mansz.

0.35
0.3
<5}
L
e
= 0.251
=
)
=
(=]
8 o2 S/
¢ —e— LCE+LRU —e— PROB+FIFO
0.15 LCE+FIFO —e— UNIPROB+LRU
’ —&— PROB+LRU —e— UNIPROB+FIFO
0.0 0.1 0.2 0.3 0.4 0.5
Ratio of mirror size
10 Cache hit rate against mirror size ratio in Verio
0.351
0.3
)
o
&
= 0.25
ﬁ LCE+LRU
S LCE+FIFO
S 021 —e— PROB+LRU
—e— PROB+FIFO
—e— UNIPROB+LRU
0.151 —e— UNIPROB+FIFO
0 1 2 3 4 5
Number of mirrors
11 Cache hit rate against mirror count in Verio
5. ¥ ¢ &

NDN T3V —&XiZF vy vy a2 Z2BAL, 1—XDFyvadh

BTV vy DbbicarFryeiMEd 5. LaL NDN D
F* v v aF R Interest 287 v + DEEERK FTOAERME N
%72, NDN OF v v ¥ 2D EAREETH 2. 2Dzt
DASIZATY vy Yy DFEETZHE, IAMOEWVASHE N7
74 v 7 BORBORNETH 5.

ZZTARTIE, ASHTOEVWF Yy v aby FREERL,
ASHIF 774 v 7 B2OHIREEKT 2 2 2 HIIZ, NDN 2B
FBEI I S —RERIERIRE L, ASHRDa YT YR AS NE
TIS5—btL, ASHHD NS 74 v 7% I5—~FHETLZIE
BELE. FRHAEKS Ia L —vavickh, #EARTED
ASHDF v vaby bEPMET 2 ZRHRE L. SHRISEIN
I MERERFEMIRI T — 54 TR A LB, 7 LU THRER A —
Ny FOEEH 217> FETH 5.

BEE ARWERSRIE, JSPS BHHE 21H03437 OB %2 72
HDTH5. T LTHERERT.

X iy

[1] Jianxun Cao, Dan Pei, Xiaoping Zhang, Beichuan Zhang,

and Youjian Zhao. Fetching popular data from the near-

est replica in ndn. In 2016 25th International Conference on

Computer Communication and Networks (ICCCN), pp. 1-9.
IEEE, 2016.

[2] 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.

[3] 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.

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

[5] 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 network-
ing, pp. 15-20, 2013.

[6] Dirk Kutscher, Suyong Eum, Kostas Pentikousis, Ioannis
Psaras, Daniel Corujo, Damien Saucez, T Schmidt, and
Matthias Waehlisch. Information-centric networking (icn) re-
search challenges. Technical report, 2016.

(7] Jun Li, Hao Wu, Bin Liu, Jianyuan Lu, Yi Wang, Xin Wang,
Yanyong Zhang, and Lijun Dong. Popularity-driven coordi-
nated caching in named data networking. In Proceedings of
the eighth ACM/IEEE symposium on Architectures for net-
working and communications systems, pp. 15—26, 2012.

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

[9] Guogiang Zhang, Yang Li, and Tao Lin. Caching in infor-
mation centric networking: A survey. Computer networks,
Vol. 57, No. 16, pp. 3128-3141, 2013.

[10] Lixia Zhang, Alexander Afanasyev, Jeffrey Burke, Van Ja-
cobson, KC Clafty, Patrick Crowley, Christos Papadopou-
los, Lan Wang, and Beichuan Zhang. Named data network-
ing. ACM SIGCOMM Computer Communication Review,
Vol. 44, No. 3, pp. 66-73, 2014.

[11] 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.



