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ICN Energy Efficiency Optimization Strategy Based on Content Field of Complex Networks
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(School of Information Communication Engineering, Beijing Information Science and Technology University, Beijing 100101, China)
Abstract The current network architecture still adopts end-to-end communication based on location. With the rapid
growth of network data and load.,there are many problems in the traditional TCP/IP network architecture, such as the
low transmission efficiency of the Internet and the low ability of real-time data processing,which are mainly reflected in
the lack of guaranteed quality of service for network users,large network energy consumption,etc. Information-Centric
Networking (ICN) will become the research hotspot of the next generation Internet architecture. This paper used com-
plex networks to model ICN,and proposed a content-field-based energy efficiency optimization strategy (CFS) to find
the best path according to the content field strength of neighbor nodes,and decide whether to cache content on request
path by using the proposed caching strategy based on content popularity. The caching strategy takes into account both
the content popularity and the distance among users. The simulation results show that compared with the existing ICN
strategies, CFS has relative advantages in network throughput,average request delay,average network energy consump-
tion and data packet distribution, especially when the network has a large amount of data, because this algorithm will
choice the path close to the content and with low congestion firstly,and its performance is more outstanding.
Keywords Information center network,Content field, Complex networks, Routing algorithms, Caching strategy, Opti-

mization of energy efficiency
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Fig. 1 ICN routing and forwarding mechanism
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Fig. 2 Diagram of content field routing

PTG o A SCTE d 0 I 70 80 0k ) 2R b B EAT T i k. ICN
08 255 AR Fl — A B AT SR W 1 5 B W RLIE AT N R G AL LU
AT T R v T8 A 2 5 A U SO A T R
AR TT ,m AR B A [ A A2 09 35 5 B 00 i 267
B Gl an? s ee ot )RR KT BT AR 485 95 5
SR /NHEAT B b HG HR R A 37 9 ORI AT R B IR N A B
BRI RIS G, 4 ICN W6 S — AT A
I 0 45 09 35 5323 1 A7 5T R R R CTY S B AR L 0 T B —
GATAT m8 A U 0 B AR E X

Qn’ ’ n=n
Q, (e B
@@, toBGor "N =0
O = ‘ (@D)
Q. <;i>“
o Jrl)"B(in)'?’ n#n. N\ q, 70
BM)—Z“;”) (2

T LA 21745 25 o 25 B QU B 41 5 3
INK Q Q. IR/ GEAE T 1 P SR P 4 T LA
BN 1 7 ) BT L QK 50 12 8 47 45 A 7T WL
F P TR T DU R BT . 5 e b R i
RO €0 FLRE WS 2 2 0 RS B B () o B 2 O 26 1
RN B0, FR s BN S BRI R E 5o, ()
PR s B ¢ 0050 B R o 2 g OB A 2
I 24 1 5 0 A BORR K R 0 25 o 08 0 6 5 K
S M4 4 G A 0 e R B s, R T

4 B A0 L Ak B AE T 5 g, AU YT H‘J%ﬁfﬂ)\ﬂ{’tfg;%%@

N R0 B R R (R R, U T S AT S MOE S, o TR
AH 24 TR AT DR, 43 500 R X T 0 SE R B R AR K B G 1K
PRI . MM AR 2 A A7 T A B A S A 3 e
mrE.

Qn{ + 2 lein;i’l’ n=n’
n #nd L,
Q. (c,)"
0= 5@ OB "N e P -
m Q. (;*”)“
Zd ThEay M=o

Hom=1 N AFL DR, 4 m>1 iR A
(2) 7R s W B9 i 37 9 08 B 2 2 D A9 S 4
Hlo TSR BRI A ik B R W T 8 45 55, B B B35 G AR A
BT X — Bk near () o HE 2 36 £ 24 57 1 05 89 48 J3 15 55

£4 NBG) 358 e KB A5
next(n) =x [ Max 90,‘ Y 2€ NB() | 4

MR BN R A BT SRR (DT — B
AU D 263 BB B 3K N B A7 A G A D A5 T8 A R B
TR IR T 25 P, P ezt (o) F — Bk A5 i 4B 35 A5 00
RIGIR @, PE . NBGo S 2 {15 80 19 &8 5 4R A L 8 R 8L
oA 2R B & A AR A R R R R
R,

2.4 BETHNBERITEN ICN BEKREE

FETF N2 I 1 % v 5 22 ML AE X P9 2R3 R 2R AT B el A TR
At 2 A VT I AR T (0 B 28 0 DL — 2 A R AT A B AT
— BT T Y A I A 1) A G I AT R S (W SR B &
PUZS) B B P T Y PN SRR T LA B R I 46 e 7 R A
KBS n WEFENE c MIERARER N,

Ny P [

H Po.o RENE c WM n BRI, 2000 Mo
SRR N ¢ A A R B . .o T L — 2 18
JE AR R PN A5 I AT B 92 1B K U B P A ¢ I AR
Py shuns 23 B R /G35 A5 R PSR 5 A 5 2 A A
Z AN BREC b, BER BB Y B B P AL EBGE . f
Foon SR 257 200 W A5 0 AY I SR RBOR R ARG I R

HEFERMENEGN IR R 5ZFS BN T R,

D3RS s R T AT S A8 E AT S A NBGo) , # 3k
FASEPR TS CS 3R, & fE A0 T 00 8 45 0 1 42 0% [0 45
FULOE M kLA $8 PIT 3%,

DAk PIT FHEFELAF W RBBN 27, HE LT
1 MPE I SR S N 2= PIT 2RI, JF 5 35 X% 840, 75 I 4% 22
4R FIB £,

DRI (DO () B m=1, BIRL(D;E m>1, 81
= (2)) 18 FIB R P BOH K WA TR ¢, BRI %K
MR, I PIT Gl g — A # N A B AN Sk 0

4) BRI R P 28 I B 6 3R T, 7 7 B S H IR ()
BT ATV 8 G A7 0971 U N S RIS I E CS R,

Po.o= (5)




140 B N N = R 2019 4F
T B - 224 ) 2% rp 5 50 A0 B R R L B3 2 4 A T E e = 1€ e (10

TRt R X CO RGBT o T BEEN 0, B
5 P B 2 AL ST AL 56 T B e B e SR I 5 T 24 0 4% b F A
e W, T LUK o #3152 B S T AT S B P 0 B0E T LA AL
% fif T 4% 40 9, 100 T 4% 6 v i IR AT IR 4% e o B 4

3 MFZREHEBR WK ERETMIER

3.1 MEREEE

T AF SR Y RIFIE R DT, ELIR 0 A G DL R B A A AR R I R
AR 55 1) TG AR JE 5 M , Barabdsi-Albert (BA) JC#nR B M 4% 2 — F
A H 0] D 4 TR AL D 45 9 RR) 265 A TR, LSBT B A T s B A
[i) T 3% 422 90 265 v B BL R R Y T A 33K R 5 3 T I % 1Y TS A B
Pk, BT ICN J@ T oA ok B 1 M f& & 22 4, [H] otk A SC A
BA JEA5 W 2% %1 ICN 647 M 24 05 . AR B A B I 45 79 1
R EL A WCBL A R AL D e L 28 W0 IR A B 8l 0, BN I SR
PR R AN BHE A T B AL S U SOV S SR W S AT BT
BB AE S 22 W] DUAL B o AN B8R AL, 5 A Y 22 A7 B0 A1 BA
I BERA BRI HoR S e th iy gy =, B A 0K B il
R L AN AR T R A BIR R E RN R AT A
IURES Y&z aN ] o
3.2 MKITEMIERR
3.2.1 ARKREALHK

o 2% 5 v ek A e — > 0 2%k BE Y R AR A BE A N 2%
RALH I R BB, 9 2 rb B0 A 0 08Ik A 5 A B U e
R P ZERE ON TREIBR W Ak K/ s A
B RESH .
1Qw
R ¢

7(R) =lim (6)

Hrb, QUoOAER ¢ i 20 W 4 Y B IE 45 B . R SR
[ A5 7 A W CHE A B L O T R N 4 i A ke S SCRR E Il
B R, Y R<R, B, p(R) =034 R>R, i}, p(R) M 3 K
FRAEARAZ  WO2% N B H R E AR AR AR PR . AT R
Sy ) 2 B A i
3.2.2 ICN fb#£4E A

W D00 25 3t T 0 JR) 38 1) 4% 1) T ARGt AN BT 3 0 ALk 9 2%
ST 349 BE AR 09 DR /) At i O 4% J5 kA B8 SR 4 IR 0 O
febR . 16 ICN ™, [ 2% BB 1 32 B2 M ¥ 76 9 45 19 28 17 4%
b 2R S BERE B Xy I 2% 44 i T A R AE 2R 1 S BB R
SRR 1 LG A, RO O K IT T AR 09 R = L T 48 BE AR
AN UL 46 BT BERICR BT . H b, 0 2% 1Y 1% i RE AR SR T AR
TR REFER AL

0, v=0
p, — (D)
g+,ﬂ(15 ., v>0
0, v=0
I (8
"f o', v=>0
N [t N "t
Eo o . ZZJ P, d&t+ 2 J P, dt (€D
Pe 2ol i i=0,ENB() Jo "

Forb o P Py 20000 AT R RN A B B 1) T FE o O S A
REAE v WEIE AL G e Ml AT T Equ, N
i & BE

76 ICN v, B T % i RE AR LA S L 6 A7 3k T 28 A7 SR g 7 2
i S A7 REFE . HLAAE LI -

Forbon, FOR T BEATH N B EE e, TR B3 N ZAT I
7 B REAG L B Z W AN (] A 2 ) T 7 AR BN G A RERE 22001 .
ICN B9 3938 SR REAE D I 4% &5 REAE 5 1 P 3 SR KOt 1Y L

{8, B E R -
Eo, iy T Eece,
E, . =—ws e an
. Nyreq

4 EEWIERSTH

Hh T EL I X (9 TR B R L AR SCOR A networkx JE ) B &
40 45 P BA JCRRBE ) 46 DL ICN g A7 BEASE , B34 I 46 Y
REUN=100,m=m, =2, m, Al m 53 5CRPILE T S A
HCLA B A i 46 B g 0 3 I B T S B B R R s
WIEES) =1, 3 iR, Hf 3 5 W BNV EANE
PRALE 2% BBk B P R AT E oK OF HLOOE SR AR IR A
Zipl 43 K« E N 2,

K3 M4
Fig. 3 Network topology
T UE AR SCAR H R 3T A A9 ICN A Ak 5w A T
Hifth ICN 55 W8 B4 S5 5 LCE, LCD, OCRP JL 4% W i
7T XL 253k 1 B3,

1 OREEXT L
Table 1 Strategy comparison
5K 4 R R &N % T
LCE Dijkstra #ix £ 5 Vi Y P
LCD Dijkstra # 48 % i wEFAWE AT HYT RER
OCRP otk B B E M E %
CFS WA w HAMERF

P4 7R T R 45 B0 B 0 3 i, R TR SR Mg 1 g A b
B ¥, Hd LCE, LCD, ProbCache 3 it 5 W Ji¥ J2% 5% 1] Y #8 2 A&
F Dijkstra (¥ J5 J b1 % £ AL, OCRP R A Y 2 B 15 B
H e A AL T P90 45 7% ek ik AR AR R AR B T R % il SR
&l 4() s TEANT S BT 5T N4 8% b 5008 09 &k 1
L, AT LU 24 46 Ak F g W I B R R TR I o AT B 52
WA Ak A R B B . UL T LS 458 IR N F o A
B FE T AT 8 B P o D) LTS 5% i) D) 4% 14 2 i, 2 B A ST AR
W SRm R E . B A, KA FRESHATUE L, 5
B tH SR WG 7E R=6 Z J5 JT U & A= A A8, B 0 0 00 B8 £R 2 s 119
R. =6, T PE B H 5K B AN 25 3% R BS 9 R, 4331 16 A1
23, LSRR SCHE A PN 2 I Eh E A ek O I AR T A
L B R R AR B R, BRI IR 4% T DL A 22 G B0 H
i AR % A 41 %€



5509 1 i

WA ST R AR N TCN RERCIL 1 55 s 141

07
06
05 /
04 )
~ #fl
03 ¥
4
02 /
01 d
N sasasanil
0 5 10 15 20 25 30 35 40 45 50
HERLAEE
(a)
07
06
05
04
~
03
02
01
00 5 10 15 2 25 30 35 40 45 50
B RREE
(b)
B4 M%AFRESHOT L
Fig. 4 Comparison of network order parameters

&5 Ss TIEAR A IE R T A [ i ICN 5K i X b
PR SF- 247 35 3R B SEE L 8T 5 Ca) FHTET 5Ch) 43 51 %6 W AN i) 1) FH P 4 4
Ak 7 A, BT DL o B 25 T SR A0 16 7R W 5 , R i OR m
B - 3 9 SR B 2 B 2 T R R A L di S ik B A X R L T AR ST 4R
R CFS B ik 7 S X i )37 1 3 B T JH b 58 s L 45 030 2 24
FUBCHR A R RRT X T CFS 7E M4 A i @R E T
R T B S R B L BE A P A SRBCE R RN ik AT L
B Hb 3 R R P AR AT L g 04 s TR ISR TR AT R
PR B P BRI

6
w “r
& ol
b
ol
g 4
=381
il
36 f
S
B o3r
» ——————
0 10 20 30 40 50 60 70 8 90 100
Wk B
Ca) F P B A & 3% 0% R=10
@ —— LCE
—e— LCD
T ==
N
W
= 60
42
g 55
B
ol N
.5 e r—
0 10 20 30 40 50 60 70 8 90 100
Wk B
(b) FI P B4l 40 K ik 38 R=40
5 4T 2y i SR i SE
Fig. 5 Network average request delay

P 6 K78 T 7EA [ Y 38 SR B0k T 5 AS TR 5 W b B 14 159 2%
SFETHERE 6 Ca) FIIET 6 (b J 51l %o AN ) 9 P 5080 0 2 2%
A, T W B4 T 45 RE R A 2 B A IR 4% 1 SR B i 1
WA e Jo i TR RE o 3R i TR TP X N A R Wi oK

VAR AT LS 3 A% Bl 22 T S T ) 2% ) S 3 REAE R AR
1M 24 P 26 b T AR 2 RS I S OR BEFE L AL 1R, i
AT AR SR 7 A B 2 3 R R AR AR T A ICN HEm% , 7 S
JE Y P R B 5 A T RERCR M

190

180
<170
B 160
% 150

;W 140
B 130
= 120
110 r~— -
100

0 10 20 30 40 50 60 70 80 90 100

WRHE

() FI P B 1 % %33 % R=10

0 10 20 30 40 50 60 70 80 90 100

EREE
(b) F P Bl 41 &% 3% 38 R=40
[ 6 45714 K BE#E

Network average request energy consumption

Fig. 6

N Tk — AP U AR SO 2 B b SR 2 S ) 2E A9 BE T L
T R 5 R g B o B R LA o AT A A RO L BA A
W 7 FR B A AR AR S S AR N(POERY
BT 8 BB GBS S R .l Oy ECEE SR T LU L A g B
SR 1 B A0 23 AR AR AN 5T JL-F R R R LA L TR £
BT R AL T IR BRSO 25715 5 H R AR T TN A B
BER B AR AR NS 3 50 L DT 5 1 TR 2% A R R B AR
EREEIE SNV

160040
1400 |5

x
Y 800 O o
2,

[e]
o

400 o o
o o
200 © o o o

00, £ O (e}
0 10 20 30 40 50 60 70 80 90 100

¥ RET
Ca) TN 25 [ S m

12 000
10 000
8 000

=~
8 6000

4000

2000

010 2 30 40 5 60 7 8 S 100
W RET
(b) d5 J7 5 P 5 W
[ES A O e SR E N U € R 3 TR RV
Fig. 7 Data packet distribution of nodes in network

HERIE  TCN SRR 9 2% 08 2 JEH0 BF 52 1 B 5L AR SO



142

i BN R

2019 4F

T —FhiE FF ICN B9 RE AR Ak 4 i AN 22 47 5 ke , R 42
[0 2 %) TCN £ 47 JE AT, I 401 1 2 2 ) 4% e P g st 7 25 3 e
R, FR A 48 R 1T 5 15 T PR SR AR A L DR AR I P9 A AT A
AR P 22 IR B B A AR SR SRR B A
B4 ICN SR & ] AAEQRUEF P QOS Wy RT & F — & B L%
I D99 28 BRAE 4R ) 76 190 2% e W 30, CFS R LA v 258 ) FH % 8 1A
B G AF N A5 35 B T Ag 4 P AR i R YY RE IR .

2 % X M

[1] FORECAST C V N L Cisco visual networking index: Globalmo-
bile data traffic forecast update 2015-2020 EB/OL]. https://
www. cisco. com/c/en/us/solutions/collateral/service-provider/
visual-networking-index-vni/mobile-white-paper-c11-520862.
html.

[2] KUTSCHER D,EUM S,PENTIKOUSIS K, et al. Information-
centric networking (icn) research challenges[ R]. 2016.

[3] DINI U,HASSAN S,KHAN M K, et al. Caching in Informa-
tion-Centric Networking: Strategies,Challenges, and Future Re-
search Directions[ J]. IEEE Communications Surveys &. Tuto-
rials,2017,PP(99) . 1-1.

[4] MORELLI A, TORTONESI M, STEFANELLI C, et al. Infor-
mation-Centric Networking in next-generation communications
scenarios[ ] ]. Journal of Network & Computer Applications,
2017,80(C) :232-250.

[5] EUM S,NAKAUCHI K, MURATA M,et al. CATT: potential
based routing with content caching for ICN[ C] // Edition of the
Icn Workshop on Information-Centric Networking. ACM, 2012
49-54.

[6] BANERJEE B,SEETHARAM A,MUKHERJEE A,et al.
Characteristic Time Routing in Information Centric Networks
[I]. Computer Networks,2016,113:148-158.

[7] WANG S,BI J,WU J,et al. CPHR:In-Network Caching for In-
formation-Centric Networking With Partitioning and Hash-Rou-
ting[ J]. IEEE/ACM Transactions on Networking,2016,24(5) :
2742-2755.

[8] SUKSOMBOON K, TARNOI S,JI Y, et al. PopCache: Cache
more or less based on content popularity for information-centric
networking[ C7J // Local Computer Networks. IEEE, 2014 ; 236-
243.

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

TARNOI S, KUMWILAISAK W.,YUSHENG ]J. Optimal Coo-
perative Routing Protocol Based on Prefix Popularity for Con-
tent Centric Networking[ C]J // Proceedings-Conference on Local
Computer Networks, IEEE LCN,2014:414-417.

NEWMAN M E J. The structure and function of complex net-
works[J]. Siam Review,2003,45(2) :167-256.

MITCHELL M. Complex systems: Network thinking[ J]. Artifi-
cial Intelligence,2006,170(18):1194-1212,

GUIMERAR. DIAZGUILERA A, VEGAREDONDO F, et al.
Optimal Network Topologies for Local Search with Congestion
[J7]. Physical Review Letters,2002,89(24) :248701.

SONG H Q,GUO J. Improved routing strategy based on gravi-
tational field theory[]]. Chinese Physics, 2015, 24 (10): 651-
658.

LENDERS V,MAY M,PLATTNER B. Service discovery in
mobile ad hoc networks: A field theoretic approach[]J]. Perva-
sive and Mobile Computing,2005,1(3) :343-370.

JACOBSON V.SMETTERS D K, THORNTON ] D,et al. Net-
working named content[ C]// International Conference on Emer-
ging Networking Experiments and Technologies. ACM, 2009:
117-124.

LAOUTARIS N, CHE H,STAVRAKAKIS 1. The LCD inter-
connection of LRU caches and its analysis[ J]. Performance E-
valuation,2006,63(7) :609-634.

PSARAS I,WEI K C,PAVLOU G. Probabilistic in-network
caching for information-centric networks[ C]// Edition of the Icn
Workshop on Information-Centric Networking. ACM, 2012 55-
60.

ARENAS A, DIAZ-GUILERA A, GUIMERA R. Communica-
tion in networks with hierarchical branching[ J]. Physical Re-
view Letters,2001,86(14):3196-3199.

ZHANG F,ANTA A F,WANG L,et al. Network energy con-
sumption models and energy efficient algorithms[ J]. Chinese
Journal of Computers,2012,35(3):603-615. (in Chinese)

iK%, Anta A F, B S5, FIZ8RERE R GBI R ARG IELT . 1
FHLAEHE . 2012,35(3) :603-615.

SEETHARAM A. On Caching and Routing in Information-Cen-
tric Networks [ ] ]. IEEE Communications Magazine, 2017,
PP(99):1-6.





