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Improved cache hit ratio using packet

forwarding table in Information Centric

Networking∗

Itto Kimura

Abstract

The purpose of using the Internet was initially to send and receive data be-

tween hosts. In recent years, it has changed to a content distribution system

such as music, images moving pictures and the like. Also, with the spread of

YouTube and video distribution services, the volume of contents to be delivered

is increasing every year. Along with this change in the usage form of the In-

ternet, ICN (Information Centric Networking) is being researched as a network

technology suitable for the change. In ICN, the network do not depend on server

location by the nodes which have caches. It can reduce the response time and

distribute load. In this research, the purpose of improving cache hit ratio using

distributed caches. We extended tables showing the existence of caches which be

used in previous study and define a new packet. Furthermore, we implemented

and simulate these in the simulator.
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1.

IP

1.1

IP [2]

[3][4]

2017 9 Cisco Systems [5] IP

2016 1.2zettabytess 2021 3.2zettabytes

Cisco Systems 2016–2021

1

2016 71%

2022 82% 2017 9

Ericsson [6]

50% 2023

75%

[7]

2020 7 2030 7.5
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[8]

1 2016–2021 (petabyte/ )

2016 2017 2018 2019 2020 2021

1 42,029 57,116 75,109 98,182 125,853 159,161

Web, E , 2 9,059 10,681 12,864 15,120 17,502 19,538

3 915 1,818 2,857 4,396 6,753 10,147

4 6,628 6,810 6,717 6,554 6,388 6,595

58,630 76,426 97,547 124,252 156,496 195,440

1.2 IP

1.2.1 IP 1.2.2 IP

Content Delivery Network (CDN)

1 YouTube Hulu

Roku Netflix

Web Web P2P

2Web E

3

4BitTorrent eDonkey P2P

Web
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1.2.1 Internet Protocol (IP)

Internet Protocol (IP)

IP

1 IP

クライアント

ルータ

サーバ

コンテンツ要求

コンテンツ

1 IP

IP

( ) IP

Domain Name System (DNS) IP

4



1.2.2 Content Delivery Network (CDN)

1.2.1 IP Content De-

livery Network (CDN) CDN 2

CDN

北米 日本

欧州

オリジナルサーバ

キャッシュサーバ

キャッシュサーバ

キャッシュサーバ

2 CDN
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1.3

IP

1 1

1

3

ルータ

配信サーバ

サーバ負荷: 大

トラフィック: 多
(ユーザの数に従って増加)

ユーザ

3

4

6



サーバ負荷:小

トラフィック:少
(1本分)

配信サーバ

ユーザ

ルータ

パケット複製

パケット複製

パケット複製

4

1

[9]

1.4

IP CDN

Content Centric Net-

working (CCN) [1], Distributed Object-oriented Network Architecture (DONA)
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[10], Publish-Subscribe Internetworking Routing Paradigm (PSIRP) [11], Net-

work of Information (NetInf) [12], Named Data Networking (NDN) [13]

Information

Centric Networking (ICN) CCN

2.1

5

クライアント

ルータ

サーバコンテンツのキャッシュ
されたルータ

コンテンツ要求

コンテンツ

5

CDN

IP

2
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IP

Secure Sockets Layer (SSL) Internet Protocol Security

(IPSec)

IP [14] 2

2 IP

IP

IP

CDN ( )

Internet of Things

[15] [16]

[17][18][19] [20]

1.5

9



Cache Location and Searching[21]

1.6

2

Networking Named

Data[1] Cache Location and

Searching[21] 3

4

5

6
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2.

2.1

Jacobson [1] 2.2 Yang [21]

2.3

2.1 Networking Named Data

Jacobson [1]

Interest Data 2

Face FIB (Forwarding

Information Base) PIT (Pending Interest Table) CS (Content Store) 4

Interest IP In-

terest Consumer ( )

Interest 6

Consumer

Nonce

Data IP Data

Publisher ( )

Data 7 Interest

Publisher
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Publisher Consumer

コンテンツ名

Nonce値

セレクタ

6 Interest

コンテンツ名

シグネチャ

署名情報

データ

7 Data

Face 8

8 Face1 Face3

3 Face

FIB(Forwarding Interest Base) Face

Interest 8
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FIB

PIT

CS

Face1

Face2

Face3

コンテンツ名 転送先Face

aaa/bbb/c Face1

ddd/eee/fff Face2

x/y/z Face3

コンテンツ名 転送元Face

aaa/bbb Face2

ddd/eee/fff Face1

x Face3

コンテンツ名 データ

aaa/bbb/c 0100100111000…

x/y/z 01101010101…

8
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aaa/bbb/c Face1 ddd/eee/fff Face2 x/y/z

Face3 8 x/y/z Interest

Interest Face3

PIT(Pending Interest Table) FIB Face

Data PIT Data

Interest Interest

Data Interest

Face Face 8

aaa/bbb Interest Face2 ddd/eee/fff

Interest Face1 x Interest Face3

Data

CS(Content Store)

8

aaa/bbb/c Interest FIB

Interest Face1

Data

FIB, PIT, CS

Publisher

IP

IP TCP

22% 9

Publisher Consumer

1 6

IP TCP

Publisher ICN

Consumer
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10Mbps

1Gbps

Consumer1 Consumer2 Consumer3 Consumer4 Consumer5 Consumer6

Publisher

ICNノード

9 [1]
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2.2 Cache Location and Searching

Cache Location and Search-

ing ( CLS) CLS Yang [21]

2.2.1 CLS

CLS Interest

( CLS ) CLS

4 3

CLS Interest

3 CLS

ContentID

in

out

h Publisher

2.2.2 CLS

CLS CLS 10

10 Interest

C Consumer

Content ID C1 Interest

( 11)

1. Interest Publisher (→C→B→A→P)

16



B

A

E

P

DC F

Publisher

ICNノード

10 CLS
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B

A

E

P

DC F

(C1, null, null, 1)

Interestパケット
Dataパケット

①

②

③

④

11 A (CLS)
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2. Publisher Interest Consumer Data

(P→A→B→C→)

3. Publisher A ( 11

)

4. A CLS

11 CLS (ContentID,

in, out, h) 11 Content ID C1

Publisher A 1

in A

Null out

Null

11 C Consumer

Content ID C1 Interest

( 12)

1. Interest A (→C→B→A)

2. A Consumer Data

(A→B→C→)

3. A B

4. A B

A CLS out

5. B CLS

3

Move Copy
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B

A

E

P

DC F

(C1, null, B, 1)

(C1, A, null, 2)

Interestパケット
Dataパケット

①

②

③

④

⑤

12 A B (CLS)

20



Down (MCD) 12 B Content ID C1

A C1 Publisher B

2 out

Null

12 C

Consumer Content ID C1 Interest

( 13)

B

A

E

P

DC F

(C1, null, B, 1)

(C1, A, C, 2)

(C1, B, null, 3)

Interestパケット
Dataパケット

①

②

③

④

⑤

13 B C (CLS)

1. Interest B (→C→B)

2. B Consumer Data

(B→C→)
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3. MCD B C

4. B C

B CLS out

5. C CLS

13 C Content ID C1 B

C1 Publisher C 3

out

Null

13 C

Content ID C1 C

CS ( 14)

1. C CLS in B Return-back

(C→B)

2. Return-back B

3. Return-back B CLS out

Null

4. Return-back C CLS

1 4
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B

A

E

P

DC F

(C1, null, B, 1)

(C1, A, null, 2)

Return-backパケット

①
②

③

④

14 (CLS)

23



2.2.3

CLS CLS Interest

Interest

Publisher

Hth CLS

Hth = ( )/2 (1)

Publisher (CLS h )

Interest CLS

1

Interest Publisher

Interest h Hth

Interest

h ≥ Hth (2)

13 D Consumer Content

ID C1 Interest

( 15 )

1. Interest B (→D→B)

2. B Interest C

(B→C)
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B

A

E

P

DC F

(C1, null, B, 1)

(C1, A, (C, D), 2)

(C1, B, null, 3) (C1, B, null, 3)

1

1

0

h ≧ Hth

Interestパケット
Dataパケット

①

②

③

④

⑤

15 Interest

25



3. Interest C Data (→C→B→D→)

4. B D

B CLS out

5. D

2 B Interest Publisher

C B CLS

h 2 Hth

(1) 1.5 (2) B

C Interest 4 Data

B B

P→A→B→C C

B Interest

D D

D C

Interest CLS in MCD

C

Publisher

Interest h Hth

Publisher Interest

h < Hth (3)

13 F Consumer Content

ID C1 Interest

( 16)

1. Interest A (→F→E→A)

2. A Interest Publisher (A→P)
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B

A

E

P

DC F

(C1, null, (B, E), 1)

(C1, A, C, 2)

(C1, B, null, 3) (C1, B, null, 3)

0

0

1

1
h < Hth

(C1, A, null, 2)

Interestパケット
Dataパケット

①

②
③

④

⑤

16 Publisher Interest
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3. Interest Publisher Data (P→A→E→F→)

4. A E

A CLS out

5. E

2 A Interest Publisher

C A CLS

h 1 Hth

(1) 1.5 (3) A Interest

Publisher 4 Data

A A

P→A→E→C C

B Interest E

E

E

2.2.4 CLS

CLS 3

• h < Hth

• CLS

• Hth

3

h < Hth

17 17 C Content

ID C1 A B
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C CLS

F Consumer Content ID C1

A

P

B

C D

E

F

(C1, null, B, 1)

(C1, A, C, 2)
h < H

①

②

③

17

Interest

1. Interest B (→F→E→D→B)

2. B Interest Publisher (B→A→P)

3. Publisher Interest Consumer Data

2 B Interest Publisher

C B CLS

29



h 2 Hth

(1) 2.5 (3) B Interest

Publisher (B→A→P) B

Publisher C C

h < Hth Interest

Publisher Interest

CLS

B

A

E

P

D F

(C1, null, B, 1)

(C1, A, C, 2)

18 BC (CLS)

CLS

CLS
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13

B C (

18) C

A B CLS C

( 18 ) CLS

15 4 D

B CLS

D

D Consumer

Interest

Interest

C

CLS

Hth

CLS

Hth Interest

Hth

2.3

2.1 [1]

2.2

[21]

3
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• h < Hth

• CLS

• Hth

3 CLS
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3.

CLS 3 2

CLS Interest Hth

Publisher

Hth

Hth Hth

CLS

3.1 CLS

3.2 HopCount

3.3

3.1 CLS

CLS

2.2

3 CLS 4 (

4 CLS ) out out-h

4 CLS

ContentID

in

out-h

h Publisher
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out-h 5 CLS

out

hcache

5 out-h

out

hcache

CLS Hth 5 hcache h

Interest Publisher

3.2 HopCount

CLS hcache

HopCount HopCount

HopCount ContentID

hc hc

HopCount hc = 1

HopCount hc CLS

hcache HopCount

hc 1 CLS in

HopCount
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3.3 CLS

CLS

CLS ( 19)

19 Interest

B

A

E

P

DC F

Publisher

ICNノード

19 CLS ( )

C Consumer Content ID C1

Interest ( 20)

1. Interest Publisher (→C→B→A→P)

2. Publisher Interest Consumer Data

(P→A→B→C→)

3. Publisher A
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B

A

E

P

DC F

(C1, null, ((null, 0)), 1)

Interestパケット

Dataパケット
HopCountパケット

1

①

②

③

④

⑤

20 A ( )

36



4. A CLS

5. CLS out A HopCount

hc = 1 (A→P)

20 CLS

(ContentID, in, ((out, hcache)), h)

hcache 0 CLS

CLS

20 C Consumer

Content ID C1 Interest

( 21)

1. Interest A (→C→B→A)

2. A Consumer Data

(A→B→C→)

3. Data B

4. B CLS

5. CLS in B HopCount

hc = 1 (B→A)

6. HopCount A hc 1

Face CLS out hcache

7. A HopCount hc 1

CLS (A→P)
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B

A

E

P

DC F

(C1, null, ((B, 1)), 1)

(C1, A, ((null, 0)), 2) 1

2

Interestパケット

Dataパケット
HopCountパケット

①

②

③

④
⑤

⑥

⑦

21 A B ( )
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4 B CLS hcache

0 hc = 1 HopCount

out hcache

hc 1 HopCount hcache

6 hcache out

21 C

Consumer Content ID C1 Interest

( 22)

B

A

E

P

DC F

(C1, null, ((B, 2)), 1)

(C1, A, ((C, 1)), 2) 2

3

1

(C1, B, ((null, 0)), 3)

Interestパケット

Dataパケット
HopCountパケット

①

②

③

④ ⑤

⑥
⑦

⑧ ⑨

22 B C ( )

1. Interest B (→C→B)

2. B Consumer Data

(B→C→)
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3. Data C

4. C CLS

5. CLS in C HopCount

hc = 1 (C→B)

6. HopCount B hc 1

Face CLS out hcache

7. B HopCount hc 1 CLS

in (B→A)

8. HopCount A hc 2 CLS

hcache

9. A HopCount hc 1

CLS in (A→P)

4 C CLS hcache

0 6 B out hcache

C B 1

8 C A

B 2 8 hc 1

out

22 C

Content ID C1

( 23)

1. C CLS in B Return-back

40



B

A

E

P

DC F

(C1, null, ((B, 1)), 1)

(C1, A, ((null, 0)), 2) 1

2

Return-backパケット
HopCountパケット

①

②

③

④
⑤

⑥

⑦

23 ( )

41



2. Return-back C CLS

3. Return-back B Return-

back B

4. B CLS out null hcache

0

5. B CLS in HopCount

hc = 1 (B→A)

6. HopCount A hc 1 CLS

hcache

7. A HopCount hc 1

CLS in (A→P)

6 C A B

1

22 B C

BC ( 24) C

A B CLS

HopCount hc = −1

1. B C

CLS

2. B HopCount hc = −1 CLS

in (B→A)

3. hc = −1 HopCount A

CLS
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B

A

E

P

D F

-1

-1

HopCountパケット

①

②

⑧

④

24 BC ( )
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4. A CLS in HopCount

(A→P)

4 A HopCount hc = −1

hc

3.4

h hcache

h ≥ hcache (4)

Publisher

h < hcache (5)

3.5

CLS HopCount CLS

3 17 CLS

17 25

F Consumer Content ID C1

Interest

1. Interest B (→F→E→D→B)

44



A

P

B

C D

E

F

(C1, null, ((B, 2)), 1)

(C1, A, ((C, 1)), 2)
h ≧ hcache

①

②

③

25
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2. B Interest C

(B→C)

3. C Interest Consumer Data

2 B Interest Publisher

C B CLS

h 2 hcache 1 (4)

B Interest C (B→C)

CLS

Interest Publisher Interest

HopCount hc = −1 CLS

CLS

HopCount out

out

CLS

Hth hcache

3.6

CLS HopCount CLS 3

4

CLS
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4.

4.1

4.2

4.3 4.4

4.5 4.6

4.1

4

•

•

•

•

Interest

Publisher

Consumer

Consumer

CLS CLS CLS
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CLS

4.2

6 ndnSIM version 2.4.0[22][23]

ndnSIM ns-3[24]

1

6

ns-3

ndnSIM version 2.4.0

( ) 1000

6 2

100Mbps

Publisher 1000

1 100

Interest 10 /

Interest Zipf-Mandelbrot (q = 0.7, s = 0.7)

Interest Zipf-Mandelbrot

f(k;N, q, s) =
1/(k + q)s

HN,q,s

HN,q,s =
N∑

i=1

1

(i+ q)s

N :

k :

s, q :
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Zipf-Mandelbrot N

k 1
k

Web

[25][26][27] Web N

k Web

1
k

Zipf-Mandelbrot Interest

6 2

Publisher Consumer

4.3

CCN (ndnSIM

) CLS 3 26

CLS CCN

CLS 8.0%

4.4

CCN CLS 3 27

CLS CCN

CLS

76.1%
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26

27
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4.5

HopCount

2

1. Interest

2.

1 Interest 1

Interest 1 HopCount 1

Interest i HopCount

i 2 o

HopCount o HopCount

i+ o CLS i+ o

4.6

CLS C++

CLS 1

(bytes)

l + f + (f + i)× p+ i

l : ContentID

f : Face

i :

p : Publisher Consumer

i 4bytes Face

f 4bytes

l + 8p+ 8
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n 1

nl + 8pn+ 8n (6)

CLS CLS C++ CLS

(bytes)

l + f + f × p+ i

f i CLS 4bytes

l + 4p+ 8

n 1

nl + 4pn+ 8n (7)

2 6 7 CLS 4pnbytes
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5.1
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CNN 8.0%

h < Hth

Interest
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Interest Publisher

5.2

CLS

CNN 76.1%

Interest 1

100bytes 1 1Mbytes

10 100bytes

100bytes 10 1

1 1

Consumer

Web
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Web

[28] Web

5.3

CLS i+ o (i: Interest

o: )

o

1

o

o

o

5.4

CLS 4pnbytes (p: Publisher

Consumer n: ) 1

p

p

p

x

p x

x CLS

x
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x x

5.5

2

CLS

CLS

CLS

Cisco Systems

Palo Alto Research Center [29][30]
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6.

IP

CLS

CLS Hop-

Count CLS

8.0%

76.1%
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