
ͷҧ͍Λҙࣝ͢Δ͜ͱͳ͘ޠݴ

Cޠݴ௨৴ϥΠϒϥϦΛར༻Մೳͱ͢ΔϥούʔͷఏҊͱ࣮૷

ਗ਼ਫҰً †* ླ໦ल࿨ † ಺౻ߒࠀ ‡ ౉ᬑߊ †
†໊৓େֶ ‡Ѫ஌ۀ޻େֶ

1 ͸͡Ίʹ

େن໛ͳϓϩάϥϛϯάʹ͓͍ͯɼϥΠϒϥϦ͸ॲ

ཧ଎౓΍Ҡ২ੑɼଞޠݴͱͷ࿈ܞͱ͍ͬͨ؍఺͔ΒɼC
Ͱ࣮૷͞ΕΔ͜ͱ͕ଟ͍ɽ͔͠͠ɼΞϓϦέʔγϣޠݴ

ϯ͸ CޠݴΑΓ΋ந৅౓ͷޠݴڃߴ͍ߴʹͯ։ൃ͞Ε
Δ͜ͱ͕ҰൠతͰ͋ΔɽͦͷͨΊɼΞϓϦέʔγϣϯ

͕ CޠݴϥΠϒϥϦΛ࢖༻͢Δ৔߹͸ɼҰൠతʹݺͼ
ग़͠ݩͷޠݴʹԠͨ͡ϥούʔΛ࡞੒͠ɼϥούʔΛ

༝ͯ͠ܦ CޠݴϥΠϒϥϦΛ࢖༻͢Δɽ
ϥούʔΛੜ੒͢Δπʔϧͱͯ͠ SWIG (Simplified

Wrapper and Interface Generator) [1]͕ଘ͢ࡏΔɽ͔͠
͠ɼSWIGʹΑΓੜ੒͞Εͨϥούʔ͸ɼC/C++ϥΠ
ϒϥϦͷ APIΛҙࣝͯ͠࢖༻͢Δඞཁ͕͋Δɽ͢ͳΘ
ͪɼC/C++ϥΠϒϥϦΛ࢖༻ͨ͜͠ͱͷͳ͍։ൃऀ͕
C/C++ϥΠϒϥϦΛҙࣝ͢Δඞཁ͕͋ΔͷͰɼ։ൃෛ
ՙ͕͘ߴͳΔɽͦͷͨΊ௨৴༻ APIͱ͍ͬͨɼݺͼग़
ͷඪ४ݩ͠ APIʹ΋ಉ༷ͳػೳ͕༻ҙ͞Ε͍ͯΔ৔߹
͸ɼݺͼग़͠ݩͷඪ४ APIͱಉ͡࢖༻ํ๏ͰϥΠϒϥ
ϦΛ࢖༻Ͱ͖Δ͜ͱ͕๬·͍͠ɽ

ͦ͜ͰຊߘͰ͸ɼCޠݴϥΠϒϥϦͷ APIΛҙࣝ͢
Δඞཁͷ͋Δ͜Ε·Ͱͷ࢖༻ํ๏ʹՃ͑ɼݺͼग़͠ݩ

ͷϓϩάϥϛϯάޠݴͷඪ४ APIͱಉ͡࢖༻ํ๏Ͱϥ
ΠϒϥϦΛར༻Մೳͱ͢Δɼ௨৴ϥΠϒϥϦΛର৅ͱ͠

ͨϥούʔΛఏҊ͢ΔɽఏҊํࣜΛNTMfw (NTMobile
framework library)[2]ͱ͍͏Cޠݴ௨৴ϥΠϒϥϦʹద
༻͠ɼJavaܦ༝Ͱಈ֬࡞ೝٴͼॲཧؒ࣌ͷଌఆΛͨͬߦɽ

2 ଘٕज़ɿSWIGط

SWIG͸ C/C++ϥΠϒϥϦͷϔομϑΝΠϧΛಡΈ
Ίͷϥούʔͨ͏ߦΛܞͱ࿈ޠݴͷݩͼग़͠ݺΈɼࠐ

Λੜ੒͢Δɽ࿈ܞʹ͸ FFI (Foreign Function Interface)
ͱݺ͹ΕΔɼC/C++ʹ࣮ͯ૷͞Εͨؔ਺ͳͲΛଞͷϓ
ϩάϥϛϯά͔ޠݴΒར༻͢ΔͨΊͷ࢓૊Έ͕༻͍Β

Ε͍ͯΔɽݺͼग़͠ݩͷޠݴ͸ɼࣗಈੜ੒͞Εͨϥο

Proposal and Implementation of Wrapper that makes
C-language Communication Library available
without Consciousness of Language Differences
†Kazuki Shimizu,†Hidekazu Suzuki,
‡Katsuhiro Naito,†Akira Watanabe
†Meijo University,‡Aichi Institute of Technology

ύʔΛ࢖༻͢Δ͜ͱʹΑΓɼC/C++ϥΠϒϥϦΛ࢖༻
Ͱ͖Δɽ͔͠͠ɼϥούʔΛհͯ͠ C/C++ϥΠϒϥϦ
Λ࢖༻͢Δࡍʹ͸ɼC/C++ϥΠϒϥϦͷ APIͱಉ͡࢖
༻ํ๏ʹͳΔɽݺͼग़͠ݩͷޠݴʹ৽ͨͳػೳΛఏڙ

͢Δ৔߹͸ɼ͜ͷϥούʔΛ࢖༻͢Δ͜ͱʹ໰୊͸ͳ

͍ɽ͔͠͠௨৴ϥΠϒϥϦͷΑ͏ʹɼݺʹطͼग़͠ݩ

ͷޠݴʹ͋Δػೳͱಉ༷ͳػೳΛఏ͢ڙΔϥΠϒϥϦ

ͷ৔߹͸ద͞ͳ͍ɽ

3 ఏҊํࣜ

3.1 ໨తͱߏ੒

ຊఏҊ͸ɼCޠݴ௨৴ϥΠϒϥϦ͕ఏ͢ڙΔ APIͷ
ͷޠݴͷϓϩάϥϛϯάݩͼग़͠ݺ๏ʹՃ͑ɼํ༺࢖

ඪ४ APIͱಉ͡࢖༻ํ๏Ͱ΋ར༻Ͱ͖ΔΑ͏ʹ͢Δ͜
ͱΛ໨తͱ͢Δɽ͜ͷ໨తΛୡ੒͢ΔͨΊʹɼCޠݴ
௨৴ϥΠϒϥϦͱͷ࿈ܞͱɼؒޠݴͷҧ͍ͷআڈͱ͍

͏ 2ஈ֊ͰϥοϓΛ͏ߦɽਤ 1ʹఏҊํࣜͷϞδϡʔ
ϧߏ੒Λࣔ͢ɽ࿈ܞ༻ϥούʔ͸ Cޠݴ௨৴ϥΠϒϥ
Ϧͱͷ࿈ܞɼ௨৴༻ϥούʔ͸ؒޠݴͷҧ͍ͷআڈͷ

໾ׂΛ୲͏ɽ࿈ܞ༻ϥούʔ͸ SWIGʹΑΓੜ੒͞Ε
ͨϥούʔΛ࢖༻͢Δ͜ͱ͕Ͱ͖Δɽ௨৴༻ϥούʔ

͸ɼ࿈ܞ༻ϥούʔΛ࠶౓ϥοϓ͢Δ͜ͱͰؒޠݴͷ

ҧ͍Λআ͢ڈΔɽΞϓϦέʔγϣϯ͸ɼ௨৴ϥΠϒϥ

Ϧ͕ఏ͢ڙΔ APIͱಉ͡࢖༻ํ๏Ͱ࢖༻͍ͨ͠৔߹͸
࿈ܞ༻ϥούʔɼݺͼग़͠ݩͷඪ४ APIͱಉ͡࢖༻ํ
๏Ͱ࢖༻͍ͨ͠৔߹͸௨৴༻ϥούʔΛબ୒͢Δɽ

3.2 ࿈ܞ༻ϥούʔͷߏ੒

࿈ܞ༻ϥούʔ͸ɼCޠݴϥΠϒϥϦʹରԠͨ͠SWIG
ͷίʔυΛهड़͢Δ͜ͱͰࣗಈੜ੒Ͱ͖Δɽ࿈ܞ༻ϥο

ύʔͰ͸ɼCޠݴ௨৴ϥΠϒϥϦͷ API΍ܕΛݺͼग़
Ͱ͖ΔΑ͏ʹϚοϐϯά͢ΔɽΞϓܞͱ࿈ޠݴͷݩ͠

Ϧέʔγϣϯ͸࿈ܞ༻ϥούʔΛ࢖༻͢Δ͜ͱͰɼCݴ
௨৴ϥΠϒϥϦʹ࣮૷͞Εͨޠ APIΛ Cޠݴ௨৴ϥΠ
ϒϥϦͱಉ͡࢖༻ํ๏Ͱ࢖༻ՄೳʹͳΔɽ

3.3 ௨৴༻ϥούʔͷߏ੒

௨৴༻ϥούʔ͸ɼ࿈ܞ༻ϥούʔ͕ఏ͢ڙΔ API
Λ໊લ΍ܕɼҾ਺͕ݺͼग़͠ݩͷඪ४௨৴༻ APIͱҰ
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ਤ 1: Ϟδϡʔϧߏ੒

க͢ΔΑ͏ʹϥοϓ͢Δɽϥοϓ͢Δࡍʹɼݺͼग़͠

༺ͷඪ४௨৴ݩ APIͷҾ਺Ͱௐ੔Ͱ͖ͳ͍ύϥϝʔλ
͕ଘ͢ࡏΔ৔߹͕͋Δɽ͜ͷ৔߹͸ɼ֤ޠݴͷ༷࢓ʹ

Α͏ʹɼύϥϝʔλΛϥούʔ಺͏ߦॲཧΛ͍ͨͮج

Ͱࢦఆ͢Δɽϥοϓͨ͠ API͸ɼAPIͷ಺෦Ͱ࿈ܞ༻
ϥούʔΛܦ༝͢Δ͜ͱͰ௨৴ϥΠϒϥϦʹΞΫηε

͢ΔɽΞϓϦέʔγϣϯ͸௨৴༻ϥούʔΛ࢖༻͢Δ

͜ͱʹΑΓɼݺͼग़͠ݩͷඪ४௨৴༻ APIͱಉ͡࢖༻
ํ๏Ͱ Cޠݴ௨৴ϥΠϒϥϦΛ࢖༻Ͱ͖Δɽ

4 ࣮૷

ఏҊํࣜͷ࿈ܞ༻ϥούʔͱ௨৴༻ϥούʔΛ Java
ʹ࣮ͯ૷ͨ͠ɽର৅͸ɼҠಈಁաੑΛ࣮͢ݱΔ Cޠݴ
௨৴ϥΠϒϥϦͰ͋Δ NTMfwͰ͋Δɽ

4.1 ࿈ܞ༻ϥούʔͷ࣮૷

SWIGʹΑΓࣗಈੜ੒͞ΕΔ࿈ܞ༻ϥούʔͰ͸ͳ͘ɼ
୅ΘΓʹ JNA (Java Native Access)ͱݺ͹ΕΔC/C++ϥ
ΠϒϥϦͱ JavaؒͰͷ࿈ܞΛՄೳͱ͢ΔϥΠϒϥϦΛ
ɼNTMfw΁ͷΞΫηεΛՄೳʹͨ͠ɽNTMfw͠༺࢖
ͷ APIΛఆٛ͢Δ NTMfw༻࿈ܞϥούʔΫϥεΛ࡞
੒͠ɼͦ͜ʹϚοϐϯάͨ͠ APIΛ࣮૷ͨ͠ɽ

4.2 ௨৴༻ϥούʔͷ࣮૷

Javaඪ४ͷ௨৴༻ΫϥεΛܧঝ͠ɼNTMfwʹΑΔ
௨৴Λ͏ߦΑ͏ʹॲཧΛ࣮૷ͨ͠ɽNTMfwͷ APIͰ
͸͔͘ࡉύϥϝʔλΛௐ੔Ͱ͖ΔΑ͏ʹͳ͍ͬͯΔ͕ɼ

Javaඪ४ͷ௨৴༻Ϋϥεͷఏ͢ڙΔ APIͰ͸ͦͷΑ͏
ͳ͜ͱΛ૝ఆ͍ͯ͠ͳ͍ɽྫ͑͹ιέοτੜ੒༻ͷAPI
ͷ৔߹ɼNTMfwͷ APIͰ͸ιέοτੜ੒࣌ʹ IPv4/v6
ͷͲͪΒΛ࢖༻͢Δ͔ࢦఆͰ͖Δɽ͔͠͠ɼJavaͰ͸
ιέοτੜ੒࣌ʹ IPv4/v6ΛࢦఆͰ͖ͣɼIPv6͕࢖༻

Ͱ͖Δ৔߹͸ IPv4ΑΓ΋ IPv6͕༏ઌ͞Εͯ࢖༻͞Ε
Δɽͦ͜Ͱɼ͜ͷΑ͏ͳ APIʹରͯ͠͸ Javaͷ༷࢓ʹ
Α͏ʹύϥϝʔλΛϥούʔ಺Ͱ͏ߦॲཧΛ͍ͨͮج

ఆͨ͠ɽࢦ

5 ධՁ

5.1 ಈ֬࡞ೝ

NTMfwͷ APIΛ࢖༻ͯ͠௨৴ͯ͠Δࡍʹɼωοτ
ϫʔΫΛ੾Γସ͑Δ͜ͱͰҠಈಁաੑΛ࣮ݱͰ͖͍ͯ

Δ͔֬ೝΛͨͬߦɽͦͷ݁ՌɼωοτϫʔΫΛ੾Γସ

͑ͯ΋௨৴ΛܧଓͰ͖ͨͷͰɼJava͔Β Cޠݴ௨৴ϥ
ΠϒϥϦΛ࢖༻Ͱ͖͍ͯΔ͜ͱ͕֬ೝͰ͖ͨɽ

5.2 ॲཧؒ࣌ͷଌఆ

࿈ܞ༻ϥούʔͱ௨৴༻ϥούʔΛ࢖༻͢Δࡍͷॲ

ཧؒ࣌ΛͦΕͧΕଌఆͨ͠ɽଌఆର৅͸ɼUDPͷૹ৴
༻ APIͱड৴༻ APIͰ͋ΔɽҎԼͷද 1ʹ 100ճଌఆ
ͨ݁͠ՌͷฏۉΛࣔ͢ɽ

ද 1: UDPૹ৴/ड৴༻ APIͷॲཧؒ࣌
ϥούʔ༺࢖ ૹ৴ API[ms] ड৴ API[ms]

࿈ܞ༻ϥούʔ 1.222 1.330
௨৴༻ϥούʔ 1.277 1.363
ࠩ (௨৴ʵ࿈ܞ༻) 0.055 0.033

ද 1ΑΓɼ࢖༻͢Δϥούʔͷҧ͍ʹΑͬͯॲཧ࣌
ؒʹ༩͑ΔӨڹ͸͔ۇͰ͋Δ͜ͱ͕෼͔ͬͨɽΑͬͯɼ

ͷඪ४ݩͼग़͠ݺΛํ͍࢖ APIʹ߹ΘͤΔ͜ͱ͸རศ
ੑͱ͍ͬͨ؍఺͔Β༗༻Ͱ͋Δͱ͑ߟΒΕΔɽ

6 ·ͱΊ

ຊߘͰ͸ɼCޠݴ௨৴ϥΠϒϥϦΛར༻Մೳͱ͢Δ
རศੑͷ͍ߴϥούʔΛఏҊͨ͠ɽఏҊํࣜʹΑΓɼϓ

ϩάϥϛϯάޠݴͷҧ͍Λҙࣝ͢Δ͜ͱͳ͘ɼCޠݴ
௨৴ϥΠϒϥϦΛར༻ՄೳͰ͋Δɽޙࠓ͸ɼఏҊͨ͠

ϥούʔΛࣗಈੜ੒Ͱ͖ΔΑ͏ʹ͢Δ༧ఆͰ͋Δɽ

ݙจߟࢀ

[1] SWIG developersɿSimplified Wrapper and Interface
Generatorɼhttp://www.swig.org/ɽ

[2] K.Naitoɼet al.ɼ”End-to-end IP mobility platform in
application layer for iOS and Android OS”ɼIEEE
CCNC 2014ɼpp.276-281ɼ2014ɽ
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QRTO

n $+�'&(�$E	�*/!�#-1�;7
l Android OS → Java
l iOS → Swift

n M>�N3=
l Android OS�iOS�K9�8��*/!�#-1�IC���64�
"��M>:5�CGP�<V�N3���

n .%)���
l U�*0 .,1 GP��<V
��@J���
U�GP��F?������
���

4

S�2�H�GP�CGPDB�64�������LA
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n SWIG (Simplified Wrapper and Interface Generator)
l C/C++#�"#$-�#� ��(/
������%
l (/��SWIG-�;'5<!��% (�!��%)�7.
l (/
��#� ��C/C++#�"#$�,?2��+1�
)�3*�01�9��	��6-���

5

C���!��%
(example.c�example.h)

SWIG-!��%
(example.i)

>�&�4�
���!��%

C-#� �!��%
(example_wrap.c)

>�&�4-
#� �!��%

C#�"#$
(libexample.so)

!��%(/ >�&�
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n SWIG�6,
l /'$%�-�C/C++�������
��

n <��	-�;1������
����	
��"!
l Ex.) OpenCV���0?�2@)C�
l /'$%�-C/C++������>:	��(,��

n <��	-�;1���������
��
���"!
l Ex.) A=&/7=� �4*/+*
l C/C++�����
.8���/'$%
����
<��	-�;1������#
/'$%
�����9�	�

6
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n 2),�	���
l �*�����	�
l �!������ (���*������%�
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Java�*�����
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Ruby�!�����
Java�!�����
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*
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����
Python�(�����
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,

Python� �����
Ruby� �����
Java� �����

,

l � �������
���������(��
l � �������+'��$������
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��'�1+API
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����
Python"/#����
Ruby"/#����
Java"/#����

3

Python $#����
Ruby $#����
Java $#����

3

l C%-
���������%-
�,��0.
l ,��0.�	���"/#������ $������2
��

 $#����
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n Java	$1

n "/
NTMobile framework library

n NTMobile framework library
l NTMobile�(-�������� &������%����
l ������!�)'�+���#*�.-
��#*�����
l C,0����$1

10



NTMobile
(Network Traversal with Mobility)
n �$7# �4�@. �
���"
�15

l NTM;2(NTMobile Node)
▶ NTMobile�,��9���;2

l DC(Direction Coordinator)
▶�$�6�&)
▶��IP�����3<

l RS(Relay Server)
▶*7�$�0�(�
�$��:

n DC / RS�=%+!-0,

11MN�Mobile Node CN�Correspondent Node

�;2�'-�>8	
�
��IP�����/��?A

��IP����

Private Network

Internet

NTM���MN

DC

RS

NAT

NTM���CN

�
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NTMobile�������

n NTMobile�%�	��
����
����!
n 
����
���"�������API	$'

l BSD����API� (����API(NTM����API)	#&
l 
����
������NTM����API	"���

12


����
�� NTM
����
��

socket
bind
sendto
…
…

ntmfw_socket
ntmfw_bind
ntmfw_sendto
…
…
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13MAC�Message Authentication Code

�������# �!��"�
 OS��� 

l NTM����API�
���
.*

l 1/IP��!�
'��
����
$)

l �����20&	
MAC
,-

l BSD����API�.*

l %IP��!�
'��
����
$)�.*

%
IP/UDP���

NTM
���

20&���
(1/TCP/IP��� + ���) MAC

1/
TCP/IP��� ���

NTM
���

20&���
(1/TCP/IP��� + ���) MAC

���

OS��� 

�������#

�!��"�


NTM
����API

BSD
����API
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14MAC�Message Authentication Code

�������# �!��"�
 OS��� 

l NTM���	API�
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l 1/IP��!�
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����
$)

l �����20&	
MAC
,-

l BSD����API�.*

l %IP��!�
'��
����
$)�.*

%
IP/UDP���

NTM
���

20&���
(1/TCP/IP��� + ���) MAC

1/
TCP/IP��� ���

NTM
���

20&���
(1/TCP/IP��� + ���) MAC

���

OS��� 
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NTM
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15MAC�Message Authentication Code

�������# �!��"�
 OS��� 

l NTM����API�
���
.*

l ��IP��������
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Memory 8.00GB

����� MN / CN DC
OS Ubuntu 14.04 32bit Ubuntu 12.04 32bit

Kernel Version 3.13.0-24-generic 3.2.0-101-generic-pae
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Memory���� �2.00GB 1.00GB
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