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Abstract: Information-Centric Networking (ICN) has following characteristics: A receiver requests information with the name
of information instead of IP address and an intermediate node has cache function called in-network cache. Vehicle Ad-hoc
Network (VANET) for ICN is considered. To use cache effectively, Information-Centric Networking that Random Linear
Network Coding (RLNC) is applied has been proposed. However, RLNC is high decoding complexity. This paper proposes
Information-Centric Networking with Built-in LT Network Codes (ICL-LTNC). LT Network Codes is a low decode complexity
network codes. Simulation experiments with a network simulator associated with a traffic simulator show that ICN-LTNC is
applicable to VANET. Evaluation results in terms of the distribution performance and the number of calculation to decode show
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that the number of calculation to decode of ICN-LTNC is less than that of ICN-NC.
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I F¥IZT o H LR Yy b U — 2 7554t (Random Linear
Network Coding, RLNC) [5]% i ] L 7= Information-Centric
Networking with Built-in Network Coding (ICN-NC) [6]234%
REINTWD. ICNIZHE/ — K, Hl/ — FTREmMIC
B LR/ — RoESMERE 2 M E S8 % RLNC % i
THILT, Fyviarl@EEICRIHL, RAEMEREN
MET2ZERRINTND.

RLNC O 513583 HRE A i < ALPL L 72 0 SRR K
V. VANET IZBIT 5/ — FiEBEIH 2 WIFELTWD
HETHY, HEIIIHEHINLI Ry P& Y Y —
AHIFIDIFRN[7]. VANET L CEMERTEE DR RO 7
WS RDREMET D ICNDT —F 7 7 F ¥ hRkdD b
5.

AT, ICNOT —F%7 7 F ¥ TEEOFHEEN D
WRy b T —7 54 TéH % LT Network Codes (LTNC) [8]
D3EIYES 5 Information-Centric Networking with Built-in LT
Network Codes (ICN-LTNC) Z #2457 %. LTNC (357 751L,
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F7 747 v Ialb—FLEELLERrY hT—7 3
2 —ZEHWEY I 2 L—2 g VERICKY ICN-LTNC
28 VANET TEVMERIRECTH D Z & 2787 5. ICN-LTNC
L ICN-NC OFEHERE, 52T 5 HERBIZ OV TEE
fliZ4TVy, ICN-LTNC |% ICN-NC K V1§ 59 5 3 EE
BsDinZ L BRERRT S,

2. BX#F A : Information-Centric Networking
with Built-in Network Coding (ICN-NC)

ICN X, N7y baARRETDHLX vy 2 2@EIC
FIHC&E 22 &b D, 22T, ~ry ba R, &
B O EVIRFC & 5 RLNC % ICN IZ#E 32 2 L
ZZ B TWA. ICN-NC %, ICN T RLNC 23 @{E34 257
—%FT 7 F ¥ ThHD. LH[6]TIL, ICN-NC X ICN LY A
YRy NI ¥y v vahkmEICRIATELLOICRD
TENRRENTND.

21 Ry boxr—2v b

ICN-NC I%, Interest 3% > I, Data /37 > k@ 2 FFHD
Ny MR35, Interest 237y NI T Y OBRITHE
M4 %. Data X7y MIERENTLa T Y 2T DI
T 5.

Interest /X7 > bRy R Tk —~v AKX 1 IZRT.
25/ — N4 2 a7 Y O4RHi % Interest /37 v
I @ Content Name [ZFRE L, ##ETHZ L THE L2~
TV ORGERRD.

SCHR[6] Tl Data /X7 > RO 7+ —~< v &K 2 D XKD
IZED TS, RLNC TlE, 7—# VA ZIRKREWVES,
—EIZRTOT —F 2 /5T, V< DM 0 generation
W2 T E LT 5. Gen ID I%, & @ generation T 5 7>
ERTIHOID THY, RSIL2Byte THDH. £, v
N =7 5T, FET =2 0nb T — 22 ET 5
DIZFFEAL~Z kv (Coding_Vector) Z 5. Z D72,
Coding_Vector % Data /X7 v MIE® 5. Coding Vector D
EXFIT—205%E% kL Lzt & Byte TH 5. ICN T,
Data /X% >~ k@ Signature, SignedInfo (2L > T, 27
YNR—=2DkF 2 YT 0 2EBLT S, Signature |X Name &
Content M HAFK SN D. 15/ — N, Siglnfo ZHW\T
Signature 155 Z & T, 7 — & Q2N L FBIEAMEE S 11
5[9]. ICN Ti¥, Content 3% 3> & 22V Aij#E T Signature %
BT 2728, Ry b=/ LTI, #E/—F, PIlH
/= ROHFZALIZ L 5T, Content (TEDH->TLED. ZD
728, ICN-NC Tl Signature ID, Message ID #F| 9 %.
Signature_ID |, Signed SN/ A v E—TD ID ThHY,
1Byte T& 5. Message ID i, generation NOfiEH D A >
=Y ThH DD %ERL, IByte Th 5. Message ID O,
Signature ID DE LR UICT 5. FELIC K VIERZED S
DX Content & Message ID 7217 CTh 5. {5/ — KO E
4, Message ID 1375 51LATD Message ID LRI UIZ72 5.
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Content Name

Selector

Nonce

1 ICN-NC Interest /X%~ h 7 —=< v b

Signature

Name

SignedInfo

Signature_ID

Gen_ID

Coding_Vector

Message_ID

Content

2ICN-NC Data /X7 v h 7 +—< v k

Message ID & Signature ID 73[F U354, Content 73TE L\
ZEBDMND.
22 BEL-ES

ICN-NC <Tl¥, #15/ — R Encode, W[/ — F»
Re-encode, 5215/ — K73 Decode DALEEAE T 2. ENEh
DAL Z LIT IR

[Encode]

BT — X x& kB DT Rbx = (xg, %, , 5 ET
5. FE ) — FIZUTOFIEE kEHE Y &Y.

Step 1.  FBALRZ ber T X LITERT .
¢ = (Cq,Cq) ey Ck)
Step2. VUMW xg, xp, 0, X, EF ALY B veE AW

TR T — 2y ER T 5.
Y =C€X =C1X1 + CaXp + -+ Cp Xy
Step3.  FHHLT—Fy LT Bben B EAER
Ty MEERT 5.
[Re-encode]
TR — R, Fx v a2RNOmBORF STy M
AW TUT DL ZTT 5 .
Step 1.  fFBALRT M E T U X NTEKRT S.
¢ =(c1,¢z 0y Cm)
Step2. F¥ v raHNOmEOKF LT —Fy & Eik
~_7 M ERWTHGST — 222 1EKT 5
z=cy=cyi+cy:+ -+ nm

Step 3. VURIVK, Xy, Xy EE B TE D X DI AL
T M X vy v a NOFF LT —FyDRF



TR 2T IR E
IPSJ SIG Technical Report

BALRY MAATHICE AV THERLRZ L ¢
EAERT D .
c"=cC

BBALT — & 2L b T b vein B8
o NEERRL, ¥x vy ol FET5.
[Decode]

ZA5 /) — RIZkELL EOFEAb Xy NEZE LI L &,
kE D7y N ERACTUTORAEEZTT S .

Step 4.

Step 1. ZAR L7 o{LT — % L {b~2 b AATHI %
AOTHESGRAZMS Z LI R
X1, X, X G D
X1 €11 €12 - Cip\ Y /yq
X\ _[C21 C22 Cok Y,
Xk Ck,l Ck,Z ves Ck,k Vi

Step 2. 55 l/f::/:/ﬂ{/l/xpxz,“',x]vﬁ) SEUE T — & x
ZEITTD.

2.3 ICN-NC QEEETIV

ICN-NC O[5 E 7 /TR EREEZIT O RE S — R, |
WA AT O R, — F, ZERBEITIZE/ — b
&5, ICN-NC TO a7 Y EEOFHNER 3 O
= ARTRT .
231 %5/ —F

2T UVFKEO Y AR LR LS hTEREY,
A5/ — RiE=a 7 oY 2 BiET 57201 k EOFF5{E
Ty MEZFE LW, 157 — RiE Interest (ZHUfS L7z
TV O name WM Tr, vEEDD. ridEFICH0
FERBEb Ny NETH D, Tk, FrEOEHO
iy NEBD L. FaEbs3 » M, Interest &
FEE L/ — K25 Interest [ZIaET 5/ — RKETI
Interest Sk SN 72MIE L 28 ACK & L TEENTWVS.
VIZLIZ 1 ME L7ZMETH 5. vid Interest 23k X 2 FEC
LEEIND. vid 1 O L&, Interest Z52(3 L7z / — NiX
Interest (20K T 5. €935 LT, [M T/ — K7 Interest
WISETH T L xBTS, EE LGSy NOZEE
BWoE3. %G/ —Foar7 YRGS TOMIEZ R,
ZA5/ — RiX k HOfFE 7y EBREKLWO Trof#
i3k L T 5. vOUIEIET &T5.

(=27 oY EaWE+ 2% o]

Step 1. Interest {Zr, vE&E O TEET .
Step2.  pMEOKFEANT Y NEZIETDH. v, rEEHT
5.
v=L+1
r=r—p
Step3.  EZITHERFFHAL AT v FOKEZEL T
WA, Stepl .
Step4.  ZAF LTckEDORF 5 5 > k& HWT, Decode
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2iE/—K s/ — {8/
Interest(name,r,v)

at Jp=1)

Coded Packet

:[ update r
alt J[r=o] :[ Discard Interest
Interest(name,r,v)
Encode
Coded Packet
Re-encode
Coded Packet
:[ update v
Interest(name,r,v)
Encode
Coded Packet
Re-encode
Coded Packet
L] update r

[opt J 7 = o)
|

B 3ICN-NC v —4 v AH
=179
2.3.2 il — 1

i — RiEF v v v 2 B4 FF>. Re-encode L 727
ATy bEF v v 2 lTRFET D,

Ff/ — Rid Interest 123 EN2vH 1 TRWIES, BH
IX Interest |ZINE T 5 / — RTIERW 2, Interest % Hiilk
T 2. Interest ICHEN DV 1 Th DS, Interest |ZIHE
T%. W — RO Interest ~DJSENBZR~T. HfE /
— Nt Interest (ZXH ST BT Y O LNy N&Ep
A% v v 2PICRFEL TS,/ — R3S L 7= Interest
OrERFLTELS 2295, n,oOWHifEX 0 Th
D rplIRR ) — RRER NGy MORK
ETHD.

[Interest ~D i 4LEE ]
1. Interest DrLL EOFFHAL/T > N ERFFT 256

Step 1. Interest @ name (ZxfI&T 2% p HOFFE{L N7 >
FEEETD.
Step2.  Interest #5T 5.

2. Interest DA DT AL/ N > N 2R FET 256

Step 1. Interest @ name (ZxFI&T 25 p HOFFE{L/ N7 >
FNERET A, rEEHT 5.
r=r—p

Step2.  BEICERL CW AL YTy bo#n, &0,

rIdKE T, Interest 2 FHET 5. n, 2 EHT
5.

Tm=T7
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Interesti&{E[v#1]/
v=v-1

Interest
#=

Interesteh

=11/

Interesti&{S[v#1] /
v=v-1

0="u/[ds1]

Interesti&{;

HEE\rubRiE
Ip=p+1, 1 =n,-1

4ICN-NC ]/ — FoIREEZX

i — FOREEBNEZX 4 17T, moOFH . —
1% Interest RS2 IRRE T 5. ZAF L 72 Interest IZF E D v
1 ThDEA, ek y MEEREBICRS. 1 —
KX Interest @ name (ZxfIGT DplEDOFF 5L/ N7 > N C
Interest (20K T 5. =5/ — RBFEALTWD r O
B X7 > MTIGETENIE, Interest ZfKIE L, Interest £F
ZREEIZR D, ZE/ — FRFIELTWD r HOFF {8
7y MIRETERWEGS, INETE o lor — plHORF
By EBEREOR, B RET S, r—phin, L DK
EWA, T, mEIRETERD ST B LN v R OfE
Bor —pllEHT5H. T D%, Interest FHEIRAEIZ 20, A
TE o =8r% Interest |25 THHET 5. Interest O H
WK D LT T v MEIRBBIZR D . r—phin, &
D/INEWEE, BEIZNE TERD Tk v ML
EoBE Ty R ) — RIZERLTWD DT, &
ATy MEZIRREIZ 72 B RNy MEBEZ TR
BT, fialbry NaZET 2L BHPFF O/
v NOHpE 1 L, BHEPHEL T AF 537 v
M, 1D T 1, 23 01272401, Interest DILE & #4 2,
Interest fFFHTIRRE L 20 D 557 v MFBZITIREE
T Interest %25 L, v 1O%A, pEOFEI/ T > |k
T Interest |ZISET 5. v 1THRWES, vOEZES L
Interest & H#kdT 5.

233 %#E/—F
g/ — RO Interest ~D LB % 7~7.
[Interest ~® a2 4LEE ]
Step 1. Encode #1T\>, Interest ® name (ZXFI&T 5 r A
D FAL AT > NEFEET .

3. R=FE A : Information-Centric Networking
with Built-in LT Network Codes (ICN-LTNC)

ICN-NC (X ICN 7—F%7 7 F % CRLNC #®ifE S5 =
TRy mEmEICHATES. LaL, RLNC 8 E
B AT O AL TR A R BT E R REO(m - k2) DK E
VY
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Content Name

Selector

Nonce

Interest Type

Vector

5ICN-LTNC Interest /X% > h 74—~ v k

Signature

Name

SignedInfo

Signature_ID

Gen_ID

Coding_Vector

Degree

Message_ID

Content

[X| 6 ICN-LTNC Data /x> > R 74—~ b

ZFZTARETIE, ICN 7 —%F 7 F ¥ TH SO RN
VIRV LINC BENET D235y NI—0 T —%7 7 F v &1k
ZET5H. LINC ZHN\DHZ LT, Z{F/— KNOEZICET
HEHE BT RLNC 2 0(m - k?)550(m - klogk)IZHIJs <
X 5[8]. 728, LINC IEFIZn(n > kED/ /7> %
WAz, RLNC KV %L DOy M &ZETHLERD
%. SCHER[71TIE, n=k+ 0(log?(k/8)VE) (8 € [0,1])ED
Ny NeZEL, HEaklT 2RI TsE Vb
nTns,

ICN-LTNC 13355/ — K, Fx v v 2 fes FEo 7=
J—F, ZE/)—FnbRERESn5.

3 5y b7+r—<y b

ICN-LTNC (%, Interest /3% v I, Data /X7 v b @ 2 A
DRy M3 B, Interest 237 > NIz T Y ORI
T %. Data X7 v MIERSNTma> T Y EIRTO
AT 5. ICN—LINC O X7 v h 74—~ v X
ICNNCDOXRTy b7 x—~<y &kl LTN5.

Interest /X7 > RO/ y N7 xr—< v F&X 51277,
ICN-LTNC TI, Interest /X% > kX Content Name D{{Z
unreceive symbols % L < |Z connected component % Y5 =
LTarF Y OBRBEEITY. MEFELT—F OB k
DO, kByte HIUFRFL TEZ 5D T, Interest /37 v b7
#+—< > MZ kByte @ Vector #i1BMT 5. Fiz, Fbb%
FHLTWDE %2 XET 572 1Byte @ Interest Type % B
mnds.

Data N7 v FDORT >y b7 —< v FEK 6 IZ7RT.
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ICN-NC [k, #F5{6iZ XY Content 234k L ICN [FfkD
Signature [I{ERK T 72\ 728, Signature ID, Message 1D
ZRIHT 5. LT #5495 72% Gen_ID, Coding_Vector
DI BALT — 2 IEAENTND v RV DA RT
Degree % lbyte g%} T\ 5.
32 HEIL-EE

ICN-LTNC TiE, {5/ — Fid Encode, %15/ — R T
Decode #1T 9. TNENOLIEZ T

[Encode]
AT OT—ExEHEOY RN x = (xg, Xy, 0, X )I
FETD. FE ) — NI T O/ SRR 25 0 R

Step 1. B DHERSAIHE, o bIiERT 2R
DT DRI d &S

Step 2. HMEDOY RS dEOY RV —kET &
LITE S,

Step3.  BAT d HOTRILOPEMAGHRETZ &V,
e T —% y 2ERT 5.

y= @f:] 6ixl-,5l- € {0,1}
Stepd.  FFET—X y L d &G~ T {013k

N/ NTy FEERT 5.
[Decode]
ZAg /) — NI Bk y haZfE Ll &, ITOAL
HEIT .
1. ZELEFST —2OREN 1 OGS

Stepl. ZELEVURLEEBETD.

Step2.  ZAENY T 7 DOWE 2 DL EOF LT — 2 ITHE
i EmER A2 & 0, WHAE 1 T 5.

Step3.  ZENY T 7 OWREN TR G BLT — %0
Y VURNANE S TEGE, step2 .

Step 4. ETDOY U HRN(xy, X, %) BB L, x&1ET

T 5.
2. EELEFEAT —FOWREN 2 U LO%GHE
FElbT — 2 /b —ZICERSALTND
BE LY R Ixy, xp, -, x; DY B R PR &
LY, WEETITS.
Step2.  FHALT—FZ DTN REN 172 61F, 1.%247
W, 2B ER G, ZEAY T FICAND.
3.3 ICN-LTNC DEEETI
ICN-LTNC Oif5E 7 MTFERIEE AT 5 %5/ — F
FRELBE AT O TR ) — N, ZELEEZITIZE ) — )
LR E N D, ICN-LTNC @ / — KX Encoded packet by
degrees & Connected Symbols O 7 — X & % 5.
Connected Symbols & 1%, k% 2 LT OFF 5137 > F D
BEDEICE > Tx@XPMERTE AT VAR, xXDZ LT
HY, x~x"LEKFLTDH. BlELT, Fbs—%
V1= %10X2,Y; = %,@x3 FRF L TCOWDIHEEE XD, y &
D xq1, %5, Y24 U xy,x31F Connected Symbols TH 5.

Step 1.
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REE/—F R —K RfE/—F
Interest(name,us)
s st b SN
Re-encode
Coded Packet
J update us
alt [for each x; € {x;}l_;, us(x;) = 1] J Discard Interest
Interest(name,us)
Encode
Coded Packet
Re-encode
Coded Packet
Decode
3 update us
opt_J [for each x; € {x;}, us(x;) = 0]
opt_J [not decode]
Interest(name,cc)
Construct
Coded Packet
Decode J update cc

1 update cc

alt ]
j Discard Interest

[for each x; € {x;}¥_,, cc(x;) = 0]

Interest(name,cc)

Construct
Coded Packet
Construct
Coded Packet
Decode j update cc

:[ update cc

opt J [not decode]

X 7ICN-LINC ¥ —7%# v A[¥

y1®y, = x,@®x3 8 Y, x1,x31F Connected Symbols 72D T,
X1, X2, %3 (% Connected Symbols Toh 5. F 7=, Connected
Symbols %39 72T connected components of symbols(cc)
ZERTD. cc(r) DMMEIZIE L, 5 LIy v Rrxd
cc()DMEIT 0 & T 5. x~x'DHE, celx) =cc(x) &2 5.

ICN-LTNC ® 2> 7 Y BBORNER 7 D —r A
X CRT.
331 %fE/—F

22— FiE, BB LZnwa Y@ name #5907
Interest Z 55 L, ZAUIIL U XTr Yy hEZETH2 LT
2T Y ERGT 5. ICN-LINC TiE, ZELEV VR
SV U C 2 FEFAO Interest 2 V5. ICN-LINC Ti, 47
SN k@O RmNE iRl EbEnETh—EL L%
BINET—22EHLTELARERHD. £2T, X6
= RERZEOV U ANLVE L, ZELTWD YU RLE O
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L9 5{0,1}%, (unreceived symbols, us) %% 7= Interest
BRET D& TEFICHERFF STy FEZET D
ZEEHET. us ZE O Interest ZH W T YV E
BOWINLERT.

[us 2RI LIz 7 Y 2B 5 £ ToULH]

Step 1. 227 Y O name & us % Interest (25 8 TiRE
T5.

Step2.  fFHE{LATy hEZA(EL, Decode #1T5. & T
DYV RNV EZE LTI IUE Stepl .

ZIE ) —FiX, 2@ TCOYvrRLve—EUEZELTHLT
—REEGTERNIEND L. BlELTIE, T—28Y
VRN, xp, x) B S NTWD A, BElbT—#
Vi =%,V = 5,032 ZETNE, 2ToOvrRLvEeE—E
IEZELTHEDR, YRy LMESTERY. 207k
W, us ZFHOT Interest 72 TE, 2T UV ERETE
TRWATHEME DY B 5.

LINC TiE, 2TOY Y RABREN TS, T42bhb
BTOY Y HRNLD cc DIEATE L ThD8E, I 1 O/
by bR 1T ESIUE, T— X E2EHEFTED. D7D,
ZE5/ — NiE cc DEBETHRUCIZARD L HIZ cc DIEEZRE
FIHZEEAET. ZE /) — RO cc DEETHT 50K
2 L FD347 » b % innovative /347w b EEFHT B, cc &
Ei= Interest Z AWy T Y REOHENLERT. %
f§/—FKDcec ke, b T5.

lcc ZRIA LIy T 0y 2 RGT 5 & ToME]

Step 1. a7 Y @ name & cc % Interest (27 9 TiE(E
T 5.
Step2.  fFEILT Y FEZEL, Decode #1T9. &Y

VAR Dee, DIED 0 THRWIA, Stepl ~.

ZE /) — RIZETOV Y RAD cc DIEMN0ICRDHZ LT
F—HEEEL, arTUoVERETLIENTED.
332 @/ —F

i — NEF v v 2 liga o, ZE L/
7w h%& Decode L¥ ¥ v =ZfFT 5. /— Nid¥xx
v v allhH DTy M EFH LU Interest ITINET 5.

Z(E/ — KD us & 7= Interest & 5215 L725H D)
YEZRT. HE — Fid us 25 O 72 Interest 55 L7255
G, Xy allhdHENr Yy FEFIH L Re-encode
EATVIGE T 5. Re-encode (Z1EX 8 (2759 Build[8], X 9
({Z7R7 Refine D7 /L= U XL &FIH % . Build TiZk$d
& 7 — X #1& Encoded packet by degrees T D s&E ATIT 5
T & TREADTFFA T v b 2 BAERKRT 5.

10 {2 Build @ 7 /L = U X 5D FEITH & 7T . d(y,) T
By MCEEND Y RO TH DR E R T .
o f T Buld I AN E LT EA
S={1Y2 Y3 Y0 Vs, x5} E KA = 4B 52 b TW5. h
DI 4 DFF ATy NRbHLINET =y 735 (K
10 D). ZOBITIIRE 4 OFFHb N7 > MISIZEEN
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Input: d,s
Output: z
1z« 0
2ii<d
3.8 S[i]
4:whiled(z) <dandi > 0do
5. if s’= @ then

6: i—i—1
7 S« S8'[i]
8. else
9: y « uniform randomly select from s’
10: S« S\ {y}
11: if d(z) < d(x®y) < d then
12: z « z®y
13: end if
14: endif
15:end while

8 7= Y X2 Building an encoded packet of a

given degree

Input: z,us

Output: z'

1.2 «z

2: foreach x € zdo

3 A< {x"st.x~x"andx" ¢z andus(x") =1}
4: if 4+ @then

5: x" «uniform randomly select from 41

6: 2«72 @B (xDx)

7 us(x')=0

8: endif

9: end for

9 7/L=2Y XA Refining an encoded packet

$={1, 72,73, Y4 ys, %5}

RE S ruk

L @ RI=4OBHL/ oL
; = RY=4DOFEAL/ Vo
2 |y, ®x,). \“»}'s(faﬂ?’%) FBYs = x:@xs, d(y,®y;) =2#4 X
3 | [0y @2, @x9)| @ ys (x, @3 D) QF2[Bys = x3, d(y,®y) =1#4 X
4 |OF T TTo oo | @ 5 = X, ©x,®xs, d(y,®ys) =3 #4 X
---------------------- B,Bxs = , =4=4

5 [N @x®x©xudx) ~ OnOnG d0:6x) o
6

AN TS HA:y,®xs

AA2:d=4

[% 10 Build ® 3174

RODT, WEE1TTTC, kK3 O/ hoF
NHTUE NI OBIRT 5. ZOFITidy, BN&IEN b
DET DRI, y, & YEMAGRERT A B U7, 3
WA D5 by N ERET D, W3 OfF 5 kX
o by BRI, d(y, +y) %355 (M 10 FOQ).
A(y, +y3) # 472D T, FRITMEET D, KE 3 OF B3
Ty MEITRTHERZLKZ =0T, T %E 1 FF Tk 2
OB AN v N EIRTRT D, RN 2 Th D/
v byy, ysEENENAW, +ya) =1, d(y, +ys) = 3%t
B3 10 7O ED). dly, +vs) =4, d(y, +ys) # 472
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DT, IHLITERBETFTTERE | o7y MVERET 5.
Ay, +x5) =4ThH 5 (K 10 1®) 729, HKHIZ Build
$y, +xs % 17 5.

Refine Cl% Build TERL &N 725 51b/37 > | z, Interest
WWEENDus ZANTDH LT, RZEOV VRV EFE
By MZEDDLTZDDTNIY XLTHD.

[us % & 7= Interest ~D G ALEL]

Step 1. B DRERSANHENRIE & 18 5.

Step2.  Build ZTWFF S LT bz A BT S,

Step3.  Refine ZATWRF BT b2 ZAERLT 5.

Step4.  WEd L L2 P01}, HEALT—F %
Ry NTEETLH. fFElbkTr—ZICEENRD
URNAD us E0ILT D,

Step5. A TOTUARAD us B0 DA, Interest & 5T
5. BTOVYHRALDus B0 TRWEA, us %
W7 Interest & HkT 5.

Z(E /) — KD cc &7 Interest #5215 LT=5H OHE)
fEzr9.  FE/ — RiX, Interest ICEENDHZF/— K
Dce, & BHT D12, cep(x) # cep(x') & 72 % innovative
T A x@®x' ZEETDHZ L E BT, Interest IZIGET D
— FDccxecg &35 11 13 ¥d, ccp, ccsm AT D
Z & T innovative 7 —# Z{ERLT 5 Construct D7 /L T Y X
ATH B8]

[cc & 7= Interest ~D G ALEL]
Step 1. Construct 17\, 5T — % Z1Ek3 5.
Step2.  K¥Ed, FHBNT M0}, HEALT— & &)
v NTEET D, comTHT 5.

i — FOREEBKEZX 12 (ZRd. F/ — R
Interest #5159 % F£ T Interest FF2RIETH D, us #H O
7z Interest #ZfE 3 2 L us o b/ X7y MSEREBL 2D,
Bt 3w B TIRE LETO T RV us DIEA 0 D
4, Interest ~DJSEE KT L, Interest FFFIRREIZ 72 5.
ETOY RO us DFER 01272 572054, Interest (us)
REEL 720, us E DT Interest 7 THET 5. HHEE, us
Tty MMEZIRIEE 72D, us & 7= Interest 5
FBLESGE, us el Ty MREIRIBIZR D, F51{b
Ty beZE LSS, BE O,z BT 5. Interest £F
HRIREE, us 551k 0 v MSEIREE, us 5k~ v M
ZIRBED & &, ce, B G T Interest 25T 5 & cc fF51L
Ny MSEREBERD. Kby NTIREL, & 7T
DY RNDee, DIEH 0 DFE, Interest ~DIREZHET
L, Interest fF52RREL 72D, &2 TO TRV Dcc, DIED 0
TRWEE, Interest (cc) HMRIRAEEL 72V, co, 2 F T
Interest & FHET 5. FHEE, co fFH1b T v MFZIREE
LD, co B EWT Interest 25T 5 & cc fF b v
MOBREL 2D, Baiery VEZE LRSS, BY
Decgm BHT 5.

(©2016 Information Processing Society of Japan
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Input: d, cc,, ccg
Output: v
1:60, ..., k} — (L, 1)
2ifd =1 then
for each x € {x;}¥_, do

4: ifccg =0and cc, # 0 then
5 YU {xl}
6: endif
7: else if d = 2 then
8: foreach x € {x;}f , do
9 (U, x) < ofces ()]
10: if j = L then
11: alecs(D)] « (cer (D), x;)
12: else if j # ccy(i) then
13: YU {x D x;}
14: end if
15:  end for
16: end if

11 7/v=2Y XA Construct an innovative data

Interest(cc, )& 18/

Interest
Interest(cc,)

Interest(us)7#&1S /,
HEAL/ bR iE cc BHT

us
HEEruk
BE

BHE/ryk

cc
FELrub

w2

Interest(us)

12ICN-LTNC  #ff] / — F O RpeER X

333&fE/—F
EE / — RO Interest ~DJSE DU % 7R
[us % & 7= Interest ~0 & WLER ]
Step 1. Encode #4T\>, Interest ® name (X7 D455
by EEET S.
[cc & 7 Interest ~D L Z LB ]
Step 1. Construct Z17\, 5T — & Z1Ek3 5.
Step2.  &i#kd, FE7 M0}, FE{LT —F %8
o NTREET D, coxTHTH.
4. YEal—a il
41 =¥
ICN-LTNC & ICN-NC #Hi#T 5 I 2 b—a Ui3x
v U —27 33 2 b —H% OMNeT++4.4.1[10], BEHA % » b
U—r 3 Iab—a HO7 b —ALTU—7 Veins 3.0[11],
o274y 27 I=2b—% SUMO 021.0[12]1 5. &
SRalb—vary74— L REME - Z5ET5. - RNiE
BEETHLHEME L, /— FEUL 50 &9 %. roadside
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wmitRSU)F=a 7 Yz 1HFFF LTS, a7y o
EERIT S0 THDH. = RIIRSUICa Ty OHERE
175 . WIE MK IT IBEES02.11p, T — & O E(FEHIL 100ms
ET5.

i 7 R OMERE 2 HERR T 2 = OB RIC T+ 2 a7 v
VEBSE L — R, =5/ — ROEBICE L3 EMR
BT 5.

42 #ER

K 13 BRI xt T 5 a7 ERA L, — K
BaERLTHWD. K13 LY, BTO/—FBRar7o Y%
595 £ TORMIZ. ICN-NC %, ICN-LTNC XY EHwn
Z WD, ICN-NC 73 ICN-LTNC K 0 FWER T4 T
D)= RFBRar7TrYE RS TEEmIE, BE5IcHET 5
Ry NERD IR B IR EE X B LS. ICN-NC THWW
53LTCW5 RLNC X, T— X ONETHDEED 7 >
FEZETHEES TE 5. —J, ICN-LINC THWLHR
TW2 LINC 1, 595012 k LY RK&wn(=k+
0(log?(k/8)Vk) (8 € [0,IDMHD /N7 h&FEF L. Lo,
B EPEAREIL ICN-NC /L ICN-LINC [T TEWE WL 5.

B 1403, WEICE LEHER A 7 A — /L TRLT
W5, 14 X9, ICN-LTNC 1%, ICN-NC IZHb~_THEZIZ
LR BIEA/ NS W Db D. FHAKE TR,
ICN-LTNC (%, ICN-NC OK) 1 /D 1 OFERBEE 72D,
X, EEOMBENES Z ENFRKTHS. ICN-LTNC
1%, LT 52T 5 D TRHE(LZ MDA 1 & 0 THERR
ENTEY, YUMo E2HH LIESTE 5. — 7,
ICN-NC I%, k1T k FNOFF BALITINCBERRE 2 A L,
VHBRAEMS ZETEHEFT AL THS.

5. BhYIC

AT, ICN OT =% 7 7 F % THEOFH &NV 72
WXy T =2 Z 5L TdH D LINC 2E{ET 5 ICN-LTNC
EERFHLEZ. T4 v Ialb—F L%y b
J—27 v al—v a2k v, ICN-LTNC 73 VANET T
HEMEFTRETH H Z & & L7z, ICN-LTNC 1%, H=0
FHR RN L RLNC Zi@ A L72 ICN-NC X v, EEMEREIT
B D NEFICE LR E BN D72 & 2R L.
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