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In this research, we propose three in-network caching methods for smooth
real-time playback on streaming over Content-Centric Networking (CCN) and show effectiveness of
these caching methods. The Ffirst is an in-network caching method considering playback order of
content chunks. The second is an in-network caching method considering recency and frequency of
content chunks access. The third is an adaptive in-network caching method using an increasing trend
of playback interruption time of each user. In experimental evaluations, we showed that three
proposed in-network caching methods outperform previous method in terms of reducing playback

interruption time.



Youtube

1)
1
(2)
1)
(3)
1) @
3
1)
(2)
3)
1)
Interest
Data
Data

In-network caching

Far2lm Fip w22
A TR 7 S s

APV—Z o rHEDRE B

0 o—F o R

In-network caching

In-network caching

3

In-network caching

LCE Leave Copy Everywhere

LCD Leave



Copy Dow

LRU LeastRecentlyUsed LFU LeastFrequently Used

FIFO First In First Out

n hh=1..H i@=1..1

Data Sii 1 Algorithm1

2 1 (h=1)
9 i (i=1,...9)

3 5 1

9

_ Algorithm 1 Calculate S§
arrFry

-4 n—%1 n—%2 n—%3 H—s Input: h, i, n, I, N

)
®

/3\ 4 Output: S;!‘_é
O/ nrfl—(['w—ul)

—1— (i rlwl=Ux
Ha=1-17

Frvyva Fryva Fryva
RE:S BRE:S BE:S5 HEEHHHEH for e=1to N do

i 7 s if (cflj[%]{ffaﬁzigc[if,] then
Y i — = Iy T
FrooEs | BRE | [Frosa=| BRE | [FrosEs] BRE Opi=1-(—=—-%l
1 1 3 68/90 5 64/90 break
/ 6 68/90 .
§ gg/gg g 88}90 7 } end if
4 60/90 6 82/90 8 86/90
5 56/90 7 60/90 9 82/90 end for
A—flcFrysa  M—H2Fkrvyia  A—A3CEkrvia Spo=wOp  + (1 —wip,
ENBFroy ENBFrvY EhBFvvy
B E o1 1 1 1
ot L |
vy i 86 82 60 56 i 52 30 26 72
PERE 50 50 50 0 i 90 50 %0 %0
2 2 ¥ o2 2
j— 500 s,
—— &T 7 60 64 i T 52
DEFE 90 3 & 9 = -
$—430
— %ojg%g 30 34 38 60 64 68 i 86 82
Tt 90 90 A 00 0, CLI LI
2
2
Shi
Data 1 1 2 3 45 2
3 45 6 7 3 5 6 7 8 9
1 2 3 45 1 6 7 2
8 3
LFU LRU FIFO LCE
1 , 3
2 3 Level-3
18 25 Level-3 9 25
2
200
LFU 87
200 1000 LFU 89



1
EIFHER 6 (Mbps)
HEL— b 4 (Mbps)
F oy B 1000
Fy oA 1 (Mbyte)
CCN v—a# 13
a5 H— s ]
o — < 18
TV 25
Fyow o FR 200, 600, 1000
wi# 0.5

£ RV Ay R

0~10 (sec)

)
1)

Level-0 ®

Level-1 % * _.
1 TS T
Level-2
Level-3 (_{&O/}.f) } :5‘5: L%. (’.4\00%\‘(,%.
3
2
FrovaFh | Frvva R | Freva iR
200 600 1000
REAR 0.1335 0.1305 0.1052
LFU 1.0537 0.9485 0.0582
LRU 1.0791 0.98588 0.8581
FIFO 1.1199 1.0698 0.838

In-network caching

LFU Least Frequently

Used LRU Least Recently Used
n h((h=1..H) i@(=1..1D
Data Py (D)
PFJ:.;!' - QR::E + _-'EFFJ:.;!' Ll {J- - — S]S;It_l' (1)
Ry Fri (@ (3 sm, 1 Algorithm1
a B 0<
a+p<1
L
n_ Tha 2
h.i T ( )
n fh.!'
L L 3
Fh_z _-"ljrh_!' ( )
g,i i T n
rh'i |
hi 1
0
Fpy i Mp; |1
fri N i
FiY 1
0
LFU LRU FIFO LCE LCD
3,
4 "CM-RFS”
1) 3 Zipf
Zipf
4
LRU LCE 20
3 18 T
i7f
S 10 (Mbps) ) . EEm
ML — b 1 (Mbps) _ar i ;
AUFUVDF L UL 500 (Fy o) 2l i
Far A L 16000 (byte) E Hr l i . :
J— ¥ 10 -y oI L N
avFLvR 25 () E I Lt : i
Yy Lo Bl 500 (5% > ) % osf vz
ST A— R 0~ 1.0 il N
RIA—4 a 0~ 1.0 i it
RIA—HB 0~ L0 L l [
| H i

Zipl Acoess Pattern



3) In-network caching
1) @
n h((h=1..H) i@(=1..1D
Data Py (4
(4) (1) a+B+y 1
Fp; = aRy; + BFg; + 758 4
Ry, Fpy (2) 3) Sii 1 Algorithm1
def o, def B, def y 1/2 a, B,y
max_o, max_f3, max_y
(2) CM-RFS
4 5
(2) a=def a =06, =def =0,y =
def y=0.4
4 5
EEER T0 (Mbps) CM-RFS | #EAHK HEAK BEAR
ES - 5 . 1 {Mbps) (mar_n=1.2) | (mar_o=2.4) | (mar_a=4.8)
T J f""’ "5 w7 5“’9 (maz_3=0) (maz_A=0) (max_{i=0)
Fr ’?}_ T2 16000 (byte) (maz_y=0.8) | (maz_y=1.6) | (mazx_y=3.2)
S~ FH# 40
SR % 7.14 7.02 | 6.90 6.91 |
ry 1 HER 300
5
CM-RFS max_o = 2.4, max_3 =0,max_y = 1.6 3

Masaki Hanada, Akira Toyozaki and Hidehiro Kanemitsu, ~~Adaptive In-Network
Caching Strategy Based on Popularity and Playback Sequence for VoD Streaming
over CCN,"" Proceedings of 2019 RISP International Workshop on Nonlinear
Circuits, Communications and Signal Processing (NCSP 2019), , Vol.1, pp-
331-334, March 2019.
“TCCN

0" , IN2017-129,
pp. 237-242 2018 3
Akira Toyozaki, Masaki Hanada and Hidehiro Kanemitsu, ~~In-Network Caching
Strategy Considering Popularity and Playback Sequence for VoD Streaming over
CCN, ™" Proceedings of 2018 RISP International Workshop on Nonlinear Circuits,
Communications and Signal Processing (NCSP 2018), , Vol.1, pp. 307-310,
March 2018.
Takeshi Misu, Masaki Hanada, Hidehiro Kanemitsu and Moo Wan Kim, ~“An In-Network
Caching Strategy for Reducing Playback Interruption Time of On-Demand Streaming
over CCN,"" RISP Journal of Signal Processing, , Vol.21, No. 4, pp. 141-
144, 2017.
Takeshi Misu, Masaki Hanada, Hidehiro Kanemitsu and Moo Wan Kim, ~In-Network
Caching Strategy for Reducing Playback Interruption Time on On-demand Streaming
over CCN,"" Proceedings of 2017 RISP International Workshop on Nonlinear
Circuits, Communications and Signal Processing (NCSP 2017), , Vol.1, pp-
465-468, March 2017.



>>CCN
) CS2016-90, pp. 83-
88 2017 2

“TCCN
0T 2018 3
, CCN
T 2017 3

¢y

@



