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Gain-aware caching scheme for information-centric networking 

CHEN Long, TANG Hong-bo, LUO Xing-guo, BAI Yi, ZHANG Zhen 

(National Digital Switching System Engineering & Technological R&D Center, Zhengzhou 450002, China) 

Abstract: The in-network caching system of information-centric networking had to deal with the popularity of huge 

number of content chunks and make efficient usage of storage resources. A content popularity based caching gain opti-

mization model aimed to get maximum reduction of content retrieve cost was established, and a gain-aware caching 

scheme was proposed. By utilizing filtering effect of cache to request flow, this scheme achieves caching cooperation and 

diversity potentially while maximizing caching gain of every single node. Bloom filter based sliding window strategy 

captures the content chunks with high caching gain according to request arrival interval and retrieval cost from the source. 

Analysis shows that the method can drastically reduce memory consumption caused by popularity monitoring. The simu-

lation results illuminate that this scheme is well aware of content popularity based caching gain, and gets better band-

width saving and cache hit ratio when content popularity is changing dynamically. 
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zCpD 0 1p< � E��ùû���vá�� p

b m���"	
�ó�Á�! 

^Ø	
Ñ�/UVô km�f.��ÑÒ]

min

g ��zvN(9)bN(10)ß×Ç���P²�

ÐÑ�Æ�Ñ�/N(9)bN(10)��P²��zv

UVô km�f.��ÑÐ]

min

g ��zvÐÑ!

jk� ÐÑ)O¨õ�α� Zipfh*L�UVÜ

8�^UVôõ�4ë� 1 000�ý 100�XU

V�f.���

min

g  1

k

n

c = N p=0.8�Yù��

	
ÑbÆ�Ñ� m��%&ÚÛ«Ì 3DaE£

Ím=1¦Í%Ä�znsN(9)�PþA�� m

���gÆ�Ñø���ñ	
Ñ%&øÒ!Ì 3

DbEïAB m=2α=1 �	
ÑbÆ�Ñ� p �

�%&ÚÛ�PþA	
ÑbÆ�ÑÂ� p��

�Ðñ��!Y(µ) pb m���µ)�"�

Xª%&���2PG�ß���.küý�

m=2Ç�L��Ð p ��Æ�Ñ@�JY�^

2!�®�H¯¶¥bc��

min

g �0�búû

7�{����ª�g�

�

min

n

g

p

g

= zC

�

n

n

k K

n

n

g

g

v

∈=
∑

�f.UV�m�f.��ÑÙN

(9)bN(10)�PRÌ� 

 

�

k

k

n

i

n

c

x

g

<  (11) 

 

�

1

2

k

k k

n
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n

c

x x

g
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4.2  ���� 

ICNCa]UVô�õ��Ò.k£sUV

ô�Ü8�2�^����Ò�.kbú�üý!

�ë��*+�$,/Ü8�2	
�\ Á

¶¥f.��� !*+�$,q$Ã��	
$

TóÏqøq��C�=�õéx-/��b�

�®á�i§X.k��b��/ú���Âq 

õ

[24]

! 

«Ì 4£ÍK��dh�Óx��!�Ñ

$T�! s

i

Us� �1�UVô��a$T*+

�$, BF

i

w!L�ú�*+�$, BF

i

�P

��NO� �UVôqM/�! s

i

Uo� �!

� s

i

�

�

1

n

g

Ùf.%Ä�zN(11)�Pª��/

k

n

c

T�!Us 2{� �1N(12)�Pª�� 2

k

n

c T

�!Us 3{� �1! 

NUV� �1�«ó�ìf.©soC�

 ÙCXf.%ÄH¯!§^NO��³]/�

! s

i

U��~éUVô k �Z[ú�Ü8w�

k

n

c j= �6è{ú�*+�$, BF

i

BF

i−1

"

BF

i−j

!«ó6¼ÔeÏ#Ù%Äø.kUVô k�

«óUVô k�Z[ÔezC�BF

a

D i a i j−� � E,

Ùè{ú� BF

a−1

BF

a−2

"BF

i−2j

«óÔe�

Ñ$T*+�$,Ù%Äf.#UVô!¾=

«óUVô kø/BF

i

CÙKUVô k���BF

i

�

váïAH¯�$w%! 

BF_Cache_Decision(ContentName name)  

¾¿&qM%Äf. True/False 

1)   L�ú� FIB¦���

k

n

c  

2)  IF  Qeury (BF

i

,name)=False  Then 

3)   Insert (BF

i

,name)� 

4)   For j:1→

k

n

c do 

5)   IF  Qeury (BF

i-j

,name)=True  Then 

6)     For r: j→2

k

n

c  do 

7)      IF  Qeury (BF

i-r

, name) = 

True Then 

8)       return True 

9)      End IF 

10)    End IF 

11)  Else  

12)   For j:1→2

k

n

c  do 

13)   IF  Qeury (BF

i-j

,name)=True  Then 

14)    return True 

15)  End IF 

16)  return False 

«óNO�!xÝ~é

�

n

g 4^v$T�!�

�ª1�±e��� 
Ñ�%&eäT�!

� �1�õÒ�ÇÙUVô/äT�!o�

 �ÐÑ�PÍ'ìÔe�Xª�ÒÐø�o�

 �
Ñ�%&£Á�Oñ���Xª0��Æ

Ú!vá;§m�f.��Ñ

�

n

g ���®¯!L�

"�!Uä{f.oC������WXYùm

��P��äT�!�m�f.��Ñ

�

( )

n i

g s  

 

�

( )

i

n

k k

n s

k K

n i

n i

c h

g s

v s

∈=
∑

 (13) 

zC

i

k

s

h �/�!

i

s CUVô k�oC{õ!m�

f.��Ñ

�

n

g a'wÕL 

 

� � �

( ) (1 )

n n i n

g jg s j g= + −  (14) 

�B��m���G�ªb�^2j� 0.5! 
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V¿c�.kUVô�³CXf.ËÌH¯!

�BKÍ�f.��Ñ�UVô�/f.C/

r>r�e�DLRU, least recently usedEH¯�

\ Áx�UVô�Ü8w�

k

n

c WXf.ËÌ!

wUVô k r>${Ü8��®NO����2

� t

k

ÙËÌ�RS

k

k

n

t

c

rÒ�UVô0Af.!

K

1

k

n

c

þ{t�ø(K#ËÌH¯w�gt LRU

H¯! 

4.3  ����� 

�Ð�h}h7f.%ÄH¯����ª

b���ª! 

1) ���ª 

��$TUVô'©s/*+�$,C¢q

a]]^)*�./*+�$,�ß�¾¿+Æ

�xó�P²+ÆÑ³ �³,-*+�$,

��ªøß�].$vù!w*+�$,�0«�

ª� lV/UVô�Tõ� wï^+ÆÑ f*

+�$,��ª�PaN(15)��

[25]

 

 

2

ln

(ln 2)

w f

l = −  (15) 

zCw�$T�!U�1�UVôTõa]Ç

$TUVô/$T�!Uo� 2{�ÐÑ�Ð

�P>0�� 

 

�

1

n i n

n

w s

g

λ λ≈ =  (16) 

zC

n

λ ��� n�UV� �1Ñ§^�þ�

�!C��f.UV�oC��%&øÒ~éN
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�
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n

c
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v
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i

n

k

s
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n
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h
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λ
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∑
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i
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�
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n

i

n
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k K

n

k

s
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c

h

∈

∈
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∑

∑

�

f.oCUVm�Ü8w�w�N(15)� 

 

�

2

ln

(ln 2)

n

n

v f

l

cη
≈ −  (17) 

ÖUVô�rÒÜ8w��

max

c ÙH¯1

X�³.k

max

2 1c + T*+�$,N(17);§H

¯��üý®UV� 
Ñ°|!Ì 5DaEïA

B

8

10f

−= 

max

10c = 

�

5

n

c = �%ÄH¯�.k

��üý�0�s [20]UVô��õ�

1.083×10

7

� 32.47~32.64 MB �.k��üý

ðs�Ò��i! 

wu�òTUVô�ÒÐÙ2���®f.

���0�� 

 

�

max max

2

(2 1) (2 1) ln

(ln 2)

n

n

c l c f

v u

c u

µ
η

+ +
= = −  (18) 

 

� 5  �������	
�

8

10f

−= �

max

10c = �

�

5

n

c =  

N(18)¦§N+ÆÑ f b��EF_ëï^

�H¯.k��üý20®3³®f.oCÐÑ

ηbòTUVô�ÒÐs|!N 8

10f

−= 

max

10c = 

�

5

n

c = � µ��UVôÒÐu�%&«Ì 5DbE

£Í�PþA#H¯/ß×/.k���2�Ð

] 5%�ÚÛvéêÒ] 10 KB©ª�õéô�f

.%Ä! 

2E���ª 

%ÄH¯�ùHüý3³¹º]^_õùH

üýb*+�$,ú�üý!jk]^_õ�r�

Tõ

ln 2l

d

w

= ~éN(15)� 
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ln

ln 2

f

d = −  (19) 

4^äT�!"��*+�$,�ª�ÇÙ

åT*+�$,e�Ç$4]^_õg�!N

8

10f

−= �" d ËÁ�ü��äNs$T� 

�1�#!"�³ùH�]^{õ� 27®�s

[20]C�r'ÚÛ�Ç! 

�g
"*+�$,ú�Ôe�Þ"

max

2 1c + T*+�$,�.k_ëWX�'gå

T*+�$,_ë�Ç�0«_êë/.k,�

Óx��COñú��L�${.k,Ü8g�

5�çT*+�$,�0«_Ò���a].k

,Ü8�����üý! 

¾=%Ä!"CX/UV� �1�¢'

øÁ�� ���R�Oñ� R�bf.%Ä

H¯�P'XCXrÒùªì��f.%Ä��

�³´�6! 

5  ������� 

5.1  ������ 

¹� ICN ��897ð ndnSIM

[26,27]

WX89

®2ßh7!��EF¹� Rocketfeul��
��

�9¶��EFDsprint PoP level topologyE

[28]

#

EF¹8 52 T��b 84 �¥`Ì 6 ïAB#

EF��À&XÍ!��C�UVô�õ� 10

8



ÒÐ�Ç�� 50 KB¥`����� 1 Gbit/s!

/��C¼� 4 TUV3)l,å)l,.k

2.5×10

7

TUVô'�!R� 4T��®UV3

)l,STÓT'~érÊ`À`aH¯��

R�¦!R�£sÓTª� 1� 19T��{��

�T���äT�����UV� �1)O

¨õ λ=100 T/9�:;�Þ� ÐÑ)O Zipf

h*! 

�B-jUV� �1�%&«¬/UV�

 "� Zipf h*�^C�!R�$^0·�<1

UVWX�!&´G=�

[29]

<10· q R�

0~25%!¨õα ���>?� 0.6~1.3��f.V

�®UV�z���0� C �%&>?�

0.01%~0.09%g��ß×f. 1×10

4

~9×10

4

TU

Vô! 

@A��f.C�UVôqh6�!h*�

����^��v�2ß|Z/JY1X 2 000 s

6ôüAõéYùYù��� 3 000 s! 

 

� 6  ������ 

5.2  ��	
 

K��@A� GACS® CE

2[3]

ProbCache+

[10]

bMAGIC

[16]

®ØWX"0h7CE

2

bProbCache+

h}e� LRU H¯bgt LRU H¯WXf.Ë

ÌMAGICL�Yùr> 500 sU�UV� �1

{õ��UV�Xª��!2ßB�|Z¹º&`

apõ�ÐÑDHRR, hop reduction ratioE3f.o

CÑDCHR, cache hit ratioEbf.ËÌõDCRN, 

cache replace numberE! 

1) `apõ�ÐÑ 

^Ø`apõ�ÐÑ��0� ��/3)

l,Q����a]f.oCcd�`apõ

���Þª 

 1

i

i R

i

i R

h

HRR

H

∈

∈

= −
∑

∑

 (20) 

zC

i

h �� i/f.��C���`apõ

H

i

�� i /3)l,Q����cd�`ap

õR �� ����!#|ZCDf.JY��

���ßu! 

2) f.oCÑ 

^Øf.oCÑ���C��f.UV��
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 1CHR

R

ω= −  (21) 

zCω�/3)l,Q������ ��õ
�#|ZCDf.JY��)l,£¤�ßu! 

3) f.ËÌõ 

^Øf.ËÌõ�m�äT��f.ËÌ�

UVôõ� 

 

n

n N

r

CRN

N

∈=
∑

 (22) 

zC

n

r ��� n�L�f.ËÌ{õ!#|ZC

Df.ËÌ���.k,�{��üýÇ��T

CD GACS"�f.��UV�Æ�ÚÛ! 

5.3  ������ 

váh}h7åT%�øÇ��v�2ß

|Z89xó!¾=�Í'ìh7 GACS 2

ßjkf.���&MHN (1)~N (4)e�

âãH¯ùHA/f.*{�ÚÛv´�

r��PG"�� HRR b CHRw´�r��

� Optimal! 

1) 2ß|Z�¨õα �%&ÚÛ 

Ì 7h}ïABf.V�20 C=0.05%<1

0·� q=10%�4Ã®Ø�åT2ß|Z� Zipf

h*¨õα �%&ÚÛ!zCe�gt LRU H

¯� CE

2

b ProbCache+w� CE

2

*b ProbCache+*

�ED¦Í÷ CRN |Zn®%ÄH¯s|ø

ôFhËÌH¯�øÇ!a] CE

2

f.£s���

��UVô���ÇÈ&f.K�GUVÎÏ

ÐÑ�Ò"�� HRRb CHRrÐ÷ CRNrÒ�

ProbCache+q$ÃÐÑf.!"øôf.£s�

UVôs���B CRNPÍÒ�ÐÑ/�vU

V3)l,���%Äf.@�BUV/uv�

 ÔÍ>���of.�ÐÑ/$^ÞªÁ@�

Bf.UV�çB2¢#®ØÎ�"UV� «

¬�È¨&µ�HRR b CHR ��sù!/$^

ÞªÁ@�Bf.UV�çB2¢#®ØÎ�"

UV� «¬�È¨&µ�HRR b CHR ��s

ù!MAGIC /cd`ÀÁRSf.����rÒ

���.kUV¢q���UVô�ß�³��

ç{� 6��o"�����!ñ GACSì�

�STf.ðsÍ����UVô�0MAGIC

������ÍH
ìf.���UVôgÁ

MAGIC ¸p¹�	^�2�Ü8{õYù®¯

"�Xª�%&��ªø�£P GACS/ HRR

b CHR®á¦¥Í�!a] GACS"f.���

&MHWXB>0ñ÷f.!"/1X�ÞC

�³���¥�Xª�<1ñ´�r��"U

V�Xª%&�C�qI��Oñ GACS� HRR 
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b CHR®´�r��./$^�Úu!���U

Vs$^�Æ�Ñ/f.ËÌõ®á0 MAGIC

Jç!¾=gt LRU H¯/Î�Ôe�%ÄH

¯�ÚÛvZPÒ��&UVô�êëÚÛ"

CE

2

b ProbCache+� HRR@ÓÞªK sùÇ�

a]t��{�CHRÅs��! 

/%&Æi®á��¨õα ��ÒUV
�Xªh*��C2ø�gÙ�XUVô�sÍ

Ò�� ÐÑOñ 4Ã®Ø� HRRb CHRø�
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Ã®Ø�¨õα b CHR��ÒCRNø��Ð!

ñ÷~é 4.1��h7GACS�Æ�Ñ��¨õ

α ��Òñ��GACS ® MAGIC � CRN Úu

��LÐ! 

2) 2ß|Z�f.V�20 C�%&ÚÛ 

Ì 8 h}ïAB Zipf h*¨õ 1α = <10
·� q=10%�4Ã®Ø�åT2ß|Z�f.V

�20 C�%&ÚÛ!��f.V���Òf.

JYß×.kÍç�UVô4 Ã®Ø� HRR b
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2
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gñ�Ða] ProbCache+~éf.V�`^f.
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bGACSa]f.%Ä3³®UV�Xª�%&b

UV� 
Ñs|®f.V��ÒÐ°|£P
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MAGIC ~é$M��U�m�� �1Ñ��
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