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Abstract ICN (Information-Centric Networking) which is originally innovated for efficient content distribution,
is now discussed to be applied to edge computing in IoT (Internet of Things) environment. In this paper, we focus
on more flexible network processing environment, In-Network Processing, which is realized with ICN architecture.
Our proposal, a novel routing method for In-Network Processing, efficiently forwards content requests to group of
multiple functions widely distributed in a whole network.
Key words Information-Centric Networking, Routing, In-Network Processing, Function Chaining

1.

IoT (Internet of Things)

[1] [3]

[2]

In-Network Processing

In-Network Processing NFN
(Named-Function Networking) [4]

CCN/NDN (Content-Centric Networking/Named-Data Net-
working)

— 1 —



1 CCN/NDN .

NFN

NFN NFN

NFN

In-Network Processing

2.

2. 1 (ICN: Information-Centric
Networking)

CCN/NDN (Content-Centric Networking/Named-Data Net-
working) [5] [6] CCN/NDN

2 NFN .

(Interest)
1 Interest

FIB (Forwarding
Information Base)

PIT (Pending Interest Table) Interest
Interest

(Data) PIT Interest
Interest

Interest
CCN/NDN

2. 2 ICN In-Network Processing
ICN In-Network Processing

NFN (Named-Function Networking)
[4] CCN/NDN

2 NFN

1. (data) (functionA)
2.

NFN
3. NFN

4. NFN 5.

NFN

ICN
[7]

[8] [9] CCN/NDN In-Network
Processing (Function
Chaining) FIB

— 2 —



3 .

2. 3

3
A → B → C data

1.
CCN/NDN

Interest
C → B → A

Interest

data

FIB
FIB

3. ICN In-Network Processing

ICN In-Network Processing
3. 1

3. 2
(LAR: Localization-Aware Routing)

3. 1 IoT ICN
4 IoT ICN

In-Network Processing 5
In-Network Processing

Interest
Interest

Interest

Interest
PIT

5 CCN/NDN

NFN [4]

4 IoT ICN In-Network Processing .

5 In-Network Processing .

In-Network Processing

— 3 —



1

V
C
Sc c

F
FCH
Rf f

Nv v

dv,w v,w
qv v

3. 2

(LAR: Localization-Aware Routing)

PBR (Potential-Based Routing) [10]

1
v c

∀v ∈ V, ∀c ∈ C;

φc
v =

⎧⎨
⎩

−qs, if v = s ∈ Sc,

− qs
dv,s+1 , otherwise.

(1)

(1) qs c s ∈ Sc

s ∈ Sc c

dv,s v s

v f

∀v ∈ V, ∀f ∈ F ;

φf
v =

⎧⎨
⎩

−qr, if v = r ∈ Rf ,

− max
∀r∈Rf

{ qr
dv,r+1 }, otherwise.

(2)

(2) qr f

r dv,r v r

(3), (4)

nnext = argmaxNv
Pv→n, (3)

Pv→n =

⎧⎪⎨
⎪⎩

∑
f∈FCH

(φf
v − φf

n), if FCH �= ∅,

φc
v − φc

n, otherwise.
(4)

v v Nv

nnext (4)
FCH �= ∅

n

FCH

FCH = ∅

6
2

{φf
v} 6

qv

(A)
A

(2)

LAR 2
C → B → A

6

3
3 3

C C
FCH

6
4

4 B FCH B

— 4 —



6
5 A

6 .

fp

φ
fp
v − φ

fp
n < 0

4.

3. 2 (i)
(ii)

2
(i)

ns-3 [11]
CCN/NDN ndnSIM

2.1 [12] (ii)
4. 1

7 4
NW2 producer ( ) NW4

consumer ( ) 2
3 A, B, C

, 2
1

6 consumer
, A, B, C 3

1000

2 (a), (b)
Interest

producer

(a) NFF (Nearest-Function First)

(b) LAR (Localization-Aware Routing)

(i)

7 .

2
100 [node]
1 [content]
3 [function]

qs, qr 1.0
10 [msec]
1 [Gbps]

1
A, A’

— 5 —



4. 2
3

• 1:

8
1 NW4

consumer Interest A
NFF

NW4 A, A’
A’ LAR

NW4

A

producer

8 1: .

• 2:

9 LAR
consumer

NW1 C
NFF NW1

B
NFF A

LAR
A B

NW2 B’
LAR

• 3:

9 2: .

10 NFF LAR
consumer-

producer
NFF
LAR

consumer-produer
NFF

LAR

10 3: .

5.

IoT
In-Network Processing ICN

In-Network Processing

JSPS 26280034

— 6 —



[1] M. Satyanarayanan, P. Bahl, R. Cáceres, and N. Davies,
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