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大脳皮質領野間の接続モデルを用いた
仮想 IoT ネットワーク構築手法
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´ 1ĸ®
p ř÷mtKZTWs4G (WSN) 1ĻĎ

p ř÷ĞéđŘ1â«�.1ßŧñĶ1½å

p Internet of Things (IoT) 31�Ť
p ř÷ĞéđŘ1õĄĊï1ĺĻģ/Ā�
p AaoI4Mmtť�1Ćţ�

p WSN 1�ü�0W= IoT 1×¸[1]

p �üģ/ WSN 1¾Ė0W<�ü IoT ZTWs4G]×¸
− ŉŧÐ·1Üĳ/�Ť:�Ķ
− ŉŧqCj1�üqCj]ıŪ0�Ļ:�Ķ
− l4L1ť�0�$,y/=�üWdrN1¾Ė:�Ķ
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[1] Md. MotaharuI Islam et. al, “A Survey on Virtualization of Wireless Sensor Networks”, Sensors, vol.12, pp. 2175-2207, Nov. 2012. 

WSN 1�ü�[1] .ŞČĦ
p WSN ]Ct`nû.K4_Oû0ŊŨ

p Ct`nar\CR:¹Ō1ŉŧZTWs4G]ġ£
p K4_Oar\CR:Ct`nû1å0

�ü WSN ]¾Ė

p AaoI4Mmtť�1Ćţ�0ļ6
WdrN1ôò / á¡:ņĻ

p ċ�ś/ZTWs4G�¥096,1
ãĨůñ.Ğé¼ũñ]ÄĤ�%=
WdrN1°Êŭ2ŕċ
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Infrastructure Layer

VN1

VN2

Network Service Layer

À¼ũ/ZTWs4G-5=
ķ1A4FUGSi0ėŝ

[1] Md. MotaharuI Islam et. al, “A Survey on Virtualization of Wireless Sensor Networks”, Sensors, vol.12, pp. 2175-2207, Nov. 2012. 

´ 1Aar4S.ŝģ
p ċķŁÖ1Ůş�õĄ¾ā0ėŝ

p ċķŁÖŮş
− ^W1Àĩ/ēĶ�Į]Î8=1ì��Ģå1ķ1ê#6Ů|

p Ůş
− ķ�Ķå1Š�0�+�ċķŁÖ1Ŋ�ďv

p ċķŁÖ1Ůş�õĄ¾ā1İę
− 100 �]Ě8=ë¯ÅŒ0W<¾Ė"[=Ěċ�śZTWs4G
− õĄ¾ā1zÑ0łť/ĉÙJOW1Ŧð.1çŏ1ħĎ¼ũ1½

å.1Wq4XE`19.1ÄĤ/õĄ¾ā]×¸
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ċķŁÖ1Ůş�õĄ¾āhVp0/;61
ķ1İñ]Ñ*�ü WSN ]¾Ė%=!.]ŝÍ%

ċķŁÖ1Ůş�1õĄ¾āhVp
p Exponential Distance Rule (EDR)[2]

p ċķŁÖ1Ůş�1�œ�ģ/õĄ¾āhVp
− �œ�ģ3ë¯ÅŒįÌ1õĄ¾ā (��Ķģ)

p Ůş�1ë¯õĄ1ąÆ�ũ	" # 	:ŉŧģ¢Ũ1Ā�0ć#,
Íï�ïģ0¶î
− " # = %	&'(	(−+#)
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[2] M. Ercsey-Ravasz et al., “A predictive network model of cerebral cortical connectivity based on a distance rule,”  Neuron, vol. 80, pp. 184–197, Oct. 2013. 
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領野

神経細胞 神経細胞間リンク

領野間リンク
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大脳皮質 WSN
神経細胞 ネットワーク機器
領野 ネットワークモジュール

[WSN への対応付け]
(- ��ó��Ġï . ��Ůş�1¢Ũ / ��]ng4Q�

�ü WSN ZTWs4GhVp
p WSN ]Ĵû¾ā0Ŋ�

p Infra-Layer1VS-Layer
p VS-Layer 1WdrN¾Ė0 EDR ]ĤŤ%=Úő]ġu
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�ü WSN 1¾Ė : Infra-Layer
I. 0 ¹1[4X]řÇx0ĴÓµŋŚ1DoA0ĹĔ
II. ĞéĽ­ 1 Ĳ0ąÆ%=[4X�0otG]ôò
III. InfoMap ő[3] ]Ť6,hNk4pª0Ŋ�

p Ŋ�1�Ģ-1ntRf0Ļô%=`r4:Ä9Ğ�%=[4
X]ĉń[4X.#,±Ġ

p ĉń[4X0W),hNk4p1ÃŃ]ÍĠ
IV. hNk4p�1otG]Èá#12 ¹1hNk4p]

ôò

2016/9/5 7[3] M. Rosvall and C. T. Bergstrom, “Maps of random walks on complex networks reveal commu- nity structure,” 
Proceedings of the National Academy of Sciences, vol. 105, no. 4, pp. 1118– 1123, 2008. 
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�ü WSN 1¾Ė : VS-Layer
p Infra-Layer 1å0 VS-Layer 1WdrN]¾Ė
p EDR hVp0�+6,hNk4p�0�üotG (Inter-

VL) ]ôò
I. hNk4p1bA]řÇx0øč
II. EDR hVp]�Ę#'�ũÕ "′ # 	0Û6hNk4p�0

Inter-VL ]ôò
− "′ #4 = &'(	(−#′/6)

III. 7 = 8	×	2 Ŗ1 Inter-VL ]ôò%=7-©<Ŏ#
− 8 : ]ng4Q1 2 : hNk4pï

8

#′ : モジュール間の正規化された距離 	6	: 範囲 (0,1] のパラメータ
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Inter-VL 1[4X31�<Ī,
p Inter-VL 1đĦ]hNk4pĲ1[4X0�<Ī,

p ŬđĦ1hNk4pĲ09 =Óï1Ŵ:Ä9À�/=W70
[4X]øč

p �ą1 Inter-VL .Ýň%=[4X1ú8Á?C2á�
p İĠ1hNk4p�0ňï1 Inter-VL :ąÆ�Ķ
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ôò"[=WdrN
p ôò"[=WdrN1}ű

p :;;[8]	óŐŮ|10 = :;;;�1 = > 8 �8 = ?�2 = ?@
p otG2Ý82½�ř#
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WdrN1¾āå1ñÖ1Ņ�
p VNS-Layer 1¾ĖÚő

p EDR hVp
− ]ng4Q 6 ]ō�

p Random hVp
− řÇx0 Inter-VL ]ôò

p BA hVp
− à�[4Xï 5 1[4Xĝ�

ŗ0 2 Ŗ1otG]ĝ�
p Full-Link hVp
− ù,1hNk4p�0 Inter-

VL ]ôò
p Min-Link hVp
− Äâù|Ŝ]ôò#'1(1

ŢŊ/ Inter-VL ]ÄĐ¢Ũ1
hNk4p�0�<Ī,

p Ņ��¥
p @;;[8]	ËŐ1Ů|
− [4Xï : 0 = A;;;
− [4XĞéĽ­ : 1 = > 8
− Inter-VL 1Ŗï : 7 = 8	×	2
− ]ng4Q : 8 = ?
− hNk4pï : 2 ≃ C@@	

p @;;/√C[8] ËŐ1Ů|
− 0 = C;;;�2 ≃ ::E

p ŬØ-hNk4pĲ1[4X
ï:ī#�/=W70öĠ

p Full-Link hVp-2 7 = 2FC
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p WC (Wiring Cost)
p VS-Layer ]¾Ė%= Inter-

VL 1þ¯Ųě
p hNknoUB

p VS-Layer 1JekYUB¾
ā1ĩÁ6

p G = ∑ (IJJ − KJC)�
J

p InfoMap ő-hNknoUB
]Äċ�%=hNk4pŊ�
]°Ê

Ņ�ÍŃ
p APL (Average Path Length)

p [4X�1ÄĐŉŧ¯Ų¢
Ũ1ŋ§Ē

p ¯Ų2 Infra-Layer å1ot
G. Inter-VL 0W<¾ò

p AHC (Average Hop Count)
p [4X�1ÄâcTaï1

ŋ§Ē
p ¯Ų2 Infra-Layer å1ot

G. Inter-VL 0W<¾ò

2016/9/5 12

IJJ : モジュール	J	内のネットワーク密度
KJC :リンクの両端がモジュール	J	に属する期待値



WdrN1¾āå1ñÖ
p EDRM = ;. ;C? :İęģ/ñÖ]ġÔ

p ÄĤ�0¨6 APL . WC ]ġÔ
p À6hNknoUB]ġÔ
− JekYUB¾ā]¬ò

p AHC :ŀ�ģÀ6Ē]ġÔ
− JOW1ğ�0ć%=Wq4XE`
− BA : Random hVpW<9 AHC ]ğ¶
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Min-Link OPQMR;.;C? OPQMR;.:; OPQMR;.A; Random BA Full-Link

APL [m] 504 �
� ��	 ��	 ��	 ��� ���

AHC 35.3 
 	� 	��� ��
� ���� 
 	� � �	

WC [0×:;?] � ��� � 	�� ���� ��	� ���� ���� 73.8
hNkno

UB ����� � 

� ����� ���
� ���
� ����� � ��

[0 = A;;;におけるトポロジの構造上の性能評価]

y/=�ś1WdrN1ŀ�
p 0 = A;;;1²�]0 = C;;; 1²�-�)'Ē]ÊÞ

p hNk4pï0*6,1�ś1{61�¦]Ņ�
p EDRM = ;. ;C? :İęģ/ñÖ]ġÔ

p APL . WC 1Ā�ŭ]ğ¶
p AHC 1Ā�]Ŧð
p hNknoUB1À":ť~1}*-5=.íĂ
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hNk4pï:Ā�#'æÁ1ġuÚő1Ĥ�ñ:À6!.]�ĵ

Min-Link OPQMR;.;C? OPQMR;.:; OPQMR;.A; Random BA Full-Link
APL 1.51 � �
 ���� ���	 ���
 ���
 ���

AHC 1.44 � �
 ���� ���� ���� ���� ����
�� � )� � �� ���� ���� ���� ���� 4.88

hNkno
UB 0.84 ���� ���� ���� ���� ���� ����

[0 = A;;;の評価結果 / 0 = C;;;の評価結果]

]Qg4Q 6 1�¦1Ņ�
p 0 = A;;; 1æÁ1 APL1AHC1WC ]]ng4Q M

0ć#,äÅ0Ņ�
p ;. ;C? ≤ M ≤ ;. :; 1Ŀw-
− JOW (WC) 1ğ�.¼ũ (AHC) 1½å1Wq4XE`]�ĵ
− APL :ÄĤ/Ē]Ďò%=!.]�ĵ
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Wq4XE`1µ-À6ñĶ]Ļ�%=!.]�ĵ
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parameter α]ng4Q α

APL .0� WC .0×:;?�AHC

0.1 0.1 0.1

56ÄĤ

ÄĤ
56ÄĤ

`nTVBtH0W=Ņ�
p į}1 WC -¾Ė"[=WdrN1ñĶ]ŀ�Ņ�
p `nTVBtH×ÏÒ1çŏ�Éăĩ]°Ă

p Ļô2Ĭė#'V4Q2�[4X1ùŰõ[4X0ĥÿ
p otGå1ħľĕ�1[4Xå1ßŧĕ�]¿ū
− ħľĕ�3:;; 8 1ħľ0ć#, U V 1ĕ�:ô$=.�Ġ
− ßŧĕ�3K4_Oũ W = :/U VX: 	1ĕ�:ô$=.�Ġ

p VNS-Layer 1¾ĖÚő
p C;;[8]	ËŐŮ|10 = ?;;;11 = >[8]18 = C?12 ≃ :;;
I. EDR hVp
− ]ng4Q] 6 = ;. ;? 0ºĠ

II. Random Weight hVp
− I. 1 WC ]ºĠ#1�ą1otG1Ý818]ntRf0Ę<Ĉ8

III. Random Shape hVp
− I. 1 WC ]ºĠ#1otG]ntRf0ôò#Ĝ#'hVp2016/9/5 16

çŏ�Éăĩ
p Random Shape 1ñĶ:Ä9ğ6!.]�ĵ

p EDR 0W),¾Ė"[=WdrN1¬è:¼ũģ0çŏ]�É
p EDR : Random Weight W<9À6çŏ�Éăĩ]ġÔ

p EDR 0Û),¨õ#'hNk4p�0Ćï1 Inter-VL]ôò
%=ŐÕ:1çŏ�É¼ũ
1À6WdrN]¬ò
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hNk4pĲ[4Xï:Ć6
æÁ01ġuÚő1hNk4
p� Inter-VL �<Ň ŐÕ1

Ĥ�ñ:À6!.]�ĵ

²ų.Â»1�Č
p ²ų

p ġuÚő2 6 = ;. ;? Ň¨1]ng4Q]Ť6=æÁ01JOW
.¼ũñ1Wq4XE`1µ-Ŕ7#6ñĶ]Ô#'

p ċ�ś/�¥0ĤŤ%=æÁ01ġuÚő:Ŕ7#6ñĶ]Ļ
�%=!.]Ô#'
− hNk4pï1Ā�1hNk4pĲ[4Xï1Ā�0Ĥ�

p ³ĭ%4�Â»1�Č
p [4X1WdrNå1İñ]¿ū#' VS-Layer 1¾Ė
− Űõ[4X1¤š�Á1Óïý�1etc.

p ňï1 VS-Layer ]įÒ0¾Ė#'æÁ1ñĶŅ�
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