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◆ 1981 Ȩ́2�ǮƏ2�Ú̧ĕƔǔ'ïʿ»ƾ̩	�ƂƑïʿȚ¿̩
◆ 1981-85 Ȩ́Fortran ǝǩ˂˯̣̇ˡ̝Ȥų̩
ʼʣʿ̧˵̦̦̇˯̣̙̦̊˹ S-810 ˂ʳː˂˯̣̇ˡ̝˜Ȥų̩
ʐ

◆ 1996-99 Ȩ́ŵƊ�E˓ WWW ʾʽ˂ʳː˂ɉʘǿʹʥĴƧʙɉ˜Ȥų̩
◆ 1999-2001 Ȩ́̃˼˿̢̦˫ QoS ʼ̞̒˳̦˱̦̆Ȥų
◆ 2002-2006 Ȩ́Ɣ%ȼ(ŭ˂˵̦̓˿̋˥̣� ǧ̖˾ˠ˟˓ IP ȷǧȦ
ȍ˂Ȥų̩

◆ 2007-2008 Ȩ́̃˼˿̢̦˫ QoS ʾʽ
◆ 2009 Éɐ̧̃˼˿̢̦˫�èañǎ˂Ȥųʾʽ̩

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

ĊƊĞ̥nƻĞ

ǯÇĪØȝ¼�ȆȘǶ

ǯRŔØ

ǰ�´ǅ��ǅŞǈǅûƸǅ)ƞǅĜ,

ÍȆǶ®pɝɕəɼɿɄÇĪØʀȿɿɰĨ (2300 9)
ʕĘÉ˃ʧ˂Ħ˜ĊƊĞʼʫʺù¬ʫʳ̩

ʕǱƸF²˓�̥Ʈʠʧ˂Ħʿʱʷʺʛ˘ȗJʠʚ˘̩

ǰŎĔǅşʀk�ǅPƂǅŞʀeŬ! ȮǾȴǺȱɝɕəɼɿɄȜ�ņ
ȨʀSoftBank Creative (980 9)
ʕʧ˂Ħʟ˖ˑ�˜5ŭʭ˘̩

ǰrĔǅĞĿʀ�ƣǅĿƳǅŞʀǳŧƵɝɕəɼɿɄǴǅȖȝ ǺʀŽ

ŻĨ (900 9)
ʕ˯̣̙̦̊˹̥̃˼˿̢̦˫ʿʟʢ˖ʾʛ̧˅ʼ˂̃˼˿̢̦˫˜˃ʬːʼ

ʭ˘�ĸʾǕȴ̃˼˿̢̦˫˂æǹʿʸʛʺ˂Ħ̩
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ǱƸ˂Ķǖ

ǯRŔǖǅÓ��ȜɎɷȺɚ

ʔĘÉÌǸď˂«Aţ˃ɉɿʈʄʃʅʇɉʿȷ¦ĊĨʼʫʺŴȠ̩

ʔĘÉÌǸď˂BȤţ˃̡̌ˬʿýȂɉɌʳʴʫ̧5ŭʫʳ�˃̓˵˫ʩ˙ʺ

ʛ˘ɍ

ɽʇʇʄɝɒɒʊʊʊɑɿɷʂɷɹɷʆɑɸʃʁɒɿʃɼɷɿʈɾʂɐɸʂɒ

ǯǍǊǅȄȧȅȧȘɝɕəɼɿɄȖȋȜĐč

ʔʩˍʪˍʾȊ1̃˼˿̢̦˫

ʔ̃˼˿̢̦˫˂Č©ŶʾŪǰʼʣʿǕȴ̃˼˿̢̦˫˂Ūǰ

ʔç�˂ʾʠ˙ʼˑ˂˂ʾʠ˙ɉɌ̃˼˿̢̦˫Ūǰʼ̃˼˿̢̦˫̡̥̦̋ɍ
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ǱƸ˂ĶǖɉɌʸʹʡɍ

ǯǎǊǅƔ+ɝɕəɼɿɄȜQđ
ʔ̡̍˿˯̟ɉ

ʔ˟̠̀˵ʼ{V

ʔ�Ƴ�ÿʼ̇˭˼˿�ÿ

ʔ̂̚˩̘˵˿ʼ̡̦̌̀˩̘˵˿̧ġƳȊ1ʼşƳȊ1

ʔ�Ƴ�ÿʼ̇˭˼˿�ÿ
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ǱƸ˂ĶǖɉɌʸʹʡɍ

ǯǏǊǅȺɿɊɝɕə (LAN)
ʔˡ̦˱̃˼˿˂ǘį

ʔˡ̦˱̃˼˿˂˟̠̀˵

ʔˡ̦˱̃˼˿ʿʞʥ˘ǾȈĒōɉɌ̡̦̌̀˩̘˵˿ʼ˵ˡ˼˻̣ˬɍ
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ǱƸ˂ĶǖɉɌʸʹʡɍ

ǯǐǊǅȺɽɒɿɝɕəȖȺɽɒɿɝɕəɾɧɻəɈɹ (IP)
ʔˡ̣˹̦̃˼˿̡̥̍˿˯̟ʼˬ̡̦̟̆ʾȊ1

ʔ IP ˟̠̀˵
ʔ IP ̃˼˿̢̦˫˂ķȌʼȱ°ʿµʭ˘ʸ˕ʩ
ʔ̟̦˹ʿ˕˘̇˭˼˿˂ǾȈʼ̟̦˽ˠ̣ˬ
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ǱƸ˂ĶǖɉɌʸʹʡɍ
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ǯǑǊǅȺɽɒɿɝɕəȖȺɿɊɝɕəǅǆǞǢǋǛǮǫǪǭǬǪǮǇ
ʔ IP ʼˡ̦˱̃˼˿ʿʞʥ˘˟̠̀˵˂ʚʸʟʛ
ʔ IP ʼˡ̦˱̃˼˿˂˵˭̦̝̞̉˽ˠ
ʔ IP，ˡ̦˱̃˼˿ʼ̟̦̍
◆ IP/Ethernet ʼ ARPɉ
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ǱƸ˂ĶǖɉɌʸʹʡɍ
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ǯǒǊǅɧɻəɈɹȭɝɕəɼɿɄȜƮ�ëƖ

ʔ̡̍˿˯̟˂ȮÀaʼ OSI �Ħnš̗˾̟
Ɍˤ̣˴̂˟̞̣ˬʿʞʥ˘ȮÀķȌɍ

ʔ˵˭̦̟̞̦̋ʾ̃˼˿̢̦˫ķȌɉɌũǴʼʫʺ˂ȮÀķȌɍ



ǯǓǊǅɧɷȺɩɿəɾɝɕəɼɿɄȖɝɕəɼɿɄ�¯M

ʔ̝̍ˡ̦̏˿̥̃˼˿̢̦˫

ʔɲɪɠɬɉɌɪɠɬɉʿʞʥ˘̃˼˿̢̦˫�èaɍ

ʔ̃˼˿̢̦˫�èaʼđ��̃˼˿̢̦˫ƂƑ

ʔ˸̋˿ˢˣ˟¬Ƹ̃˼˿̢̦˫ʼɉɭʄɺʂɥʀʃʊ

ʔĕĦʿʞʥ˘̃˼˿̢̦˫�èaƂƑʼɉɨɮɤɢɉɌɨɮɐɤʇɽɺʅɐɢɽɾʁɺʅɷɍ
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ǱƸ˂ĶǖɉɌʸʹʡɍ

ǯǔǊǅɝɕəɼɿɄɾɊɿɣɎȜoĦɧɻəɈɹ TCP と UDP
ʔTCP, UDP ʼ̦̒˿
ʔTCP ʿˑʼʹʣʩˍʪˍʾ̡̍˿˯̟: HTTP, FTP, SMTP, SIP ʾʽ
ʔTCP ʿ˕˘Ɉ1Ƀ̥Ɉæǀ̥ʘ̠̣̞̦̋̀ʙʾȊ1

ǯǕǊǅȺɽɒɿɝɕə�ȜɝɕəɼɿɄɾɊɿɣɎ

ʔ̋˞ˡ̟ǾȈ

ʔȷ¦̖̦̟

ʔWebɉɌWWWɍʖ
ʔ IP ȷǧ

ǱƸ˂ĶǖɉɌʸʹʡɍ
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ǯǍǌǊǅɝɕəɼɿɄɾɐɂɴɸɗȹ

ʔ̃˼˿̢̦˫�˂ǁ¤ʼ˷˩̙̞˽ˠ˂Ƅ0

ʔ̋˞ˡ˟ˢ˥̦̟

ʔDȊȡĜw̥BȤȡĜwʼɉɰɪɯɒɯɯɪ

ʔǨǥ̥ȷ¦Ʒ{

ʔ˟˫˷˵RÝ

ʔşƳɉɪɠɬɉ˂˷˩̙̞˽ˠ
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ɔɑɉʩˍʪˍʾ̃˼˿̢̦˫ʼʱ˂ũŦ

ǖŞ

ǯƔ+ɝɕəɼɿɄșȝɈɽɤɴɿɒɾɝɕəɼɿɄʀƹųŋȘȗʀ Ȅ
ȧȅȧǵȱʂ 

ǯȄȧȅȧȘɝɕəɼɿɄȵºƀMȆȔÉ�ĚșđżMȄȲȔǶ 
ȱʂ 
ʔ˯̣̙̦̊˹˓Ȋ1˂̃˼˿̢̦˫��ʿˑ̧�ȥȦ/˓�Ȋ̥Ťőʾʽ̧ 
ʩˍʪˍʾ̃˼˿̢̦˫ʠʚ˘̩ 

ʔğȨ̑Ǖȴ̃˼˿̢̦˫˂Ūǰʠų¾ʫʺʛ˘̩ 
ʔrEŶʾŪǰʼʫʺ̧̃˼˿̢̦˫ğȕa˂Ūǰ̧̃˼˿̢̦˫̡̥̦̋˂ 
Ūǰʾʽʠʚ˘̩ 
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アラクサラ社のルータ AX7804R

ǯɈɽɤɴɿɒɾɝɕəɼɿɄȜë³ŨńȝǅǏǅĮǁ

ʔ̞̣˫ɝɉɉƖĥʼ̧̦̦̄̀̄̀ʽʜʫ˜ˏʭˈȷƳɉɌȊ1�Ƴɍ̩ɉ

ʔƖĥɝɉɉ�ĦŶʿɉɔɉĦ˂̞̣˫ʻ̦̄̀ʿƬyʩ˙˘ɉɌɮɢ̧˱̧̦̞̣̆̍

˹̧ʐɍ̩

ʔ̦̄̀ɝɉɉƬƞŞɉɌ̟̦˹̧˵ˡ˼˻̧ʐɍ̩

スイッチやルータのネットワークは
固定的 (構造があまり変化しない)

̦̄̀

̦̞̣̄̀˫
̦̄̀

̞̣˫

Ɩĥ
Ɩĥ

ǯʃ

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9 16

ĂÅȷǧ˂̃˼˿̢̦˫

ĂÅȷǧɉɞɉɸɺʀʀʈʀɷʅɉʄɽʃʂɺ
Ɍɸɺʀʀɉɞɉƨƿɍ

��¼˂)

̞̣˫ɉ
ɌşƳɍ

̞̣˫ɉ
ɌġƳɍ̦̄̀

Ɩĥ

携帯電話ネットワークの構造は
端末の移動にともなって変化する
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ʩˍʪˍʾ̃˼˿̢̦˫

ǯȟȖȜȒȘǻȰȫɝɕəɼɿɄ

ʔ˯̣̙̦̊˹̥̃˼˿̢̦˫ˑ˅ʼ˂̃˼˿̢̦˫ˑɉʘ̃˼˿̢̦˫˂Ūǰʙɉʻ

ʚʸʟ˛˙˘̩
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道路

人間関係 (実 / Facebook) 商品 A

商品 B

商品 A

商品 B

物流

コンピュータ・ネットワーク

ルータ / 
スイッチ

ルータ / 
スイッチ

ルータ / 
スイッチ
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ʩˍʪˍʾ̃˼˿̢̦˫ɉɌʸʹʡɍ
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̃˼˿̢̦˫˂ôǴa

ǯȄȧȅȧȘĮǁȜɝɕəɼɿɄȵƼĆȖƍǺȯȘȱɅɷɥșºƀ

MȈȱʂ

ǯɅɷɥȜƍȭƼĆș�.ǅǆƆƶȘȗǇǅȵǵȍǸȍȫȜǅǻǅǆºƀ

ĚȘǇǅɝɕəɼɿɄʂ

ǯºƀĚȘɅɷɥȭɝɕəɼɿɄȜÉ�Ěđżȵ�ưȜɝɕəɼɿ

ɄșƜēȈȱʂ

19

頂点 頂点

頂点

辺

辺辺
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̃˼˿̢̦˫˂Ūǰ

ǯɝɕəɼɿɄȜÉ�ĚȘđżȝ (ȈǾȘǾȖȫ) 2 Ȓǵȱ
ʔǕȴ̃˼˿̢̦˫˂Ūǰ

ʕğȆų¾ʫʳ̩

ʔ̃˼˿̢̦˫˂ğȕa̧ʼʣʿ̃˼˿̢̦˫̡̥̦̋˂ğȕa

ʕłuʠʚ˘̩

ǯŇā�ɾŇ`�ȘȗȫŧƵɝɕəɼɿɄȜđżȘȗș�ƻȵǷȀ

ȔǶȱʂ
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Ǖȴ̃˼˿̢̦˫˂Ūǰɝɉɉ˵̢̗̦̟̦̟̀

ǯɎɲɿɹɼɿɹɚɾɝɕəɼɿɄȜđżǻ÷ƊĚÚƏǈǅę�

ʔƇ àŪ©Ƽ˵˹̣̠̦̥̟̔ˬ̝̕

ʿ˕˘®ɇɉɌɔɜəɚɍɝɉɉȈ1żð˜ƀ˗

yʛʿȪ¬ʫʳðƤʠ&�ːʿźŶ

˂żðʿʼʽʣʟ˜ʫ˖ˊ˘̩

̨ɉəɉ�ːʿʼʽʛʳ̩

ʔʱ˂Ú˂̖̦̟ʾʽʿ˕˘®ɇʻˑ

ʘ�Ű˂ǭʼʻˑɉəɉ�ɉɌƏÌɍɉʻʸʾ

ʠ˘ʙʧʼʠʳʫʟː˖˙ʳɉ

̨ɉ�Ű˃ʚ˘é~ʻʵʛʩʛ̩

21

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

˵̢̗̦̟̦̟̥̀̃˼˿̢̦˫˂)

ǯżÊŵȜżÊƪȜRĉƫ(

22

http://markov.uc3m.es/2009/02/visualizing-citation-networks/

The Eigenfactor Project and 
Moritz Stefaner join efforts to 
visualize the citation 
network between different 
journals belonging to different 
research fields. It is amazing and 
a wonderful way to explore 
patterns in citation networks
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Ǖȴ̃˼˿̢̦˫˂Ūǰɝɉ˵˭̦̟̞̦̋

ǯɎɆɿɹɥɸɿȖȝǗ

ʔ÷�ʫʺˑʞʾʬ˕ʜʿˎʝ˘ʧʼ̩

23
http://www.dichotomistic.com/hierarchies_fractals.html
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Ǖȴ̃˼˿̢̦˫˂Ūǰɝɉ˵˭̦̟̞̦̋ɉɌʸʹʡɍ

24

ǯɎɆɿɹɥɸɿɾɝɕəɼɿɄ

ʔ÷�ʫʺˎʺˑʞʾʬ˕ʜʿˎʝ˘̃˼˿̢̦˫˜ɉʘ˵˭̦̟̞̦̥̋̃˼˿

̢̦˫ʙɉʼʛʜ̩

ʔ˵˭̦̟̞̦̥̋̃˼˿̢̦˫˃

ˊʡ�UʿąȚʩ˙ʺʛ˘̩ʒ

ʔ�ʣ˂ũ®˂̃˼˿̢̦˫˃

˵˭̦̟̥̞̦̋ʻʚ˘̩

ʔˡ̣˹̦̃˼˿ˑ˵˭̦̟̞̦̋

ʻʚ˘̩

ʓ nƻĞ
ʔ ̝̆̆˳ɉʘđ̃˼˿̢̦˫åƻʙ̧ɬɧɩɉIţ

ʔ ̌˩̘̣́ɉʘǕȴʾ�Ű̧fƣʾōUʙ̧ǇåƇ

頂点 (ノード)

辺 (リンク)
2

1 3
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ˡ̣˹̦̃˼˿A%ɉɌɟɊɍ
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インターネット・プロバイダ間の関係を
あらわしたものだというが，詳細は不明
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̃˼˿̢̦˫˂ğȕa

ǯȄȧȅȧȘÚƜM_ǀǻǵȱʂ

�ǡ˂�Ʉ˃˯̣̙̦̊˹̥̃˼˿̢̦˫ʿ

ʞʛʺțǖʾ�Ʉ˂)̩

ʔğƁǼ�Ʉ (Shortest path problem)
ʕ�ʝ˖˙ʳțˎ�ʡˬ̝̋˂ 2 ʸ˂Ⱦ
Şȥ˜Ƭˈȅ˂	ʻğ¹˂țˎ˜ø

ʸƫǼ˜ňː˘�Ʉ

ɐɐɉˡ̣˹̦̃˼˿ʿȦ/ʠˇʟʛ

ʔğ¹ģ�Ʉ (Minimum spanning tree 
problem)
ʕxȅʿțˎʠ�ʝ˖˙ʳˬ̝̋ʿʞʛ

ʺɏɉʱ˂ˬ̝̋�ʿ¨�ʭ˘AÓģɉɌA

�ģɍɉ˂	ʻȅ˂țˎ˂Ʋ�ʠğ¹ʿ

ʾ˘ˑ˂˜ǗIʭ�Ʉ

ɐɐɉˡ̦˱̃˼˿ʿȦ/ʠˇʟʛ
26

Wikipedia

Wikipedia
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̃˼˿̢̦˫̡̥̦̋˂Ūǰ

ǯɝɕəɼɿɄȵȘǻȲȱəɷɥȹɕɄƤǅǆÿƤǇǅȵÚƜMʂ

ʔ�ǐŶʾğȕa�Ʉ˃ğ�ő�ɄɉɌőȜ˜ğ�aʭ˘ɍ̩

27

10 台 / 分

15 台 / 分

5 台 / 分

8 台 / 分

30 台 / 分

道路 (交通量)

商品 A 10 個

商品 B 5 個

商品 A 10 個
商品 B 5 個

輸送量

コンピュータ・ネットワーク

ルータ / 
スイッチ

ルータ / 
スイッチ

ルータ / 
スイッチ

500 MB

800 MB

600 MB

700 MB
700 MB700 MB

ʻʡ˘ʴʥŕŚʠʞʧ˖ʾʛ

˕ʜʿ˿̝̋ˠ˼˫˜ʾʠʭ

ʻʡ˘ʴʥŕŚʠʞʧ˖ʾʛ

˕ʜʿ˿̝̋ˠ˼˫˜ʾʠʭ
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̃˼˿̢̦˫˂JċRÝʼȳ	RÝ

ǯɝɕəɼɿɄɾəɷɥȹɕɄȜE¤ûȖȆȔȝʀ

>ÈE¤Ȗƴ�E¤Ȗǻǵȱʂ 

ǯƙƇ�ƔŋȜqZ 
ʔʣ˘ˍ˃ȐǾƼʠǃÙŶʿRÝʫʺʛ˘

-- JċRÝ
ʔ1wĽ˃ȳ	RÝʩ˙ʺʛ˘ʧʼʠʚ˘̩

ǯɈɽɤɴɿɒɾɝɕəɼɿɄȜqZ 
ʔˡ̣˹̦̃˼˿ʻ˃JċRÝʠ�Ħ̩

Ɍ˵ˡ˼˻˓̟̦˹˃ǃÙŶʿ]'ʭ˘ɑɍ

ʔȷǧ˂̃˼˿̢̦˫˃˕˗ȳ	ŶʿRÝ

ʩ˙ʺʛ˘̩

ǯƙƇȖɈɽɤɴɿɒȜȏǻǶ

ʔȒǼ�ȊɝɉɉǃÙǖƦ˃ʣ˘ˍɉɌɞɉ̇˭˼˿żÕɍ

ʔ˯̣̙̦̊˹ɝɉɉǃÙǖƦ˃˵ˡ˼˻ɉɒɉ̟̦˹̩
28

10 台 / 分

15 台 / 分

5 台 / 分

8 台 / 分

30 台 / 分

道路 (交通量)

コンピュータ・ネットワーク

ルータ / 
スイッチ

ルータ / 
スイッチ

ルータ / 
スイッチ

500 MB

800 MB

600 MB

700 MB
700 MB700 MB
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ʩˍʪˍʾ̃˼˿̢̦˫ʼʱ˂ũŦ˂ˍʼː

ǯƔ+ɝɕəɼɿɄșȝɈɽɤɴɿɒɾɝɕəɼɿɄʀƹųŋȘȗʀ Ȅ
ȧȅȧǵȱʂ 

ǯȄȧȅȧȘɝɕəɼɿɄȵºƀMȆȔÉ�ĚșđżMȄȲȔǶ 
ȱʂ 
ʔ˯̣̙̦̊˹˓Ȋ1˂̃˼˿̢̦˫��ʿˑ̧ �ȥȦ/˓�Ȋ̥Ťőʾ
ʽ̧ʩˍʪˍʾ̃˼˿̢̦˫ʠʚ˘̩ 

ʔğȨ̑Ǖȴ̃˼˿̢̦˫˂Ūǰʠų¾ʫʺʛ˘̩ 
ʔrEŶʾŪǰʼʫʺ̧̃˼˿̢̦˫ğȕa˂Ūǰ̧ ̃˼˿̢̦˫̡̥̦̋˂
Ūǰʾʽʠʚ˘̩ 
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ɕɑɉȊ1̃˼˿̢̦˫˂kŪ

ǖŞ

ǯƔ+ȜŪŀ (ǼȧȰ) ȵɧɻəɈɹȖǶǷʂ
ʔ̡̍˿˯̟˂
ǖƦ˃˾̦˹̥̋˥̦̓˼˿ʼ˳̦˭̣˵ (ðȿ)̩

ǯƔ+ğ¶ȵČ�ȈȱȜșȸɚɺɎǻȒǺȴȲȱʂ 
ʔżð˜{Vʻť¬ʭ˘ʧʼˑʻʡ˘ʠ̧ �¬Ȣ˟̠̀˵ʾ˖ɈȋHŪs
ǀ̩ɉ

ʔğȆ˃{Vʼ˟̠̀˵˂Jȵ˜ːʪʫʳƂƑȤųʠʭʭː˖˙ʺʛ˘̩ 

ǯƔ+�±ȖȆȔɵɜɂɳɎəȖɦɻɿɚɂɳɎəǻǵȰʀ ÜōƔ+
ȖćōƔ+șȥȦ�©ȆȔǶȱʂ 
ʔ̂̚˩̘˵˿˃ 1 µ 1̧̡̦̌̀˩̘˵˿˃ 1 µ�˂Ȋ1Öë̩
ʔġƳȊ1˂�Ħ˃̂̚˩̘˵˿ʻʚ˗̧ şƳȊ1˂�Ħ˃̡̦̌̀˩̘
˵˿ʻʚ˘̩ 

ʔġƳȊ1˂ĒÐʼʫʺ�Ƴ�ÿʼ̇˭˼˿�ÿʼʠʚ˘̩ 

30
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̡̍˿˯̟ʼ˃ɟ

ǯƔ+ȈȱȍȪȜŀáȃȖȵɧɻəɈɹȖǶǷʂ

ǯɧɻəɈɹȖíĄMɉ
ʔˎ˝ʾʠʞʾʬ̡̍˿˯̟˜ʸʟ˛ʾʛʼȊ1ʻʡʾʛɉʒɉĹřaʠțǖ

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̡̍˿˯̟˂ǐũ

ǯɧɻəɈɹȝɱɕɐɿɍ��ȖɌɿɆɽɎȖȕťĐȈȱʂ

ǯɱɕɐɿɍ��

32

・XML によるプロトコルの例: SOAP
<SOAP-ENV:Envelope xmlns:SOAP-ENV="…" 
        SOAP-ENV:encodingStyle="…">
  <SOAP-ENV:Header>
    <t:Transaction xmlns:t="…" 
          SOAP-ENV:mustUnderstand="1">
      5
    </t:Transaction>
  </SOAP-ENV:Header>
  <SOAP-ENV:Body>
    <m:getPitchingResult xmlns:m="…">
      <m:name>Akinobu Yoshida</m:name>
      <m:No>00</m:No>
    </m:getPitchingResult>
  </SOAP-ENV:Body>
</SOAP-ENV:Envelope>

・バイナリ・プロトコル

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̡̍˿˯̟˂ǐũɉɌʸʹʡɍ

ǯɌɿɆɽɎeǅǆƔ+¶ƽȜeǇ

ɾ$ǖǅǤǙǢ

33
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̃˼˿̢̦˫˂JɅ

LAN

WAN

LAN

MAN

ǯǟǘǡǅǆ�µĚȘɝɕəɼɿɄǇǅǻǅǧǘǡǅǆ�nɝɕəɼɿɄǇǅșȮȑ

ȔȒȘǻȲȔǶȱʂ

ǯǠǘǡǅǆjnɝɕəɼɿɄǇǅȖǶǷȂȖȞȫǵȱʂ

ʔɪɠɬɏɉɳɠɬɉˋʽɂƴʿ˃ʸʟ˛˙ʾʛ̩

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

Ȋ1Öë˂JɅ

ǯƔ+�±ȖȆȔɵɜɂɳɎəȖɦɻɿɚɂɳɎəǻǵȰʀÜōƔ+

ȖćōƔ+șȥȦ�©ȆȔǶȱʂ

ǯÜōƔ+ȜÎ�ȖȆȔbō�ÀȖɡɆɕə�ÀȖǻǵȱʂ

35

ユニキャスト

ブロードキャスト

マルチキャスト

有線通信

無線通信

回線交換
パケット交換

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̂̚˩̘˵˿ʼ̡̦̌̀˩̘˵˿

ǯƔ+�±ȖȆȔɵɜɂɳɎəȖɦɻɿɚɂɳɎəǅǆÆƑǇǅǻǵȱʂ

ʔ̂̚˩̘˵˿˃ɉɔɉµɉɔ̧̡̦̌̀˩̘˵˿˃ɉɔɉµ�˂Ȋ1Öë̩

ʔ̂̚˩̘˵˿ɉɒɉ̡̦̌̀˩̘˵˿˃ˍʮ̖˾ˠ˟ɉɌ1w˜ʸʳʝ˘¥%ɍɉʻʡ

ˍ˘̩

36

ユニキャスト・
メディア (電線? 糸?) ブロードキャスト・

メディア (空気?)
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ġƳȊ1˃̂̚˩̘˵˿

ǯÜōƔ+ȜoàȝɵɜɂɳɎəȕǵȱʂ

ʔȷƳ˃̂̚˩̘˵˿̥̖˾ˠ˟

ǯȍȎȆʀȺɿɊɝɕəȕȝǅǍǅàȜōșwÉȜɈɽɤɴɿɒȵȢȯȄ

ȁȔǅǆɠɎlǇʀɦɻɿɚɂɳɎəȈȱȂȖǻȕǼȱʂ

37

ユニキャスト・
メディア (電線? 糸?)
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şƳȊ1˃̡̦̌̀˩̘˵˿

ǯćōƔ+ȜoàȝɦɻɿɚɂɳɎəȕǵȱʂ

ʔžƒɉɒɉƒŇɉ˃̡̦̌̀˩̘˵˿̥̖˾ˠ˟

ǯȍȎȆʀ+XǻȖȗǾĺdȝÜƭ

38

ブロードキャスト・
メディア (空気?)
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̂̚˩̘˵˿̧̡̦̌̀˩̘˵˿ʼ˟̠̀˵

ǯɵɜɂɳɎəȕȝğ¶ȵƝ¹ȈȱȜș

ȸɚɺɎȵȒǺǷʂ

ǯɦɻɿɚɂɳɎəȕȝȸɚɺɎȝ�Ũ

ǯŧÉȜğ¶ǅǆȸɚɺɎǇǅȵ¼�ȈȱƔ

+ȵɮɹɔɂɳɎəȖǶǷʂ

39

アドレスで特定の
相手を選択

アドレスで複数の
相手を選択

A

A

B
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˟̠̀˵ʼ{V

ǯƔ+ǅǆ�ųǇǅğ¶ȵžCȈȱșȝʀ\GȵȒǺǷȜǻřĈʂ

ʔżðʠʽʧʿʛʺˑ̧{VʻǲOʻʡ˘̩

ǯ\GȜ_ǀĆ

ʔz¢z{ʠʚ˗ʜ˘ɉɌ�éʿʡˍ˖ʾʛɍ

ʔ{V˃s�Ȣʾ˂ʻ̧ʚʸʟʛʹ˖ʛɉɌ¶Ȫş¶Ȫşʐɍ

ǯ\GȜǺȴȰșȸɚɺɎȵȒǺǸȞʀ_ǀǻŬúȄȲȱʂ

ʔ˟̠̀˵˃�éʿʭ˘̩

ʔ�¬Ȣʿʭ˘ɉɌɤʇɽɺʅʂɺʇɉʻ˃ɉɗɛɉ̉˼˿̧ɨɮʉɗɉʾ˖ɉɖɕɉ̉˼˿ɍ̩

ǯȸɚɺɎșȫ_ǀǻĒȇǷȱʂ

ʔ˟̠̀˵˜�ïɉɌʀʃɸɷʇɾʃʂɍɉʿˏʭˆʸʥ˘ʼ̧Ǝ]ʫʳʼʡʿȊ1ʻʡʾʣ

ʾ˘̩

40 コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

ID ʼ̡˭̦˹ɉǆÚ2ĳȜȝȘȆǇ
ǯ ID: Ɣ+ğ¶ȵžCȈȱȍȪȜ\G (žC}ʀidentifier)
ǯɻɆɿɒ:  Ɣ+ɱɕɐɿɍȵğ¶șơƑȈȱȍȪȜȸɚɺɎ
ǯƠ'ȕȝ ID ȝ\Gșğ�ȆʀɻɆɿɒȝ�µșğ�Ȉȱ 

(ȴǺȲȔǶȱ)
ʔ ID:  ̞̑ˤ̗̣ɉɌ�ŊɉǷĎɍ
ʔ̡˭̦˹ɝɉɉCĦģ̟̈˶ɉʐ

ǯȺɽɒɿɝɕəȕȝ ID ȖɻɆɿɒȝǹȘȇȫȜ (IP ȸɚɺɎ)
ʔʱ˂ʳː̧Ǝ]ʭ˘ʼ ID ˂�ĝʠáǖʿʾ˘ɉɐɐɉ̗̆ˡ̟ū�ʻ˃�.
ʔ�ïʿ+¨ʫʾʛ ID ˜ʸʟʷʺȊ1ʭ˘ʳː˂ƂƑȤųʠʭʭː˖˙
ʺʛ˘̩

• ID Locator Separation (ID ̡˭̦˹Jȵ)
• LISP (Locator ID Separation Protocol)
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�Ƴ�ÿʼ̇˭˼˿�ÿ

ǯÜōƔ+ȜÎ�ȖȆȔbō�ÀȖɡɆɕə�ÀȖǻǵȱʂ

ǯƹųŋȝbō�Àŋ

ʔȊ1Vʿ�Ƴ˜

üưʫ̧Ʃ�Ú

ʿKĐʭ˘̩

ʔʱ˂ȥ̧�Ƴ˜

gġʭ˘̩

ǯǞǢǅŋǅǆȺɽɒɿɝɕəǈǅǡǝǡǇǅȝ

ɡɆɕə�Àŋ

ʔ̇˭˼˿ɉɞɉ¹`

ʔ̇˭˼˿ɉɔɉ3ʨʼ

ʿ>˜ˎʺ

ȚȈʭ˘̩

交換機

ハブ / スイッチ

ɬɦɬɉɞɉɬɺʋʇɉɦɺʂɺʅɷʇɾʃʂɉɬɺʇʊʃʅɿ
ɬʊɦɬɉɞɉɬɺʊɉɦɺʂɺʅɷʇɾʃʂɉɬɺʇʊʃʅɿ

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

�Ƴ�ÿʼ̇˭˼˿�ÿ˂ņȁ

43

* QoS = Quality of Service
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ȷǧʼ�Ƴ�ÿ˂˃ʬˍ˗

ǯƹų (ƹųa) ȝ Alexander Graham Bell ș
ȮȑȔ 1876 �șęÑȄȲȍʂ

ǯAÝȜƹųa 
ʔ�Ħ˂̦̚˲ˡ̣˹̋ˣ̦˵˃�aʫʺʛʾʛ̩ 

ʕżðʿüưʫ̧ 
ʕ1 3˂̓ˡ˫ʼ 1 3˂˵̦̊˧˜(ŭʫʺ
ʕ1 µ 1 ʻ ǧʫ̧
ʕʞ˛ʷʳ˖üư˜ʡ˘̩ 

44

1878 年ころの電話器
(http://www.atcaonline.com/-

phone/coffin.html)

Bell の電話器
(http://www.phonedoc.com/

Telephone_Story/telephone_story.html)

スウェーデンの Ericsson が開発 日本 (電電公社) の黒電話
コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

ȷǧʼ�Ƴ�ÿ˂˃ʬˍ˗ɉɌʸʹʡɍ

ǯÚAȜ�Àµȝ 1878 �Ɉɝɗȹɀɕə�șŰĲȄȲȍʂ

ʔʾʰ�Ƴ�ÿʠáǖʾ˂ʟɟ

= ʾʰ̃˼˿̢̦˫ʠáǖʾ˂ʟɟ

45
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ǨȽɤɑɿɚǩǅʎȼ¯ʏ˯̙̔̂˭̦˳̛̣̖˾ˠ˟ɉvoiscape

ǯƺtɈɯɴɜɆɿɌɶɽɾɱɘȹȸ “voiscape” ȵƩęȆȍʂ
ʔ�ȥ˂˯̙̔̂˭̦˳̛̣ǀXʠʛʟʯ˘˕ʜʿȼ (3D ȼȽ) ˜ZÃɉ̩
ʔvoiscape = voice + [land]scape (�˂Ɇě)
ʔʧ˂ʼʡ˃˵˽̠˦̥̎˼̀˷˼˿˜(ŭ ʍ ¸Ī˃ˑʷʼ˕ʛˑ˂˜ʐ

ǯ�¯Ȝ “ƺ�” 8șɈɯɴɜɆɿɌɶɽȜqȵȒǾȱʂ

ʔȼ˂Ē|ê̥ȔȆêʻƒȥ˜ǐũ̩ 
ʔȼ¯F˜x�ʠǃŮʿƎ]ʫʺ̧ ǧżð˓ȼŘ˜Ȗóɉʻʡ˘̩ 

46

(2008 ÉÌ�V˂ɉʘ̟̓˻̖˾ˠ˟Ã©ʙɉʻʫʳǧ)
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ǨȽɤɑɿɚǩ voiscape ̡̍˿˹ˡ̍˂ˡ̣˹̋ˣ̦˵

 ƺ�ȵƝ¹Ȉȱʂ
ȼ¯̞˵˿˂) 

• ˦̋ˠ˵ (Office)
•  ǳ¯ (MeetingRoom A, B)
• ±Í (MyHome)

 3�ȈȱȖƺ�Ȝì}ǻťħȄȲȱʂ
3D ȼȽʿ˕ʷʺȼ¯˜ “ƽǚǐƆ” 

(auditory display)
• ğȆü˂ȼŘʠˑʷʼˑ˕ʣʡʧʝ˘ 
ʠ̧zęʿ�˂ȼŘˑʡʧʝ˘̩ 

• ʧ˂̡̍˿˹ˡ̍ʻ˃VÚê˃ʚˍ˗ 
ʝ˖˙ʾʛ̩ 

ˬ̝̋ˠ˫˵ʿ˕˘ǙǚǐƆʻǓ[ 
• ˯̙̔̂˭̦˳̛̣˂�˜˛ʟ˗˓ʭʣǐƆ 

47

 ǧżð
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ȷǧƱʟ˖ɉɨɮɉ̃˼˿̢̦˫ˉ

48
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ȷǧƱʟ˖ɉɨɮɉ̃˼˿̢̦˫ˉɉɌʸʹʡɍ

ǯƺtƔ+ƤȜȥǷǻǹǹǶȖǼ (2000 �ȧȕ)
ʔ˾̦˹Ȋ1ʿˑȷǧƱ˜ʸʟʜˋʜʠƫœŶ̩ 
ʔʸˍ˗̧ˡ̣˹̦̃˼˿ʿ˺ˡ˟̟˟˼̍üưʭ˙˄˕ʛ̩ 

ǯɘɿɒƔ+ƤȜȥǷǻǹǹǶȖǼ (Đi)
ʔȼ�Ȋ1ʿˑ IP ̃˼˿̢̦˫˜ʸʟʜˋʜʠƫœŶ̩
ʔʸˍ˗̧IP ȷǧ˜ʸʟʜˋʜʠ˕ʛ̩
ʔʼʣʿ̧ ȼ�Ȋ1ʼ˾̦˹Ȋ1˜ʣˎʚ˛ʯʳǕyŶʾ˱̦̉˵˂þ*ʿ
˃ IP Ʊʠȕʫʺʛ˘̩
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Ȋ1̃˼˿̢̦˫˂kŪ˂ˍʼː

ǯƔ+ȜŪŀ (ǼȧȰ) ȵɧɻəɈɹȖǶǷʂ
ʔ̡̍˿˯̟˂
ǖƦ˃˾̦˹̥̋˥̦̓˼˿ʼ˳̦˭̣˵ (ðȿ)̩

ǯƔ+ğ¶ȵČ�ȈȱȜșȸɚɺɎǻȒǺȴȲȱʂ 
ʔżð˜{Vʻť¬ʭ˘ʧʼˑʻʡ˘ʠ̧ �¬Ȣ˟̠̀˵ʾ˖ɈȋHŪs
ǀ̩ɉ 

ʔğȆ˃{Vʼ˟̠̀˵˂Jȵ˜ːʪʫʳƂƑȤųʠʭʭː˖˙ʺʛ˘̩ 

ǯƔ+�±ȖȆȔɵɜɂɳɎəȖɦɻɿɚɂɳɎəǻǵȰʀÜōƔ+ 
ȖćōƔ+șȥȦ�©ȆȔǶȱʂ 
ʔ̂̚˩̘˵˿˃ 1 µ 1̧̡̦̌̀˩̘˵˿˃ 1 µ�˂Ȋ1Öë̩
ʔġƳȊ1˂�Ħ˃̂̚˩̘˵˿ʻʚ˗̧ şƳȊ1˂�Ħ˃̡̦̌̀˩̘
˵˿ʻʚ˘̩ 

ʔġƳȊ1˂ĒÐʼʫʺ�Ƴ�ÿʼ̇˭˼˿�ÿʼʠʚ˘̩ 
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ɖɑɉˡ̦˱̃˼˿ɉɌɪɠɬɍ

ǖŞ
ǯȺɿɊɝɕəȝ÷ƊĚȊȧǶĺdȕȒǺǷȜșƜȆȍɝɕəɼɿɄ 
ȜŪå (íĄ)
ʔˑʼ˃ 500 m ʣ˖ʛ˂Ɵ�ʻʫʟʸʟʝʾʟʷʳʠ̧ũ�ʻ˃ĕĦA%˂
Č 10 öŞ˜˧̦̆ʭ˘ʧʼˑsǀʖ

ǯȺɿɊɝɕəȜȸɚɺɎȝ 1 -ȉȒʀȞȯȞȯ
ʔʵʟʣʿ#ƶʭ˘ PC ʻˑ˟̠̀˵˃"ʺʛʾʛ
ʔˡ̣˹̦̃˼˿ʻ˃̧ʵʟʣʿ#ƶʭ˘ PC ˃˟̠̀˵�#ʠ�Ǆ

ǯɝɕəɼɿɄșɹɿɧǻǵȱȖƈƑȕǼȘǶ (̃˼˿̢̦˫˃ģķȌ)
ʔȱ° (ĐƳʾʽ) ʠʚ˘ʼȊ1ʻʡʾʣʾ˘̩

ǯɡɆɕəȝ 2 ĮǁȜÎûȕƈƑȄȲȱʂ
ʔ̡̦̌̀˩̘˵˿ + ǏƓĴI (CSMA/CD) ɐɐɉ˭̦̟̌ʼ̞̦̊˹ʻǾȈ
ʔ˵ˡ˼˻̣ˬ + ©ƹɉɐɐɉ˵ˡ˼˻ʻǾȈ

51
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ˡ̦˱̃˼˿ʼ˃ɟ

ǯȺɿɊɝɕəȝgư�� IEEE ȕíĄMȄȲȍ LAN ȜŪå
ʔĹř˂{ƍ˃ IEEE802.2, IEEE802.3 ʾʽ
ʔ IEEE = the Institute of Electrical and Electronics Engineers

(˟ˡ˿̞̟̍ˡ̧̦ơ�ȷŇȷ¦© )
◆ LAN = Local Area Network　

ǯAÝșȝ 500 m ĭ�ȜĺdȕȆǺȒǺǸȘǺȑȍǻʀĐiȝ
Ðà4gȵȩȈȢ�

nȺɿɊɝɕəȫǵȱʂ

ʔ): JGN-X (ƂƑŭ) ʒ
ʔʳʴʫ̧ˡ̣˹̦

̃˼˿ˋʽ�Č˂

˯̣̙̦̊˹˜ʸʾ

ʤʧʼ˃ʻʡʾʛ̩

52

NICT

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

IEEE ʿʸʛʺ˂ǓǺ

ǯ IEEE ǻęŢȈȱżÊŵȭƵŵ

53

IEEE & ACM
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ˡ̦˱̃˼˿˂Ĺřa

ǯǳíĄǴǅȖǅǳŪåǴǅʁǅŜŷȕȝ (ȗȏȯȫ) standard

ǯȺɿɊɝɕəíĄMȜôW



コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

ˡ̦˱̃˼˿˂ĹřaɉɌʸʹʡɍ

ǯȄȧȅȧȘŪå

55

織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9 56

ˡ̦˱̃˼˿˂ĹřaɉɌʸʹʡɍ

ǯȺɿɊɝɕəíĄȜëƖ ǯȺɿɊɝɕəȕȝ 3 ĮǁȜɆɿɦɹǻȒǺȴȲȱʂ

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9 57

LAN ˭̦̟̌˂ƐɅ

織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

この写真は現在も売っている “THICKNET”
(https://logistech.jp/iex/servlet/top)

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

LAN ˭̦̟̌˂ƐɅɉɉɌʸʹʡɍ

58

ǯAÝȜȺɿɊɝɕəȕȝ “yellow cable” ȖǶǷ[ƉɆɿɦɹǻȒ
ǺȴȲȍ (Ğ  10 mm)ʂ

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

ɪɠɬɉ˭̦̟̌˂ƐɅɉɌʸʹʡɍ

ǯLAN ȜɖȺɎə (ȮȰō) Ɇɿɦɹșȝ UTP Ȗ STP Ȗǻǵȱʂ
ʔ˳̦̟̀Ƴ˃˟̦˵ʿʸʾʤ̩
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̗˴̙̝̦˴̘˼˫ － LAN ˭̦̟̌˂ʳː˂˴̘˼˫

ǯɖȺɎəōȝɲɍɴɷɿɧɷɅșȒȘǻȲȔǶȱʂ

ʔ̝̍ˬ˃ȉĖʾ˂ʻ̧ȚƳ˂

˕ʜʭʠˎʝ˘̩

ǯɲɍɴɷɿɧɷɅȵ

ɲɍɴɷɿɍɳɕɄșȒȘǿʂ
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̇˸˯̣˂ˡ̦˱̃˼˿ˉ˂üư

ǯɡɑɈɽȵǅǟǘǡǅșȒ

ȘǿșȝʀNIC (ɝɕə
ɼɿɄɾȺɽɒɿɥȼɿ

ɎɾɀɿɚǇǅȵȒǺǷʂ
ʔNIC ˂̝̀ˡ̦̆ɉ

(˸̋˿ˢˣ˟) ˜̇˸˯
̣ʿˡ̣˵˿̦̟ʭ˘ 
áǖʠʚ˘̩ 

パソコンには LAN 以外にもいろ
いろなインターフェースがある．

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̇˸˯̣˂ˡ̦˱̃˼˿ˉ˂üưɉɌʸʹʡɍ

ǯ10 G ȺɿɊɝɕəȫÕSȆȔǼȍ
ʔ10GBASE-T ɐɐɉȞƳ(ŭ

ʔ10GBASE-LR ʾʽ
ɐɐɉ?˭̦̟̌
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ˡ̦˱̃˼˿˂�Ħ̇˭˼˿ǾȈōɝɉ̡̦̌̀˩̘˵˿

ǯȺɿɊɝɕəȕȜƔ+ȝɦɻɿɚɂɳɎəǻoà

ʔȊ1sǀʾżðʠʭˊʺ 1 Ħ˂Ƴʻˏʭ˄˙˘̩

ʔÕM˃ 500 m �FʫʟȊ1ʻʡʾʟʷʳ̩

63



CSMA/CD (ǏƓĴI)
ǯȺɿɊɝɕəȕȝŧÉȜĳßǻ[Ôș=IȈȱȂȖǻǵȱȍȪʀ

ŤıȵȄȀȱȆǾȨǻ¨Ũʂ

ǯCSMA/CD ȝȂȜŤıȵȄȀȱȆǾȨʂ
◆ CSMA/CD - Carrier Sense Multiple Access with Collision Detection

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9 64 コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

CSMA/CD (ǏƓĴI)ɉɌʸʹʡɍ

65
織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

ǯɘɍɒɹ+XɺɩɹȕɈɤɿǅǆɸɤɿəǇǅȄȲȱʂ

ǯɸɤɿɒȕ¾ŊȄȲȍ4ɐɅɱɽəșɦɻɿɚɂɳɎəǅ

ǆ�ËƑ+ǇǅȄȲȱʂ

ʔȊÆ˃ɉɔɉƛïʻʫʟq1ʩ˙ʾʛʿˑʟʟ˛˖ʮʐ
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̞̦̊˹ʿ˕ʷʺȊ1ǻȵ˜˂˄ʭʧʼʠʻʡ˘

衝突
yellow cable

リピータ
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ǯɦɻɿɚɂɳɎəǻoàȘȜȕʀT+ŕǻ¨ŨȘɡɆɕəȵƝ¹

Ȉȱ¨Ũǻǵȱʂ

ʔɔɉĦ˂ƳʻʸʾʤʼʡʻˑȈ1>˂ù¬ʠáǖ

ɐɐɉMAC ˟̠̀˵ʻù¬ʭ˘̩

̇˭˼˿˂ȖóŶʾȈq1ʼ MAC ˟̠̀˵

織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

MAC ˟̠̀˵
ǯMAC ȸɚɺɎȝ�ŏȖȝćƫ(
ʔ̃˼˿̢̦˫�˂#ƶʼˑ̧ŤŪŶʾ#ƶʼˑşȦ/

Ɍ�˂#ƶʿƎ]ʫʺˑ˟̠̀˵˜ʟʝʾʣʺ˕ʛɍ

ʔ�ĦŶʿ̦̅̀ˢˣ˟ (LAN ˧̦̀ʾʽ) ʻʡˍ˘ (� 3.29)̩
ʔʳʴʫ̧ğȆ˂ LAN ˧̦̀˃ MAC ˟̠̀˵˜�ĝʻʡ˘̩

68

スイッチ

PCPC PC

アドレスは無関係 移動してもアド
レスはそのまま

IP アドレスとは
ちがう

ǯȺɿɊɝɕəȜȸɚɺɎȵǅMACǅǆɮɕɄǇǅȸɚɺɎȖȮȢʂ
◆ MACɉɞɉMedia Access Controlʖ
ʔMAC ˟̠̀˵˃ 48 ̉˼˿

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

MACɉ˟̠̀˵ɉɌʸʹʡɍ

69

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

MAC ˟̠̀˵ɉɉɌʸʹʡɍ

織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̍˻Ŝƹ: MAC ˟̠̀˵
ǯ2 進数のアドレスを 16 進ÉȕØǼȘǹȆȔȨȮǷʂ

◆ 000000000010000000100111101010100111001011100000
◆ 000001001010001100100011010111110100001100100011

ǯ16 ƘÉȜȸɚɺɎȵ 2 ƘÉȕØǼȘǹȆȔȨȮǷʂ
◆ 58-55-CA-FB-2D-B7
◆ 32-61-3C-4E-B6-05

71

ǯɡɆɕəȖȆȔȨǸȱȜȝǅMACǅɨɕɓ (14 ～ 18 ɠȺə) Ȗ��

ȜɥɺɿɰȎȀʂ

ʔ̞̍˟̣̟̌, SFD, ˿̠ˡ̝˃ˎʝʾʛ̩
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ˡ̦˱̃˼˿˂̇˭˼˿̥̋˥̦̓˼˿



ǯȺɿɊɝɕəȜɡɆɕəȝ2ƾȖß�șɡɆɕə8�ȕȘǶȫȜȵ 
ȡǾȩʂ 
ʔ̞̍˟̣̟̌, SFD:  ̇˭˼˿ (MAC ̠̦̋̕) ˂>Ɂ˜ˎʸʥ˘ʳː˂
ȗJ̩

ʔ˿̠ˡ̝:  ̇˭˼˿F²˂Ǫ˗ǞŁç�ʾʽ˜ˇʣˏȗJ̩
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ˡ̦˱̃˼˿̥̇˭˼˿˂̞̍˟̣̟̌, SFD, ˿̠ˡ̝

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9 74

LAN ˂ķȌ (˿̡̒˴̦)

バス型 スター型 リング型

ǯÜōǅLANǅȜoàëƖșȝ 3 Įǁǵȱʂ
ʔ̆˵�:   1 Ħ˂Ƴ (̆˵) ʿAƖĥʠüưʩ˙˘
ʔ˵˹̦�:  1 3˂̅̌ʿAƖĥʠüưʩ˙˘ (̅̌ɉɋɉ˵̦̒˫)
ʔ̞̣ˬ�:  xƖĥʟ˖ʻʳ 2 Ħ˂Ƴʻ̞̣ˬʠʸʣ˖˙˘

ǯȂȜȮǷȘʀɝɕəɼɿɄșǹȀȱ¾Ŋƫ( (ɅɷɥëƖ) ȵəɭɻ
ɍɿȖǶǷʂ ̇˭˼˿ʠ̟̦̍ʭ˘˂˃, 

ʩʥʾʥ˙˄ʾ˖ʾʛ 

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

ˡ̦˱̃˼˿˂ʳː˂̃˼˿̢̦˫ķȌ

75

Theo Gray, “Mad Science”, 
Black Dog & Leventhal 
Publishers

̟̦̍ʠʾʛķȌ˃
ģķȌ
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ˡ̦˱̃˼˿˂ʳː˂̃˼˿̢̦˫ķȌɉɌʸʹʡɍ

ǯɝɕəɼɿɄșɹɿɧǻǵȱȖƈƑȕǼȘǶǅǆɝɕəɼɿɄȝÞë

ƖǇ

ʔ̟̦̍˜ʸʣ˘ʼʽʜʾ˘? -- ̉˾˦ (EtherLoop.MTS)

ǯƱ�ǅǆÌōȘȗǇǅǻǵȱȖƔ+ȕǼȘǾȘȱʂ

76

スイッチ

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

˵˿̠̦˿̥˭̦̟̌ʼ˫̡˵̥˭̦̟̌

77

ǯ10 M, 100 M ȜȺɿɊɝɕəȕȝɎəɺɿəɾɆɿɦɹȖɄɻɎɾ
ɆɿɦɹȵȒǺǶȴȀȱ¨Ũǻǵȱʂ

ǯɃɁɣɕəɾȺɿɊɝɕəȕȝřLŶžȄȲȱȜȕʀøșȈȱ¨Ũ

ǻȘǶʂ

織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

+ − + +

ǯǳɄɻɎɆɿɦɹ (óĥșȝɄɻɎȿɿɠɿɾɆɿɦɹ)ǴǅȝʀȺɽ
ɒɿɝɕəșȫ�ȜɧɻəɈɹșȫ6ƔȜêªʂ 
ʔ̓˵˹̦ʼ˵̠̦̌ʠʚ˘ŤŪ̡̍˿˯̟ʻ̓˵˹̦ʽʜʫ˜ʸʾʤʿ˃,  
˫̡˵˭̦̟̌ʠáǖ (ʳʼʝ˄˳̞˟̟üưɉɐɉRS232C)̩
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˵˿̠̦˿̥˭̦̟̌ʼ˫̡˵˭̦̟̌ɉɌʸʹʡɍ

RS232C ケーブル

+−

+ −

+ +
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LAN ̅̌ɉɌ˵ˡ˼˻ɍɉ˂üưō

79

http://itpro.nikkeibp.co.jp/article/COLUMN/20060318/232823/?SS=imgview&FD=5408972

スイッチ

uplink uplink

uplink
downlink downlink downlink

uplink uplink

ǯ10 M / 100 M ɟɦșȝǅǆàãǇǅ
uplink ɭɿəǻǵȱʂ
ʔǛʿ˃ uplink ʻʸʾʤ˂ʠ
�Ħ̩

ʔˋʟ˂ʸʾʢʟʳˑsǀ̩

どちらか一方しかつ
かえないことがある．

+

−

+
−
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LAN ̅̌ɉɌ˵ˡ˼˻ɍɉ˂üưōɉɌʸʹʡɍ
ǯ1 G (ɃɁɣɕəɾȺɿɊɝɕə) ȝřLȕ uplink / downlink ǻǼ
ȰǺȴȱȜȕʀǾȤȒȝ¨ŨȘǶʂ

ǯ10 M / 100 M ȕȫřL?ÙðŗȜǵȱɟɦȫǵȱʂ

80

+/−

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̍˻Ŝƹ:  LAN ̅̌˂üư
ǯȒǽȜ LAN ɟɦȖ PC ȵ¾ŊȊȮʂ

81

アップリンク ダウンリンク
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̡̦̌̀˩̘˵˿ʼǏƓʿ˕ʷʺųŬʭ˘�Ʉ

ǯɦɻɿɚɂɳɎəȎȖ��șŧÉȜĳßǻƑ+ȈȱȂȖǻȕǼȘ

Ƕʂ

ǯŤıǻęĒȆȔǶȱȖǼȝȗȜĳßȫƑ+ȕǼȘǶʂ
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ˡ̦˱̃˼˿˂ɈæǀʾǾȈōɝɉ˵ˡ˼˻̣ˬ

ǯɎȺɕɔ (ɎȺɕɔɽɅɾɟɦ)
ʔ̡̦̌̀˩̘˵˿ʩ˙˘̃˼˿̢̦˫ (= ˯̞˴̛̣̥̖̀ˡ̣) ˜˵ˡ˼˻ʠʸ
ʾʤ̩ 

ʔ˯̞˴̛̣̥̖̀ˡ̣˜ˍʳʠ˘ʼ̧zęʿȈ1ʫʺˑǏƓ (˯̞˴̛̣) ˃ʞ
ʧ˖ʾʛ̩ 

ǯɦɸɕɍ 
ʔ2 3˂˯̞˴̛̣̥̖̀ˡ̣˜ʸʾʤǒƶ˜̞̌˼˴ʼʛʜ̩
ʔ˵ˡ˼˻˃̞̌˼˴˂Ľǀ˜ 3 3��˂̃˼˿̢̦˫ʿ÷Óʫʳˑ˂̩
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ˡ̦˱̃˼˿˂ɈæǀʾǾȈōɝɉ˵ˡ˼˻̣ˬɉɌʸʹʡɍ

ǯŤıȜȘǶȺɿɊɝɕə 
ʔ˯̞˴̛̣̥̖̀ˡ̣Fʿ 1 3˂Ȉ1Ƽʫʟʛʾʛ˕ʜʿʭ˙˄̧ǏƓ˃ʾ
ʣʯ˘̩ 
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ˡ̦˱̃˼˿˂ɈæǀʾǾȈōɝɉ˵ˡ˼˻̣ˬ (ʸʹʡ)

ǯȸɚɺɎ�œ 
ʔ˵ˡ˼˻ʿ̇˭˼˿ʠʼʽʣʼ̧ʱ˂Ȉ1Ƽ˟̠̀˵˜©ƹʭ˘̩ 
ʔ˵ˡ˼˻˃Ȉ1Ƽ˟̠̀˵ʼʱ˙ʠ@Xʩ˙ʳ̦̒˿Ųwʼ˜˟̠̀˵̥ 
˽̦̟̌ʿŴȠ (©ƹ) ʭ˘̩

˟̠̀˵̥˽̦
̟̌˂ÖÐ

MAC˟̠̀˵ ̦̒˿

A 0

B 0

Y 1

Z 1

˵ˡ˼˻

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

şƳ LAN
ǯćōȵȒǺǷȺɿɊɝɕəȜŪå IEEE802.11, 802.11b, 

802.11g, 802.11n ȘȗȵŌĬȆȔǅǳćō LANǴ ȖǶǷʂ
ʔ IEEE802.11  2.4 GHz Å̧ğ� 2 Mbps

ʔ IEEE802.11b  2.4 GHz Å̧ğ� 11 Mbps, 1999 ÉʿĹřa
ʔ IEEE802.11a  5 GHz Å̧ğ� 2 Mbps, 1999 ÉʿĹřa

ʔ IEEE802.11g  2.4 GHz Å̧ğ� 54 Mbps, 2003 ÉʿĹřa
ʔ IEEE802.11n  2.4 GHz / 5 GHz Å̧
ğ� 600 Mbps (ȊÆ˃ 300 Mbps ˍʻ), 2009 ÉʿĹřa

ʔ2.4 GHz Å˃ȷ¦̠̣˴̧˯̦̠̀˵ȷǧʾʽʻˑʸʟ˛˙ʺʛ˘˂ʻÇ
Ŕʠʞʧ˗˓ʭʛ̩ 
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şƳ LAN (ʸʹʡ)
ǯćō LAN ȜȍȪȜɘɠȺɎǅǆðaǇ

87

˟˫˷˵̒ˡ̣˿ɉɌǛĽɍ ¦ĽɉɌ̦̄˿ PC ·ŭɍ ¦ĽɉɌ˾˵˫˿˼̍ PC ·ŭɍ

¦ĽɉɌŉŭɉɐɐ USB �ɍ

ɌğȆ˂̦̄˿ɉɮɢɉ˃¦Ľ˜
Fǋʫʺʛ˘ˑ˂ʠ�ʛɍ

http://ja.wikipedia.org/wiki/無線LAN
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şƳ LAN (ʸʹʡ)
ǯćō LAN (WiFi) șȝ 2 ȒȜɲɿɚǻǵȱʂ
ʔˡ̣̝̋˵˿̝˫˻̘̥̗̦̀ʻ˃˟˫˷˵̥̒ˡ̣˿ƫŮʻȊ1ʭ˘ ̨ ˡ̣
˹̦̃˼˿Ȋ1ʻ˃ʧ˂ˋʜʠ.P̩ 

ʔ˟̀̑˼˫̥̗̦̀ʻ˃ PC ʽʜʫʠŻü̧Ȋ1ʭ˘̩

ʔ
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アクセス・ポイント

WiFi = Wireless Fidelity
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şƳ LAN (ʸʹʡ)
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ǯćō LAN ȕ�nȵɀɠɿȈȱÎû
ʔĂÅȷǧʼzĸ˂Ēōʴʠ̧şƳ LAN ʻ˃ʚˍ˗ʸʟ˛˙ʺʛʾʛ̩
ʔşƳɉɪɠɬɉʻ˃ʧ˂ĒōʠĂÅȷǧˋʽ̧ʜˍʣʛʟʾʛɉɐɐ ̣̅̀˦̦
̆ʠʞʱʛ̩ 
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ĂÅȷǧʼşƳ LAN
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ĂÅȷǧʼşƳ LAN (ʸʹʡ)
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ĂÅȷǧʼşƳ LAN (ʸʹʡ)
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ĂÅȷǧʼşƳ LAN (ʸʹʡ)
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A�țȊ1ʼd�țȊ1

ʓpĒ|Ȋ1ʿʞʛʺ˃̧pĒ|zęʿȊ1ʭ˘�y (ȷǧʿʵʟʛ) 
ʼ̧ ŢĒ|ʮʸȊ1ʭ˘�y (˟̓˻̙˟şƳʾʽʿʵʟʛ) ʼʠʚ˘̩ 
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Ŝƹ�Ʉ:  LAN ˂Ǣǟʼ]'
ʓ˦̋ˠ˵˂ÖŦʼ 8 3˂ħ˂Țƶ˜ʡː̧ʸʢ˂Ľ�˜Ǣƶʭ˘ɉ

(Ǣƶ�ïˑʡː˘)̩
ʔ˵ˡ˼˻̣ˬ̥̅̌ (uplink/downlink ǃ]Ǩǲɍɝ
˪˨̉˼˿ (1000BASE-T) 4 ̦̒˿ɝɉɉɉɉɉɔɉt
100 M ̉˼˿ (100BASE-TX) 8 ̦̒˿ɝɉɔɉt
100 M ̉˼˿ (100BASE-TX) 4 ̦̒˿ɝɉɔɉt

ʔ˱̦̆ 1 tɉɐɐɉ˪˨̉˼˿ʻʸʾʤ (Ȋ1Ȝʠ�ʛʳː)̩
ɉ

ʔ8 t˂ PC ˜ħ�ʿȚƶʭ˘̩

ʔȚƳɝɉɉ�ĦŶʿ˃˧˽˰̞̦ 5 (100 M ̉˼˿) ˂˭̦̟̌ (˵˿̠̦˿̥
˭̦̟̌) ʿ˕˘ʠ̧áǖʿãʬʺ˧˽˰̞̦ 6 (˪˨̉˼˿) ˂˭̦̟̌˜
(ŭʭ˘̩
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Ŝƹ�Ʉ:  LAN ˂Ǣǟʼ]'ɉɌʸʹʡɍ

96

MAC 
アドレス

m1 m2            …

m0

MAC 
アドレス

ǯȄȯșʀɊɿɠǹȮȠNÉĭ�Ȝ PC ǻɡɆɕəȵƑ+ȆȍǵȖ
ȜYɎȺɕɔȜȸɚɺɎɾɗɿɦɹȜ8�ȵůƐȈȱʂ 
ʔAȗʻʾʣdČƏÌʼʫʺʛ˘˂˃, «Aʾ©ƹʻʾʣȗJŶʾ©ƹʠʞ
ʧʾ˛˙ʳŦë˜ˎ˘ʳː̩ 
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Ŝƹ�Ʉ (̠̦̒˿ǮɄ):  LAN ˂Ǣǟʼ]'
ǯźǀ 1: ðaȵ¶ȕ (łȖƦĵȕ) ơŏɾơōȆʀȋȜňäȵļÒ
ɺɭɿəȖȆȔ¿=Ȉȱ (ǫĖ˃�ǖ̩ʾʤ˗Ğʡʻ˕ʛ)ʂ
ʔþIĒō: ĞʛʳƤ˜ɉ5 Ġɉ25 ĕˍʻʿǱƸ˂Ȱˍʳ˃Ċ^ǮʿþI̩
ʔúŞ: ǮɄ˜®ēʫþIʫʳʟʽʜʟʴʥ˜úŞʭ˘ (F²˃�˛ʾʛ)̩

ǯźǀ 2: ÚAȜɺɭɿəȕ¿=ȆȍơōȵɌɯɴɺɿɒȕĥŶȆʀ
ɺɭɿəȖȆȔ¿=Ȉȱ (̠̦̒˿ʼʫʺ˂%Ǒ˜ʼʼ˂ʝ˘ʧʼ)ʂ 
ʔʽʧʿʽ˂Ľ�˜Țƶʫ̧ʽ˂˭̦̟̌˜(ŭʫʳʟ˜�Ɔʭ˘̩ 
ʔ˱̦̆ʞ˕ˆdČƏÌ˂ PC ʠ̇˭˼˿˜Ȉ1ʫʳʚʼ˂x˵ˡ˼˻˂˟
̠̀˵̥˽̦̟̌˂F²˜ǡȇʭ˘̩ 

ʔʽʜʟ˝ʠʝʺȚƶ̥ȚƳʫʳʟ˜ 10 ǍƏÌʻĞʣ (ƛĩĞʡʠ˕ʛ)̩
ʔǱƸ˂Ȱ˂)Ʉʼ˃ʧʼʾ˘Țƶʿʭ˘ʧʼ̩(ˉ˓˂ʟʳʵ˓ħ˂Țƶʾʽ
˃ǃŮʿʡːʺ˕ʛɉɐɐɉ��˂˯̦̊˜ʫʳ˖ 0 Şʼʭ˘)

ʔ˳̙̠̦̔˹˃ Python ˂̡̍ˬ̝̕ (5/26 ˍʻʿ̧Kuport ʿ˟˼̡̦̍̀)
ʔþIĒōɝɉƤʻ (̠̦̒˿ŭƤƘʿĞʛʺ / A4 �ǹƤʿhSʫʺ) þIʭ˘˂
ʠ�Ħ̩ʫʟʫ̧ŪŮʠʚ˙˄ȷ¦ŶʿþIʭ˘ʧʼˑs̩

ʔĢȪ:  6 Ġ 8 ĕɉɌ�ɍɉɉɌÕĕþIʻʡʾʥ˙˄̧�VʿɉĊ^Ǯʿ (ˍʳ˃̖ˡ̟
Ƙʻ) þIʭ˘ʧʼ̩ 10 ĕ�ȩʿþIʫʳˑ˂˃ŖŞ˂sǀæʚ˗ɍ
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Ŝƹ�Ʉ (̠̦̒˿ǮɄ):  LAN ˂Ǣǟʼ]'ɉɌʸʹʡɍ

ǯ½ĆÎûǅǆ�Ɵu×Ǉ
ʔ15 ŞŗŞ
ʔˍʵʠʛʠʾʥ˙˄ 15 Ş̧ˍʵʠʛ 1 �ʨʼʿ�ĦŶʿ −1 Ş̩
ʔÃ�ʠʚ˘ƙıʿ˃ğ� 7 ŞZƜ (˽˵˿ʻ 7 ŞŖŞʩ˙ʺˑŗŞʿʾ
˗ʜ˘).

ʔ˳̙̠̦̔˹ʻ˂®ɇƬĬ˜ǡȇʭ˙˄̧ZŞ˂µǴʼʭ˘ (áɀʻ˃ʾ
ʛ)̩
ʕ®ɇ˂)

ʌ ǕČ˂˵ˡ˼˻ʠʚ˘̃˼˿̢̦˫ʿʞʛʺ̧©ƹ˂ȿÊʿ˕ʷʺ MAC 
˽̦̟̌˂F²ʠʽʜ�aʭ˘ʟ (Ɩĥ˂Ǝ]ʠʚ˘ʼ�Ǆʫʾʛʧʼ
ʠʚ˘) ˜ʫ˖ˊ˘̩
ʌ ˹ˡ̕˟ˢ˿ (âj) ʫʾʛʼȊ1ʻʡʾʣʾ˘˭̦˵˜ʫ˖ˊ˘̩
ʌ ˵ˡ˼˻˂ 2 3˂̦̒˿˜ʸʾʛʻ̟̦̍˜ʸʣʷʺ]'˜ˎ˘̩
ʌ ̡̍ˬ̝̕˜ʟʡʟʝʺ,  ũ�˂̡̍ˬ̝̕ʻ˃®ɇʻʡʾʛʧʼ˜ʫ˖
ˊʳ˗,  ̡̍ˬ̝̕˂̆ˬ˜ʾʞʫʺ®ɇʫʳ˗ʭ˘̩(̆ˬ˜ˎʸʥʳ˖
�}ʫʺʣʴʩʛ.)
ʌ ̡̍ˬ̝̕˜ʟʡʟʝʺ̧ǕČ˂̃˼˿̢̦˫̥ˡ̣˹̦̋ˣ̦˵˜ˑʸ PC 
˜ (˳̙̠̦̔˹ʻ˃ʾʛĦŤ˂) ˵ˡ˼˻̣ˬ̥̅̌ʿʫʳʺ˘̩
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Ŝƹ�Ʉ (̠̦̒˿ǮɄ): ˡ̦˱̃˼˿̥˳̙̠̦̔˹

ǯɌɯɴɺɿɒȜɧɻɅɷɰȝǅKuport șȸɕɧɻɿɚȆȍʂ
ʔʧ˂̡̍ˬ̝̕ʿǊ'Ļ˃ʸʥʾʛ (̞̇̌˼˫̥̖̀ˡ̣ʼʭ˘)̩

ǯɌɯɴɺɿɒȝ 1 VȜ PC �ȕL!Ȉȱʂ
ǯWindows, MAC, Linux Ȝ Python 3 ȕL!Ȉȱ
ʔ̡̍ˬ̝̕F˂ù¬˂ƛï˜ʟʡʟʝ˘ʼ Python 2 ʻˑ]'ʭ˘̩

ǯɌɯɴɺɿɒȝ 2 ȒȜɧɻɅɷɰȕë³ȄȲȔǶȱǖ
switch.py, term.pyʂ

ǯȈȤȔȜða (ɎȺɕɔʀĳß) șǹǶȔʀȂȖȘȱɭɿəĘXȵ
#ēȈȱʂ 
ʔ˳̙̠̦̔˹˃̦̒˿Ųw˜ UDP ̦̒˿Ųwʼʫʺ(ŭʭ˘˂ʻ̧̦̚˲
ʠ(ŭsǀʾŲw˜ù¬ʭ˘̩ 

ǯŴŅȝ readme.txt Rĉ

99
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Ŝƹ�Ʉ (̠̦̒˿ǮɄ): ˡ̦˱̃˼˿̥˳̙̠̦̔˹ɉɌʸʹʡɍ

ǯswitch.py ȝȺɿɊɝɕəɾɎȺɕɔɽɅɾɟɦȜɌɯɴɺɿɒʂ
ʔ(ŭ) 

python switch.py \
    --nports 3 \  #ɉ˵ˡ˼˻˂̦̒˿ČɉɌğ�ʻɉɛɍ
    --lp0 55000 \ #ɉ˵ˡ˼˻˂̦̒˿ŲwɉɌ(ŭʻʡʾʛ6ʿŎéɊɍ
    --rp0 55100 \ # lp0 ˂üư>˂Ɩĥ˂̦̒˿ŲwɉɌȚƳù¬ɍ
    --lp1 55001 --rp1 54001 --lp2 55002 --rp2 54002 \
  \ # ˵ˡ˼˻˂�˂̦̒˿˂ȚƳ˜ù¬
    --dumpMAC \ #ɉù¬ʭ˘ʼ MAC ˟̠̀˵̥˽̦̟̌˜˺̣̍
    --monitor 0 \ #ɉ̇˭˼˿Ȉq1ç�˜IXʭ˘ʟʽʜʟ˂ù¬
  \ #ɉɉɉɌ0 ʾ˖IXʫʾʛ̩0, 1, 2 ʠù¬ʻʡ˘ɍ
    --timeout 30 \ #ɉ©ƹƬĬ˂˹ˡ̕˟ˢ˿ęȥ˜�ĝ
    --help  #ɉ˯̣̝̓̀ˡ̣̥̝̖̇˹˂ǫĖ˜ǐƆ
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Ŝƹ�Ʉ (̠̦̒˿ǮɄ): ˡ̦˱̃˼˿̥˳̙̠̦̔˹ɉɌʸʹʡɍ

ǯ term.py ȝɡɆɕəȵƑT+Ȉȱĳß (PC) ȜɌɯɴɺɿɒ
ʔ(ŭ) 

python term.py \
    --lm 000300000001 \ #ɉʧ˂Ɩĥ˂ MAC ˟̠̀˵
� � � #ɉɌ16 Ȏ 12 İ (48 bit) ˂6˜ǃŮʿù¬ʻʡ˘ɍ
    --rm 000300000002 \ #ɉȊ1żð˂ MAC ˟̠̀˵
    --lp 54001 \ #ɉƖĥ˂̦̒˿ŲwɉɌ(ŭʻʡʾʛ6ʿŎéɊɍ
    --rp 55001 \ #ɉüư>˂Ɩĥ˂̦̒˿Ųw
� � \ � # Ɍ˵ˡ˼˻7ʼȚƳù¬˜�Ǆʩʯ˘ʧʼɍ
    --promiscuous \ # ̡̍̔˵˩̘˵̥̗̦̀˜ù¬
� � \ � #ɉɌʧ˂Ɩĥʚʺ��˂̇˭˼˿ˑq1ʭ˘ɍ
    --receiveOnly \ #ɉ̇˭˼˿˜Ȉ1ʫʾʛ
    --help  #ɉ˯̣̝̓̀ˡ̣̥̝̖̇˹˂ǫĖ˜ǐƆ
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ˡ̦˱̃˼˿˂ˍʼː

ǯȺɿɊɝɕəȝ÷ƊĚȊȧǶĺdȕȒǺǷȜșƜȆȍɝɕəɼɿɄ 
ȜŪå (íĄ)
ʔˑʼ˃ 500 m ʣ˖ʛ˂Ɵ�ʻʫʟʸʟʝʾʟʷʳʠ̧ũ�ʻ˃ĕĦA%˂
Č 10 öŞ˜˧̦̆ʭ˘ʧʼˑsǀʖ

ǯȺɿɊɝɕəȜȸɚɺɎȝ 1 -ȉȒʀȞȯȞȯ
ʔʵʟʣʿ#ƶʭ˘ PC ʻˑ˟̠̀˵˃"ʺʛʾʛ
ʔˡ̣˹̦̃˼˿ʻ˃̧ʵʟʣʿ#ƶʭ˘ PC ˃˟̠̀˵�#ʠ�Ǆ

ǯɝɕəɼɿɄșɹɿɧǻǵȱȖƈƑȕǼȘǶ (̃˼˿̢̦˫˃ģķȌ)
ʔȱ° (ĐƳʾʽ) ʠʚ˘ʼȊ1ʻʡʾʣʾ˘̩

ǯɡɆɕəȝ 2 ĮǁȜÎûȕƈƑȄȲȱʂ
ʔ̡̦̌̀˩̘˵˿ + ǏƓĴI (CSMA/CD) ɐɐɉ˭̦̟̌ʼ̞̦̊˹ʻǾȈ
ʔ˵ˡ˼˻̣ˬ + ©ƹɉɐɐɉ˵ˡ˼˻ʻǾȈ
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ɗɑɉˡ̣˹̦̃˼˿ʼˡ̣˹̦̃˼˿̡̥̍˿˯̟ (IP)

ǖŞ

ǯ IP (ȺɽɒɿɝɕəɾɧɻəɈɹ) ȝ�ė�ȜwÉȜɈɽɤɴɿɒȵ
ȒȘǿȜșƜȆȍɝɕəɼɿɄíĄ 
ʔ;f#˂˯̣̙̦̊˹˜ʸʾʛʻ̧ʜʨʟʯ˘̃˼˿̢̦˫ǘį˃ˋʟʿʾ
ʛ̩

ǯ IP ȜȸɚɺɎȝ�ŏȕȧȖȪȯȲȔǶȱ
ʔ̃˼˿̢̦˫�ʻʵʟʣʿ#ƶʭ˘ PC ˃˟̠̀˵�#ʠ�Ǆʫʺʛ˘̩

ǯɝɕəɼɿɄșɹɿɧǻǵȑȔȫȮǶ (ɝɕəɼɿɄȝ�°ȜɅɷ
ɥëƖ)
ʔȱ° (ĐƳʾʽ) ʠʞʧʷʺˑȊ1ʠʡ˙ʿʣʛ̩

ǯɡɆɕəȝɹɿɒșȮȑȔƈƑȄȲȱ 
ʔǾȈ>˃̟̦˽ˠ̣ˬʿ˕ʷʺʡˍ˘̩ 
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ˡ̣˹̦̃˼˿ʼ˃ɟ

ǯ IP ǆȺɽɒɿɝɕəɾɧɻəɈɹǇǅȝ IETF ȖǶǷíĄMņŎȕíĄ
MȄȲȍʀ�ė�ȵȒȘǿȍȪȜɝɕəɼɿɄíĄȕǵȱʂ 
◆ IETF = Internet Engineering Task Force　

ǯ IP ȝ�ė�ȜwÉȜɈɽɤɴɿɒȵȒȘǿȜșƜȆȍɧɻəɈɹ
ȕǵȱʂ 
ʔ;f#˂˯̣̙̦̊˹ʠʸʾʦ˘̃˼˿̢̦˫Ĺř˃ˋʟʿʾʛ̩

ǯȺɽɒɿɝɕəȝ ǳɝɕəɼɿɄȜɝɕəɼɿɄǴ ȖǶȴȲȱǅ
ʁǅjnȃȖȜɝɕəɼɿɄȵȒȘǽǵȴȊȔʀȒǾȯȲȔǶȱʂ 
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IP ˟̠̀˵
ǯȺɽɒɿɝɕəȜȸɚɺɎȵ IP (Internet Protocol) ȸɚɺɎȖǶǷʂ
ǯȏǺǶ�ŏșǵȱɈɽɤɴɿɒȜ IP ȸɚɺɎȝ��ǻ6Ɣ
ʔ̃˼˿̢̦˫˃˷ˬ̖̣˿ʿ˛ʥ˖˙̧ 
˷ˬ̖̣˿Fʻ˃ IP ˟̠̀˵ɉ
�# (˱̌̃˼˿) ʠDȊ̩

ʔ�˂#ƶʿƎ]ʭ˘ʼ IP ˟̀
̠˵˜�ĝʭ˘áǖʠʚ˘̩ 

ルータ

PCPC PC

アドレス上位がおなじ 
(たとえば 133.144....)

移動したらアド
レス変更が必要
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IP ˟̠̀˵ɉɌʸʹʡɍ
ǯ IP ȸɚɺɎșȝ 2 ȒȜɠɿɍɶɽǻǵȱʂ
ʔ ���̦̆˴̛̣ 4 (IPv4) -- ũ�ʻˑ
őʴʠ̧˟̠̀˵ƒȥ˃ 32 bit ʫʟ
ʾʛ˂ʻ̧ĘȨ́ĭŒʫʳ (đ˟̠̀˵˜ IANA ʟ˖ȚÄʻʡʾʛ)̩

ʔ IP ̦̆˴̛̣ 6 (IPv6) -- ˟̠̀˵ƒȥʠ 128 bit ʚ˘ɉ
(�Ď©ŶʾČ˂˟̠̀˵ʠʚ˘) ˂ʻ̧ĭŒʭ˘àȚʠʾʛ̩

ǯ IPv4 Ȝ IP ȸɚɺɎ

織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

�Ű	˂˅ʼʿɉɔɉ3ʮʸ
˛˗ʚʺ˘ʧʼˑʻʡʾʛ̩

Internet Assigned 
Numbers Authority
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̍˻Ŝƹ:  IP ˟̠̀˵
ǯ IP ȸɚɺɎȜůû
ʔʸʢ˂ IP ˟̠̀˵˜ 2 ȎČʞ˕ˆ 16 ȎČʻǡȇʯ˕̩

10 Ȏɝɉɉ192.168.1.9   10.232.50.81

ɉɉ2 Ȏɝɉǅ

16 Ȏɝɉǅ

ʔʸʢ˂ IP ˟̠̀˵˜ 10 Ȏǐũʿʾʞʯ̩
16 Ȏ:  0x  85  90  0C  62  0x  CA  98  93  3A
10 Ȏɝɉɉɉɉɉɉɉɉɉɶɶɶɉɶɶɶɉɶɶɶɉɶɶɶ   ɶɶɶɉɶɶɶɉɶɶɶɉɶɶɶ

107

ǯ IP ɡɆɕəȝ IP ɨɕɓȖɪȺɻɿɚǅǆ8�ǇǅȖȕë³ȄȲȱʂ

ǯ IPv4 ɨɕɓȜëƖ
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IP ̇˭˼˿˂̋˥̦̓˼˿

ペイロード
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̇˭˼˿̥̋˥̦̓˼˿˂ǡȇōʼ®Ȱ

ǯ4 ɠȺəȃȖșÄŢȈȱȜǻÿ1

109 コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̇˭˼˿̥̋˥̦̓˼˿˂ǡȇōʼ®ȰɉɌʸʹʡɍ

ǯ IP ȜɡɆɕəɾɥȾɿɮɕəȝ IETF Ȝ RFC 791 ȖǶǷíĄɚ
ɂɴɱɽəȕŪ�ȄȲȔǶȱʂ
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IP ̇˭˼˿˂ǾȈʼ̟̦˹

111

ǯ IP ɡɆɕəȝɹɿɒșȮȑȔƈƑȄȲȱʂ
ʔ̇˭˼˿ʿq1ƼʼȈ1Ƽ˂˟̠̀˵ʠˇʣˍ˙ʺʛ˘˂˃ˡ̦˱̃˼˿ʼ 
ʞʾʬ̩ 

ʔʫʟʫ̧ˡ̦˱̃˼˿ʼ˃ʵʠʷʺ ʘ˱̌̃˼˿ʙ ˜f#ʼʫʺǾȈʩ˙˘̩

ʔʳʴʫ̧z� LAN ˷ˬ̖̣˿F˃̟̦˹˜ƫŮʯʮŻüˍʳ˃ LAN ˵
ˡ˼˻ƫŮʻʼʽʥ˖˙˘̩

(ʧ˂˕ʜʾˡ̦˱̃˼˿ʼ IP ʼ˂ʣˎʚ˛ʯ˃ 5 ƕʻʚʸʟʜ.)

ʧ˂�˃ŁƄʻʾʛȗJʠ
ʚ˘˂ʻ̧ʚʼʻ2Łʭ˘̩
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IP ˟̠̀˵˂ķȌʼ˱̌̃˼˿
ǯ IP ȸɚɺɎȝɝɕəɼɿɄɾȸɚɺɎȖɫɎə ID Ȗȕë³ȄȲȱʂ
ʔ̃˼˿̢̦˫̥˟̠̀˵˃ʵʟʣʿ#ƶʭ˘ PC ȥʻDȊ

(˱̌̃˼˿FʻDȊ)̩
ʔ̃˼˿̢̦˫̥˟̠̀˵˂̉˼˿Č (˟̠̀˵ƒȥ˂˅˚ʩ̧˟̠̀˵Č��˃˱̌
̃˼˿ (LAN) ʨʼʿʧʼʾ˘̩ ĚȊ˃ʧʜʛʜüư˃ʫʾʛɉɌ̟̦˹ȥ˂̃˼

˿̢̦˫ʿɉɮɢɉ˃ʸʾʠʾʛɉɐɐɉĿ̦̐˴ɍ̩
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̟̦˹ʼ̟̦˹̧ɪɠɬɉ˂üư

ǯLAN ȝ 1 -ȎȀȜɹɿɒș¾ŊȈȱȜǻoàʂ
ǯɹɿɒƪȵȒȘǿȜȝ Ethernet ȖȝǺǽȯȘǶʂ
ʔʩˍʪˍʾ̖˾ˠ˟ (L2 ̃˼˿̢̦˫) ʠʸʟ˛˙˘:  ATM̧?̇˵̧�̩

ǯɹɿɒƪȵ Ethernet ȕȒȘǿȖǼȫǅǍǅàȜɸɽɄȎȀǻǵȱȜ
ǻÕƔʂ 

113

LAN LAN LAN

̟̦˹

̟̦˹
̟̦˹��˂Ľ�˃
üưʩ˙ʺʛʾʛ

̟̦˹

ˡ̦˱̃˼˿ʼ˃ʵʠʷʺ
̟̦̍˃ʚʷʺˑ˕ʛ10.1.1.1

10.1.1.2
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3 ʼʞ˗˂˱̌̃˼˿˂ǐũō
ǯɣɕəƨșȮȱťĐ 
ʔ˱̌̃˼˿ʠ 24 ̉˼˿̧̑˵˿˟̠̀˵ʠ 8 ̉˼˿˂ʼʡ:  /24 ˜ʸʥ˘̩
ʔ):  192.168.1/24 ˍʳ˃ 192.168.1.0/24

ǯɊɦɝɕəɾɮɎɄșȮȱťĐ 
ʔ˱̌̃˼˿̥̓˵˫˜ʸʥ˘̩ 
ʔ):  192.168.1.0/255.255.255.0

ǯɼȺɹɚɀɿɚșȮȱťĐ (Łǘǐũ)
ʔ̑˵˿˟̠̀˵˂ȗJ˜̢ˡ̟̀˧̦̀ (*) ʻǐũʭ˘̩
ʔ):  192.168.1.*
ʔ̑˵˿˟̠̀˵ʠ 8, 16, 24 ̉˼˿˂ʼʡʴʥʫʟʸʟʝʾʛ̩

114

ˏʟʫ˃ʧ˙ʻʴʛʳ
ʛʛʸʻˑǐũʻʡʳ
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˱̌̃˼˿F�ʼ˂Ȋ1

ǯɊɦɝɕə8ȝĞ¾ʀƔ+Ȉȱ (ɹɿɒȵŇĕȆȘǶ)ʂ 
ǯɊɦɝɕəvȖȝɘɥȾɹəɾɇɿəȻȼȺ (LAN șȒȘǻȑȍ
ɹɿɒ) ŇĕȕƔ+Ȉȱʂ

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̍˻Ŝƹɝɉɉ˱̌̃˼˿ʼ̑˵˿˟̠̀˵

■ IP ˟̠̀˵ʠ 192.168.4.3̧̃˼˿̢̦˫˟̠̀˵ʠ 24 ̉˼˿˂ʼʡ̧ʸ
ʢ˂6˜ˑʼː˕̩ 
◆ ˱̌̃˼˿̓˵˫ɉɉɶɶɶɶɶɶɶɶɶɶɶɶɶɶɶɶɶ
◆ ̃˼˿̢̦˫˟̠̀˵ɉɉɶɶɶɶɶɶɶɶɶɶɶɶ / 24
◆ ̑˵˿˟̠̀˵ (8 ̉˼˿)ɉɉɶɶɶɶɶ

■ ̃˼˿̢̦˫˟̠̀˵ʠ 10.50/16̧̑˵˿˟̠̀˵ʠ 20.100 ˂ʼʡ̧ʸ
ʢ˂6˜ˑʼː˕̩ 
◆ ˱̌̃˼˿̓˵˫ɉɶɶɶɶɶɶɶɶɶɶɶɶɶɶ, IP ˟̠̀˵ɉɶɶɶɶɶɶɶɶɶɶɶɶɶɶɶ

■ IP ˟̠̀˵ʠ 192.168.4.3̧̃˼˿̢̦˫˟̠̀˵ʠ 20 ̉˼˿˂ʼʡ̧ʸ
ʢ˂6˜ˑʼː˕̩ 
◆ ˱̌̃˼˿̓˵˫ɉɉɶɶɶɶɶɶɶɶɶɶɶɶɶɶɶɶɶ
◆ ̃˼˿̢̦˫˟̠̀˵ɉɉɶɶɶɶɶɶɶɶɶɶɶɶɉ/ 24
◆ ̑˵˿˟̠̀˵ (8 ̉˼˿)ɉɉɶɶɶɶɶ

■ ̃˼˿̢̦˫˟̠̀˵ʠ 10.50.128/18̧̑˵˿˟̠̀˵ʠ 20.100 ˂ʼ
ʡ̧ʸʢ˂6˜ˑʼː˕̩ 
◆ ˱̌̃˼˿̓˵˫ɉɶɶɶɶɶɶɶɶɶɶɶɶɶɶɏɉɨɮɉ˟̠̀˵ɉɶɶɶɶɶɶɶɶɶɶɶɶɶɶɶ
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̟̦˽ˠ̣ˬʼ˃ɟ

ǯɹɿɒȝɹɿɗȹɽɅɾɗɿɦɹșȆȍǻȑȔɡɆɕəȜƈƑ2 
(ɝɄɎəɫɕɧ) ȵǼȪȱʂ

ǯɡɆɕəȜŇƇȵǼȪȱ (ɹɿɗȹɽɅɾɗɿɦɹȵĒ³Ȉȱ) ȂȖ
ȵǅǳɹɿɗȹɽɅ (ŇƇE¤)ǴǅȖǶǷʂ
ʔ̇˭˼˿˂ɉʘǾȈʙɉ˃˾̦˹̥̇˭˼˿˜Żüʚʸʟʜ (˾̦˹̥̠̦̣̍˂
HŪ)̩

ʔʘ̟̦˽ˠ̣ˬʙ ˃˾̦˹̥̇˭˼˿ǾȈ˂ʳː˂RÝ˜ʭ˘ʴʥ (RÝ̍
̠̦̣˂HŪ) ʻʚ˘̩
ʕʳʴʫ̧RÝç�˂˓˗ʼ˗ʿˑ̇˭˼˿ɉɌRÝ̇˭˼˿ɍɉʠʸʟ˛˙
˘̩

117
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̟̦˽ˠ̣ˬ̥˽̦̟̌ʼǾȈ

ǯǵȯǺȇȪȒǾȑȍɹɿɗȹɽɅɾɗɿɦɹȜ8�șȆȍǻȑȔʀ 
IP ɡɆɕəȵƈƑȈȱʂ

ǯŇƇȝɫɕɧȃȖ (1 bȜƈƑȃȖ) ș�µĚșǼȪȯȲȱʂ
ʔ̟̦˹˃ȊÆ˃̇˭˼˿˂ƫǼA%˜ƀ˖ʾʛ̩ 
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̟̦˽ˠ̣ˬ̥˽̦̟̌ʼǾȈɉɌʸʹʡɍ

ǯƲ¾ɹɿɒșȺɿɊɝɕəȕ¾ŊȄȲȔǶȱȖǼȜƈƑL!
ʔ̃˫˵˿̑˼̍ IP ˟̠̀˵ʟ˖ʱ˙ʿµãʭ˘ MAC ˟̠̀˵˜ˑʼːʺ̧
ˡ̦˱̃˼˿˂ʫʣˎʿʫʳʠʷʺǾȈʭ˘̩ 
ʕMAC ˟̠̀˵˜ˑʼː˘ʿ˃ ARP ˽̦̟̌˜ʸʟʜɉ-- 5 ƕʻʚʸʟʜ̩

LAN̟̦˹ ̟̦˹
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˺ˡ́̔˼˫̥̟̦˽ˠ̣ˬʼ˵˹˽ˠ˼˫̥̟̦˽ˠ̣ˬ

ǯɹɿɗȹɽɅșȝȒǽȜ 2 Įǁǻǵȱʂ
ʔ˵˹˽ˠ˼˫ɉɌȹŶɍɉ̟̦˽ˠ̣ˬ:  �ðʾʽʻʚ˖ʟʬː̟̦˽ˠ̣ˬ̥
˽̦̟̌˜Ǣ¬ʭ˘ɉ̨ GǢ¬ʭ˘ˍʻʱ˂F²˃�aʫʾʛ̩

ʔ˺ˡ́̔˼˫ɉɌ]Ŷɍɉ̟̦˽ˠ̣ˬ:  ̟̦˽ˠ̣ˬ̥˟̟˰̞˶̕ʿ˕ʷʺ
̟̦˽ˠ̣ˬ̥˽̦̟̌˜Ǣ¬ʭ˘ɉ̨ ʱ˂F²˃̟̦˹˂]'	ʿ�a
ʭ˘̩
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˺ˡ́̔˼˫̥̟̦˽ˠ̣ˬ˂Ħǹ

ǯɹɿɗȹɽɅșȮȑȔǵȯǺȇȪÚĢƇȵȨȒȀȔǹǾǊ 
ʔ̇˭˼˿ǾȈęʿğƁǼ˜ˑʼː˘˂˃�ȶʾ˂ʻ�Vʿˑʼː˘̩ 
ʔˎʸʥʳǾȈ>˃̟̦˽ˠ̣ˬ̥˽̦̟̌ʿ0Ɲʭ˘̩ 
ʔ̟̦̍˂ʚ˘̃˼˿̢̦˫ʻˑ̇˭˼˿˜ğƁǼʻʼʽʥ˘ʧʼʠʻʡ˘̩ 

ǯɹɿɗȹɽɅɾȸɹɉɸɏɰȝ (Ə�Ěș) ÚĢƇȵȨȒȀȱʂ
ʔğƁǼûƧ˂�Ħ˃˺ˡ˫˵˿̝˂˟̟˰̞˶̩̕ 

ǯɝɕəɼɿɄȜëƖȝuMȈȱȜȕʀÚĢƇȵȫȖȪȘǹȈʂ 
ʔ˺ˡ́̔˼˫̥̟̦˽ˠ̣ˬ˃ ̃˼˿̢̦˫˂�aʿãʬʺGǟƜʭ˘̟̦
˽ˠ̣ˬĒÐ̩ 
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ğƁƫǼ˜ˑʼː˘˺ˡ˫˵˿̝ō

ǯɓȺɄɎəɷûȝɅɷɥȜYĆǺȯČ�ȜĆȣȜÚĢƆƶ (ŇƇ) 
ȵƒòĚș (= 1 VȜɈɽɤɴɿɒȕ) ȫȖȪȱÎûȕǵȱʂ
ʔ˺ˡ˫˵˿̝ō = ˺ˡ˫˵˿̝˂˂˟̟˰̞˶̕
ʔČ©Ŷʾ̃˼˿̢̦˫ (ˬ̝̋) ˂˟̟˰̞˶̕ʼʫʺˑʷʼˑțǖʾˑ˂˂
˅ʼʸʻʚ˘̩

ʓ@X 
ʔˬ̝̋ (̃˼˿̢̦˫)
ʔˬ̝̋�˂ƩŞ (ʘť¬˂Şʙ)

ǯ=I 
ʔğƁǻȵ (ʿµãʭ˘Ȳǖ̦̀) ʠxȾŞʿ
�Zʩ˙ʳˬ̝̩̋
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ğƁƫǼ˜ˑʼː˘˺ˡ˫˵˿̝ōɉɌʸʹʡɍ

ǯȸɹɉɸɏɰ
ʔ0. [MĢa] Aʺ˂̦̄̀˂ƩŞˍʻ˂ǻȵ˜şȪ� (or ȺÆʿ�ʡʾ6) 
ʿMĢaʭ˘ (ʳʴʫƩŞ˂ƩŞˍʻ˂ǻȵ˃ 0 ʼʫʺʞʣ)̩

ʔ1. [̦̄̀˂Ƅ¬] ĤƄ¬̦̄̀˂ʾʟʟ˖ƩŞˍʻ˂ǻȵʠğ¹˂̦̄̀
˜ȖóʫʺƄ¬̦̄̀ʿʭ˘ (Ƅ¬̦̄̀ʿȲüʫʺʛʾʛ̦̄̀˃şȪ�
˂ǻȵ˜øʸʳː̧ǃŠʼƄ¬̦̄̀ʿȲüʭ˘̦̄̀˂	ʟ˖Ƅ¬ʭ˘).

ʔ2. [ǻȵ˂ĝđ] Ƅ¬̦̄̀ a ʿȲüʭ˘Ā̦̀ bi ʿµʫʺ̧ʸʢ˂˕ʜ
ʿʫʺƩŞˍʻ˂ǻȵ˜ĝđʭ˘̩ 
i) bi ʠƄ¬œ˂̦̄̀ʾ˖&ˑʫʾʛ̩
ii) Ƅ¬̦̄̀ a ˂ƩŞˍʻ˂ǻȵʼ̦̄̀ a ʼ̦̄̀ bi ȥ˂ǻȵʼ˜ʳʫ
ʳ6˜ˑʼː̧ʧ˙˜ d ʼʭ˘̩
iii) d ʠ̦̄̀ bi ʿǢ¬ʩ˙ʺʛ˘˂ƩŞˍʻ˂ǻȵ˕˗
ˑʵʛʩʛ�y˃ d ˜ bi ˂˰̦̟ˍʻ˂ǻȵʿʭ˘̩

ʔ3. [Ʃ�N¬] ʭˊʺ˂̦̄̀ʠƄ¬ʫʳ˖Ʃ�̩
ʱ˙��˃ɉɔɑɉˉˑʽ˘̩
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ǯ$ǅǆļOȜȍȪʀƆƶȎȀȫȖȪȱǇ
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˅ʼʸ˜ù¬

ƫǼ˂
ĝđ

ǯȟȖȒȜŇƇǺʀŧÉǺ?
ʔ˺ˡ˫˵˿̝ōʿʞʛʺ˃ˬ̝̋˂ť¬˂ȾŞˉ˂ğƁƫǼ˜ˑʼː˘̩ 
ʔ̟̦˽ˠ̣ˬ̥˟̟˰̞˶̕ʿʞʛʺ˃ˬ̝̋ (= ̃˼˿̢̦˫) ˂xȾŞ 

(= ̟̦˹) ʼ�˂xȾŞʼ˂ʚʛʴ˂ğƁƫǼ˜ˑʼː˘̩

ǯŮĸȈȱȜȝ 1 VǺʀŧÉǺ?
ʔ˺ˡ˫˵˿̝ōʿʞʛʺ˃ 1 t˂˯̣̙̦̊˹ʿ˕ʷʺˑʼː˘̩
ʔ̟̦˽ˠ̣ˬ̥˟̟˰̞˶̕ʿʞʛʺ˃,  ȊÆ˃A̟̦˹ʠnZʫʺˑʼ
ː˘̩ 

ʔ˺ˡ́̔˼˫̥̟̦˽ˠ̣ˬ˂ǟƜ˓Ȋ1˜̟̦˹ʟ˖Jȵʭ˘Ēōˑ 
þıʩ˙ʺʛ˘̩ 
ʕ1 3˂˱̦̆ʻǟƜʭ˘Ēō   (ȳ	�)
ʕǕČ˂˱̦̆ʠȍĂʫʺǟƜʭ˘Ēō  

(̟̦˹ʼzĸʿJċ�)
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̟̦˽ˠ̣ˬ̥˟̟˰̞˶̕ʼ˺ˡ˫˵˿̝ōʼ˂ʵʠʛ
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̟̦˽ˠ̣ˬ̥˱̦
̆˂�ȸɉɟɊɉɌğȆʻ˃ 
OpenFlow ʠ˖ˎʻÞŐɍ
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˟̟˰̞˶̕ʿ˕˘̟̦˽ˠ̣ˬō˂JɅ

ǯƆƶɩɄəɹɾɹɿɗȹɽɅ (distance vector routing)
ʔBellman-Ford ˟̟˰̞˶̕ʿˑʼʹʛʺʛ˘̩
ʔx̟̦˹˃ǃJʼ�˂̟̦˹ʼ˂ǻȵʴʥ˜ƝŪʭ˘̩ 
ʔǻȵ̏˫˿̟ʿˑʼʹʣ̟̦˽ˠ̣ˬ̡̥̍˿˯̟ʼʫʺ RIP (Routing 

Information Protocol) ʠ�ǐŶʻʚ˘̩

ǯɸɽɄč±ɹɿɗȹɽɅ (link state routing)
ʔx̟̦˹ʠ�˂ 2 3˂̟̦˹ȥ˂ǻȵˑƝŪʭ˘̩
ʔ̞̣˫Ŧëʿˑʼʹʣ̟̦˽ˠ̣ˬ̡̥̍˿˯̟ʼʫʺ OSPF (Open 

Shortest Path First) ʠ�ǐŶʻʚ˘̩
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̃˼˿̢̦˫RÝʼ˂Ȧ/ʿ˕˘̟̦˽ˠ̣ˬō˂JɅ

ʓ [JɅ˂ʳː˂ř9] IP ɝɕəɼɿɄȝř¡ɌɎɗɰ (autonomous 
system, AS) ȖȮȞȲȱĹđO�ȕë³ȄȲȱʂ 

ʔʳʼʝ˄, ˅ʼʸ˂ˡ̣˹̦̃˼˿̡̥̍̆ˡ˺˂̃˼˿̢̦˫ʠ˅ʼʸ˂ 
ǃÙ˳˵˽̩̕ 

128

ǃÙ˳˵˽̕ɉɠɕ

ǃÙ˳˵˽̕ɉɠɔ

ǃÙ˳˵˽̕ɉɠɖ

�Ű
̟̦˹

̟̦˹
̟̦˹

�Ű
̟̦˹

�Ű
̟̦˹

�Ű
̟̦˹

�Ű
̟̦˹

̟̦˹ ̟̦˹ ̟̦˹
̟̦˹

̟̦˹

■ IGP (Interior Gateway Protocol)
ʔǃÙ˳˵˽̕Fʻ(ŭʩ˙˘̟̦˽ˠ̣ˬ̡̥̍˿˯̟̩ 
ʔ�ǐŶʾ IGP ʼʫʺ RIP, OSPF ʠʚ˘̩

■ EGP (Exterior Gateway Protocol)
ʔǃÙ˳˵˽̕ȥʻ(ŭʩ˙˘̟̦˽ˠ̣ˬ̡̥̍˿˯̟̩ 
ʔ�ǐŶʾ EGP ʼʫʺ BGP (Border Gateway Protocol) ʠʚ˘̩

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̃˼˿̢̦˫RÝʼ˂Ȧ/ʿ˕˘̟̦˽ˠ̣ˬō˂JɅɉɌʸʹʡɍ

129
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˺ˡ́̔˼˫̥̟̦˽ˠ̣ˬʼ̃˼˿̢̦˫ȱ°

ǯɓȺɛɯɕɄɾɹɿɗȹɽɅȵȒǺȑȔǶȲȞ,  ɝɕəɼɿɄșƱ
�ǻęĒȆȔȫřLĚșƎbȈȱ (�<ȕǼȱ)ʂ
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̟̦˽ˠ̣ˬʿʞʥ˘˟̠̀˵˂ȳƢ

ǯǳƴŀǴ șȮȑȔɹɿɗȹɽɅɾɗɿɦɹȜɊȺɏȵȏȐȪȯȲȱʂ

131

ʚʺʩʡ ̃˫˵˿̑˼̍

172.17.4.0/24 192.168.2.251
172.17.5.0/24 192.168.2.251
192.168.1.0/24 ɎɉɌŻüɍ

192.168.2.0/24 ɎɉɌŻüɍ

ʚʺʩʡ ̃˫˵˿̑˼̍

172.17.4.0/23 192.168.2.251
192.168.1.0/24 ɎɉɌŻüɍ

192.168.2.0/24 ɎɉɌŻüɍ

ˑʼˑʼ˱̌̃˼˿ʨʼ
ʿˍʼː˖˙ʺʛ˘

̃˫˵˿̑˼̍ʠʞʾʬʾ˂ʻ̧
ʩ˖ʿˍʼː˖˙˘ (ȳƢʻʡ˘)

172.17.4.0/24

172.17.4.251
172.17.5.0/24

ǯɹɿɗȹɽɅɾɗɿɦɹȜ¶Ē³
ʔA ʟ˖ B ˉ˂ğƁǼ˜ˑʼːʺ̟̦˽ˠ
̣ˬ̥˽̦̟̌˜Ŭîʫʺˎ˕ʜ (̟̦˽ˠ
̣ˬ̥˟̟˰̞˶̕ʽʞ˗ʻʾʣʺ˕ʛ)̩

ǯƈƑȜɌɯɴɺɿə
ʔŬîʫʳ̟̦˽ˠ̣ˬ̥˽̦̟̌ʿʫʳ 
ʠʷʺ A ʟ˖ B ˉ˂̇˭˼˿˂ǾȈ˜˳
̙̠̦̔˿ʫʺˎ˕ʜ̩ 
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̍˻Ŝƹɝɉ̟̦˽ˠ̣ˬ

A

B

Wikipedia
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ˡ̣˹̦̃˼˿˂RÝ̡̍˿˯̟ʼ%ɇ

ǯȺɽɒɿɝɕəȜŰ�ʀƔ+ȜȮǷȈʀŇƇȘȗȵȨȔȨȮǷʂ 
ǯȒǽȜȮǷȘɧɻəɈɹȭɖɿɹǻȒǺǸȱʂ 
ʔ IP ˂Ǣ¬
ʕ˯̣˿̡̦̟̥̟̇̃ʾʽ̩ 

ʔ̇˭˼˿˜ˎ˘̩ 
ʕwireshark ʿ˕˘˩̘̍˻̘̩

ʔȊ1˂˕ʜʭ˜ˎ˘̡̍˿˯̟ ICMP ʼȦȍ˯̣̩̓̀ 
ʕping ʿ˕˘ãƙęȥʾʽ˂òĀ̩
ʕtraceroute ʿ˕˘ƫǼʾʽ˂òĀ̩

ǯ��ȂȲȯȜɧɻəɈɹȭɖɿɹșȒǶȔŹÑȈȱʂ 
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̇˸˯̣ʿʞʥ˘ IP ˂Ǣ¬
ǯɈɽəɻɿɹɡɝɹșǹȀȱŰ� (Windows ȜȖǼ)

実演
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̇˸˯̣ʿʞʥ˘ IP ˂Ǣ¬ɉɌʸʹʡɍ
ǯ ipconfig (ifconfig) ɈɮɽɚșȮȱĥŶ
ʔWindows ʾ˖ ipconfig, Linux/Mac ʾʽʾ˖ ifconfig ˯̣̓̀˜ʸʟʝ˄ɉ

IP ˟̠̀˵ʾʽʿȦʭ˘Ǣ¬F²˜ˎ˘ʧʼʠʻʡ˘̩
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̇˸˯̣ʿʞʥ˘ IP ˂Ǣ¬ɉɌʸʹʡɍ
ǯ ifconfig Ȝ�Ţ$

136

MacBook-Kana:~ yk$ ifconfig
lo0: flags=8049<UP,LOOPBACK,RUNNING,MULTICAST> mtu 16384
! options=3<RXCSUM,TXCSUM>
! inet6 fe80::1%lo0 prefixlen 64 scopeid 0x1 
! inet 127.0.0.1 netmask 0xff000000 
! inet6 ::1 prefixlen 128 
gif0: flags=8010<POINTOPOINT,MULTICAST> mtu 1280
stf0: flags=0<> mtu 1280
en0: flags=8963<UP,BROADCAST,SMART,RUNNING,PROMISC,SIMPLEX,MULTICAST> mtu 1500
! ether 58:55:ca:fb:2d:b7 
! inet6 fe80::5a55:caff:fefb:2db7%en0 prefixlen 64 scopeid 0x4 
! inet 192.168.1.37 netmask 0xffffff00 broadcast 192.168.1.255
! inet6 2408:41:44cd::5a55:caff:fefb:2db7 prefixlen 64 autoconf 
! inet6 2408:41:44cd::78d4:bfb2:daad:d3b7 prefixlen 64 autoconf temporary 
! media: autoselect
! status: active
p2p0: flags=8843<UP,BROADCAST,RUNNING,SIMPLEX,MULTICAST> mtu 2304
! ether 0a:55:ca:fb:2d:b7 
! media: autoselect
! status: inactive
MacBook-Kana:~ yk$ 
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IP ̇˭˼˿˂˩̘̍˻̘
ǯWireshark ȕɡɆɕəȵȨȱʂ
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ˡ̣˹̦̃˼˿˂RÝ̡̍˿˯̟ ICMP ʼ ping
ǯE¤ēȜɧɻəɈɹ ICMP (Internet Control Message 

Protocol)
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ˡ̣˹̦̃˼˿˂RÝ̡̍˿˯̟ ICMP ʼ ping (ʸʹʡ)

ǯɝɕəɼɿɄȜ�ƔȵɗɎəȈȱɈɮɽɚ ping

実演
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ˡ̣˹̦̃˼˿˂RÝ̡̍˿˯̟ ICMP ʼ ping (ʸʹʡ)

ǯping Ȝ�Ţ$ (Macintosh)

140

MacBook-Kana:~ yk$ ping www.kanadas.com
PING kanadas.com (219.94.162.224): 56 data bytes
64 bytes from 219.94.162.224: icmp_seq=0 ttl=54 time=21.472 ms
64 bytes from 219.94.162.224: icmp_seq=1 ttl=54 time=14.725 ms
64 bytes from 219.94.162.224: icmp_seq=2 ttl=54 time=16.270 ms
64 bytes from 219.94.162.224: icmp_seq=3 ttl=54 time=17.375 ms
64 bytes from 219.94.162.224: icmp_seq=4 ttl=54 time=17.875 ms
64 bytes from 219.94.162.224: icmp_seq=5 ttl=54 time=22.389 ms
64 bytes from 219.94.162.224: icmp_seq=6 ttl=54 time=15.449 ms
64 bytes from 219.94.162.224: icmp_seq=7 ttl=54 time=17.093 ms
64 bytes from 219.94.162.224: icmp_seq=8 ttl=54 time=19.291 ms
64 bytes from 219.94.162.224: icmp_seq=9 ttl=54 time=21.739 ms
64 bytes from 219.94.162.224: icmp_seq=10 ttl=54 time=16.690 ms
64 bytes from 219.94.162.224: icmp_seq=11 ttl=54 time=15.533 ms
64 bytes from 219.94.162.224: icmp_seq=12 ttl=54 time=17.986 ms
64 bytes from 219.94.162.224: icmp_seq=13 ttl=54 time=15.859 ms
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̇˭˼˿˂Ŭ¨Ģȥʼ traceroute
ǯ IP ɡɆɕəȜ TTL ɥȹɿɹɚșȮȑȔĒ�ÝƪǻǼȧȱʂ
ʔTTL = Time To Liveɉ
ʔ̇˭˼˿ʠ̟̦˹ȥʻǾȈʩ˙˘ʨʼʿ̧TTL ˃ 1 ʮʸ̧ˉ˖ʩ˙˘̩
ʔTTL ʠ 0 ʿʾ˘ʼ̇˭˼˿˃Îĳʩ˙˘ɉɌʘŃˀʙɍ̩

ǯTTL ȵDēȆȔŇƇȵȆȯȤȱɈɮɽɚ traceroute
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̇˭˼˿˂Ŭ¨Ģȥʼ traceroute (ʸʹʡ)

実演
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̇˭˼˿˂Ŭ¨Ģȥʼ traceroute (ʸʹʡ)

143

ǯ traceroute Ȝ�Ţ$ (Macintosh)
MacBook-Kana:~ yk$ traceroute www.kanadas.com
traceroute to kanadas.com (219.94.162.224), 64 hops max, 52 byte packets
 1  ntt.setup (192.168.1.1)  10.494 ms  0.966 ms  0.914 ms
 2  tkynikz.asahi-net.or.jp (202.224.37.87)  4.738 ms  9.640 ms  3.990 ms
 3  tkybi4-v15.asahi-net.or.jp (202.224.37.81)  9.538 ms  3.854 ms  5.689 ms
 4  kddni93.asahi-net.or.jp (202.224.32.93)  4.990 ms  5.456 ms  8.137 ms
 5  as9370.ix.jpix.ad.jp (210.171.224.113)  5.964 ms  4.465 ms  4.838 ms
 6  tkgrt1s-ort3-10g.bb.sakura.ad.jp (59.106.251.34)  6.113 ms  5.418 ms
    tkwrt1s-ort3.bb.sakura.ad.jp (59.106.251.138)  5.301 ms
 7  tkwrt3-wrt1s.bb.sakura.ad.jp (59.106.247.118)  6.393 ms  5.480 ms  5.255 ms
 8  oskrt1-tkwrt3.bb.sakura.ad.jp (59.106.255.238)  16.961 ms  14.623 ms  16.774 ms
 9  osnrt1s-krt1.bb.sakura.ad.jp (59.106.255.18)  14.450 ms  14.893 ms  13.659 ms
10  osnrt102b-nrt1s.bb.sakura.ad.jp (59.106.244.142)  14.891 ms
    osnrt101b-nrt1s.bb.sakura.ad.jp (59.106.244.138)  13.447 ms
    osnrt102b-nrt1s.bb.sakura.ad.jp (59.106.244.142)  13.561 ms
11  osnrt108e-nrt102b.bb.sakura.ad.jp (59.106.253.190)  13.817 ms
    osnrt108e-nrt101b.bb.sakura.ad.jp (59.106.253.86)  14.795 ms
    osnrt108e-nrt102b.bb.sakura.ad.jp (59.106.253.190)  14.241 ms
12  www1384.sakura.ne.jp (219.94.162.224)  15.459 ms  15.008 ms  19.607 ms
MacBook-Kana:~ yk$ 
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ˡ̣˹̦̃˼˿ʼ IP ˂ˍʼː
ǯ IP (ȺɽɒɿɝɕəɾɧɻəɈɹ) ȝ�ė�ȜwÉȜɈɽɤɴɿɒȵ
ȒȘǿȜșƜȆȍɝɕəɼɿɄȜŪå 
ʔ;f#˂˯̣̙̦̊˹˜ʸʾʛʻ̧ʜʨʟʯ˘̃˼˿̢̦˫ǘį˃ˋʟʿʾ

ʛ̩ 

ǯ IP ȜȸɚɺɎȝ�ŏȕȧȖȪȯȲȔǶȱ
ʔ̃˼˿̢̦˫�ʻʵʟʣʿ#ƶʭ˘ PC ˃˟̠̀˵�#ʠ�Ǆʫʺʛ˘̩

ǯɝɕəɼɿɄșɹɿɧǻǵȑȔȫȮǶ (ɝɕəɼɿɄȝ�°ȜɅɷ
ɥëƖ)
ʔȱ° (ĐƳʾʽ) ʠʞʧʷʺˑȊ1ʠʡ˙ʿʣʛ̩

ǯɡɆɕəȝɹɿɒșȮȑȔƈƑȄȲȱ 
ʔǾȈ>˃̟̦˽ˠ̣ˬʿ˕ʷʺʡˍ˘̩ 

144
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ɘɑɉˡ̣˹̦̃˼˿ʼˡ̦˱̃˼˿

ǖŞ

ǯ [÷Ɗ] IP ȖȺɿɊɝɕə
ʔ IP ˃ǾȈęʿ˟̠̀˵˜ȳƢʫʺʚʸʟʝ˘ʠ̧ˡ̦˱̃˼˿˃3Oʿʚ
ʸʟʜáǖʠʚ˘̩ 

ʔʱ˂ʳː̧IP ˃˵˭̦̟ʭ˘ (�ǘĺ̃˼˿̢̦˫ʿȕŭʻʡ˘) ʠ̧ˡ̦
˱̃˼˿˃˵˭̦̟ʫʾʛ̩ 

ʔ IP ̃˼˿̢̦˫ʿ˃̟̦̍ʠǣ²ʩ˙˘ʠ̧ˡ̦˱̃˼˿ʿ˃̟̦̍ʠǣ
²ʩ˙ʾʛ̩ 

ǯǨǾȨǵȴȊǩǅLAN ȕȝȺɿɊɝɕəȖ IP ȵǺȄțȔȒǺǷ 

(IP/Ethernet)
ʔ̡̍˿˯̟ʠÀ˜ʾʫʺʛ˘ʼʡ˃̧F7˂̡̍˿˯̟ (IP) ˜ˎʳʭ˕ʜʿ
�7˂̡̍˿˯̟ (ˡ̦˱̃˼˿) ʻȊ1ʭ˘̩

ʔˡ̦˱̃˼˿ʿˑ IP ʿˑ˟̠̀˵ʠʚ˘˂ʻ̧ʱ˙˖˜µãʹʥ˘˂ʠț
ǖɉɐɐ ARP ʼʛʜ̡̍˿˯̟˜ʸʟʷʺµãʹʥ˘̩
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ˡ̦˱̃˼˿ʼ IP ˂DȊŞ
ǯɝɕəɼɿɄșŧÉȜɈɽɤɴɿɒǻȒȘȁȱʂ

ǯŧÉȜȘǺǺȯğ¶ȵȸɚɺɎȕƝ¹ȆȔƔ+ȕǼȱʂ

ʔǕČ˂żðʿȈ1ʭ˘ʧʼˑʻʡ˘ɉ

Ɍ̡̦̌̀˩̘˵˿ɉˍʳ˃ɉ̟̓˻˩̘˵˿ɍ

ǯǨȧȖȪǩǅoàĚȘðŗȝ�ȔǶȱʂ

ʔȊ1ʭ˘ʳːʿ̧ĦĪ˃ʽʵ˖ʟ�Ēʴʥ˜ʸʟʝ˄˕ʛ˃ʮ̩
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ɴņȁɵɉˡ̦˱̃˼˿ʼ IP ˂˟̠̀˵
ǯȺɿɊɝɕəȜȸɚɺɎ (MAC ȸɚɺɎ) ȝ 1 -ȉȒȞȯȞȯȕ
ǵȱʂ 
ʔMAC ˟̠̀˵˃�ĦŶʿ̦̅̀
ˢˣ˟ (̃˼˿̢̦˫̥ˡ̣˹̦
̋ˣ̦˵) ʿ˕ʷʺʡˍʷʺʛ˘̩

ʔʵʟʛ#ƶʿʚ˘˯̣̙̦̊˹˂ 
MAC ˟̠̀˵ȥʿȦ/˃ʾʛ̩

ʔ˯̣̙̦̊˹˜ˋʟ˂#ƶʿƎ]ʩʯʺˑ MAC ˟̠̀˵˃�ĝʭ˘áǖ
ʠʾʛ̩ 

ǯ IP ȸɚɺɎȝȧȖȪȯȲȱ (ƴŀȕǼȱ)ʂ
ʔ˷ˬ̖̣˿F˂˯̣̙̦̊˹˂ 

IP ˟̠̀˵˃�#ʠDȊʻʚ˘̩
ʔ˯̣̙̦̊˹˜ˋʟ˂˷ˬ̖̣˿ 
ʿƎ]ʩʯ˘ʼ IP ˟̠̀˵˜
�ĝʭ˘áǖʠŬʬ˘̩ 
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スイッチ

ルータ

PCPC PC

˟̠̀˵˃şȦ/

PCPC PC

Ǝ]ʫʺˑ˟̠̀

˵˃ʱ˂ˍˍ

˟̠̀˵�#ʠʞʾʬɉ

(ʳʼʝ˄ 133.144....)
Ǝ]ʫʳ˖˟̠̀

˵�ĝʠáǖ
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ɴņȁɵɉ̇˭˼˿ǾȈō

ǯȺɿɊɝɕə

ǰɸɤɿɒ:  ̞̦̊˹˜ʸʟʜʼ̧˅ʼʸ˂̇˭˼˿ʠ̃˼˿̢̦˫F˂ʭˊ
ʺ˂Ɩĥʿʼʽʣ (ʱ˂Ɩĥʠʚʺʩʡʻʾʣʺˑ)̩

ǰɎȺɕɔ:  ̇˭˼˿ʠQȓʭ˘ʭˊʺ˂Ɩĥ˂˟̠̀˵˜ǡíʭ˘̩

 

■ IP
ǰɹɿɒ:  ̇˭˼˿ʠQȓʭ˘̃˼˿̢̦˫˂˱̌̃˼˿̥˟̠̀˵˜ǡíʭ
˘ (˟̠̀˵˜ˍʼːʺǡíʭ˘)̩
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リピータ
P

P

P

スイッチ
(A, B, C を
記憶)

C

C

A
B
C

ルータ
(各サブネット
を記憶)

C

C
A

B

C
サブネット

サブネット

サブネット
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ɴņȁɵɉ̇˭˼˿ǾȈōɉɉɌʸʹʡɍ

ǯȺɿɊɝɕəȜȸɚɺɎɾɗɿɦɹȖ IP ɝɕəɼɿɄȜɹɿɗȹɽ
ɅɾɗɿɦɹȖȜ÷Ɗ 
ʔ˟̠̀˵̥˽̦̟̌ʿʾʛ (©ƹʫʺʛʾʛ) ˟̠̀˵ˉˑˡ̦˱̃˼˿̥̇
˭˼˿˜ʼʽʥ˘ʧʼʠʻʡ˘ɉ--ɉ̡̦̌̀˩̘˵˿ (ŁƄʿ˃̝̋˾ˠ̣ˬ) 
ʿ˕˘̩ 

ʔ̟̦˽ˠ̣ˬ̥˽̦̟̌ʿʾʛ˟̠̀˵ʿ˃ IP ̇˭˼˿˜ʼʽʥ˘ʧʼʠʻ
ʡʾʛ̩ 
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スイッチ
(A, B を
記憶)

C

C

A
B
C

ルータ
(各サブネット
を記憶)

C

C
A

B

C
サブネット

サブネット

サブネット

C
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ɴņȁɵɉ˵˭̦̝̞̉˽ˠ

ǯȺɿɊɝɕə (ɸɤɿɒ)
ʔƖĥʿʭˊʺ˂̇˭˼˿ʠʼʽʣ˂ʻ̧�ǘĺʾ̃˼˿̢̦˫ʻ˃̇˭˼˿ 
ʠʚˇ˙ʺ̧˵˭̦̟ʫʾʛ 
(̡̦̌̀˩̘˵˿̥˵˿̦̕ʠʞʧ˘)̩

ǯȺɿɊɝɕə (ɎȺɕɔ)
ʔ˵ˡ˼˻ʠA˟̠̀˵˜ǡíʭ˘˂ʻ̧�ǘĺʾ̃˼˿̢̦˫ʻ˃˟̠̀˵̥ 
˽̦̟̌ʠʚˇ˙ʺ̧˵˭̦̟ʫʾʛ̩ 

ʔ̞̦̊˹ʿ˕˘̃˼˿̢̦˫˕˗˃˵˭̦̟ʭ˘̩ 

■ IP
ʔ̟̦˹˃˱̌̃˼˿̥˟̠̀˵ʴʥ˜ǡíʭ˙˄˕ʛ˂ʻ̧˵˭̦̟ʭ˘̩ 

150
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ɴņȁɵɉ̟̦̍˂ǣ²

ǯ IP ȕȝɹɿɧǻű�ȄȲȱǅ
－ �°ȜɅɷɥëƖʂ

ǯȺɿɊɝɕəȕȝɹɿɧǻű� 
ȄȲȘǶ － ÞëƖʂ

151

Wikipedia
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ɴʣˎʚ˛ʯɵɉ̡̍˿˯̟ʠȮÀaʩ˙ʺʛ˘ʼʡ˂Ȋ1

ǯLAN ȕȝȺɿɊɝɕəȖ IP ȵǺȄțȔȒǺǷʂ
ʔ IP/Ethernet (˟ˡ̦̥̊˦̦̦̥̆ˡ̦˱̃˼˿) ʻ˃ˡ̦˱̃˼˿˂̇˭˼
˿ʠ IP ˂˾̦˹ (̠̦̋̕) ˜ˇʣˏ̩

ʔ̡̍˿˯̟ʠȮÀaʩ˙ʺʛ˘ʼʡ˃,  �Ē˂̡̍˿˯̟ʠǖňʭ˘ĩ�
˜ˎʳʭáǖʠʚ˘̩ 

152

MAC ヘッダ IP ヘッダ ペイロード

Ethernet ̇˭˼˿
IP ̇˭˼˿

̠̍˟
̣̟̌

˿̠
ˡ̝
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ɴʣˎʚ˛ʯɵɉʟʾːʼʾ˘̡̍˿˯̟ ARP
ǯ IP ȖȺɿɊɝɕəȵȒȘǿ¨Ũ
ʔˡ̦˱̃˼˿ʻȊ1ʭ˘ʿ˃ MAC ˟̠̀˵˜ƀ˘áǖʠʚ˘̩
ʔ IP ʻȊ1ʭ˘ʼʡ˃̧Ȋ1żðʿʸʛʺ˃ IP ˟̠̀˵ʫʟ˛ʟ˖ʾʛ̩
ʔ IP ˟̠̀˵ʟ˖µãʭ˘ MAC ˟̠̀˵˜ˑʼː˘˂ʿ ARP 

(Address Resolution Protocol, ˟̠̀˵ǜŋ̡̍˿˯̟) ˜ʸʟʜ̩
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ɴʣˎʚ˛ʯɵɉʟʾːʼʾ˘̡̍˿˯̟ ARP (つづき)

ǯARP șȮȑȔ IP ȸɚɺɎȖ MAC ȸɚɺɎȖȜƫ(ȵȖǶǵȴȊ
ȱʂ 
ʔARP ˃ˡ̦˱̃˼˿��˂̡̍˿˯̟ (IP/ATM ʾʽ) ʻˑʸʟʝ˘̩
ʔʱ˂ IP ˟̠̀˵˜ˑʸ˯̣̙̦̊˹ (˓̟̦˹) ʠãƙʭ˘̩
ʔżðʠʽʧʿʛ˘ʟ˛ʟ˖ʾʛ˂ʻ̧ʼʛʚ˛ʯ˃̡̦̌̀˩̘˵˿ʭ˘̩ 
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ɴʣˎʚ˛ʯɵɉARP ʼ̡̦̌̀˩̘˵˿̥˵˿̦̕
ǯɦɻɿɚɂɳɎəȄȲȱ ARP ǻȖȗǾĺdǻȟȳǶȖʀɝɕəɼɿ
Ʉȝ ARP ɡɆɕəȕǵȡȲȱʂ
ʔʧ˙ʠ̧ˡ̦˱̃˼˿ʠ�ǘĺʿʸʟʝʾʛŪŮ˂˅ʼʸ (�Č˂˯̣
̙̦̊˹ʟ˖ʾ˘̃˼˿̢̦˫ʿʸʟʝʾʛ)̩
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ɴʣˎʚ˛ʯɵɉ̡̦̌̀˩̘˵˿̥̖̀ˡ̣˂JW

ǯɦɻɿɚɂɳɎəɾɎəɿɰȵȡȊǿȍȪ, ɦɻɿɚɂɳɎəɾɚɱȺ
ɽȵ>HȈȱʂ 

ǯ IP ɝɕəɼɿɄșȮȑȔ (IP ɹɿɒșȮȑȔ) ɦɻɿɚɂɳɎəɾɚ
ɱȺɽȵȒȘǿʂ 
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̇˸˯̣˂ MAC ˟̠̀˵ʼ IP ˟̠̀˵

実演

ǯEthernet ȜɝɕəɼɿɄŰ�ȵȨȱșȝ IP Ȗ[ìș ipconfig / 
ifconfig ɈɮɽɚȵȒǺǷʂ 

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̇˸˯̣˂ MAC ˟̠̀˵ʼ IP ˟̠̀˵ɉɌʸʹʡɍ
ǯMacintosh ȜqZ

158

MacBook-Kana:~ yk$ ifconfig
lo0: flags=8049<UP,LOOPBACK,RUNNING,MULTICAST> mtu 16384
! options=3<RXCSUM,TXCSUM>
! inet6 fe80::1%lo0 prefixlen 64 scopeid 0x1 
! inet 127.0.0.1 netmask 0xff000000 
! inet6 ::1 prefixlen 128 
gif0: flags=8010<POINTOPOINT,MULTICAST> mtu 1280
stf0: flags=0<> mtu 1280
en0: flags=8963<UP,BROADCAST,SMART,RUNNING,PROMISC,SIMPLEX,MULTICAST> mtu 1500
! ether 58:55:ca:fb:2d:b7 
! inet6 fe80::5a55:caff:fefb:2db7%en0 prefixlen 64 scopeid 0x4 
! inet 192.168.1.37 netmask 0xffffff00 broadcast 192.168.1.255
! inet6 2408:41:44cd::5a55:caff:fefb:2db7 prefixlen 64 autoconf 
! inet6 2408:41:44cd::78d4:bfb2:daad:d3b7 prefixlen 64 autoconf temporary 
! media: autoselect
! status: active
p2p0: flags=8843<UP,BROADCAST,RUNNING,SIMPLEX,MULTICAST> mtu 2304
! ether 0a:55:ca:fb:2d:b7 
! media: autoselect
! status: inactive
MacBook-Kana:~ yk$ 

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

Ŝƹ�Ʉ:  IP/Ethernet ̃˼˿̢̦˫˂Ǣǟʼ]'
ǯ$ǀǖǅYjș 2 -ȜɹɿɒȖ 2 -ȜɎȺɕɔȵŰŏȆȔʀȋȲȯ
ȜL!ȵȨȱʂ 
ʔüư˜ʡː˘̩ 
ʔ IP ˟̠̀˵˜ʸʥ˘̩
ʔ̟̦˽ˠ̣ˬ̥˽̦̟̌˂F²˜ʡː˘ (˺ˡ́̔˼˫̥̟̦˽ˠ̣ˬ˂]'
ˍʻ˃ʟ˝ʠʝʾʛ ɐɐ ˵˹˽ˠ˼˫̥̟̦˽ˠ̣ˬʼʟ˝ʠʝʺ˕ʛ)̩

ʔ˵ˡ˼˻˂©ƹƬĬ˜Ğʣ̩ 

159

IP ˟̠̀˵ i1 i2            …

m0

MAC ˟̠̀˵

IP ̃˼˿̢̦˫

LAN

LAN

m1 m2            …

MACɉ˟̠̀˵
IP ˟̠̀˵ i0

IP ̃˼˿̢̦˫
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ˡ̣˹̦̃˼˿ʼˡ̦˱̃˼˿˂ˍʼː

ǯ [÷Ɗ] IP ȖȺɿɊɝɕə
ʔ IP ˃ǾȈęʿ˟̠̀˵˜ȳƢʫʺʚʸʟʝ˘ʠ̧ˡ̦˱̃˼˿˃3Oʿʚ
ʸʟʜáǖʠʚ˘̩ 

ʔʱ˂ʳː̧IP ˃˵˭̦̟ʭ˘ (�ǘĺ̃˼˿̢̦˫ʿȕŭʻʡ˘) ʠ̧ˡ̦
˱̃˼˿˃˵˭̦̟ʫʾʛ̩ 

ʔ IP ̃˼˿̢̦˫ʿ˃̟̦̍ʠǣ²ʩ˙˘ʠ̧ˡ̦˱̃˼˿ʿ˃̟̦̍ʠǣ
²ʩ˙ʾʛ̩ 

ǯǨǾȨǵȴȊǩǅLAN ȕȝȺɿɊɝɕəȖ IP ȵǺȄțȔȒǺǷ 

(IP/Ethernet)
ʔ̡̍˿˯̟ʠÀ˜ʾʫʺʛ˘ʼʡ˃̧F7˂̡̍˿˯̟ (IP) ˜ˎʳʭ˕ʜʿ
�7˂̡̍˿˯̟ (ˡ̦˱̃˼˿) ʻȊ1ʭ˘̩

ʔˡ̦˱̃˼˿ʿˑ IP ʿˑ˟̠̀˵ʠʚ˘˂ʻ̧ʱ˙˖˜µãʹʥ˘˂ʠț
ǖɉɐɐ ARP ʼʛʜ̡̍˿˯̟˜ʸʟʷʺµãʹʥ˘̩
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əɑɉ̡̍˿˯̟˓̃˼˿̢̦˫˂ȮÀķȌ

ǖŞ

ǯĐ�ȜɝɕəɼɿɄȝŧƵȕǵȰǈ  ��ĚșȫĐƀĚșȫƮ�ë
ƖȵȒǾȑȔǶȱʂ 

ǯ [��Ěș] ɧɻəɈɹȵƮ�MȈȱȂȖșȮȑȔʀ�ðŗȜɧɻə
ɈɹȵDēȆȔǄðŗȜɧɻəɈɹǻȒǾȲȱʂ  
ʔʳʼʝ˄̧IP ˜Pŭʫʺ TCP, UDP ʾʽ˂̡̍˿˯̟ʠʸʣ˙˘̩
ʔOSI �Ħnš̗˾̟ʻ˃ 7 À˂̡̍˿˯̟ʠǘ¬ʩ˙ʺʛ˘̩

ǯ [ĐƀĚș] ɝɕəɼɿɄȜëƖȫƮ�ĚȎǻʀȗȜƮ�ȫǹȘȇ
ȮǷșȨǸȱʂ 
ʔʞʞʣ˂̃˼˿̢̦˫˃˵˭̦̟̞̦̋ 
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̡̍˿˯̟̥˵˹˼˫

ǯɧɻəɈɹȵƮ�MȈȱȂȖșȮȑȔǈ  �ðŗȜɧɻəɈɹȵDē
ȆȔǄðŗȜɧɻəɈɹǻȒǾȲȱʂ 
ʔʳʼʝ˄̧IP ˜Pŭʫʺ TCP, UDP 
ʾʽ˂̡̍˿˯̟ʠʸʣ˙˘̩ 

ʔˡ̦˱̃˼˿ʼ IP ˑȮÀaʩ˙ʺʛ˘̩

ǯȂȜȮǷșƮ�ĚșȒȨǺȄțȍɧɻəɈɹőȵ ǳɧɻəɈɹɾɎ
ɒɕɄǴ ȖǶǷʂ

Ethernet
IP

TCP
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OSI
ǯOSI Ȗȝ 1978 � 1985 �ș ISO ȕíĄMȄȲȍɝɕəɼɿɄɾ
ȸɿɂɗɄɔɳǅ
ʔOSI = ȤĈ�˳˵˽̕ȥż�üư (Open System Interconnection)
ʔ ISO = �ȰĹřaĽķ

ǯOSI ȕȝ OSI RĉɲɘɹȖǶǷɧɻəɈɹȜɲɘɹȵȄȎȪʀȋ
ȲșȫȖȓǾ7�ĚȘɧɻəɈɹȵȄȎȪȍʂ 
ʔOSI nš̗˾̟ = OSI (Basic) Reference Model

163 コンピュータネットワーク@ 工学院大学 2013-4 ～ 9 164

OSI nš̗˾̟
ǯOSI șǹǶȔíĄMȄȲȍ 7 �ǺȯȘȱɧɻəɈɹȜɲɘɹȵǅ

OSI (oà) RĉɲɘɹȖǶǷʂ
ʔTCP/IP ˂ˋʜʠĚoʫʳʳː̧OSI Ĺř̡̍˿˯̟˃ˋʼ˝ʽʸʟ˛˙
ʺʛʾʛ̩ 

ʔ̡̍˿˯̟ȮÀa˂̗˾̟ʼʫʺ˃ũ�ʻˑnšʩ˙˘ 
(̃˼˿̢̦˫˂ĊƊĞʾʽʿ˃̧ʟʾ˖ʮŴ�ʭ˘)̩
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OSI nš̗˾̟ɉɌʸʹʡɍ
ǯY�ȜðŗȜêŨȝȒǽȜȖǹȰʂ

ŤŪÀ

˟̞̍˭̦˳̛̣À

ǯȺɽɒɿɝɕəȖÂ�ƹųșǹȀȱY�Ȝðŗ
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OSI nš̗˾̟ɉɌʸʹʡɍ
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TCP/IP ʼ OSI nš̗˾̟
ǯTCP/IP ȜY�ȝ OSI RĉɲɘɹȖóĥș�©ȆȔȝǶȘǶʂ
ʔŤŪÀʟ˖˿̝̣˵̦̒˿Àˍʻ˃ˋˌµãʫʺʛ˘̩ 
ʔOSI ˂˷˼˳̛̣Àʟ˖˟̞̍˭̦˳̛̣Àˍʻ˃ɉʘ˟̞̍˭̦˳̛̣Àʙɉ
ʿˍʼː˖˙ʺʛ˘̩ 

織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative
コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̡̍˿˯̟̥˵˹˼˫ʼ̇˭˼˿̥̎˼˺ʼ˂Ȧ/

ǯɡɆɕəșǹǶȔȝ,  ɧɻəɈɹɾɎɒɕɄșǹȀȱƽĘșɨɕɓ
ǻȘȯȢʂ 

168

Ethernet
IP

TCP

̡̍˿˯̟̥˵˹˼˫

MAC ̎˼˺ IP ̎˼˺ TCP ̎˼˺

̇˭˼˿̥̋˥̦̓˼˿

̐ˡ̡̦̀
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̡̍˿˯̟˂ȮÀʼ̇˭˼˿˂ķȌ̧q1̥Ȉ1

ǯƑ+Ôșȝ���ǺȯƮ�șǶǾșȒȲȔɨɕɓȵȒȀȔǶǾʂ 
ǯT+Ôșȝ���Ǻȯ���șǶǾșȒȲȔɨɕɓȵȖȑȔǶǾʂ 

169
織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̃˼˿̢̦˫˂ķȌ

ǯƔ�ȝ LAN ǻßĳșǵȰʀIP ɝɕəɼɿɄǻȋȲȵȒȘǶȕǶ
ȱʂ 

ǯɡɦɸɕɄȘ IP ɝɕəɼɿɄȵȒȘǶȎȫȜǻȺɽɒɿɝɕəʂ

170

IP ̃˼˿̢̦˫

LAN

LAN

IP ̃˼˿̢̦˫

ˡ̣˹̦̃˼˿
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ˡ̣˹̦̃˼˿A%˂ķȌ

171

インターネット・プロバイダ間の関係を
あらわしたものだというが，詳細は不明
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ˡ̣˹̦̃˼˿A%˂ķȌɉɌʸʹʡɍ
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Newman, M. E., J., “Networks  
An Introduction”, Oxford
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2 ʸ˂ȮÀķȌ˂ʵʠʛ
ǯɧɻəɈɹȜƮ�ëƖȝƪǻ°eĚșȒǾȑȍȫȜȎǻ,  ɝɕ
əɼɿɄȜëƖȝȮȰřĈęĒșȏǺǶȫȜȕǵȱʂ 

ǯɝɕəɼɿɄȜƮ�ëƖșȝřĈȜƮ�ëƖ (ŧƵɝɕəɼɿɄ
ȜëƖ) șȏǺǶȖȂȳǻǵȱʂ
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ˡ̣˹̦̃˼˿˂ķȌˑ˵˭̦̟̞̦̋

174

ǯȒȧȰʀ4�ȵȨȔȫ�ƟȎȀȨȔȫʀ�ȍëƖȵȆȔǶȱ 
ʔˡ̣˹̦̃˼˿˃ˊʡ�UʿąȚʩ˙ʺʛ 
˘̩ ʒ

複雑な世界、単純な法則 ネットワーク科学の最前線 
マーク・ブキャナン 阪本 芳久 (単行本 - 2005/2/25)
p.129,Fig.9,インターネットのノード分布,Node distribution of the Internet

頂点 (ノード)

辺 (リンク)
2

1 3
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̡̍˿˯̟˓̃˼˿̢̦˫˂ȮÀķȌ˂ˍʼː

ǯĐ�ȜɝɕəɼɿɄȝŧƵȕǵȰ,  ��ĚșȫĐƀĚșȫƮ�
ëƖȵȒǾȑȔǶȱʂ 

ǯ [��Ěș] ɧɻəɈɹȵƮ�MȈȱȂȖșȮȑȔʀ�ðŗȜɧɻə
ɈɹȵDēȆȔǄðŗȜɧɻəɈɹǻȒǾȲȱʂ 
ʔʳʼʝ˄̧IP ˜Pŭʫʺ TCP, UDP ʾʽ˂̡̍˿˯̟ʠʸʣ˙˘̩
ʔOSI �Ħnš̗˾̟ʻ˃ 7 À˂̡̍˿˯̟ʠǘ¬ʩ˙ʺʛ˘̩

ǯ [ĐƀĚș] ɝɕəɼɿɄȜëƖȫƮ�ĚȎǻʀȗȜƮ�ȫǹȘȇ
ȮǷșȨǸȱʂ 
ʔʞʞʣ˂̃˼˿̢̦˫˃˵˭̦̟̞̦̋ 
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ɚɑɉ̝̍ˡ̦̏˿̥̃˼˿̢̦˫ʼ̃˼˿̢̦˫�èa

ǖŞ
ǯȺɽɒɿɝɕəǺȯǼȰȝȘȄȲȍɧɷȺɩɿəɾɝɕəɼɿɄȕȝ 
ɐɂɴɸɗȹǻĥ*ȆȭȈǾʀ£ãȜɧɻəɈɹșȆȞȯȲȘǶʂ  
ʔ̝̍ˡ̦̏˿̥̃˼˿̢̦˫ʿ˃ŤŪŶʾˑ˂ʼ�èaʩ˙ʳˑ˂ (VPN) ʼ
ʠʚ˘̩ 

ǯ�¯MȄȲȍɝɕəɼɿɄȖȆȔ VLAN ǻǵɸʀ�èȘȗȕȒǺ
ȴȲȔǶȱʂ

ǯ�¯MșȝȒǽȜȮǷȘĮǁǻǵȱʂ 
ʔǹ˂�èaʼȜ˂�èa̧JW��èaʼǌy��èa̩ 
ʔ˯̣̙̦̊˹˂�èaʼ̃˼˿̢̦˫˂�èa̩ 

ǯɝɕəɼɿɄ�¯MȜģİșȮȑȔʀ ɧɻɅɷɮɦɹȕřĕȘɧ
ɻəɈɹǻȒǺǸȱ�¯ɝɕəɼɿɄǻƩęȄȲȒȒǵȱʂ 
ʔ�è̃˼˿̢̦˫ʿʞʛʺ˃,  ̝̍ˡ̦̏˿̥̃˼˿̢̦˫˂PŞ˜ʛʟʫʺ

IP ˓ˡ̦˱̃˼˿ʼ˃ʧʼʾ˘đ̡̍˿˯̟˂®ɇʠǃŮʿʻʡ˘̩  
ʔ�Űx�ʻđ��̃˼˿̢̦˫˂ƂƑȤųɏ  ʼʣʿ̃˼˿̢̦˫�èa˂
ƂƑ˓®ɇʠʞʧʾ˛˙ʺʛ˘̩ (˟̖̞˧ʻ GENI ʼʛʜ̡̍˴ˣ˫˿̧ĕ
Ħʻ AKARI ˓�èā̦̀ (VNode) Ȥų̥Pŭ̡̍˴ˣ˫˿ʾʽ)̩
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̝̍ˡ̦̏˿̥̃˼˿̢̦˫ʼ̞̇̌˼˫̥̃˼˿̢̦˫

ǯȺɽɒɿɝɕəȝȎȲȫǻ¾ŊȕǼȱɡɦɸɕɄȘɝɕəɼɿɄʂ 
ǯī�®pȘȗȵǵȒǺǷȍȪʀČ�Ȝ�èȘȗȎȀǻ¾ŊȕǼ 
ȱȮǷșȆȍɧɷȺɩɿəɾɝɕəɼɿɄȫǵȱʂ 

ǯɡɦɸɕɄɾɝɕəɼɿɄǺȯɧɷȺɩɿəɾɝɕəɼɿɄșȸɄɐɎ 
ȕǼȱȮǷșȈȱȍȪʀɇɿəȻȼȺǻŰŏȄȲȱʂ 
ʔ̝̍ˡ̦̏˿̥̃˼˿̢̦˫˃üưsǀʾ�ïʠȪ¬ʩ˙˘ʳː̧ ʱ˙˜
˅˚ʦ˘ʳːʿˮ̦˿ˢˣˡʠʸʟ˛˙˘̩ 

ʔ�Ł(ŭ˜ʾʣʭʳː̧ˮ̦˿ˢˣˡʻ˃lțʾǨǥ̥RȪʠȕŭʩ˙˘̩ 
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̝̍ˡ̦̏˿̥̃˼˿̢̦˫˂PŞ

ǯĴ 1 ȜDĆȝɐɂɴɸɗȹ (ī�®p*ſ)ʂ
ʔ̞̇̌˼˫̥̃˼˿̢̦˫ʻ˃ƌ³ʠśŏʫ˓ʭʛ̩ 

ǯɡɦɸɕɄɾɝɕəɼɿɄȜEŀșȆȞȯȲȘǶȂȖȫDĆʂ 
ʔ̞̇̌˼˫̥̃˼˿̢̦˫˃�Č˂̦̚˲ʿDŭʩ˙˘˂ʻ̧æǀ (Ȋ1ȋ
Ì̧QoS (˱̦̉˵�ǹ) ʾʽ) ˑ0ǥʫʿʣʛ̩

ʔ̞̇̌˼˫̥̃˼˿̢̦˫ʻʸʟ˛˙˘̡̍˿˯̟ʿʫ˄˖˙ʾʛ  
(ʳʼʝ˄̧IP ˓ TCP ʼD¨ʻʡʾʛ̡̍˿˯̟ˑʸʟʝ˘)̩
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ǯɧɷȺɩɿəɾɝɕəɼɿɄȕȝ IP �vȜɧɻəɈɹȫȒǺǸȱ
ǻʀĐiȝȥȖȶȗȜɝɕəɼɿɄȕ IP ǻȒǺȴȲȔǶȱʂ
ʔũ�ʸʟʝ˘˟̞̍˭̦˳̛̣˃ˋʼ˝ʽʭˊʺ IP ˜(ŭʭ˘ʳː̩
ʔ̝̍ˡ̦̏˿̥̃˼˿̢̦˫ʟ˖̞̇̌˼˫̥̃˼˿̢̦˫ʿʸʾʤʿ˃ IP ʠ
áǖʾʳː̩ 

IP ʿ˕˘̝̍ˡ̦̏˿̥̃˼˿̢̦˫

̝̍ˡ̦̏˿̥
̃˼˿̢̦˫ʴʥ
ʬ˒̧��ʠʻʡ
ʾʛˁ̩

̝̍ˡ̦̏˿̥̃˼˿
̢̦˫ʿ˃ʾʛ˟̞̍
ʠʛ˚ʛ˚ʚ˘˕̩

Ȋ1ʫʳʛżðʠ
ʳʣʩ˝ʛ˘˕̩
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ǯɧɷȺɩɿəɾɝɕəɼɿɄǺȯȺɽɒɿɝɕə (ɡɦɸɕɄɾɝɕə
ɼɿɄ) șȒȘǿȘȯʀȺɽɒɿɝɕəȖƢŧȈȱȸɚɺɎȝȒǺǸ
ȘǶʂ 

ǯ IETF ȕǼȪȍɧɷȺɩɿə IP ȸɚɺɎ (�ťȜĺd) ȵȒǺǷʂ

IP ʿ˕˘̝̍ˡ̦̏˿̥̃˼˿̢̦˫˂˟̠̀˵
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ˮ̦˿ˢˣˡ˂˓ʣ˛˗

ǯɇɿəȻȼȺȝɧɷȺɩɿəɾɝɕəɼɿɄ8ƟȜȸɚɺɎȵǺǾȈʂ 
ʔz�˂̝̍ˡ̦̏˿ IP ˟̠̀˵ʠˋʟʻˑʸʟ˛˙ʺʛ˘˂ʻ̧�ȗʿˎ
ʯʺ˃ʛʥʾʛ (˟̠̀˵˂��æ˜0ǥʭ˘ʳː)̩

ʔ̝̍ˡ̦̏˿ IP ˟̠̀˵ʠ�ȗʟ˖˛ʟ˘ʼ�Łʿ˟˫˷˵ʩ˙˘sǀæ
ʠʚ˘˂ʻ̧˛ʟ˖ʾʛ˕ʜʿʭ˘ (˷˩̙̞˽ˠ˂ʳː)̩

ǯɇɿəȻȼȺȝ8ƟȣȜ�óȸɄɐɎȵȡȊǿʂ 
ʔ̋˞ˡ˟ˢ˥̦̟: �Ł˟˫˷˵ȨŀĽǀ˜ˑʸˮ̦˿ˢˣˡ˂ʧʼ̩
ʔť¬˂̇˹̦̣˂Ȋ1ʴʥ˜˔˘ʭ (ʳʼʝ˄̧Ȋ1Ȥ¡˃F7ʟ˖ʿʟ
ʢ˘ʾʽ)̩
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ˮ̦˿ˢˣˡʼ̡̦̣̟̦̌̀̆̀˹

182織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

ǯ�ś��ȘȗȕȒǺǷȍȪȜɇɿəȻȼȺȝ ɦɻɿɚɠɽɚɾ
ɹɿɒȖȮȞȲȔǶȱʂ 
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˟̠̀˵�ÿʼȊ1

ǯɡɦɸɕɄɾɝɕəɼɿɄș�ȆȔ8ƟȜȸɚɺɎȵǺǾȈȍȪȜ 
ðŗǻȸɚɺɎuÀʂ 

ǯuÀûșȝ NAT Ȗ NAPT Ȗǻǵȱʂ
ʔNAT ˃˟̠̀˵˜ 1 µ 1 ʿ�ÿʭ˘̩
ʔNAPT (IP ̓˵˧̠̦̀) ʾ˖ˬ̡̦̟̥̆˟̠̀˵ʠ 1 3ʻʭˏʳː̧Ȋ
Æ˃ NAPT ʠʸʟ˛˙˘̩

�Ű	ʟ˖˟˫˷˵ʻ

ʡ˘ɉɌˎʝ˘ɍɉ˟̠̀˵
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NAPTɉ˂ʫʣˎ
ǯɧɷȺɩɿəɾɝɕəɼɿɄǺȯȜƑ+
ʔ�ȗ˂˱̦̆˜˟˫˷˵ʭ˘ʼʡ̩

184

織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，
SoftBank Creative

ˮ̦˿ˢˣˡ

̝̍ˡ̦̏˿̥
̃˼˿̢̦˫

̞̇̌˼˫̥
̃˼˿̢̦˫

ˮ̦˿ˢˣˡ˃ PC ˂ IP 
˟̠̀˵˜ TCP, UDP ˂
̦̒˿Ųwʿµãʩʯ˘

IP ˟̠̀˵˕˗ʧˍʟʛǲO¦
PC ˃ĦĪ˃ IP ˟̀
̠˵ʻǲOʩ˙˘
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NAPTɉ˂ʫʣˎɉɌʸʹʡɍ
ǯɧɷȺɩɿəɾɝɕəɼɿɄȕȜT+
ʔ�ĦŶʿ̧Ȉ1ʫʳ̇˭˼˿ʿµʭ˘ãƙʴʥ˜ʜʥʼ˘̩

ʔ̇˭˼˿˜Ȉ1ʫʺʛʾʛɉɮɢɉ˃�ȗʟ˖˂̇˭˼˿˜ʜʥʼ˖ʾʛ̩

185

織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

ˮ̦˿ˢˣˡ

ˮ̦˿ˢˣˡ˃ PC ˂ IP 
˟̠̀˵ʿµãʩʯʳ̦̒˿

ʿ˕ʷʺ PC ˜ǲOʭ˘
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̝̍ˡ̦̏˿̥̃˼˿̢̦˫ -- ŤŪŶʾˑ˂ʼ�èŶʾˑ˂

ǯ�nșċđĚȘɧɷȺɩɿəɾɝɕəɼɿɄȵȒǾȱȜȝǄɈɎə 
ʔ̟̦˹˓˵ˡ˼˻˜x�ʿǢƶʫʺ,  ʱ˂ȥ˜˭̦̟̌ʻüưʭ˘áǖʠ
ʚ˘̩Ǣƶ�ïˑŭéʭ˘áǖʠʚ˘̩(ʱ˙ʲ˙Ǣƶ˯˵˿ʠʟʟ˘)

ʔ̟̦˹ / ˵ˡ˼˻̧˭̧̦̟̌Ǣƶ�ïʾʽ˂ƝŪ˯˵˿ʠʟʟ˘̩

ǯȺɽɒɿɝɕəȭ6ē IP ɝɕəɼɿɄ (ƹų�ĨȘȗȜȫȜ) m
ș�¯ĚȘɧɷȺɩɿəɾɝɕəɼɿɄȵȒǾȲȞ�ɈɎə 
ʔʧ˂˕ʜʾ̃˼˿̢̦˫˜ VPN (virtual private network) ʼʛʜ̩
ʔŤŪ̃˼˿̢̦˫˂Ǣƶ˯˵˿˓ƝŪ˯˵˿˃˛ʥʺǵõʭ˙˄˕ʛ̩ 

186

VPN 1
… … …

VPN n

ŤŪ̃˼˿̢̦˫

�ĵï c11 �ĵï c12

�ĵï cn1 �ĵï cn2
�è̟̦˹ �è̟̦˹

̟̦˹ ̟̦˹
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�è̝̍ˡ̦̏˿̥̃˼˿̢̦˫ (VPN)

187

ǯŧÉȜ»ĆȵȫȒ�èȜɜɿɏ 
ʔöŞȥ˜ˏʭˈ̝̍ˡ̦̏˿̥̃˼˿̢̦˫ (·ŭƳʿ˕˘̃˼˿̢̦˫) ˃
Ɉ,ʾ˂ʻ̧ʩʥʳʛ̩ 

ʔöŞȥ˃̝̍ˡ̦̏˿̥̃˼˿̢̦˫ʼzĸʿǃŮʾȊ1ʠsǀʿʫʳʛ 
ʠ̧zęʿ˷˩̙˟ʿȊ1ʫʳʛ̩ 

ǯȂȜȮǷȘɜɿɏȵȨȍȈÎûǻ VPN ȕǵȱʂ
ǯVPN șǹȀȱċđȖżđ
ʔVPN ˃ǕČöŞȥ˜ŤŪŶʿ˃Dŭ̃˼˿̢̦˫ʻˏʭˈ̩
ʔVPN ˃�˂̃˼˿̢̦˫ʼ˃ǰŪŶʿŧƔʾ (ʳʠʛʿÇŔʫʾʛ) ̃˼
˿̢̦˫˜®ũʭ˘̩ 
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IP ŭɉɲɮɬɉ˂ƐɅ
ǯ (IP ȵȒǺǷȍȪȜ) �ťĚȘ VPN șȝ 2 Įǁǵȱʂ

◆Ⱥɽɒɿɝɕə VPN (IPsec VPN)
◆ IP VPN (MPLS VPN)

◆ ��ʧ˙˖˂ VPN ʿʸʛʺǫĖʭ˘̩

188

MPLS ̟̦˹

MPLS ʿ˕˘Ȋ1

MPLS ̟̦˹

ˡ̣˹̦̃˼˿
ˮ̦˿ˢˣˡˮ̦˿ˢˣˡ

ĜwaȊ1 (IPsec)
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IP ŭɉɲɮɬɉ˂ƐɅɉɌʸʹʡɍ
ǯ Internet VPN (IPsec VPN)
ʔˡ̣˹̦̃˼˿�ʻĜwaȊ1˜ʭ˘ɉ
ɐɐɉĜwaʿ˕ʷʺ˷˩̙̞˽ˠ˜Ƅ0̩ 

ʔ IPsec ʼʛʜ̡̍˿˯̟ʻ˧̍˷̟aʭ˘̩
̝̍ˡ̦̏˿̥̃˼˿̢̦˫F˂̆˭˼˿ʖʖʖʖʖʖʖˡ̣˹̦̃˼˿F˂̇˭˼˿

ʔɈæǀʾĜwa˃˯˵˿ʠʳʟʛʧʼʠľŞ̩ 

189

ˡ̣˹̦̃˼˿
ˮ̦˿ˢˣˡˮ̦˿ˢˣˡ

ĜwaȊ1 (IPsec)

IP ̎˼˺ ̐ˡ̡̦̀ Ĝwaʩ˙ʳ {IP ̎˼˺ + ̐ˡ̡̦̀}IPsec ヘッダ
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IP ŭɉɲɮɬɉ˂ƐɅɉɌʸʹʡɍ
■ IP VPN (MPLS VPN)

◆ MPLS (Multi-Protocol Label Switching) ʼʛʜ̡̍˿˯̟˜(ŭʭ˘̩
◆ ˡ̣˹̦̃˼˿ʻ˃ʾʣ,  ʚ˖ʟʬː˷˩̙̞˽ˠʠƄ0ʩ˙ʳ̃˼˿̢̦˫
˜(ŭʭ˘̩

◆ Ĝwa˃ʫʾʛ ɐɐ Ĝwa˃Ɉ˯˵˿ʾ˂ʻ̧ʩʥ˘̩ Ĝwaʫʾʣʺˑˡ
̣˹̦̃˼˿˂˕ʜʾiȭ˃ʾʛ̩

̝̍ˡ̦̏˿̥̃˼˿̢̦˫F˂̆˭˼˿ʖʖʖʖʖʖʖˡ̣˹̦̃˼˿F˂̇˭˼˿

190

IP ̎˼˺ ̐ˡ̡̦̀ MPLS ヘッダ

˩̘̞˟ (ȷǧ Ƈʾʽ) ˂
˷˩̙˟ʾ̃˼˿̢̦˫

MPLS ̟̦˹

MPLS ʿ˕˘Ȋ1

IP ̎˼˺ ̐ˡ̡̦̀

MPLS ̟̦˹

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

ˡ̦˱̃˼˿˂�èa˂ʳː˂ʫʣˎ: VLAN
ǯȺɿɊɝɕə�ș�¯ɝɕəɼɿɄȵȒǾȱȍȪȜȆǾȨ VLAN ǻ 

IEEE ȕíĄMȄȲȔǶȱ (IEEE802.1Q)ʂ

ǯǦǟǘǡǅȜɭȺɽəȝɎȺɕɔȜ�¯MȖɸɽɄȜ�¯M
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�è˵ˡ˼˻

�è˵ˡ˼˻

�è˵ˡ˼˻

�è˵ˡ˼˻

�è̞̣˫

�è̞̣˫
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VLAN ʿʞʥ˘˵ˡ˼˻˂�èa
ǯVLAN ȵȒǺǷȖʀ1 -ȜɎȺɕɔȵŧÉȜĎĲȘɎȺɕɔȜȮǷ
șȒǺǷȂȖǻȕǼȱʂ 

192

ȊÆ˂ˡ̦˱̃˼˿̥˵ˡ˼˻

ʻ˃̧ Aȗ˂˯̣̙̦̊˹ʠ˅
ʼʸ˂̃˼˿̢̦˫ʿʸʾʠ˘̩

VLAN ˵ˡ˼˻ʻ˃̧ʛʣʸʟ
˂ŧƔʾ�è̃˼˿̢̦˫˜ʸʣ

˘ʧʼʠʻʡ˘̩

VLAN ˵ˡ˼˻ʻ˃̧ʛʣʸʟ
˂ŧƔʾ�è̃˼˿̢̦˫˜ʸʣ

˘ʧʼʠʻʡ˘̩
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VLAN ʿʞʥ˘̞̣˫˂�èaɉ
ǯVLAN ȕȝ 1 àȜċđɸɽɄȵ�¯ĚșŧÉȜɝɕəɼɿɄ 

(ȺɿɊɝɕə) ȕ#ēȕǼȱʂ
ʔʧ˂˕ʜʾ̞̣˫˜˿̝̣˫̞̣˫ʼʛʜ̩ 
ʔ˿̝̣˫̞̣˫ʻ˃ VLAN ˹ˬʿ˕ʷʺ�è̃˼˿̢̦˫˜ʣˊʸʭ˘̩
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VLAN ˹ˬʼ̇˭˼˿̥̋˥̦̓˼˿
ǯVLAN ɒɅȝ MAC ɨɕɓȜȘǺșǷȪȂȧȲȱʂ
ʔVLAN ̇˭˼˿˂̋˥̦̓˼˿˃ IEEE802.1Q ʿ˕ʷʺĹřaʩ˙ʺʛ˘̩

194

VID = 2

VID = 3
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VLAN ˂PŞɉɐɐɉ�ĵʾʽ˂ƪƵ˂�y
ǯVLAN ȝċđĚșȏȯȞȑȍņŎȵ�ÒșżđĚșȧȖȪȱȂ
ȖǻȕǼȱʂ 
ʔVLAN ˜ʸʟ˛ʾʛʼƪƵʠʟ˛˘ʳˆʿŤŪȚƳ˜�ĝʫʾʥ˙˄ʾ
˖ʾʛ̩ 

ʔVLAN ˜ʸʟʝ˄ŤŪȚƳ˃ʟʝʮʿ�è̞̣˫˜ʟʝ˘ʧʼʠʻʡ˘̩ 

195
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�èaʼ˃ɟ

ǯ�¯MȖȝǈ ċđĚȘɈɽɤɴɿɒȭɝɕəɼɿɄǻȫȒðŗȖȝ
ƄȭƤșǹǶȔȂȖȘȱðŗȵ�ĐȈȱȂȖȕǵȱʂ 

ǯ�¯MȜ>ǁ

ǰƄȜ�¯M

ǰƤȜ�¯M 
Ǳ>HlȜ�¯M

ǱŠZlȜ�¯M
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Ȝ˂�èaʼǹ˂�èa

ǯƤȜ�¯M
ʔ�èaʿ˕ʷʺČȜ˜ˇ˓ʭ̧ˍʳ˃ˉ˖ʭ̩ 

ʔ�èaVʼǹ˃ʟ˛˖ʾʛ (ʟˑʫ˙ʾʛ)̩

ǯƄȜ�¯M
ʔ�èaʿ˕ʷʺǹ˜ʟʝ˘̩

ʔ�èaVʼČȜ˃ʟ˛˖ʾʛ (ʟˑʫ˙ʾʛ)̩
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JW��èaʼǌy��èa

ǯ>Hl�¯M
ʔ1 3˂˯̣̙̦̊˹˓̃˼˿̢̦˫˂ʾʟʿǕČ˂�èŶʾ˯̣̙̦̊˹
˓̃˼˿̢̦˫˜ʸʣ˘̩ 

ʔ):

ǯŠZl�¯M
ʔǕČ˂˯̣̙̦̊˹˓̃˼˿̢̦˫˜�èŶʿ 1 3˂˯̣̙̦̊˹˓̃˼˿
̢̦˫ʿˎʯ˘̩ 

ʔ):

ǯĐiǈ �ēMɾ�ǂȄȲȔǶȱ�¯M·ţȜǹǹǾȝ>Hl�
¯Mȵ�ĐȆȔǶȱʂ 

198

VM*

ŤŪ̓˳̣ (˯̣̙̦̊˹)

VM* VM* VM*

ŤŪ˵ˡ˼˻

�è˵ˡ˼˻

ŤŪ˵ˡ˼˻

*VM: �è̓˳̣

ŤŪ̓˳̣ʼ˃ǹʠʧʼʾ˘ 
VM ˜ʸʣ˘ʧʼˑsǀ

ŤŪ˵ˡ˼˻ʼ˃ǹʠʧʼʾ˘

�è˵ˡ˼˻˜ʸʣ˘ʧʼˑsǀ 
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˯̣̙̦̊˹ (˱̦̆) ˂�èa

199

Intel CPU āȂ˱̦̆
Intel VM Intel VM Intel VM Intel VM

ǯŠZlȜ�¯MȝȥȖȶȗȘǶ (?)
ǯƤȜ�¯M (>Hl) 
ʔğȆǧɄʿʾ˘˱̦̆�èa˃Ȝ˂�èa:  ŤŪ˯̣̙̦̊˹ʼʞʾʬ
˟̦˩˽˫˻̘˂�è˯̣̙̦̊˹ʠǕČ3ʸʣ˙˘̩ 

ʔʳʼʝ˄ Intel CPU āȂ˂ŤŪ˯̣̙̦̊˹ʟ˖̧ɉǕČ˂ Intel �è̓˳
̣ʠʸʣ˙˘̩ 
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˯̣̙̦̊˹ (˱̦̆) ˂�èaɉɌʸʹʡɍ
ǯƄȜ�¯M (>Hl)
ʔŤŪ˯̣̙̦̊˹ʼ˃ʧʼʾ˘˟̦˩˽˫˻̘˂ 
˯̣̙̦̊˹˜ʸʣ˘̩ 

ǯƄȜ�¯MȜ$ 
ǰəɷɽɎɱɒĨȜ Crusoe, Efficeon:  

Intel x86 ˂��˜ŧǃ˂�� (VLIW) ʿ
ƺǤʫʺ®Ǎʭ˘ CPU (2002-2004 Éʨ˚)̩
ǰIntel Pentium Pro (ȖȋȲ�ƬȜ CPU):  
Ǖȴʾ x86 ��˜fƣʾ RISC Ɇ��ʿ
̦̅̀ˢˣ˟ʻƺǤʫʺ®Ǎʭ˘̩ 
ǰP ɈɿɚɾɮɌɽɝɉɉ˯̣̇ˡ̝˂��ʠ²ėʿ
ʾ˘˕ʜʾ�è̓˳̣˜¬Ƹʫʺ̧˳̙̠̦̔˹ʻ 
®Ǎʭ˘̩ N. ̤ˠ̟˿˂ Pascal P ʠġ{̩
ǰɠȺəɈɿɚɾɮɌɽ:  Smalltalk, Java ʾʽ˂ǝǩ˃
̆ˡ˿˯̦̀ʼ˕˄˙˘�èŶʾĽĲǩ˜®Ǎʭ˘�è 
̓˳̣ (˳̙̠̦̔˹) ʻ®Ǎʩ˙˘̩
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̃˼˿̢̦˫˂�èa

ǯ>Hl�¯MȜ$ 
◆ VLAN
◆ VPN

ǯŠZl�¯MȜ$ 
ʔ̞̣˫̥˟ˬ̞ˮ̦˳̛̣:  ǕČ˂ŤŪ̞̣˫˜ʳ˄ˁʺ̧1 3˂̞̣˫ʿˎ
ʯ˘̩

201

2 Ħʳ˄ˁʺ 1 Ħ˂˕ʜʿʚʸʟʜ
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̝̍ˡ̦̏˿̥̃˼˿̢̦˫ʼ̃˼˿̢̦˫�èa

ǯɧɷȺɩɿəɾɝɕəɼɿɄȜDĆȜȟȖȒȝ, ɡɦɸɕɄɾɝɕə
ɼɿɄȕȝȒǺǸȘǶɧɻəɈɹǻřĕșȒǺǸȱȂȖʂ 

ǯȖȂȳǻʀ£ãȜ VPN ȕȝoàĚș IP ȆǺȒǺǸȘǶʂ
ǯǳɝɕəɼɿɄ�¯MǴǅȜģİȖȝ?
ʔÛĪ˂ VPN ʼzĸ˂̝̍ˡ̦̏˿ʾ̃˼˿̢̦˫˜ʸʣ˗̧ʱ˂ʜʝʻʩ˖
ʿǃŮʿđ̡̍˿˯̟ʠȤų̥(ŭʻʡ˘˕ʜʿʭ˘̩ 

ʔđ̡̍˿˯̟ʠʸʟʝ˘ʳːʿ˃̃˼˿̢̦˫̥̦̄̀ (˵ˡ˼˻̧̟̦˹) ʠ
̡̍ˬ̝̟̓̌ʻʚ˘ʧʼʠțǖ 
ʕ�è̃˼˿̢̦˫˂ïġƼʠ̃˼˿̢̦˫̥̦̄̀˜ǃŮʿ̡̍ˬ̝̕ 
ʻʡ˘ (C ʾʽʻ̡̍ˬ̝̕Ȥųʻʡ˘) ˕ʜʿʭ˘̩
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đ��̃˼˿̢̦˫ƂƑʼ̃˼˿̢̦˫�èa

ǯȺɽɒɿɝɕəȜƭė 
ʔˡ̣˹̦̃˼˿ʠŴ�ʫʺʟ˖ 30 É��ƫȑʫ̧ũ�˂̦̂˶ʿ˃ʟʾ
˖ʮʫˑʚʷʺʛʾʛʼʧ˚ʠʚ˘̩ 

ʔĔ¨˂ˡ̣˹̦̃˼˿ʿµʫʺ˷˩̙̞˽ˠ̧QoS (Quality of Service), ª
¬æʾʽ˂ȻʻȪŰʠʚ˘ʧʼʠùăʩ˙ʺʛ˘̩ 

ǯɄɸɿɽɎɺɿəë¯ 
ʔơ�ʻ˃ 2000 Éʨ˚ʟ˖Ĕ¨˂ˡ̣˹̦̃˼˿˜ĮĦʟ˖ǗŻʫʺ¸Ī
˂̃˼˿̢̦˫˜ķƠʭ˘ ʘ˫̞̦̣̥˵̠̦˿̥ˡ̣˹̦̃˼˿ķèʙ ʠǳ
ǰʩ˙˘˕ʜʿʾʷʳ̩ 
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˟̖̞˧ʿʞʥ˘đ��̃˼˿̢̦˫ʼ̃˼˿̢̦˫�èa

■ ȺɽɒɿɝɕəȝɝɕəɼɿɄȜƘMȵȖȪȔǶȱ ?!
ʔ˟̖̞˧ʾʽʻ˃̧ˡ̣˹̦̃˼˿ʼ˃ˍʷʳʣʵʠʜ̧ ʚʳ˖ʫʛ̃˼˿̢̦
˫˜ʸʣ˘áǖʠʚ˘ʧʼʠyéʩ˙ʳ̩ 

■ FIND (Future Internet Design)
ʔ˟̖̞˧˂Ɗ©Ƕ� (NSF) ʻ˃ʚʳ˖ʫʛ̃˼˿̢̦˫˜ʸʣ˘ʳː̧

FIND ʼʛʜƂƑ̋˞̡̣̥̀̍ˬ̝̕˜Ǣƶʫʳ̩

204

EU (̡̜̦˼̇) ʻ˃ FP7 (7th Framework 
Programme) ʼʛʜ̡̍˴ˣ˫˿˜˓ʷʺʛ˘
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˟̖̞˧ʿʞʥ˘đ��̃˼˿̢̦˫ʼ̃˼˿̢̦˫�èa
Ɍʸʹʡɍ

205

■ GENI (Global Environment for Network Innovations)
ʔũ�˂ˡ̣˹̦̃˼˿ʿ˃ʼ˗ʛ˙˘˂ʠˏʮʟʫʛ IP ʿ+¨ʫʾʛđ
ñǎ˜Ȥųʭ˘ʳːʿ GENI ʼʛʜ̡̍˴ˣ˫˿ʠȤ¡ʩ˙ʳ̩

ʔGENI ʻ˃̧ʟʢ˖˙ʳŤŪ̃˼˿̢̦˫�ʻʩˍʪˍʾ®ɇʠʻʡ˘˕ʜ
ʿ̧̃˼˿̢̦˫�èañǎʠʼ˗ʛ˙˖˙ʺʛ˘̩ 

®ɇŭ̃˼˿̢̦˫ɉ
Ɍ˽˵˿̏˼̀ɍɉķƠ
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˟̖̞˧ʿʞʥ˘đ��̃˼˿̢̦˫ʼ̃˼˿̢̦˫�èa
Ɍʸʹʡɍ

206

ǯGENI ȕȝ4ĽŪîȜɠɕɄɬɿɽ (ǃåȖȘȱɝɕəɼɿɄ) ȵ
ëĻȆȮǷȖȆȔǶȱʂ 
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˸̋˿ˢˣ˟¬Ƹ̃˼˿̢̦˫

ǯɑɥəȻȼȸ�ŒɝɕəɼɿɄ (Software Defined Network: SDN)
ʔʧ˙ˍʻ˃ĽƐ+¨ʴʷʳ˵ˡ˼˻˓̟̦˹˂RÝ˜�ȗ˂˯̣˿̡̦̝ 
�˂˸̋˿ˢˣ˟ʿ˕ʷʺ�<Ŷʿʞʧʾʝ˘˕ʜʿʫʳ̃˼˿̢̦˫̩ 

ʔOpenFlow ʠ�ǐŶʾRÝĒÐ̩

ǯSDN Ȝoà«¯ǖǅǅɈɽəɻɿɷǅǉǅɘɿɒ>ƶ
ʔ˯̣˿̡̦̝ʠ˵ˡ˼˻ʿǘU˜ȚÄʫ, x˵ˡ˼˻˃ʱ˙ʿˑʼʹʛʺ
]'ʭ˘̩ 

　ÛĪ˂̃˼˿̢̦˫ʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖɯɣɬ

207

JċRÝ

˾̦˹ǾȈ

JċRÝ

˾̦˹ǾȈ

ȳ	RÝ

˾̦˹ǾȈ ˾̦˹ǾȈ
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˸̋˿ˢˣ˟¬Ƹ̃˼˿̢̦˫ɉɌʸʹʡɍ

ǯɑɥəȻȼȸ�ŒɝɕəɼɿɄȜDĆ 
ʔ˵ˡ˼˻̣ˬ̧̟̦˽ˠ̣ˬ˂Ēō̥Ēȝ (̞̒˳̦) ʾʽ˜ʟ˝ʳ˝ʿʳ
ːʭʧʼʠʻʡ˘̩ 

ʔ˵ˡ˼˻˓̟̦˹˂ÛĪ˃�ȗʟ˖RÝʻʡʾʟʷʳȗJʠ, RÝʻʡ˘
˕ʜʿʾ˘̩ 

ʔÛĪ˃ĽƐ+¨˂ĒōʻʫʟRÝʻʡʾʟʷʳ˵ˡ˼˻˓̟̦˹˂Ľǀ 
ʠƭ�ŶʾĒōʻRÝʻʡ˘˕ʜʿʾ˘̩ 
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OpenFlow Ķǰ

209
http://tech-sketch.jp/2012/04/openflow-1.html

ǯ2008 �ș Stanford x�ȕ¿^ȄȲʀ�ė
�ȕüĝȄȲȔǶȱɝɕəɼɿɄE¤·ţʂ 
ʔˡ̦˱̃˼˿�ʻʸʟ˛˙˘̩

ǯɑɥəȻȼȸ�ŒɝɕəɼɿɄȵ�ĐȈȱȍ

ȪȜÚÜIȘÎûʂ 
ǯOpenFlow ɝɕəɼɿɄȜ
ɟɿɚȻȼȸë³
ʔOpenFlow ˵ˡ˼˻
ʔOpenFlow ˯̣˿̡̦̝

ǯɎȺɕɔȖɈɽəɻɿɷȜƔ+û
ʔOpenFlow ̡̍˿˯̟ʿ˕˘̩
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OpenFlow ĶǰɉɌʸʹʡɍ

210

ǯƔ�ȜɎȺɕɔȭɹɿɒȕë³ȄȲȍÏ�ȜɝɕəɼɿɄ�ș 
OpenFlow ɎȺɕɔȵǹǶȔ#ēȈȱȂȖǻȕǼȱʂ
ʔʸˍ˗̧ÛĪñǎʼD¨ʻʡ˘̩ 

ǯɩɽɓȜȘǺȕȝ NEC ǻȫȑȖȫ
įéĚșȖȰǾȶȕǶȱʂ
ʔNEC ˂ǔ�ɉʑ
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OpenFlow ˂ʫʣˎ
ǯOpenFlow șȮȱE¤ȝâ�ȖL!ȖȜņ (ŪF) șȮȰ¼�Ȅ
Ȳȱʂ 

ǯâ�ȝ<đȜ�ƀȕǵȱɡɆɕəȵČ�Ȉȱʂ 
ʔMAC ˟̠̀˵̧IP ˟̠̀˵̧TCP/UDP ̦̒˿Ųwʾʽ̧ŤŪÀ (L1) ʟ˖
˿̝̣˵̦̒˿À (L4) ˍʻ̧ʽ˂ȮÀ˂˾̦˹ˑʚʸʟʝ˘̩

ʔ): TCP ̦̒˿Ųwʠ 80 ˂̇˭˼˿̩

ǯL!ȝâ�șZŚȆȍɡɆɕəș�ȆŢǷL!ȵŪ�Ȉȱʂ 
ʔ�˂̦̒˿ˉ˂ǾȈɏ ̎˼˺˂ʟʡʟʝɏ ̇˭˼˿˂ƃĳʾʽʠù¬ʻʡ
˘̩

ǯŪFȜ$: TCP ɭɿəĘXǻ 80 ȜɡɆɕəȝĤæȈȱʂ
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OpenFlowɉʿ˕˘RÝ˂)
ǯOpenFlow ȕǅǳɹɿɒǴǅȵȒǾȱȂȖȫUŗʂ
ǯ IP/Ethernet ȜɹɿɒȝǅǳȖȗǶȍɡɆɕəȜ IP ȸɚɺɎȜB�
ňäșȫȖȓǶȔʀȋȜɡɆɕəȜ MAC ȸɚɺɎȵǺǼǺǸȔʀ
ȆǺȱȤǼȺɽɒɥȼɿɎșƈƑȈȱǴʂ
ʔq1Ƽ MAC ˟̠̀˵˜̃˫˵˿̑˼̍˂ MAC ˟̠̀˵ʿʟʡʟʝ˘ɑ
ʔȈ1Ƽ MAC ˟̠̀˵˜ʱ˂̟̦˹˂ MAC ˟̠̀˵ʿʟʡʟʝ˘̩
ʔ̃˫˵˿̑˼̍ʿʸʾʠ˘̃˼˿̢̦˫̥ˡ̣˹̋ˣ̦˵ʟ˖IXʭ˘̩

ǯȂȲȵɊɦɝɕəȃȖșŪFȖȆȔůƐȆȔŰ�ȈȲȞʀ 
OpenFlow ɎȺɕɔȝɹɿɒȖȆȔðŗȈȱʂ
ʔʸˍ˗̧̟̦˽ˠ̣ˬ̥˽̦̟̌˂ʟ˛˗ʿǘU˂ʾ˖ˆ˜(ŭʭ˘̩ 

212

ʚʺʩʡ ̃˫˵˿̑˼̍

172.17.4.0/24 192.168.2.251
192.168.1.0/24 ɎɉɌŻüɍ
192.168.2.0/24 ɎɉɌŻüɍ

̟̦˽ˠ̣ˬ̥˽̦̟̌˂) Ƙ,ʾ OpenFlow ˂ǘU
if q1Ƽ IP ˟̠̀˵˂>Ɂ 24 ̉˼˿ʠ 172.17.4 then
ʖq1Ƽ MAC ˟̠̀˵ =
ʖʖʖʖʖʖʖʖ192.168.2.251 ʿµãʭ˘ MAC ˟̠̀˵
ʖȈ1Ƽ MAC ˟̠̀˵ɉɞɉǃ MAC ˟̠̀˵
ʖq1Ƽ MAC ˟̠̀˵ʿʸʾʠ˘ˡ̣˹̋ˣ̦˵ʿIX
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OpenFlowɉʿ˕˘RÝ˂)ɉɌʸʹʡɍ
ǯOpenFlow șȮȱE¤ȜƨµȖĢµ
ǰƨµ:  IP ȭȺɿɊɝɕəȜE¤ȝ�� (IPǈǅȺɿɊɝɕə) ȕ
ȖȇȔǶȍǻʀOpenFlow ȕȝ�șȧȍǻȱE¤ǻȕǼȱʂ

ǰĢµ:  IP/Ethernet ȎȀȕȆǺȒǺǸȘǶʂ
ʕIP, Ethernet ��˂̡̍˿˯̟ʻ˃ʸʟʝʾʛ̩
ʕIP ʼˡ̦˱̃˼˿��˂̞̣˫À̧ˡ̦˱̃˼˿ʼ IP ��˂̃˼˿̢̦
˫À˂ʣˎʚ˛ʯʻˑʸʟʝʾʛ．

ǰƨµǋĢµǖǅǅɝɕəɼɿɄǻƴ�E¤ȄȲȱǅǆɈɽəɻɿɷȕǇʂ
213

ʚʺʩʡ ̃˫˵˿̑˼̍

172.17.4.0/24 192.168.2.251
192.168.1.0/24 ɎɉɌŻüɍ
192.168.2.0/24 ɎɉɌŻüɍ

̟̦˽ˠ̣ˬ̥˽̦̟̌˂) Ƙ,ʾ OpenFlow ˂ǘU
if q1Ƽ IP ˟̠̀˵˂>Ɂ 24 ̉˼˿ʠ 172.17.4 then
ʖq1Ƽ MAC ˟̠̀˵ =
ʖʖʖʖʖʖʖʖ192.168.2.251 ʿµãʭ˘ MAC ˟̠̀˵
ʖȈ1Ƽ MAC ˟̠̀˵ɉɞɉǃ MAC ˟̠̀˵
ʖq1Ƽ MAC ˟̠̀˵ʿʸʾʠ˘ˡ̣˹̋ˣ̦˵ʿIX

IP ˟̠̀˵ʼ MAC ˟̠̀˵
˜ʚ˛ʯʺǬˎĞʡʫʺʛ˘

IP ˟̠̀˵ʴʥ˜ˎʺʛ˘
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AKARI ɐɐ ĕĦʿʞʥ˘đ��̃˼˿̢̦˫ƂƑ

214

ǯ2015 �șÍ��ɝɕəɼɿɄȜoĦ·ţȵ�ĐȈȱȂȖȵȪȅ
ȆȔ, NICT* �§ș 2006 �ǺȯȒȓȀȯȲȔǼȍɧɻɍȼɄəʂ 

ǯȧȑȍǾǵȍȯȆǶɝɕəɼɿɄȸɿɂɗɄɔɳȵĥĲȆ, ȋȲșȫ
ȖȓǶȍɝɕəɼɿɄŰŮeȵ!³ȈȱȂȖȵĝĚȖȆȔǶȱʂ 

ǯɄɸɿɽɎɺɿəȵȪȅȆȔǶȱ ǉǉ ȺɽɒɿɝɕəșȖȯȴȲȘǶǊ

*NICT: ŧƔǍĉō�ɉç�Ȋ1
ƂƑĽķɉɌƲ^Ž˂�ȘƪƵɍ

http://akari-project.nict.go.jp/index2.htm
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VNode -- ĕĦʿʞʥ˘̃˼˿̢̦˫�èaƂƑ

215

ǯÐàȜ�ťĚȘɝɕəɼɿɄ�¯MģİɧɻɍȼɄəȖȆȔ ǳ�
¯Mɞɿɚ (VNode) ɧɻɍȼɄəǴ (ʼʱ˂ÚƯ̡̍˴ˣ˫˿) ǻǵȱʂ
ʔVNode ̡̍˴ˣ˫˿ (2009-2010) ʻ˃̧NICT ʼʛʜ�ʻī�̧NTŢ´
�ȊƂƑï̧NEÇĕƔʠDzƂƑʫʺʡʳ̩

ʔũ� (2011-2014) ˃ʱ˂ÚƯ̡̍˴ˣ˫˿ʼʫʺ NICT ˂£ǠƂƑ̡̍
˴ˣ˫˿ʠʭʭ˝ʻʛ˘̩ *NICT: ŧƔǍĉō�ɉç�Ȋ1

ƂƑĽķ (Ʋ^Ž˂�ȘƪƵ)

http://www.nict.go.jp/publication/NICT-News/.../NICT_NEWS_1006_J.pdf
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VNode -- ĕĦʿʞʥ˘̃˼˿̢̦˫�èaƂƑɉɌʸʹʡɍ

216

ǯVNode ɧɻɍȼɄəȜ³ä
ʔ�èā̦̀ (VNode) ʼʛʜǒƶʿ˕ʷʺķîʩ˙˘ŤŪ̃˼˿̢̦˫ 

(̃˼˿̢̦˫�èa�Źʼʛʜ) �ʿ�è̃˼˿̢̦˫ (˵̝ˡ˵ʼʛʜ) ʠ
Ŭîʻʡ˘˕ʜʿʫʳ̩ 

ʔJGN-X ʼʛʜƂƑ̃˼˿̢̦˫�ʻʧ˂̃˼˿̢̦˫�èaĽǀ˜þ*ʫ
ʺʛ˘̩ 
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VNode ʿʞʥ˘�è̃˼˿̢̦˫˂̗˾̟

217

ǯɎɷȺɎ (�¯ɝɕəɼɿɄ)
ʔǃŮʾķȌ˂˵̝ˡ˵˜ʸʣ˘ʧʼʠʻʡ˘:  �é˂3Č˂�è̃˼
˿̢̦˫̥̦̄̀˜ʸʣ˗, ŤŪŶʾ̞̣˫ʿRƢʩ˙ʾʛ�è̞̣˫ʻˏʭ
ˈʧʼʠʻʡ˘̩ 

ʔʘ˵̝ˡ˵ʙ ʼ˕˄˙˘ŪŮ:  ŤŪŶʾ̃˼˿̢̦˫˜�èŶʿJWʫʺ 
(˵̝ˡ˵ʫʺ) �è̃˼˿̢̦˫˜ʸʣ˘ʧʼʠʻʡ˘ʟ˖̩

ʔ�è̦̄̀˂Ľǀ˃ǃŮʿ̡̍ˬ̝̕ʻʡ˘ (̡̍ˬ̝̕ʭ˘áǖʠʚ˘)ɑ
コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

VNode ʿʞʥ˘�è̃˼˿̢̦˫˂̗˾̟ɉɌʸʹʡɍ

ǯ�¯ɞɿɚȖ�¯ɸɽɄ 
ʔ�èaʩ˙ʳ̃˼˿̢̦˫ǸŘ˃˵̞̦̆ (sliver) ʼ˕˄˙˘̩
ʔVNode ̡̍˴ˣ˫˿ʻ˃ʼʣʿ�è̦̄̀˜̦̄̀˵̧̞̦̆�è̞̣˫˜̞
̣˫˵̞̦̆ʼ�˝ʻʛ˘̩ (ʠ̧ʧʧʻ˃˕˗�ǅŶʾŭǩʻʚ˘�è
̦̄̀ʼ�è̞̣˫ʼʛʜʧʼ˄˜ʸʟʜ.)
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VNode ʿʞʥ˘�è̃˼˿̢̦˫˂̗˾̟ɉɌʸʹʡɍ

219

CPU=10Ƌ
̖̗̞ɞ1GB

Å�=1M bps

ǯ�¯ɞɿɚ  (ɞɿɚɎɸɠɿ)
ʔVNode (̡̍ˬ̝̓) F˂ǟƜǸŘ (CPU ęȥ̧̖̗̞ʾʽ) ˜ʚ˖˛ʭ̩ɉ
ʔʞˑʿ̡̍˿˯̟˂HŪ˓RÝʾʽʿʸʟʜ ɐɐ ʱ˂Ľǀ˃ǃŮʿ̡̍ˬ
̝̕ʻʡ˘̩ 

ʔʽ˝ʾ̇˭˼˿̥̋˥̦̓˼˿ʻˑʚʸʟʝ˘ (IP ˓ˡ̦˱̃˼˿ʿʫ˄˖˙
ʾʛ)̩ 

ǯ�¯ɸɽɄ  (ɸɽɄɎɸɠɿ)
ʔʧʼʾ˘ VNode F˂ 2 ʸ˂�è̦̄̀˜ʸʾʤ�è̞̣˫˂̃˼˿̢̦˫
ǸŘ (Å�ʾʽ) ˜ʚ˖˛ʭ̩

ʔʽ˝ʾ̇˭˼˿̥̋˥̦̓˼˿ʻˑʚʸʟʝ˘̩ 
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VNode ˂ķȌɝɉ̡̍ˬ̝̓ʼ̞˺ˡ̠˫˹
ǯɧɻɅɷɮ (Programmer)
ʔ̇˭˼˿˂ZÃ˓ǾȈ>˂ŋ¬ʾʽ 
˂HŪ˜ʞʧʾʜ (ǟƜ / ˵˿̠̦˴̥
̞˸̦˵˜ˑʸ)̩

ʔ̡̍ˬ̝̟̓̌ʾ˂ʻ ʘ̡̍ˬ̝̓ʙ 
ʼ˕ˈ̩ 

ǯɸɓȺɺɄɒ (Redirector)
ʔ̇˭˼˿˜�˂ VNode Ƙʟ˖q1ʫ
ʺ̡̍ˬ̝̓ʿ̞˺ˡ̠˫˿ʫ,  ̡̍ˬ
̝̓ʟ˖˂̇˭˼˿˜�˂ VNode ʾ
ʽʿȈ1ʭ˘ (̃˼˿̢̦˫̥̞˸̦˵
˜ˑʸ)̩

220 コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

VNode ˉ˂�è̃˼˿̢̦˫¬Ƹ
ǯĹđɊɿɠ (ɚɱȺɽɾɈɽəɻɿɷ) ș 

XML ȕůƐȆȍǅǳɎɷȺɎ�ŒǴ ȵǵ
ȍǸȱȖʀɎɷȺɎǻĒ³ȄȲȱʂ 
ʔ̃˼˿̢̦˫ȚƳ˓Ľ�˂Ǣƶʾʽ˂ 
ðȥ˜ʛʷʩʛʟʥʮʿ, ˂ʲˎ˂̃˼˿
̢̦˫˜ʸʣ˘ʧʼʠʻʡ˘̩ 

ǯĐiȝ¶ȕ XML ȵůƐȈȱ¨Ũ
ǻǵȱǻʀGUI ȘȗȕȄȯș�ÒșɎ
ɷȺɎǻůƐȕǼȱȮǷșȈȱȂȖȵ  
ȪȅȆȔǶȱʂ 
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Interop Tokyo ʼ VNode ˂˾̗
ʓ ŅÉ 6 Ġʿ˅˖ʟ˙˘
ˡ̣˹̦̃˼˿Ȧȍ˂ 
¾Ɔ  Interop Tokyo 
ʻ¾Ɔ̥˾̗ʫʺʛ˘̩ 

222

Interop 2010 ˂
 �˂˕ʜʭ 
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ǯ Interop Tokyo ȕȝö
�ǈ ɝɕəɼɿɄë³ș
ǶȳǶȳǾȡǷȵ 
ȂȯȆȔǶȱʂ
ʔCisco, Alaxala ˜˃ʬ
ːɏ �Č˂ Ƈ˂̃˼˿
̢̦˫Ľ�ʠʸʟ˛ 
˙̧¾Ɔʩ˙ʺʛ˘̩ 

ʔv�˃ 2010 É˂ķîɑ

223

Interop Tokyo ʼ VNode ˂˾̗ɉɌʸʹʡɍ
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Interop Tokyo ʼ VNode ˂˾̗ɉɌʸʹʡɍ
ǯNICT ȕȝɦɿɎȵȫǷȀȔwÉ
Ȝģİ�ħȵȆȔǶȱʂ 

ǯȋȜȘǺș VNode Ȝ�ħȫǵ
ȱ (;Ġȝ 2011 �)ʂ

224

VNode
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ƂƑŭ̃˼˿̢̦˫ˉ˂¾Ȥ

ǯJGN-X ȖǶǷ NICT ¿%Ȝģİēɝɕə
ɼɿɄ�ș VNode ȵơŏȆȔʀɝɕəɼɿ
ɄģİŕȘȗǻȒǺǸȱȮǷșȆȔǶȱʂ 
ʔVNode ˃ī�ʿ 2 ţ�ȧ̧{r½̧bȬ̧
ʥʛ˃˝ʾ̧ÂÁʾʽʿx 1 tʚ˘̩
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IP ʿʫ˄˖˙ʾʛ̡̍˿˯̟˂ƂƑ) ɐɐ IPEC
ǯ IPEC (IP Ether Chimera) ȝ VNode ɧɻɍȼɄəȜȘǺȕƥĔ
ǻƩęȆȍ�ǂĚȘɧɻəɈɹʂ 

ǯ IPEC ȜƩęĝĚȝʀIP Ȗ Ethernet ȜDĆȵǺțȋȘǸȍO
ŁȘɧɻəɈɹȵȒǾȱȂȖʂ
ʔEthernet ˂PŞ˃fƣʩ
ʔ IP ˂PŞ˃̃˼˿̢̦˫ʿ̟̦̍˜ǣ²ʭ˘ʧʼ
ʔ IP ʼ Ethernet ʼ˜ʣˎʚ˛ʯ˘ (IP/Ethernet) ʼ̧�Ƽ˂˟̠̀˵˜µã
ʹʥ˘ʳːʿǕȴʿʾ˘ (ARP ʠáǖʿʾ˘)̩

226

˪̞˳̘ƈǧ˂˩̓ˡ̝ 2 Ɛ˂̃˶̔˂˩̖̝
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IP ʿʫ˄˖˙ʾʛ̡̍˿˯̟˂ƂƑ) ɐɐ IPECɉɌʸʹʡɍ

ǯ IPEC ȜȸɚɺɎɾɥȾɿɮɕə

ʔ̑˵˿ ID:ɉɉ˯̣̙̦̊˹ʨʼʿʧʼʾ˘ǲO¦̩
ʔˬ̟̦̍ ID:ɉɉ˯̣̙̦̊˹˂ˬ̟̦̌ʨʼʿʧʼʾ˘ǲO¦̩

ǯ IPEC ȜɡɆɕəɾɥȾɿɮɕə

ʔq1Ƽ˟̠̀˵ (dest addr)
ʔȈ1Ƽ˟̠̀˵ (src addr)
ʔAge:  ǾȈʩ˙˘ʨʼʿ +1 ʩ˙˘ (IP ˂ TTL ʿµã)
ɐɐ ʧ˙˜ʸʟʷʺ̟̦̍˜ˇʯʤ̩

227

ǹȦǸȱ¨Ũ
ȝȘǶ

ǹȦǸȱ¨Ũ
ȝȘǶ
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IP ʿʫ˄˖˙ʾʛ̡̍˿˯̟˂ƂƑ) ɐɐ IPECɉɌʸʹʡɍ

ǯ IPEC ȝ IP Ȗ Ethernet Ȝ�ÎȵǹǼǺǸȱʂ
ʔ�ĦŶʿ˃̃˼˿̢̦˫À (IP ˂ʟ˛˗) ˂̡̍˿˯̟ʴʠ̧Ethernet ˂
ǾȈĽǀˑʞʡʟʝ˘̩ 

ǯ IPEC Ȝ�œȸɹɉɸɏɰ
ʔ3ʗ˂˟̠̀˵ (̑˵˿ ID) ˜©ƹʭ˘˂ʻʾʣ̧ˬ̟̦̍ ID ˜©ƹʭ˘
ʧʼʻ̧�ǘĺʾ̃˼˿̢̦˫ʿȕŭʻʡ˘̩ 

ʔ̇˭˼˿˂ Age ̋ˠ̦̟̀˜Pŭʫʺ̧ʞʾʬ̇˭˼˿ʠǕČ3ʼʽʛʳʼ
ʡ˃ğƁƫǼ˜Ȗóʭ˘̩ 
ʕʱ˙�ȩ˃ğƁƫǼʴʥʠʸʟ˛˙˘̩ 
ʕ̃˼˿̢̦˫ʿ̟̦̍ʠʚʷʺˑ˕ʛ̩ 

ǯ IPEC ȜƈƑȸɹɉɸɏɰ (oàĚșȺɿɊɝɕəȖǹȘȇ)
ʔ©ƹʫʺʛʾʛʚʛʴ˃̡̦̌̀˩̘˵˿ (̝̋˾ˠ̣ˬ) ʭ˘ 
ɐɐ ̇˭˼˿˜˯̦̊ʭ˘̩

ʔ©ƹʫʳʚʼ˃ʱ˂ƬĬʿʫʳʠʷʺ˵ˡ˼˻ʭ˘ 
ɐɐ ̇˭˼˿˜˯̦̊ʫʾʛ)̩

228
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IP ʿʫ˄˖˙ʾʛ̡̍˿˯̟˂ƂƑ) ɐɐ IPEC Ɍʸʹʡɍ

229

ǯPC ȵȒȘǶȕȜ 
IPEC Ȝ�ǂ
ʔ IPEC ˵ˡ˼˻ŭʿ 3 
ţƖĥŭʿ 3 t˂ 
PC ˜ŭéʫʺȊ1ʭ
˘̩ 

ǯVNode ȵ#ēȆȍ�ǂ
ʔ IPEC ˵ˡ˼˻
ŭʿ 3 t˂ɉ
VNodȩƖĥ
ŭʿ˃ 3 t˂ PC ˜ŭ
éʫʺȊ1ʭ˘̩ 
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IP ʿʫ˄˖˙ʾʛ̡̍˿˯̟˂ƂƑ) ɐɐ IPEC Ɍʸʹʡɍ

ǯ IPEC Ȝɘɲɾɣɘȿ (GENI Engineering Conference ȩȀ)
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̝̍ˡ̦̏˿̥̃˼˿̢̦˫ʼ̃˼˿̢̦˫�èa˂ˍʼː

ǯȺɽɒɿɝɕəǺȯǼȰȝȘȄȲȍɧɷȺɩɿəɾɝɕəɼɿɄȕȝ 
ɐɂɴɸɗȹǻĥ*ȆȭȈǾʀ£ãȜɧɻəɈɹșȆȞȯȲȘǶʂ 
ʔ̝̍ˡ̦̏˿̥̃˼˿̢̦˫ʿ˃ŤŪŶʾˑ˂ʼ�èaʩ˙ʳˑ˂ (VPN) ʼ
ʠʚ˘̩ 

ǯ�¯MȄȲȍɝɕəɼɿɄȖȆȔ VLAN ǻǵɸʀ�èȘȗȕȒǺ
ȴȲȔǶȱʂ

ǯ�¯MșȝȒǽȜȮǷȘĮǁǻǵȱʂ 
ʔǹ˂�èaʼȜ˂�èa̧JW��èaʼǌy��èa̩ 
ʔ˯̣̙̦̊˹˂�èaʼ̃˼˿̢̦˫˂�èa̩ 

ǯɝɕəɼɿɄ�¯MȜģİșȮȑȔʀ ɧɻɅɷɮɦɹȕřĕȘɧ
ɻəɈɹǻȒǺǸȱ�¯ɝɕəɼɿɄǻƩęȄȲȒȒǵȱʂ 
ʔ�è̃˼˿̢̦˫ʿʞʛʺ˃,  ̝̍ˡ̦̏˿̥̃˼˿̢̦˫˂PŞ˜ʛʟʫʺ

IP ˓ˡ̦˱̃˼˿ʼ˃ʧʼʾ˘đ̡̍˿˯̟˂®ɇʠǃŮʿʻʡ˘̩ 
ʔ�Űx�ʻđ��̃˼˿̢̦˫˂ƂƑȤųɏ  ʼʣʿ̃˼˿̢̦˫�èa˂
ƂƑ˓®ɇʠʞʧʾ˛˙ʺʛ˘̩ (˟̖̞˧ʻ GENI ʼʛʜ̡̍˴ˣ˫˿̧ĕ
Ħʻ AKARI ˓�èā̦̀ (VNode) Ȥų̥Pŭ̡̍˴ˣ˫˿ʾʽ)̩
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ɛɑɉ̃˼˿̢̦˫̥˱̦̉˵˂�ƅ̡̍˿˯̟ TCP ʼ UDP

ǖŞ
ǯTCP, UDP ȕȝǅǳɭɿəǴǅșȮȑȔʀŧÉȜƔ+ǻ�ŢȆȔȕǼ
ȱȮǷșȆȔǶȱʂ 
ʔ1 3˂ IP ˟̠̀˵ (1 t˂˯̣̙̦̊˹) ʻǕČ˂̦̒˿ʠʸʣ˙˘̩

ǯTCP, UDP ȕȝǅǳɭɿəǴǅșȮȑȔʀȄȧȅȧȘɧɻəɈɹȵȒǺ
ǶȴȀȱȂȖǻȕǼȱʂ 
ʔWeb ˂ʳː˂ HTTP, ̋˞ˡ̟ǾȈ˂ʳː˂ FTPɏɉȷ¦̖̦̟˂ʳː˂ɉ

SMTP ʾʽ˂̡̍˿˯̟ʠʚ˘̩

ǯTCP ȕȝ+ƿɾŗȜȍǺǶƔ+ȵ�ĐȆȔǶȱʂ
ʔ̇˭˼˿ʠǂǉʫʺˑGȈʭ˘̩ 
ʔȊ1Ǽ˜�˂Ȋ1ʼʜˍʣ˛ʥʚʷʺġ\ʿʸʟʜʫʣˎʠʚ˘̩ 

ǯTCP ȝŧÉȜɡɆɕəșȧȍǻȱɱɕɐɿɍȵ�ƑȕǼȱǊ
ʔ̇˭˼˿˂ğ�Ȣ (MTU) ʿʫ˄˖˙ʾʛ̩

232

ǯ IP ȸɚɺɎȎȀȕȝ Ǎ VȜɈɽɤɴɿɒȕŧÉȜƔ+ȆȮǷȖȆ
ȔȫʀǾȤȒȕǼȘǶʂ 

ǯTCP, UDP ȕȝř>Ȗğ¶ȜȋȲȌȲȜ IP ȸɚɺɎșǾȴǸ
ȔʀȋȲȌȲȜɭɿəĘX (1 ～ 65535) ǻ¼�ȕǼȱʂ

ǯɭɿəĘXǻȏǻǷȖʀȂȖȘȱƔ+ȖȨȘȄȲȱʂ 
ʔ1 t˂˯̣̙̦̊˹ʻǕČ˂Ȋ1ʠʻʡ˘̩
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̦̒˿ŲwʼǕČ˂Ȋ1

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̦̒˿ŲwʼǕČ˂Ȋ1ɉɌʸʹʡɍ

ǯɭɿəȃȖșƔ+ğ¶ȝȂȖȘȑȔǶȔȫȮǶȆʀ[�ȕȫȮǶʂ 

234
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IP ̎˼˺ʿʞʥ˘̦̒˿Ųw˂ù¬

235

ǯǳIP ɧɻəɈɹǴǅȝ IP ɨɕɓȜɧɻəɈɹñȕ¼�ȄȲȱʂ
ʔTCP ʾ˖ 6̧ɱɣɮɉʾ˖ 17 ˜ʧʧʿʛ˙˘̩
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IP ̡̍˿˯̟ʨʼʿʡː˖˙ʳ̦̒˿Ųw
ǯHTTP, FTP ȘȗȜɧɻəɈɹȃȖșf�ȜɭɿəĘX (Ȼȼɹɞ
Ȼɽɾɭɿə) ǻȴȰǵȔȯȲȔǶȱʂ
ʔʳʼʝ˄ HTTP ʻ˃ 80 ɐɐ Web ˜ʸʟʜʼʡ˃�ĦŶʿ 80 ˜ù¬ɑ
ʔˢˣ̟̄ˢ̣̥̦̒˿ (well-known port) ˃ 1023 ˍʻ̩
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TCP ˃˯̃˫˳̛̣�̧UDP ˃˯̃˫˳̛̣̠˵�
ǯTCP ȝğ¶Ȗ¾ŊȆȔǺȯƔ+Ȉȱ (= ɈɝɄɌɶɽl)ʂ
ʔȷǧ˜ʟʥʺʟ˖ǧ˜ʭ˘ɏ  ˍʳ˃ļ˜ʟʥʺʟ˖ʼʞ˘ɉ˕ʜʾˑ˂̩ 

ǯUDP ȝ¾ŊȊȉșƔ+Ȉȱ (= ɈɝɄɌɶɽɺɎl)
ʔș.˜ʞʣ˘˕ʜʾˑ˂̩
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TCP ʼ UDP ˂̎˼˺̥̋˥̦̓˼˿

MAC ヘッダ IP ヘッダ TCP ヘッダ
̇˭˼˿̥̋˥̦̓˼˿

ペイロード

■ TCP

■ UDP
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TCP ʼ UDP ˂̎˼˺̥̋˥̦̓˼˿ɉɌʸʹʡɍ

239

ǯTCP ȜYɥȹɿɹɚȜ�ȵŔ²Ȇȍe

http://www.blwisdom.com/word/key/000623.html コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

TCP ʼ UDP ˂̎˼˺̥̋˥̦̓˼˿ɉɌʸʹʡɍ

240

ǯUDP ȜYɥȹɿɹɚȜ�ȵŔ²Ȇȍe

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

TCPɉʼɉUDPɉ˂̎˼˺̥̋˥̦̓˼˿ɉɌʸʹʡɍ

241

ǯ IETF ȜíĄɚɂɴɱɽəȖɡɆɕəɾɥȾɿɮɕəȜťů
ʔTCP ˃ RFC 793ɏɉUDP 
˃ RFC 768 ʼʛʜ 
IETF ˂Ĺř̀˩̙̖̣˿
ʻǘ¬ʩ˙ʺʛ˘̩

ʔRFC ʻ˃!ƭŶʿ�ˑ
Ď§ʻʟʣ̩ 

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

̃˼˿̢̦˫�ʻ˂ TCP ʼ UDP ˂ņŨ
ǯÐàȕȝÚƏ UDP Ȝ#ēǻ¬ƕșȡǸȔǶȱ (ȯȆǶ)
ʔ IIJ ˂Ʋ˿̝̋ˠ˼˫ʿʫː˘ UDP ˂Wy˃

2009 É    2.2%
2010 É    6.8%
2011 É  10.0%
(IIJ Internet Infrastructure Review vo. 8, vol. 12)̩
˂ʧ˗˃ˋʼ˝ʽ TCP̩

ʔ�V˃ˋʼ˝ʽʠ TCP ʴʷʳʧʼʠ˛ʟ˘̩

242 コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

TCP ˂ťß
ǯ4
ƢȜɈɝɄɌɶɽl (connection-oriented) ȜƔ+ 
ʔȷǧ˂˕ʜʿüưʫʺʟ˖Ȋ1ʭ˘̩ 
ʔȷǧ˂˕ʜʿpĒ|zęʿȊ1ʻʡ˘ (A�țȊ1ʭ˘)̩
ʕpĒ|ʻˑzęʿʻʡʾʛ˿̝̣˳̦̆˂˕ʜʾĒÐ˜d�țʼʛʜ̩

(ʳʼʝ˄̧ˡ̦˱̃˼˿ʻ˃A�ţ̦d�ț˂ʽʵ˖ˑȖóʻʡ˘.)

ǯɎəɸɿɰlȜƔ+ (stream-oriented)
ʔ̆ˡ˿f#˂˵˿̞̣ˬ (Ď§L) ˜Ȋ1ʭ˘̩
ʔ˷ˬ̖̣˿ (̇˭˼˿) ˃˾̦˹F²ʿʞʛʺ˃é~˜ˑʳʾʛ̩

243

̎˼˺ ̎˼˺ ̎˼˺

̇˭˼˿
˷ˬ̖̣˿

̇˭˼˿ ̇˭˼˿
˷ˬ̖̣˿ ˷ˬ̖̣˿

˵˿̞̦̕ (̆ˡ˿f#˂ʾʠ˙)

A�țʼd�ț

˷ˬ̖̣˿ğ�Ȣʠ MSS
(Maximum Segment Size)
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TCP ˂˯̃˫˳̛̣ƄƔʼƩ�

244織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

ǯɈɝɄɌɶɽȜĥĲșȝ 3 ȒȜɱɕɐɿɍȵ#ēȈȱ 
(3 ȻȼȺɾɟɽɚɌȼȺɄ)

ǯƔ+Ȝ�Ĭ 
ʔ˯̃˫˳̛̣˂ƄƔ˃Ȋ1ƼʿȦʫʺȺµƍ̩ 
ʔ˯̃˫˳̛̣˂Ʃ� (KĐ) ˃Ȋ1ƼʿȦʫʺµƍ̩
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TCP ˂˯̃˫˳̛̣ƄƔʼƩ�ɉɌʸʹʡɍ
ǯ3 ȻȼȺɾɟɽɚɌȼȺɄǻ¨ŨȘđĕ
ʔ2 ˢˣˡʻ˃̧̖˼˷̦˴ʠʜˍʣʼʽʟʾʟʷʳʼʡʿ̧SYN ˂Ȉ1Ƽ 

(A) ʠ̧q1Ƽ (B) ʠ˯̃˫˳̛̣˜ OK ʫʳ˂ʟʽʜʟ˜ƄǨʻʡʾʛ̩
ʔ̖˼˷̦˴ʠʜˍʣʼʽʟʾʛ˭̦˵ʿ˃ʛ˚ʛ˚ʚ˘ʠ̧ʽ˂˭̦˵ʻˑ 

3 ˢˣˡ̥̣̅̀˳ˣˡ˫ʾ˖ʜˍʣʛʣ̩
ʕSYN ʠʼʽʟʾʛɉɒɉQſʠʞʣ˙˘̩
ʕACK+SYN ʠʼʽʟʾʛɉɒɉQſʠʞʣ˙˘̩
ʕACK ʠʼʽʟʾʛɉɒɉQſʠʞʣ˙˘̩

A B A B
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ǯƔ+ȜȘǻȲȵÔľ@ĚșeħȈȱʂ

ǯUML ȕ�ŒȄȲȔǶȱʂ
ʔɱɫɪɉɞɉunified modeling language (ƭ�̗˾̞̣ˬǝǩ)̩
˸̋˿ˢˣ˟˂�ĸ˜ǡȇʭ˘ʳː˂Ĺřaʩ˙ʳǝǩ̩

OMG ʿ˕ʷʺĹřaʩ˙ʺʛ˘̩
ʔʧ˂˵̝ˡ̀˂˳̦˭̣˵�˃ʟʾ˖ʮʫˑĹřʿřöʫʺʛʾʛ̩ 

˳̦˭̣˵�

Ȋ1Ƽ 1 Ȋ1Ƽ 2

SYN (̖˼˷̦˴)

SYN + ACK

ACK

ęȥ
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TCP ʿ˕˘˾̦˹Ȉq1˂ðȿ
ǯɘɿɒǻȖȗǶȍǺȗǷǺȵƑƚĥŶ (ACK) Ȉȱʂ
ǯOŁȘÎûȝ ACK ǻȖȗǶȔǺȯȒǽȜɘɿɒȵǹǾȱÎûȎ
ǻʀȂȲȕȝŗǻȕȘǶʂ 
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TCP Ɉ1Ƀa˂ʳː˂ʫʣˎɝɉɉȈȓƄǨ
ǯTCP ȕȝɘɿɒǻŃ{ȆȔȫ:ƑȄȲȱʂ
ʔ̇˭˼˿ʿ˳̦˭̣˵Ųw˜ʸʥʺʞʡ̧ʼʽʟʾʟʷʳ̇˭˼˿˜ǲO 

(ȈȓƄǨ) ʫʺ TCP ʠGȈʭ˘̩
ʔUDP ʻ˃GȈ˂ʫʣˎʠʾʛ˂ʻ̧áǖʾ˖˟̞̍˭̦˳̛̣ʠƥ ˜Ĵ
IʫʺGȈʭ˘áǖʠʚ˘̩ 
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TCP Ɉ1Ƀa˂ʳː˂ʫʣˎɝɉɉȈȓƄǨɉɌʸʹʡɍ
ǯƑƚĥŶȜȍȪʀTCP ɨɕɓ8ȜȒǽȜɥȹɿɹɚǻȒǺȴȲ
ȱʂ
ʔ˳̦˭̣˵Ųw

ʔƄǨãƙŲw

ʔACK ̝̋ˬ
A�țȊ1A�țȊ1
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TCP Ɉ1Ƀa˂ʳː˂ʫʣˎɝɉɉ̇˭˼˿˂GȈ
ǯƑ+/ȕɒȺɮɿșȮȱ:ƑE¤ȵǹȂȘǷʂ 
ʔʼʽʣ˃ʮ˂̇˭˼˿ʠʼʽʟʾʛʼʡ (ACK ʠʼʽʟʾʛʼʡ) ˃̧GȈ
ʭ˘̩ 
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TCP Ɉ1Ƀa˂ʳː˂ʫʣˎɝɉɉǾȈRÝ
ǯT+/ȕɌɿɆɽɎĘXȵȨȔʀȒǽȜ<đȵȈȱʂ 
ʔ̇˭˼˿˂ʾ˖ˊʟʝ:  ˳̦˭̣˵Ųw˂ȿʿʾ˖ˊ˘̩
ʔțǕȫm:  z�˳̦˭̣˵Ųw˂̇˭˼˿ʠǕČ3ʼʽʛʳ˖̧˅ʼʸʴ
ʥʿʭ˘̩ 
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ǯƑƚĥŶ (ACK) ȵɡɆɕəȃȖȕȘǾʀȧȖȪȔǹȂȘǷȂȖȕǄ
ŗMȵȝǺȑȔǶȱʂ 
ʔ̇˭˼˿ʨʼʿƄǨʭ˘ʼ̧ȔǻȵȊ1ʻ˃Ȋ1ȋÌʠŝŖʭ˘̩ 

TCP Ɉæǀa˂ʳː˂ʫʣˎɝɉɉˢˠ̣̀ˢRÝ
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TCP Ɉæǀa˂ʳː˂ʫʣˎɝɉɉˢˠ̣̀ˢRÝɉɌʸʹʡɍ

253

ǯɘɿɒT+ǻĥŶȄȲȱȃȖșʀƑ+/ȕȻȹɽɚȻȵȉȯȈʂ

ˢˠ̣̀ˢ

q1ʮˎ ĤȈ1ɉɌȈ1ʫʺ˃ʛʾʥʛɍ

q1ʮˎ ĤȈ1

ˢˠ̣̀ˢ

Ȉq1sǀ

ę
ȥ
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TCP Ɉæǀa˂ʳː˂ʫʣˎɝɉɉˢˠ̣̀ˢRÝɉɌʸʹʡɍ

ǯMSS (ÚxɐɅɱɽəƨ) Ȗ RWIN (T+ȻȹɽɚȻɾɊȺɏ) ȵȒ
ǺȑȍE¤

Ȉ17ʼq17
ʼʻɉɫɯɯɉʼˢˠ̣
̀ˢ̥˱ˡ˶˜ʚ
˛ʯ˘̩Ɍq17
˂ǣ²Ȝ˜ʧʝʺ
Ȉ1ʭ˘ʼÎĳʩ
˙˘ʟˑʫ˙ʾʛɍ
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ǯTCP ȕȝƑ+/ȕƔ+č±ȵ¸ÁȆȔǈǅ  ȻȹɽɚȻE¤șȮȑ
ȔƔ+ƤȵJĂȈȱʂ 
ʔʛ˚ʛ˚ʾRÝʿPŭʻʡ˘̩ 
ʔq17ʻˢˠ̣̀ˢ̥˱ˡ˶˜ù¬ʭ˘ʧʼˑʻʡ˘̩ 

ˢˠ̣̀ˢ˜PŭʫʳRÝɝɉ̡̦̋RÝ̥ȄȃRÝ

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

ˢˠ̣̀ˢ˜PŭʫʳRÝɝɉ̡̦̋RÝ̥ȄȃRÝɉɌʸʹʡɍ

ǯTCP ȜȻȹɽɚȻɾɊȺɏȖƔ+ƤȖȜƫ(
ʔ̇˭˼˿˂ØÞęȥ˜ RTT Ƌʼʭ˘̩ɐɐɉȈq1Ƽȥ˜ØÞʭ˘ęȥ
ʔˢˠ̣̀ˢ̥˱ˡ˶˜ w ʼʭ˘ʼ̧1 3˂̇˭˼˿˂Ȉ1ʿ RTT / w Ƌʟʟ
˘̩

256

Ȉ1Ƽ q1Ƽ

ȆǻȵɉɌ$ȏÏɍɉ˂ʼʡ

RTT

ƄǨãƙʠʟ
ʝʷʺʛ˘˂ʻ̧
ʸʢ˂̇˭˼˿˜
Ȉ1ʻʡ˘̩

Ȉ1Ƽ q1Ƽ

ȔǻȵɉɌɈȏÏɍɉ˂ʼʡ

RTT

ƄǨãƙʠʟ
ʝʷʺʛʾʛ˂
ʻ̧ʸʢ˂̇
˭˼˿˃Ȉ1ʻ
ʡʾʛ̩

˓ʷʼȈ1GȤ

ˢˠ̣̀ˢ̥
˱ˡ˶˃ɉɗ
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ˢˠ̣̀ˢ˜PŭʫʳRÝɝɉ̡̦̋RÝ̥ȄȃRÝɉɌʸʹʡɍ

ǯɥɻɿE¤:  TCP ȕȝT+/ȕ<đǻȧșǵȴȘǾȘȰȋǷȘȖ
ǼȝʀȻȹɽɚȻȵȏȐȪȱʂ 

ǯƌƋE¤:  TCP ȕȝɝɕəɼɿɄǻĀȶȕǶȱȂȖ (ƌƋ) ȵç
ġȈȱȖȻȹɽɚȻȵȏȐȪȔƔ+ƤȵȣȯȈʂ 
ʔʽʜ˓ʷʺȄȃ˜ƀ˘˂ʟ?
ʕ̇˭˼˿˂Îĳ˜Ȅȃ˂=4ʼˎʾʭ̩ 

ʔʾʰȄȃʭ˘ʼˢˠ̣̀ˢ˜ʵʶː˘˂ʟ?
ʕˢˠ̣̀ˢ˜ʵʶː˘ʼȄȃʠȀŖʩ˙˘ʼʟ˝ʠʝ˖˙˘ʟ˖̩ 
ʕ�˂Ȋ1ʼ˂D¨˜ːʪʫʺʛ˘̩ 

ʔȄȃRÝʠʜˍʣ]'ʭ˘ʼ˃ʟʢ˖ʾʛ (Ȕìʫʭʢ˘ʧʼʠʚ˘)̩

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

ˢˠ̣̀ˢ˜PŭʫʳRÝɝɉ̡̦̋RÝ̥ȄȃRÝɉɌʸʹʡɍ

ǯTCP ȜƌƋE¤ǻǷȧǾǶǾȖǼȖʀǷȧǾǶǺȘǶȖǼ
ʔɴʜˍʣʛʣ)ɵɉȄȃŞʿʞʥ˘Ȋ1ʠʭˊʺ TCP ʾ˖̧ʜˍʣʛʣ̩
ʕȄȃʭ˘ʼˎ˝ʾʠˢˠ̣̀ˢ˜ʵʶːʺȊ1Ȝ˜ˉ˖ʭʟ˖̩ 

ʔɴʜˍʣʛʟʾʛ)ɵɉUDP ʠʚ˘ʼʜˍʣʛʟʾʛ̩
ʕUDP Ȋ1ʻ˃Ȅȃ˜Ĵƀʫʾʛ˂ʻ̧UDP ʠ_ʸ (Ȋ1Å�˜ŧ
gʭ˘ʟˑʫ˙ʾʛ)̩

ǯTCP ū] (TCP friendliness)
ʔTCP ��˂̡̍˿˯̟ʻˑȄȃęʿȊ1Ȝ˜ˉ˖ʫʺ TCP ʼÅ�˜˛ʥ
ʚʜʧʼ̩ 

258
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UDPɉ˂Ľǀ

259

http://www.blwisdom.com/word/key/000625.html

ǯUDP ȝ IP ȜðŗșƑT+ɭɿəȜ¼�ȖŸȰç= (ɔȼɕɄɊ
ɰ) ȜðŗȎȀȵȒȀǾȴǸȱʂ
ʔTCP ˂˕ʜʾɈ1Ƀa˓Ɉæǀa˂ʳː˂Ľǀ˃ʾʛ̩
ʔUDP ˂Ĺř̀˩̙̖̣˿ RFC 768 ˃ 3 ̦̐˴ʫʟʾʛ̩
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UDPɉ˂ťß
ǯɸȸɹɒȺɰȜƔ+șƜȆȔǶȱʂ 
ʔɈ1Ƀæ˕˗$ȏÏʻʚ˘ʧʼʠțǖʾȊ1ʿ|ʛʺʛ˘̩ 

ǯTCP ȕȝȕǼȘǶ 1 �wǅȭǅw�wǅȜƔ+ǻȕǼȱʂ
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TCPɉʼɉUDP
ǯɥȷȺɹȵƈƑȈȱȖǼȝ,  ɡɆɕəǻƓ�ȕ�æȄȲȔȫřL
Ěșb¥ȆȔǾȲȱ TCP ȜȥǷǻ'Dȕǵȱʂ
ʔUDP ˜ʸʟʜʼ̧˟̞̍˭̦˳̛̣ʠ̇˭˼˿˂GȈ˜RÝʭ˘áǖʠŬ
ʬ˘̩
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TCPɉʼɉUDP (ʸʹʡ)
ǯȏǶȄȘɱɕɐɿɍȵǹǾȱșȝ UDP ȜȥǷǻKďǻȮǶʂ
ʔTCP ʻ˃üư˂ǵǈ (ęȥ̧ǾȈȜ) ʠʞʞʡʛ̩
ʔɰɢɮɉʻ˃̎˼˺ʠʞʞʡʛʳː̧˾̦˹ʠºȜʴʼ\Ũʠ˛˘ʛɉɌǾȈ
Ȝɍ̩
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TCPɉʼɉUDP (ʸʹʡ)
ǯɸȸɹɒȺɰȕǵȱȂȖǻƢŨȘȖǼȝʀTCP ȜɡɆɕə:Ƒȝ
ȇȬȧșȘȱʂ 
ʔ˾̦˹ʠʱ˚ʜˍʻ˟̞̍˭̦˳̛̣ʿ˛ʳʩ˙ʾʛʟ˖̩ 

®Ō	Ư˂)
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ǯɦɻɿɚɂɳɎəȆȍǶȖǼȝʀǤǙǢǅȕȝȕǼȘǶȜȕǅǥǚǢǅȵȒ
ǺǷʂ
ʔTCP ˂˯̃˫˳̛̣˃ 1 対 1 ʿʟʢ˖˙ʺʛ˘˂ʻ̧̡̦̌̀˩̘˵˿˃

ʻʡʾʛ̩ 

ĈȈ˂)

TCPɉʼɉUDP (ʸʹʡ)
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TCPɉʼɉUDP (ʸʹʡ)
ǯȧȖȪ
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TCP, UDP ��˂˿̝̣˵̦̒˿̡̥̍˿˯̟
ǯTCP, UDP �vȜɧɻəɈɹȜ¨Ũ
ʔTCP ˂ťß˂ʜʵ˂�ȗʴʥ˜Pŭʫʳʛʧʼʠʚ˘ɉ
ɐɐ ʳʼʝ˄Ɉ1Ƀæ˃ˋʫʛʠ˵˿̞̦̕�ʻʾʛˋʜʠ˕ʛʼʡ̩

ʔUDP ˜Ɉ1Ƀaʭ˘˂˃̡̍ˬ̝̣̔ˬ˂ǵǈʠʳʟʛ̩

ǯȒǽȜȮǷȘɧɻəɈɹǻǵȱʂ
ʔȼ�̧]ůʾʽ˂̞˟̟˹ˡ̕!Ȉ˂ʳː˂ RTP̩
ʔ̆ˡ˿f#ʻ˃ʾʛ˵˿̞̦̕!Ȉ˂ʳː˂ SCTP̩
ʔ˵˿̞̦̕ʻ˃ʾʛfŧ˂̖˼˷̦˴˂Ɉ1Ƀ!Ȉ˂ʳː˂ɉDCCP 

(Datagram Congestion Control Protocol)

ǯTCP, UDP ȖǾȯȤȱȖʀȋȲ�vȜəɷɽɎɭɿəȜ#ēȝȉȑ
ȖȈǾȘǶʂ 
ʔUDP ˂dJ�� (2008 Éʻ 2% ��̧2010 Éʻ 4% �� (IIJ))
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TCP, UDP ��˂˿̝̣˵̦̒˿̡̥̍˿˯̟ɉɌʸʹʡɍ

267

ǯRTP (Real-time Transport Protocol)
ʔȼ�,  ]ůʾʽ˂˾̦˹̥˵˿̞̦̕˂̞˟̟˹ˡ̕ǾȈ˂ʳː˂̡̍˿˯
̟ʻʚ˘̩ 

ʔ IP ȷǧ (?ȷǧʾʽ) ʻʸʟ˛˙ʺʛ˘̩
ʔRÝ˂ʳː˂̡̍˿˯̟ RTCP (Real-Time Control Protocol) ʠʚ˛ʯ
ʺʸʟ˛˙˘̩ 

RTP

Copyright (c) 2002 Nikkei Business Publications, Inc.
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TCP, UDP ��˂˿̝̣˵̦̒˿̡̥̍˿˯̟ɉɌʸʹʡɍ

268

ǯSCTP (Stream Control Transmission Protocol)
ʔ2000 Éʿ IETF ʻ¬Ƹʩ˙ʳ̧ʚʳ˖ʫʛ̡̍˿˯̟̩
ʔʸʢ˂ťß˜ TCP ʼDġʫʺʛ˘: ȄȃRÝ̧QſȿÊ0ǥ (GȈRÝ)ɉ
ʔTCP ʼʵʠʷʺ SCTP ˃̠̦̋̕˂L˜ʚʸʟʜ (̆ˡ˿Lʻ˃ʾʛɍ̩
ʔTCP ʿ˃ʾʛʛʣʸʟ˂
ťß˜ˑʷʺʛ˘̩ 
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̃˼˿̢̦˫̥˱̦̉˵˂�ƅ̡̍˿˯̟ TCP ʼ UDP ˂ˍʼː

ǯTCP, UDP ȕȝǅǳɭɿəǴǅșȮȑȔʀŧÉȜƔ+ǻ�ŢȆȔȕǼ
ȱȮǷșȆȔǶȱʂ

ʔɔɉ3˂ɉɨɮɉ˟̠̀˵ɉɌɔɉt˂˯̣̙̦̊˹ɍɉʻǕČ˂̦̒˿ʠʸʣ˙˘̩

ǯTCP, UDP ȕȝǅǳɭɿəǴǅșȮȑȔʀȄȧȅȧȘɧɻəɈɹȵȒǺ
ǶȴȀȱȂȖǻȕǼȱʂ

ʔ̋˞ˡ̟ǾȈ˂ʳː˂ FTPɏɉȷ¦̖̦̟˂ʳː˂ SMTP, Web ˂ʳː˂ɉ
HTTP ʾʽ˂̡̍˿˯̟ʠʚ˘̩

ǯTCP ȕȝ+ƿɾŗȜȍǺǶƔ+ȵ�ĐȆȔǶȱʂ
ʔ̇˭˼˿ʠǂǉʫʺˑGȈʭ˘̩

ʔȊ1Ǽ˜�˂Ȋ1ʼʜˍʣ˛ʥʚʷʺġ\ʿʸʟʜʫʣˎʠʚ˘̩

ǯTCP ȝŧÉȜɡɆɕəșȧȍǻȱɱɕɐɿɍȵ�ƑȕǼȱǊ
ʔ̇˭˼˿˂ğ�Ȣ (MTU) ʿʫ˄˖˙ʾʛ̩

269

IP ˟̠̀˵
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Ɨ 2 �ɉ̠̦̒˿ǮɄ
ǯźǀ: Ⱥɽɒɿɝɕə�șǵȱ Web ɊɿɠȖɄɷȺȸɽə (Web 
ɦɷȻɋ) ȖȜǵǶȎȜƔ+ȜȮǷȈȖʀƓ�șǵȱɹɿɒȜč
±ȵůƐȈȱȂȖʂ 
ʔ̃˼˿̢̦˫˃ʭʣʾʣʼˑ 2 t˂̟̦˹˜ˇʣˏ̩
ʔ̃˼˿̢̦˫˂ķȌ (˱̌̃˼˿˜ˇʣˏ) ˜ʡː̧IP ˟̠̀˵˜ʸʥ˘̩
ʔ IP Ȋ1ɝɉɉ̟̦˽ˠ̣ˬ̥˽̦̟̌˂F²˜ʡː̧IP Ȋ1˂˕ʜʭ˜ǡȇʭ
˘ (˵˹˽ˠ˼˫̥̟̦˽ˠ̣ˬʼʟ˝ʠʝʺ˕ʛ)̩

ʔTCP Ȋ1:  ˯̃˫˳̛̣ƄƔʼ˾̦˹Ȋ1˂˕ʜʭ˜ǡȇʭ˘̩
ʕ̟̦˹˃ TCP ̎˼˺˜ˎʾʛ˂ʻ̧˱̦̆ɉɐɉ˫̝ˡ˟̣˿ɉʴʥ˂
˳̦˭̣˵ʼ̧Ether-IP-TCP ˂Ȧ/ʴʥ˜ǡȇʭ˙˄˕ʛ̩ 

270
IP ˟̠̀˵ i1

IP ̃˼˿̢̦˫

LAN

i0 IP ̃˼˿̢̦˫

LAN
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Ɨ 2 �ɉ̠̦̒˿ǮɄ (ʸʹʡ)
ǯâ�
ʔ˱̌̃˼˿˂˟̠̀˵˃ʸʢ˂ʾʟʟ˖̝̣˺̕ʿʡː˘̩ 

10.0.0.0/8, 172.16.0.0/16, 172.17.0.0/16, 
192.168.1.0/24, 192.168.2.0/24, 192.168.3.0/24

ʔʽ˂˕ʜʿʟ˝ʠʝʺƙı˜ǡȇʫʳʟ˜ 10 ǍƏÌʿˍʼː˘ 
(ƛĩĞʡʿʭ˘˂ʠ˕ʛ)̩

ǯ¿=ÎûȘȗ
ʔƤʻ (̠̦̒˿ŭƤƘʿĞʛʺ / A4 �ǹƤʿhSʫʺ) þIʭ˘˂ʠ�
Ħ̩ʫʟʫ̧ŪŮʠʚ˙˄ Kuport Ƙʻȷ¦ŶʿþIʭ˘ʧʼˑs̩ 

ʔĢȪ:  7 Ġ 13 ĕɉɌ�ɍ (ÕĕþIʻʡʾʥ˙˄̧�Vʿ Kuport ƘʻþI
ʭ˘ʧʼ̩ 22 ĕ�ȩʿþIʫʺˑÜŞ˃ʚʳʝʾʛ)

ǯ½ĆÎû
ʔ15 ŞŗŞ
ʔˍʵʠʛʠʾʥ˙˄ 15 Ş̧ˍʵʠʛ 1 �ʨʼʿ�ĦŶʿ -1 Ş̩
ʔʣˇʜʠʚ˘ƙıʿ˃ğ� 5 ŞZƜ (5 3ˍʵʠʛʠʚʷʺˑŗŞʿʾ˗ʜ
˘)ɑ
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Ɨ 2 �ɉ̠̦̒˿ǮɄ˂ʳː˂̣̈˿

272

ǯ��ȜȝɢɽəȘȜȕʀ
ʔ�˂Ēō˜ʸʟʷʺˑ˕ʛ̩ 
ʔ��˂ǡȇ˜ˍˁʫʺˑ̧ʧʳʝʿ˃ʾ˖ʾʛ̩ 

ǯɝɕəɼɿɄȜëƖȖ IP ȸɚɺɎȵǼȪȱʂ
ʔʩʛʧ˚˜ˇʷʺ (ˍʳ˃ʣʬÑʡ̧ʚˎʴʣʬʾʽʻ) ˱̌̃˼˿˜ʡː̧
̟̦˹˂˟̠̀˵˜ʡː˘̩ 

ǯɹɿɗȹɽɅɾɗɿɦɹȜ8�ȵǼȪȱʂ 
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Ɨ 2 �ɉ̠̦̒˿ǮɄ˂ʳː˂̣̈˿ɉɌʸʹʡɍ

ǯY LAN ȜȘǺȕ ARP șȮȰ MAC ȸɚɺɎȖ IP ȸɚɺɎǻ�
©ȓȀȯȲȱȖȆȔʀǘǣǢǅȜƔ+ȵůƐȈȱ (̇˭˼˿̥̋˥̦̓˼˿ˍ
ʻĞʟʾʣʺ˕ʛ)ʂ
ʔ 3 ʸ˂ LAN ʼˑzĸʾ˂ʻ̧PC ʠʚ˘ LAN ʴʥǡȇʭ˙˄˕ʛ̩
ʔ LAN ʻ˂Ȋ1ʿ˃ MAC ˟̠̀˵ʠáǖʴʠ̧PC ˃ɉARP ʿ˕ʷʺ̟̦˹˂ 

MAC ˟̠̀˵˜ˑʼː˘̩

ǯȒǽșʀIP Ɣ+ǻȗǷȭȑȔ�ĐȄȲȱǺȵǺȶǻǸȱʂ
ʔ̟̦˽ˠ̣ˬ̥˽̦̟̌ʠʽ˂˕ʜʿʸʟ˛˙ʺ̧IP ̇˭˼˿ʠ PC - ˱̦
̆ɉȥʻǾȈʩ˙˘ʟ˜ǡȇʭ˘̩ 

ʔ IP ̃˼˿̢̦˫ʻ˃ȊÆ̧̟̦˽ˠ̣ˬ̥˽̦̟̌˂F²˃˺ˡ́̔˼˫̥
̟̦˽ˠ̣ˬʻʡˍ˘ʠ̧ʱ˂ȑƏˍʻǡȇʫʾʣʺ˕ʛ̩
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IP ̃˼˿̢̦˫
LAN

PC ˃̟̦˹˂ 
IP ˟̠̀˵˜ƀʷʺʛ˘

(˾̋˥̟˿̥̟̦˿) 

PC ˃ ARP ʿ˕ʷʺ̟̦
˹˂ MAC ˟̠̀˵˜ƀ˘

PC ʟ˖˂ ARP ǖňʿãƙʭ˘
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Ɨ 2 �ɉ̠̦̒˿ǮɄ˂ʳː˂̣̈˿ɉɌʸʹʡɍ

274

ǯTCP șȮȱƔ+ȵ PC -ɊɿɠǅƪȜɌɿɆɽɎeșȮȑȔůƐ
Ȉȱʂ
ʔ˳̦˭̣˵˃˯̃˫˳̛̣ƄƔʟ˖˃ʬˍ˗˯̃˫˳̛̣Ʃ�ʻʞ˛˘̩ 
ʔ˯̃˫˳̛̣ƄƔʿʸʹʛʺ̧PC ʟ˖˱̦̆ʿ TCP ʿ˕˘ Web (HTTP) ˂ǖň
˜Ȉ1ʭ˘̩(ǖň̖˼˷̦˴˃ 1 3˂ IP ̇˭˼˿ʿʞʩˍ˘ʼʭ˘.)

ʔ PC ˃˱̦̆ʟ˖ TCP ʿ˕˘ Web ˂ãƙ˜q1ʭ˘̩(ãƙ̖˼˷̦˴˃ˢˠ̣
̀ˢ̥˱ˡ˶˜ʧʝ˘3Č˂̇˭˼˿ʿ˛ʟ˙˘ʼʭ˘.)

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

ɜɑɉˡ̣˹̦̃˼˿�˂̃˼˿̢̦˫̥˱̦̉˵

ǖŞ

ǯƪȖȜȺɽɒɥȼɿɎȕȝ IP ȸɚɺɎȕȘǾɚɱȺɽ\ȵ#ēȈ
ȱʂ
ʔ̖̀ˡ̣{˜ IP ˟̠̀˵ʼµãʹʥ˘˂ʠ DNS̩

ǯTCP �ȜɧɻəɈɹȵȒǺȑȔʀȄȧȅȧȘɊɿɣɎǻ¿%ȄȲ
ȔǶȱʂ
ʔHTTP ˜ʸʟʷʳ Web 
ʔFTP ˜ʸʟʷʳ̋˞ˡ̟ǾȈ
ʔSMTP, POP, IMAP ʾʽ˜ʸʟʷʳȷ¦̖̦̟

ǯUDP �ȜɧɻəɈɹȵȒǺȑȍɊɿɣɎȫǵȱʂ
ʔSIPɉʼ RTP ˜ʸʟʷʳɉIPɉȷǧ
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̖̀ˡ̣{˳˵˽̕ (DNS) ˂áǖæ

織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

ǯ IP ȸɚɺɎȝƪǻ#ēȈȱȜșƜȆȔǶȘǶʂ
ʔʾˍʝ˜ʟʝʳʣʾʛʠ̧˱̦̆˂ƎǾʾʽʻ IP ˟̠̀˵˂�ĝʠáǖ
ʾʧʼʠʚ˘̩ 

ʔ IP ˟̠̀˵˃Č6ʾ˂ʻ̧ʞˌʝʿʣʛ̩
ǯɊɿɠȘȗșǹȦǸȭȈǶȘȧǸȵȒȀȱȜǻ DNS (Domain 

Name System)
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DNS ˂Ľǀ
ǯDNS șȮȑȔɈɽɤɴɿɒȭɹɿɒȜȘȧǸ (ɫɎə\) Ȗ IP ȸ
ɚɺɎǻ�©ȓȀȯȲȱʂ 
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DNS ˂ĽǀɉɌʸʹʡɍ
ǯDNS șȮȑȔƮ�ĚȘȘȧǸǅǆɚɱȺɽ\ǇǅǻȒȀȯȲȱʂ
ʔʾˍʝ˂ȮÀ˃ IP ˟̠̀˵˂ȮÀʼ˃ŧƔ̩
ʔʧʼʾ˘�ïʿʚ˘ʞʾʬƪƵ˂˱̦̆˜ʞʾʬ̖̀ˡ̣ʿʞʣʧʼʠ 
ʻʡ˘̩ 

ʔ̖̀ˡ̣{ʸʡ˂̑˵˿{˜ FQDN (fully-qualified domain name) ʼʛʜɉ
(www.google.co.jp = www (̑˵˿{) + google.co.jp (̖̀ˡ̣{))̩
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ǯɚɱȺɽ\ȝƮ�ĚȘëƖ (ÞëƖ) ȵȆȔǶȱʂ

̖̀ˡ̣{˂ȮÀķȌ
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ǯəɕɧɺɩɹɾɚɱȺɽ (TLD) ȖȆȔȝgɈɿɚȵȒǺǷȜǻ�ś
Ěʂ 

ǯȺɽɒɿɝɕəęĩȜjȕǵȱȸɱɸɀȝ�GǺȯȄȧȅȧȘəɕ

ɧɺɩɹɾɚɱȺɽȵȒǺȑȔǼȍʂ 

ǯ2001 ��Ƭʀ.info, .biz, .coop, .museum, .name ȘȗȜǵȍ
ȯȆǶ TLD ǻȒǾȯȲȍʂ

˿˼̠̟̥̖̍̏̀ˡ̣{
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ǯÐàȝ TLD ȖȆȔ jp ȵȒǺȑȔǼȍǻʀÚƏȝřĕMȄȲʀw
ìMȆȔǶȱʂ

ʔ�V˃˟̖̞˧	àʿʸʟ˛˙ʺʛʳ .com, .org, .net ʾʽ˃ĕĦʻˑʸ
ʟʝ˘˕ʜʿʾʷʳ̩ 

ʔ2001 É�ȩʿʸʣ˖˙ʳ .biz, .info ʾʽ˂̖̀ˡ̣{˃̧˃ʬːʟ˖ĕĦ
ʻˑʸʟʝ˘̩ 

ĕĦ˂̖̀ˡ̣{
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ǯɚɱȺɽ\ș�©Ȉȱ IP ȸɚɺɎǻġȰȍǶȖǼȝʀɝɿɰɾ
ɊɿɠșȖǶǵȴȊȱʂ

̖̀ˡ̣{ǜŋ˂ʫʣˎ

ɮɢɉʿ̦̃̕˱̦̆˜ŴȠʭ˘
(DNS = 192.168.1.1 -- ̡̦̣̟̦̌̀̆̀˹˃
̦̃̕˱̦̆ˑʟˁʺʛ˘ʧʼʠʞʞʛ)
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̖̀ˡ̣{ǜŋ˂ʫʣˎɉɌʸʹʡɍ

ǯ1 VȜ DNS ɊɿɠǻȈȤȔȜɚɱȺɽ\ȵġȑȔǶȱȴȀȕȝ
ȘǾʀDNS ɊɿɠȗǷȆȕƔ+ȆȔ IP ȸɚɺɎȵȫȖȪȱʂ
ʔʱ˂ʳː DNS ˉ˂ʼʛʚ˛ʯʿ˃Č 10 Ƌ˂ęȥʠʟʟ˘ʧʼˑʚ˘̩
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織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative
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WWW (ˢˣ̌) ˂ʳː˂ 3 ʸ˂�Ħñǎ
ǯWebǅɪɿɍůƐŭŷ HTML (HyperText Markup Language)
ǯWebǅȜȸɚɺɎǅURLǅȧȍȝǅURI (Unified Resource Locator/

Identifier)ǲ
ǯWebǅȜɗɂɎəȵƑ+ȈȱȍȪȜɧɻəɈɹ HTTP (HyperText 

Transfer Protocol)
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WWWɉɌˢˣ̌ɍɉ˂ʳː˂ǡȇǝǩɉHTML
ǯWebǅɪɿɍȵůƐȈȱȍȪȜŭŷǻ HTML (HyperText 

Markup Language)
ǯHTML ȜČ¦
ʔHTML ˃̦̓˫˟˼̍ǝǩʻʚ˘̩
ʔHTML ĎĞ˃̅ˡ̦̇˽˩˵˿ʻʚ˘̩
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ǯHTML ÊØȝǅǳɒɅǴǅșȮȑȔëƖȭťħûǻǼȪȯȲȱʂ
ǯɒɅȵȒǺȑȔ�ȜɥȷȺɹ (Ė0ʀɧɻɅɷɰȘȗ) ǻȖȰȂȪ
ȱʂ 

HTML ˃̦̓˫˟˼̍ǝǩʻʚ˘
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HTML ĎĞ˃̅ˡ̦̇˽˩˵˿ʻʚ˘
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ǯɸɽɄȵɄɸɕɄȈȱȖ�Ȝ HTML ÊØ (ɪɿɍ) ǻRĉȕǼȱʂ

______________

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9 288

URL
ǯWebǅɪɿɍȘȗȵžCȈȱȍȪȜȸɚɺɎǻǅURLǅȧȍȝ URI 

(Unified Resource Locator/Identifier) ȖȮȞȲȱʂ
ʔ):  http://www.google.co.jp/
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HTTP
ǯWebǅȜɗɂɎəǅǆɟȺɡɿɗɂɎəǇǅȵǹǾȱȍȪȜɧɻəɈɹǻǅ

HTTP (HyperText Transfer Protocol) ȕǵȱʂ
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˫̝ˡ˟̣˿̥˱̦̥̆˳˵˽̕ʼʫʺ˂ WWW
ǯHTTP ȝ Web ɄɷȺȸɽəǅǉ Web ɊɿɠǅƪȜɧɻəɈɹ
ʔ1 t˂ Web ˱̦̆˜ǕČ˂˫̝ˡ˟̣˿ʠzęʿ˟˫˷˵ʻʡ˘̩

ǯHTTP ȝǅŨù©ķlȜɧɻəɈɹǖǅǅŨùȖ©ķȵǾȰǺǸȈ
ʔǖň (request) -- ˫̝ˡ˟̣˿ʟ˖˱̦̆ˉ

ʔãƙ (reply) -- ˱̦̆ʟ˖˫̝ˡ˟̣˿ˉ

290

HTTP/1.1 200 OK
Date: Sat, 06 Jul 2013 07:01:26 GMT
Server: Apache/1.3.42 (Unix) mod_ssl/2.8.31 OpenSSL/0.9.8e
Last-Modified: Sun, 17 Mar 2013 12:28:21 GMT
ETag: "54ac-5145b6e5"
Accept-Ranges: bytes
Content-Length: 21676
Content-Type: text/html

<?xml version="1.0" encoding="UTF-8"?>
<!DOCTYPE HTML PUBLIC "-//W3C//DTD XHTML 1.0 Strict//EN"
 "http://www.w3.org/TR/xhtml1/DTD/xhtml1-strict.dtd">
<html xmlns="http://www.w3.org/1999/xhtml" xml:lang="en" lang="en">
... 

GET / HTTP/1.1
Host: www.kanadas.com
... 
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˫̝ˡ˟̣˿̥˱̦̥̆˳˵˽̕ʼʫʺ˂ WWW (ʸʹʡɍ

ǯŨùǉ©ķǅȜǾȰǺǸȆ

291

ǖň

ãƙ

ǖň

ãƙ

ʕɉ˱̦̆ʟ˖ˎʳʼʡ ʕɉ˫̝ˡ˟̣˿ʟ˖ˎʳʼʡ

ǖň

ãƙ

ǖň

ãƙ

ʕɉũ�ʻ˃ƯưŶʾǖňɐãƙ˂ʳː˂ʫʣˎˑʚ˘̩

ǖň

ãƙ

ǖň

ãƙ
ǖň

ãƙ

˷˩̙˟ʾ WWW Ȋ1˂ʳ
ː˂̡̍˿˯̟ HTTPS ʿʞʛʺ 
ǖň-ãƙ ʨʼʿǨǥʭ˘˂˃
ʞˑʭʢ˘̩ 
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Web ˫̝ˡ˟̣˿ɉɌ̝̌ˢ˲ɍ

292

URL ˜ù¬ʭ˘

Web ̦̐˴ʠǐƆʩ˙˘

Internet Explorer 10
Firefox 13

NCSA Mosaic

Netscape Navigator

NCSA = ɬɷʇɾʃʂɷʀɉɢɺʂʇɺʅɉ
ɻʃʅɉɯʈʄɺʅɸʃʁʄʈʇɾʂɼɉ
ɠʄʄʀɾɸɷʇɾʃʂʆɉɌˡ̞̄ˡ�
©ʿʚ˘ơ�Ɣ˵̦̦̇
˯̣̙̦̊˹ãŭƂƑï) 
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telnetɉ˯̣̓̀ʻɉWebɉ˱̦̆ʿ˟˫˷˵ʫʺˎ˕ʜ

ǯ telnet ɈɮɽɚȵȒǺȑȔ Web ɊɿɠșȸɄɐɎȕǼȱʂ
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$ telnet www.kanadas.com 80
Trying 219.94.162.224...
Connected to kanadas.com.
Escape character is '^]'.
GET / HTTP/1.1
Host: www.kanadas.com

HTTP/1.1 200 OK
Date: Sat, 06 Jul 2013 07:01:26 GMT
Server: Apache/1.3.42 (Unix) mod_ssl/2.8.31 OpenSSL/0.9.8e
Last-Modified: Sun, 17 Mar 2013 12:28:21 GMT
ETag: "54ac-5145b6e5"
Accept-Ranges: bytes
Content-Length: 21676
Content-Type: text/html

<?xml version="1.0" encoding="UTF-8"?>
<!DOCTYPE HTML PUBLIC "-//W3C//DTD XHTML 1.0 Strict//EN"
 "http://www.w3.org/TR/xhtml1/DTD/xhtml1-strict.dtd">
<html xmlns="http://www.w3.org/1999/xhtml" xml:lang="en" lang="en">
<head> ... </head>

<body>

<h1><a href="/Kanada.html">Yasusi Kanada</a>'s Hub Page
  <small>(Home Page Ver. 4)</small>
</h1>
... 

Macbook ˂ Web 
˱̦̆ʻ®Ŝ

TCP ̦̒˿ 80

telnet ˑ TCPɉ˜(ŭʭ˘
˟̞̍˭̦˳̛̣˂˅ʼʸ
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CLI ʼ GUI
ǯƪǻɈɽɤɴɿɒșȸɄɐɎȈȱoàĚȘÎûȝ 2 Ȓǵȱʂ
ʔCLI (Command-Line Interface):  ˯̣̓̀˜Ď§ʿ˕ʷʺ@Xʭ˘̩

ʕĊƊĞʿ˃ CUI ʼĞʛʺʚ˘ʠ̧ʧ˙˃ Japanese English̩

ʔGUI (Graphical User Interface):  ǙǚŶʿǐƆʩ˙ʳ̖̙̦̂ʟ˖̧̓
ˢ˵ʾʽ˂̒ˡ̣˽ˠ̣ˬ̥˾̆ˡ˵ʻȖóʭ˘̩ 
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  CLI
(Command-Line Interface)

CLI ʼ GUI

CLI

  GUI
(Graphical User Interface)
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telnet ʿ˕˘̞̗̦˿˟˫˷˵
ǯƛƯȜɈɽɤɴɿɒȵ CLI ȕ#ēȈȱșȝ telnet ǻȒǺȴȲȔ
Ǽȍʂ
ʔʸʢ˂˕ʜʾ˯̣̓̀˜(ŭʭ˘̩ 
ʕtelnet XXXXXXXX.co.jp 23
ʕtelnet XXXXXXXX.co.jp

ʔʽ˝ʾ˯̣̓̀ʻˑ@Xʻʡ˘ (ʾ˝ʻˑʻʡ˘) ˂ʻÔX̩
ʔ̇˵̢̦̀˜˓ˈ˖˙˘ʼȺÆʿiȭ̩ 
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TCP ̦̒˿ 23

TCP ̦̒˿˃Žűʻʡ˘̩
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Ď§f#ʻ]'ʭ˘ telnet
ǯ telnet ȕȝ 1 Ê~ 1 ɡɆɕəȕǹǾȱȜǻoà
ʔ̞̗̦˿̥̑˵˿�˂˟̞̍˭̦˳̛̣˃ 1 Ď§˂@XʻŦë�aʭ˘s
ǀæʠʚ˘ʟ˖̩ 

ʔʫʟʫ̧1 Ď§ʮʸʞʣ˘˂˃ȺÆʿ\Ũʠ˛˘ʛɉ
(ȊÆ˃Ǎf#ʻcJ)̩
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̋˞ˡ̟ǾȈʼ̋˞ˡ̟Dġ

ǯƛƯȜɈɽɤɴɿɒșǵȱɥȷȺɹȵDēȈȱÎûȝ 2 Ȓǵȱʂ
ǯ1) ɥȷȺɹƈƑ:  ɥȷȺɹȵɈɤɿȆȔʀȋȲȌȲǻ#ēȈȱʂ
ʔʴ˙ʟʠ̋˞ˡ̟˜ĝđʫʺˑ̧ˋʟ˂˅ʼ˃ˑʼ˂̋˞ˡ̟˜ˎ˘̩ 
ʔFTP ʼʛʜ̡̍˿˯̟˜(ŭʫʺ˯̦̊ (˟˼̡̧̦̍̀˺ˢ̡̣̦̀) ʭ˘̩
ʔğȆ˃ FTP ˂ʟ˛˗ʿ ssh ʼʛʜ̡̍˿˯̟˜(ŭʭ˘ʧʼʠ�ʛ̩

ǯ2) ɥȷȺɹ6Ü:  ȟȖȒȜɥȷȺɹȵȨȶȘȕ#ēȈȱʂ
ʔʴ˙ʟʠ̋˞ˡ̟˜ĝđʭ˘ʼ̧ˋʟ˂˅ʼˑĝđʩ˙ʳ̋˞ˡ̟˜ˎ˘̩ 
ʔ):  Windows ʻ˂̋˞ˡ̟Dġʿ˃ Server Message Block (SMB) ʼ
ʛʜ̡̍˿˯̟˜(ŭʭ˘̩ 

297
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̋˞ˡ̟ǾȈ˂̡̍˿˯̟ɉFTP
ǯɥȷȺɹƈƑșȝɘɿɒƑ+ēȖE¤ēȜ 2 -Ȝ TCP ɭɿə 

(20, 21) ȵ#ēȈȱʂ
ǯ¾ŊÔșȝɵɿɋȵɡɎɼɿɚȕŶŲȈȱʂ
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CLI ʿ˕˘ FTP:  FTPɉ˱̦̆ʿ˟˫˷˵ʫʺˎ˕ʜ

ǯ ftp Ɉɮɽɚȵ#ēȈȱʂ
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MacBook-Kana:~ yk$ ftp ftp.riken.go.jp
Connected to riksun.riken.go.jp.
220 ::ffff:134.160.38.1 FTP server ready
Name (ftp.riken.go.jp:yk): anonymous
331 Anonymous login ok, send your complete email address as your password
Password: XXXXXXXX
230--------------------------------------------------------------------------
   This ftp/http/rsync service is an unsupported service of RIKEN
 Nishina Center for Research Support. Use entirely at your own risk
 - no warranty is expressed or implied. All transfers are logged.
 Request and questions should be sent to <admin@ftp.riken.jp>
 
 (news) 2009.03.27 ftp.riken.jp is connected to WAN at 10 Gbps.
 --------------------------------------------------------------------------
230 Anonymous access granted, restrictions apply
Remote system type is UNIX.
Using binary mode to transfer files.
ftp> ls
229 Entering Extended Passive Mode (|||6944|)
150 Opening ASCII mode data connection for file list
drwxr-xr-x   5 archive  archive        49 Jun 24  2011 11
drwxr-xr-x   3 root     root           20 Apr 13 08:44 12
drwxr-xr-x   3 root     root           23 Jun 24  2011 13
drwxr-xr-x   3 root     root           19 Jun 24  2011 14
lrwxrwxrwx   1 archive  archive        11 Aug 24  2010 CTAN -> tex-archive
drwxr-xr-x  17 archive  archive      4096 Jun 23 16:20 FreeBSD
…
ftp> get …

BȤʩ˙ʳ FTP ˱̦̆˃̦̚˲
{ anomymous ʻ˟˫˷˵ʻʡ˘̩ 

BȤʩ˙ʳ FTP ˱̦̆˂): 
Ūa©ƂƑï˂ FTP ˱̦̆ɉ
(riken = ŪƂ̧go = ĉËĽȦ)

Macbook ˂ FTP 
˱̦̆ʻ®Ŝ
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CLI ʿ˕˘ FTP:  FTPɉ˱̦̆ʿ˟˫˷˵ʫʺˎ˕ʜɉɌʸʹʡɍ

ǯǜǤǢǅȜɈɮɽɚ

ʔ ftp ʼʛʜ̡̍ˬ̝̕ʿ˃ʩˍʪˍʾ˯̣̓̀ʠŭéʩ˙ʺʛ˘̩
ʔˑʷʼˑ�ĦŶʾ˂ʠ get ʼ put
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̋˞ˡ̟˜
˟˼̡̦̍̀ʭ˘

̋˞ˡ̟˜
˺ˢ̡̣̦̀ʭ˘
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GUI ʿ˕˘ FTP:  Web/·ŭ˫̝ˡ˟̣˿

301

Internet Explorer

FFFTP

URL ʼʫʺ ftp://... ˜ù¬ʭ˘̩
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2 ʸ˂ telnet ˷˼˳̛̣ʿ˕˘ FTP ˂˳̙̠̦̔˳̛̣
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SSH ʿ˕˘˷˩̙˟ʾ̋˞ˡ̟ǾȈʼ̡ˬˡ̣
ʓFTP ʼ telnet ˂ǨǥĒō˃̇˵̢̦̀Ǩǥʿʟʢ˖˙ʺʛ˘̩
ʓ̇˵̢̦̀Ǩǥ˃˓ˈ˖˙˓ʭʛ˂ʻ̧ğȆ˃ɉFTPɏɉtelnet ˜Ɖŀ
ʫʺ̧BȤȡǨǥ˜ʸʟʜ SSH ʴʥ(ŭʻʡ˘˱̦̆ʠ�ʛ̩
ʔSSH (˷˩̙˟̥˳ˣ̟) ʻ˃ TCP ̦̒˿ 22 (ʴʥ) ˜(ŭʭ˘̩
ʔ ftp ʿµãʭ˘˯̣̓̀˃ sftp̩
ʔ telnet ʿµãʭ˘˯̣̓̀˃ ssh̩
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MacBook-Kana:~ yk$ sftp XXXXXXXX@kanadas.com
ykanada@kanadas.com's password: XXXXXXXX 
Connected to kanadas.com.
sftp> ls
AI-index.html                               AI-misc.html                                
…
sftp> get …

MacBook-Kana:~ yk$ ssh XXXXXXXX@kanadas.com
ykanada@kanadas.com's password: XXXXXXXX
Last login: Sun May  6 17:24:06 2012 from 110.5.47.94
Copyright (c) 1980, 1983, 1986, 1988, 1990, 1991, 1993, 1994
 The Regents of the University of California.  All rights 
reserved.

FreeBSD 7.1-RELEASE-p16 (SAKURA11S) #12: Mon Oct  3 17:12:59 JST 2011

Welcome to FreeBSD!

%ls
MT-5_04-ja.zip   mt504.tgz
…

Macbook ˂ ssh 
˱̦̆ʻ®Ŝ

Macbook ˂ ssh 
˱̦̆ʻ®Ŝ
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SSH ʿ˕˘˷˩̙˟ʾ̋˞ˡ̟ǾȈʼ̡ˬˡ̣ɉɌʸʹʡɍ

304

Tera term pro șȮȱ Linux ɮɌɽȣȜɻɅȺɽ

WinSCP șȮȱɥȷȺɹƈƑ
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ȷ¦̖̦̟ʼ̖̦̟˱̦̆

ǯƹ}ɱɿɹȝɱɿɹɊɿɠŇĕȕơƑȈȱʂ

ʔŁƄʿ˃Ȉ1ʼq1ʿ˃ʧʼʾ˘˱̦̆˜(ŭʭ˘̩

ǯɱɿɹɊɿɠǻǵȲȞʀǶȒȕȫɱɿɹȜƑ+ɾT+ǻȕǼȱʂ
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ȷ¦̖̦̟˂̖˼˷̦˴ÖÐ

ǯƹ}ɱɿɹȜ��ȝȽɽɩɻɿɧȖɱɕɐɿɍȖȕë³ȄȲȱʂ 
ǯȽɽɩɻɿɧȝɱɿɹɾɊɿɠȜȍȪȜ®pȕǵȰǈ  ɵɿɋșȝ
ȨǸȘǶʂ 

ǯɱɕɐɿɍȝɵɿɋȜȍȪȜȫȜȕǵȰʀɊɿɠȝȨȘǶʂ 
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ǯƹ}ɱɿɹȜȸɚɺɎȝɵɿɋ\ȖɚɱȺɽ\Ȗȕë³ȄȲȱʂ

ǯƹ}ɱɿɹȝ¼�ȄȲȍɚɱȺɽȜɱɿɹɾɊɿɠșơƑȄȲȱʂ

ʔDNS ʠ̖̦̟˱̦̆˜ƀʷʺʛ˘˂ʻ̧̖̀ˡ̣ʴʥù¬ʭ˙˄˕ʛ̩

ȷ¦̖̦̟˂˟̠̀˵
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ǯÐàŷȜƹ}ɱɿɹȝ ISO-2022-JP ȖǶǷÊ~ɈɿɚȕůƐȈ
ȱȂȖșǼȧȑȔ (íĄMȄȲȔ) Ƕȱʂ

ǯÐàŷȜÊ~ɈɿɚȖȆȔȝĐiȕȝ UTF (ɵɜɈɿɚ) ǻȒǺ
ȴȲȱȂȖǻwǶǻʀƹ}ɱɿɹȜíĄȝȋȜȧǸșǼȧȑȍʂ 

ǯÐàŷȜÊ~ɈɿɚȝǶȳǶȳǵȱȜȕ,  uÀɯɎȘȗșȮȑȔ
Ê~MȀȵǹȂȆȭȈǶʂ 

ĕĦǩ˂ȷ¦̖̦̟
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ȷ¦̖̦̟ʼ MIME (̓ˡ̕)
ǯƹ}ɱɿɹȕ ASCII Ɉɿɚ�vȜɘɿɒȵǹǾȱȖǼȝ MIME 

(Multipurpose Internet Mail Extensions) ȖǶǷÎûȵȒǺǷʂ
ʔĕĦǩ (ISO-2022-JP) ˜ʞʣ˘˂ʿˑ MIME ˜(ŭʭ˘̩
ʔUTF-8 ʾʽ̧�˂Ď§˯̦̀˜ʞʣ˘ʧʼˑʻʡ˘̩
ʔů:̧ȼ�ʾʽˑʞʣ˘ʧʼʠʻʡ˘̩ 

ǯPCǅȘȗǺȯɱɿɹɊɿɠșɱɿɹȵƑ+ȈȱȖǼȝʀSMTP 
(Simple Mail Transfer Protocol) ȵ#ēȈȱʂ
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ȷ¦̖̦̟Ȉ1˂ʳː˂̡̍˿˯̟ɉSMTP
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ȷ¦̖̦̟Ȉ1˂ʳː˂̡̍˿˯̟ɉSMTP (ʸʹʡ)

ǯSMTP ȝ push lȜɧɻəɈɹȕǵȱʂ
ʔ̖̦̟q1ŭ˂˯̣̙̦̊˹ʻ̧Æę̧˱̦̆˜]'ʩʯʺʛ˘ʧʼʠ�
Ħʻʚ˘̩ 

ǯɡɑɈɽȝ#ēÔȎȀƅLȈȱȂȖǻwǶȜȕʀpush lȕȝ
ɱɿɹȵȖȰȋȂȘǷUŗǻǵȱʂ 
ʔ̖̦̟˂Ȉ17˃Ȉ1ʿîYʭ˘ˍʻ̖̦̟˜0Ɲʭ˘ʠ̧ ʛʸˍʻˑ
Ȉ1ʩ˙ʾʛsǀæʠʚ˘̩ 

ǯPOP, IMAP ȖǶǷɧɻəɈɹȵ#ēȈȲȞʀȂȜ_ǀȵȄȀȱȂ
ȖǻȕǼȱʂ 
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ȷ¦̖̦̟q1˂ʳː˂̡̍˿˯̟ɉPOP
ǯPCǅȘȗȕɱɿɹȵT+ȈȱȖǼȝʀPOP (Post Office Protocol) 
ȖǶǷɧɻəɈɹȵ#ēȈȱʂ 

312

織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative
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ȷ¦̖̦̟q1˂ʳː˂̡̍˿˯̟ɉPOP (ʸʹʡ)
ǯPOP ȝ pull lȜɧɻəɈɹȕǵȱʂ
ʔ̦̚˲˃̖̦̟˜q1ʫʳʛʼʡʴʥ POP ʻ̖̦̟̥˱̦̆ʿǖňʭ˙
˄˕ʛ̩ 

ʔǖňʩ˙ʾʛʟʢ˗̧ ̖̦̟̥˱̦̆ʠ˫̝ˡ˟̣˿ʿ̖̦̟˜Ȉ1ʭ˘ʧ
ʼ˃ʾʛ̩ 

ʔʱ˂ʳː̧ ̖̦̟̥˫̝ˡ˟̣˿˃�¬ęȥʨʼʿ̖̦̟̥˱̦̆ʿ̦̞̒
̣ˬ (ʣ˗ʟʝʫ̧ʼʛʚ˛ʯ˘ʧʼ) ʭ˘˕ʜʿʾʷʺʛ˘̩
ʕ̖̦̟̥˫̝ˡ˟̣˿˂Ǣ¬ʻ̦̞̣̒ˬ˂ȥȯ˜Ǣ¬ʭ˘̩
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ȷ¦̖̦̟q1˂ʳː˂̡̍˿˯̟ɉIMAP

314
織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

ǯɱɿɹȜT+ȜȍȪȜɧɻəɈɹȖȆȔ IMAP (Internet 
Message Access Protocol) ȫǵȱʂ
ʔq1ʫʳ̖̦̟˜˱̦̆7ʻƝŪʫʳʛʼʡʿ˃ IMAP ˜ʸʟʜ̩
ʔǕČ˂ɉPCɉʾʽʻ̖̦̟˜Ǭˏʼʡ˃ IMAP ˂ˋʜʠ.Pʻʚ˘̩
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ȷ¦̖̦̟q1˂ʳː˂̡̍˿˯̟ɉIMAP (ʸʹʡ)

ǯ IMAP ȫ pull lȜɧɻəɈɹȕǵȱʂ
ʔ̖̦̟̥˫̝ˡ˟̣˿˂]' (̦̞̣̒ˬʾʽ) ˃ POP ˂ʼʡʼzĸ̩

315
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ȷ¦̖̦̟Ȉq1˂ʳː˂Ǣ¬

ǯWindows Ȝ Outlook Ȝ$
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SIPɉʿ˕˘ IP ȷǧ̥˽̠̉ȷǧ
ǯ5šƹųŋ (PSTNʀƹųȜɝɕəɼɿɄ) ȝȺɽɒɿɝɕəȕǹ
ǼǺǸȯȲȒȒǵȱʂ 
ʔPSTN = Public Switched Telephone Network.
ʔNTT ˃ 2025 Éˍʻʿ IP ̃˼˿̢̦˫ʿƎǍʭ˘¬̩

ǯȺɽɒɿɝɕə�ȕȜƹų (IP ƹų) ȘȗȜE¤ȜȍȪșʀ
SIP (Session Initiation Protocol) ǻȟȳȧȰȒȒǵȱʂ
ʔSIP ˃ IP, TCP ʾʽʼzĸʿ IETF ʻĹřaʩ˙ʳ̩
ʔSIP ˃ȷǧ·ŭʻ˃ʾʣ̧ŉŭ˂˷˼˳̛̣RÝ̡̍˿˯̟ʻʚ˘̩

ǯ IP ƹųȕȝǅSIP ȖɘɿɒƔ+ēɧɻəɈɹȖȵ"ēȈȱʂ
ʔ̞˟̟˹ˡ̕ȼ�̥]ůȊ1ʿ˃ Real-time Transport Protocol (RTP) 
˜(ŭʭ˘̩ 
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IP ȷǧ˂Ķǖ

318

ǯSIP ȕ (SIP ɧɻɂɌŇĕȕ) ɐɕɌɶɽȵĥĲȆʀ
ǣǤǢǅȕğ¶ȖĞ¾ƺtƔ+Ȉȱʂ 
ʔÛĪ˂ȷǧʻ˃RÝˑȼ�Ȋ1ˑ�ÿĽ˜ʼʞʫʺʛʳ̩ 
ʔʳʴʫ̧Ȉ1Ƽʼq1Ƽʼʻȼ�˂̡̍˿˯̟ʠʧʼʾ˘ʼʡʾʽ˃̧ ȼ�
ʿˑRÝǒƶʠ��ʭ˘̩ 

SIP

Copyright (c) 2002 Nikkei Business Publications, Inc.

˽̠̉ȷǧʾ˖ȼ�ʴʥʻʾʣ 
ů:ˑȊ1ʭ˘̩
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SIP ˂�#̡̍˿˯̟ʼ 3 ˢˣˡ̥̣̅̀˳ˣˡ˫
ǯSIP ȝ TCP ȵȒǺǷȂȖȫȕǼȱǻʀUDP ȵȒǺǷȂȖȫȕǼ
ȱʂ
ʔ1Ƀæʠ˅ʣʛ UDP �ʻˑ1Ƀæ˜Ƅ0ʭ˘ʧʼʠʻʡ˘̩
ʔʱ˂ʳːʿ TCP ʼzĸʿüưęʿ 3 ˢˣˡ̥̣̅̀˳ˣˡ˫˜ʸʟʜ̩

319

TCP SIP

ɖɉˢˣˡ̥
̣̅̀˳ˣˡ˫ɉ
ɌʚʼʻǫĖʭ˘ɍɉ
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SIP ˂ťß

320

ǯSIP ȝ HTTP șȏǺǶɐɕɌɶɽE¤ēɧɻəɈɹʂ
ʔʘ˷˼˳̛̣ʙ ˃ ʘ˯̃˫˳̛̣ʙ ʿʵʟʛĶäʴʠ̧ˑʷʼɈÌʾRÝʠʻ
ʡ˘üư˂ʧʼ˜ʛʜ̩ 
ʕOSI ʻ˃Ɨ 5 À (˷˼˳̛̣À)̩ˡ̣˹̦̃˼˿ʻ˃˟̞̍˭̦˳̛̣
Àʿʞʥ˘üư̩

ǯSIP ȕȝƑ+ŕȖT+ŕȝ�ĬʀȒȧȰȗȏȯȫɊɿɠșȘȰʀ
ȗȏȯȫɄɷȺȸɽəșȘȱʂ
ʔHTTP ʻ˃̦̚˲ʠ˫̝ˡ˟̣˿ʼʫʺ˱̦̆ʿ˟˫˷˵ʭ˘ʼʛʜ̧Ⱥµ
ƍ˂Ȋ1˜ʭ˘̩
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SIP ˂ťßɉɌʸʹʡɍ
ǯHTTP Ȗ[ìșɗɂɎəɾɩɿɎȜɧɻəɈɹȕǵȱʂ
ʔʧ˙ʿµʫʺÛĪ˂ȷǧ˂̡̍˿˯̟˃̆ˡ̡̞̥́̍˿˯̟ʻʚ˘̩ 
ʔSIP ̖˼˷̦˴˂) (żð˂˕ˆʴʫ):

321

   INVITE sip:bob@biloxi.example.com SIP/2.0
   Via: SIP/2.0/TCP client.atlanta.example.com:5060;branch=z9hG4bK74bf9
   Max-Forwards: 70
   From: Alice <sip:alice@atlanta.example.com>;tag=9fxced76sl
   To: Bob <sip:bob@biloxi.example.com>
   Call-ID: 3848276298220188511@atlanta.example.com
   CSeq: 1 INVITE
   Contact: <sip:alice@client.atlanta.example.com;transport=tcp>
   Content-Type: application/sdp
   Content-Length: 151

   v=0
   o=alice 2890844526 2890844526 IN IP4 client.atlanta.example.com
   s=-
   c=IN IP4 192.0.2.101
   t=0 0
   m=audio 49172 RTP/AVP 0
   a=rtpmap:0 PCMU/8000

̖˼˷̦˴˂ȚȈ>

żð˂ URI (ȷǧŲwʿżÕ)

ǃJ˂ URI (ȷǧŲwʿżÕ)

TCP ˜(ŭ (UDP ʻʾʣ)
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SIP Ȋ1ʿŴ�ʭ˘×Ƽʳʵ

322

ǯSIP Ɋɿɠ
ʔRÝȊ1˜	Ưʭ˘˱̦̩̆ 

ǯɵɿɋɾȽɿɍȼɽə (UA)
ʔ̦̚˲˂ʳːʿȊ1ʭ˘ˤ̦˴ˣ̣˿ (�ŪƼ)
ʔ IP ȷǧʻʛʝ˄ȷǧĽ
ʔUA ˃˫̝ˡ˟̣˿ʼ˱̦̆˂
Ľǀ˜�Ēˑʸ:
● UAC (User Agent Client)
● UAS (User Agent Server) SIP

UAC UAS

INVITE ǖň

INVITE ãƙ

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

SIPɉʿ˕˘ɉIPɉȷǧ˂˳̦˭̣˵

323

ǯƺtƔ+șȝ 
RTP ȵȒǺǷʂ
(ɸȸɹɒȺɰƔ
+ȩȀȜðŗȵȡ

ǾȶȕǶȱȍȪ)ʂ
ǯƔ+E¤șȝǅ

SIP/UDP ȵȒǺǷ
ȂȖǻǹǹ Ƕ 
(SIP/TCP ȮȰ
ɊɿɠƁŝǻȟǾ

Ƕȍ Ȫ)ʂ

http://itpro.nikkeibp.co.jp/article/COLUMN/20091001/338200/?SS=imgview&FD=55062768

ɖɉˢˣˡ̥
̣̅̀˳ˣˡ˫

ɰɢɮɉ˂ʼʡ˃ʾʣʺˑ
�Ʉ˃ʞʧ˖ʾʛʠ̧ãƙ
ʭ˘ʧʼʿʾʷʺʛ˘̩
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ˡ̣˹̦̃˼˿�˂̃˼˿̢̦˫̥˱̦̉˵˂ˍʼː

ǯƪȖȜȺɽɒɥȼɿɎȕȝ IP ȸɚɺɎȕȘǾɚɱȺɽ\ȵ#ēȈ
ȱʂ
ʔ̖̀ˡ̣{˜ IP ˟̠̀˵ʼµãʹʥ˘˂ʠ DNS̩

ǯTCPǅ�ȜɧɻəɈɹȵȒǺȑȔʀȄȧȅȧȘɊɿɣɎǻ¿%ȄȲ
ȔǶȱʂ
ʔHTTP ˜ʸʟʷʳ Web
ʔFTPɉ˜ʸʟʷʳ̋˞ˡ̟ǾȈ
ʔSMTP, POP, IMAP ʾʽ˜ʸʟʷʳȷ¦̖̦̟

ǯUDPǅ�ȜɧɻəɈɹȵȒǺȑȍɊɿɣɎȫǵȱʂ
ʔSIPɉʼ RTP ˜ʸʟʷʳɉIPɉȷǧ

324
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ɔɓɑɉ̃˼˿̢̦˫̥˷˩̙̞˽ˠ

ǖŞ

ǯɝɕəɼɿɄ�ȜŘ|ȖɐɂɴɸɗȹȜĥ* 
ʔ̃˼˿̢̦˫�ʿ˃ŷƽ̧	ȥƼćĄ̧DoS ćĄ̧ʾ˗ʭˍʫʾʽ˂ǁ¤
ʠʚ˘̩ 

ʔ˷˩̙̞˽ˠƄ0˂ðńʼʫʺ˃̧̃˼˿̢̦˫˂ȯȵ̧Ǩǥ̧Ǩsʠʚ˘.
ǯɝɕəɼɿɄȜƟ>ƯƶȜȍȪɥȷȺȸȻȾɿɹǻȒǺȴȲȱʂ 
ǯÖXșȝ6ƔƧÖXȖ5ƩƧÖXǻǵȰʀ ¢ŕȵ#ēȆȔ 

Web ȜÖXMɾŶŲ (TLS/SSL) Șȗǻ�ĐȄȲȔǶȱʂ 
ǯŶŲȜȍȪ ɡɎɼɿɚȭ5ƩƧÖXȵ#ēȆȍƹ}Ő\ǻ#
ēȄȲȱʂ 

ǯȸɄɐɎïƭȜŶUșȫȖȓǶȔʀ ɥȷȺȸȻȾɿɹȘȗȕȝɭ
ɸɌɿŪFȘȗșȫȖȓǾȸɄɐɎE¤ǻǹȂȘȴȲȱʂ 

ǯćō LAN ȜɐɂɴɸɗȹȜȍȪ, WEP, WPA, TKIP ȘȗʀȄȧȅ
ȧȘÎûǻƩęȄȲȔǶȱʂ 
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̃˼˿̢̦˫�˂ǁ¤

ǯěŖ (eavesdropping)
ʔȊ1Ǽ�˂Ĝwaʫʺʛʾ 
ʛ̇˵̢̦̀˜ˀʭˏʾʽ̩  

ǯ�ƪŕÅÃ
(man-in-the-middle attack)
ʔȊ1ƫǼ˜_ðʿ�ĝʭ˘ 
ʾʽʫʺŷƽʫʳ˗, ̖˼˷̦ 
˴˜ʟʡʟʝʳ˗ʭ˘ʾʽ̩ 

ǯDoS ÅÃ 
(denial-of-service attack)
ʔ˱̦̆ʿ�Ȝ˂̇˭˼˿˜ 
Ȉ1ʫʺ˱̦̉˵ʻʡʾʣʭ 
˘ʾʽ̩ 

ʔ�Č˂ǽˎt˜ʸʟʜˑ˂˜ 
DDoS (Jċ DoS) ʼʛʜ̩

326http://ma-ke.blog.ocn.ne.jp/security_trend/2008/10/3_944e.html

http://ma-ke.blog.ocn.ne.jp/security_trend/2010/04/37ddos_021f.html
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̃˼˿̢̦˫�˂ǁ¤ɉɌʸʹʡɍ

ǯȘȰȈȧȆ (spoofing)
ʔʿʯ˂˱̦̆˓ 
ʿʯ˂̦̚˲ʿ 
8ǒʫʺ̇˵̢̦̀
ʾʽ˂ç�˜ˀʭ

ˏ̩ 

327

http://www.yomiuri.co.jp/net/column/security/20050928nt0c.htm
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˯̣̙̦̊˹ˉ˂-@˂Ēōʼµƚ

ǯɄɷɕɀɿ (ɟɕɀɿ) ȝŶŲȜsȵȭȢȑȔ&3Ȉȱʂ
ʔ̞̗̦˿̥˟˫˷˵ʫʺ̧ ˵̦̦̦̇̚˲˂̇˵̢̦̀˜ˀʭ˝ʻ-@ʭ
˘̩ 

ʔĜw˜(ŭʫʳǨǥʾ˖̧ÈĎʿ˕˘Ǩǥ˕˗ªAʻʚ˘̩  
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˷˩̙̞˽ˠƄ0˂ʳː˂Ēō

ǯɝɕəɼɿɄȜƯƶ 
ʔ̝̍ˡ̦̏˿̥̃˼˿̢̦˫˜ķƠʫʺ̧ ŤŪŶˍʳ˃ǰŪŶ
ʿˡ̣˹̦̃˼˿ʟ˖ȯȵʩ˙ʳū�˜ʸʣ˘̩ 

ʔŤŪŶʿ«Aʿȯȵʭ˘˂ʠˑʷʼˑ˷˩̙˟ʴʠ̧ ʱ˙ʠʻʡʾʛʼʡ
˃ˡ̣˹̦̃˼˿ʼ˂ʚʛʴʿ̋˞ˡ˟ˢ˥̦̟˜Ǣƶʭ˘̩ 

ǯÖXM (encryption)
ʔȊ1F²ʠĜwaʩ˙ʺʛ˙˄̧ŷƽʩ˙ʺˑç�śŏʫʾʛ̩

ǯŶŲ (authentication)
ʔ�ʾʽʠ̃˼˿̢̦˫˓Ȋ1˜Pŭʭ˘ĻȪ˜ˑʷʺʛ˘ʧʼ˜ƄǨʭ˘̩ 
ʔǨǥ˂ðńʼʫʺ̇˵̢̦̀˓ȷ¦ǥĖĞʾʽʠʚ˘̩ 

ǯŶU (authorization)
ʔ̃˼˿̢̦˫˓ǸŘ (˱̦̆ʾʽ) ʿ˟˫˷˵ʭ˘ĻȪ˜Ǣ¬ʭ˘̩
ʔǨǥʩ˙ʳ (˟ˡ˾̣˽ˠ˽ˠʠƄƔʩ˙ʳ) ̦̚˲ʨʼ̧ˍʳ˃ʱ˙��
˂̦̚˲ (�Ù) ʿĻȪʠǢ¬ʩ˙˘̩ 

329

ʓ ȯȵ

ʓ Ĝwa

ʓ Ǩǥ

ʓ Ǩs
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̝̍ˡ̦̏˿̥̃˼˿̢̦˫ʿ˕˘ȯȵ

ǯɧɷȺɩɿəɾɝɕəɼɿɄȵȒǾȱȂȖȕȺɽɒɿɝɕə 
ǺȯƯƶȄȲʀɐɂɴɸɗȹǻĥ*ȕǼȱʂ 
ʔŤŪŶʾ̝̍ˡ̦̏˿̥̃˼˿̢̦˫ʼ�èŶʾ̝̍ˡ̦̏˿̥̃˼˿̢̦˫ 

(VPN) ʼʠʚ˘̩

ǯ�4șƯƶȈȱȖ�'ȘȜȕʀɥȷȺȸȻȾɿɹȵ#ēȈȱʂ 

330

ʓ ȯȵ

ʓ Ĝwa

ʓ Ǩǥ

ʓ Ǩs

VPN 1

…
…

…
VPN n

ŤŪ̃˼˿̢̦˫

�ĵï c11 �ĵï c12

�ĵï cn1 �ĵï cn2
�è̟̦˹ �è̟̦˹

̟̦˹ ̟̦˹
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̋˞ˡ˟ˢ˥̦̟ʿ˕˘̃˼˿̢̦˫˂ȯȵʼüư

ǯvƟɝɕəɼɿɄǺȯ�4șƯƶȕǼȘǶȖǼʀɥȷȺȸȻȾɿɹ 
ȵŰŏȆȔ8Ɵ (ņŎ8ɝɕəɼɿɄ) ȵŘ|Ǻȯȧȫȱʂ 

ǯvƟǺȯƯƶȕǼȘǶđĕȝʀ vƟɊɿɣɎȜDēʀvƟȣȜ
ɊɿɣɎȜ¿%Șȗʂ 
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̋˞ˡ˟ˢ˥̦̟ʿʞʥ˘̇˭˼˿̥̋ˠ̟˹

ǯɥȷȺȸȻȾɿɹșȝɡɆɕəɾɥȹɹɒŪFǻŰ�ȄȲȱʂ 
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̇˸˯̣˂̋˞ˡ˟ˢ˥̦̟

ǯɡɑɈɽșȫɥȷȺȸȻȾɿɹȵŰ�ȈȱȂȖǻȕǼȱʂ 
ʔ̋˞ˡ˟ˢ˥̦̟˃̇˸˯̣ʼ�ȗʼ˂Ȋ1˜ŸǙʭ˘̩ 
ʔ±Í / ƾ�F̃˼˿̢̦˫˂�ȗʟ˖˂˟˫˷˵˃ʡˆʫʣRȪʭ˘̩

333
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Ĝwʼʱ˂ƐɅ

ǯÖXȖȝ?
ʔťOʾƀǲʾʫʻ˃Ȋ1F²ʠ˛ʟ˖ʾʛ˕ʜʿȊ1Ď˜ 
�ÿʭ˘Ēō̩ 

ǯÖXȜĮǁ 
ʔDȊȡĜw (µƍĜw)
ʕĜwaʼÞwaʼʿz�˂ȡ (ƌ³ȡ) ˜(ŭʭ˘ĜwĒÐ̩

ʔBȤȡĜw 
ʕBȤȡʿ˕ʷʺĜwaʫʳĜwĎʠƌ³ȡ˜ƀ˖ʾʛʼÞwaʻʡ 
ʾʛĜwĒÐ̩ 
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ʓ ȯȵ

ʓ Ĝwa

ʓ Ǩǥ

ʓ Ǩs
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DȊȡĜw

ǯÖXMȖ¥XMȖș[�ȜƧ (ī�Ƨ) ȵ#ēȈȱÖXÎ�ʂ
ǯoàĚșǅǍǅ�ǅǍǅȜƔ+ȎȀș#ēȄȲȱʂ

ǯ6ƔƧÖXȜ$:  DES (Data Encryption Standard)
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BȤȡĜw

ǯ5ƩƧșȮȑȔÖXMȆȍÖXÊǻʀ ī�ƧȵġȯȘǶȖ¥X
MȕǼȘǶ (¥XMșyÊ�ĚȘÔƪǻǺǺȱ) ÖXÎ�ʂ

ǯw�wȜƔ+ș#ēȕǼȱʂ 
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BȤȡʿ
˕˘Ĝwa

…

ƌ³ȡʿ
˕˘Þwa

… …

BȤȡʿ
˕˘Ĝwa

ƌ³ȡʿ
˕˘Þwa

ɠ

ɡ ɢ
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ĜwaȊ1˂ʳː˂̡̍˿˯̟ IPsec
ǯ IPSec ȝɝɕəɼɿɄ� (IP) șǹǶȔÖXMȖŶŲȵǹȂȘǷȍ
ȪȜɧɻəɈɹȕǵȱʂ 

ǯ IPSec ȝ VPN șǹȀȱÖXMȜȍȪșȫ#ēȄȲȱʂ
ʔ Internet VPN (IPsec VPN) ʿʞʛʺ˃ˡ̣˹̦̃˼˿�ʻĜwaȊ1˜
ʭ˘̩ 

ʔ IPsec ʿ˕ʷʺ˧̍˷̟aʭ˘̩
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ˡ̣˹̦̃˼˿
ˮ̦˿ˢˣˡˮ̦˿ˢˣˡ

ĜwaȊ1 (IPsec)

IP ̎˼˺ ̐ˡ̡̦̀ Ĝwaʩ˙ʳ {IP ̎˼˺ + ̐ˡ̡̦̀}IPsec ヘッダ
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TLS ʼ SSL

338

ǯTLS (Transport Layer Security) ȝ TCP ȜÖXMðëȕǵȱʂ
ǯSSL (Secure 

Socket Layer) 
ȝ TLS Ȝȡȱ
ǶĊȕǵȱʂ
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TLS ʼ SSL (ʸʹʡ)
ǯTLS/SSL ȝ Web ȜÖXMșȮǾ#ēȄȲȱʂ
ʔSSL ˃ Netscape Navigator (Web ̝̌ˢ˲) ˂ʳːʿȤųʩ˙ʳ̩

339

TLS/SSL ˜(ŭʭ
˘ʼʡ˃ http ˂ʟ˛
˗ʿ https ʼĞʣ̩

TLS/SSL ʿ˕˘
Ȋ1ʠƄƔʩ˙˘
ʼ̧ȣʬʳe�ȟʠ
ǐƆʩ˙˘̩
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Ǩǥ˂Ēō

ǯŶŲȖȝʀȘȗȜȸȺɘɽɗȹɗȹȵĥŶȆʀ
ɝɕəɼɿɄȭƔ+ȵDēȈȱïƭȵȫȑȔǶȱȂȖȵ

ĥŶȈȱȂȖȕǵȱʂ 
ǯŶŲȜ¶õ
ʔ̇˵̢̦̀

ʔȷ¦Ʒ{
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̇˵̢̦̀Ǩǥ˂ÒŞ

ǯɡɎɼɿɚȝąþȆȭȈǶ 
ʔ̇˵̢̦̀˃ʣ˗ʟʝʫ@X (Ȉ1) ʩ˙˘̩
ʔśŏʫʳ̇˵̢̦̀˜ʱ˂ˍˍʸʟʝ˄Ǩǥʩ˙˘̩ 

ǯɡɎɼɿɚȝęũȄȲȭȈǶ 
ʔˎʬʟʛ̇˵̢̦̀˃̝̣˺̕ʿŬîʫʺˑʚʺ˖˙˘̩ 
ʔ̇˵̢̦̀ʿ˃ʞˌʝ˓ʭʛʸʹ˗ʠʸʟ˛˙˘ʧʼʠ�ʛ̩ 
ʕŬÉĠḝʧʽˑ˂ʾˍʝ̧ʾʽ̩ 
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̇˵̢̦̀Ǩǥ˂Ćǆɝɉɉ̢̣˹ˡ̥̇̕˵̢̦̀

342

ǯöbȂȖȘȱɡɎɼɿɚȵ3IȈȱȂȖșȮȑȔʀȚȈȧȲȱȜȵ

ȡȊǿʂ 
ǯ¶ȕɡɎɼɿɚȵŮĸȈȱȜȝcƷȘȜȕʀPC ǻɡɎɼɿɚȵ
Ē³ȆȔɊɿɠșǹǾȑȍȰʀǳəɿɄɽǴ ȵ#ēȆȍȰȈȱʂ
ʔʛʮ˙˂Ēōˑ˱̦̆ʼ̦̚˲ʼʠƌ³ 
ç� (ȦČʾʽ) ˜Dġʭ˘áǖʠʚ˘̩ 

ǯ2 ȒȜÎû
ʔęTzĢĒÐ (˹ˡ̕˵˹̣̍ĒÐ)
ʕ˱̦̆ʼ̦̚˲7ʼʻęTzĢ 
ʫʺ̇˵̢̦̀˜ǟƜʭ˘̩ 
ʕ̦̚˲˃ ʘ˿̦˫̣ʙ ʿǐƆʩ˙ʳ̇˵̢̦̀˜@Xʭ˘̩ 

ʔ˻̘̠̣˴̥̠˵̣̒˵ĒÐ

ʕ˱̦̆ʟ˖̝̣˺̕ʾ6˜ʞʣ˗̧̦̚˲̧˱̦̆pĒʠʱ˙ʿˑʼʹ
ʣȦČ6˜ǟƜʭ˘̩˱̦̆ʠʱ˂6ʠ�Ǆʭ˘ʟʽʜʟʫ˖ˊ˘̩
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ȷ¦ǥĖĞʿ˕˘Ǩǥ

343

ǯ5ƩƧÖXȵ#ēȆȍ 
ƹ}ŲÑØȵ#ēȈ 
ȲȞʀɡɎɼɿɚȮȰ 
ɐɂɴȸșŶŲȕǼ
ȱʂ

 
ǯƹ}ŲÑØȝ+ƿ 
ȕǼȱðƫ (ŶŲ�)
ǻęŢȈȱ¨Ũǻ 
ǵȱʂ

ƌ³ȡ
ĎĞ

ȷ¦Ʒ{ BȤȡ

コンピュータネットワーク@ 工学院大学 2013-4 ～ 9

Ǩsʼ˟˫˷˵RÝ

ǯŶUȖȝʀɝɕəɼɿɄȭƃă (ɊɿɠȘȗ) ș
ȸɄɐɎȈȱïƭȵŰ�ȈȱȂȖʂ 
ʔǨǥʩ˙ʳ (˟ˡ˾̣˽ˠ˽ˠʠƄƔʩ˙ʳ) ̦̚˲ʨʼ̧ˍʳ˃ʱ˙��
˂̦̚˲ (�Ù) ʿĻȪʠǢ¬ʩ˙˘̩

ǯŶUșȫȖȓǶȔɝɕəɼɿɄȭƃăȣȜȸɄɐɎE¤ǻ 
ǹȂȘȴȲȱʂ 
ʔ̋˞ˡ˟ˢ˥̦̟ʿʞʛʺˑɏ �ȗʟ˖Fȗ̧Fȗʟ˖�ȗˉ˂˟˫˷˵
RÝʠʞʧʾ˛˙˘̩ 

ǯȸɄɐɎE¤șȝʀɭɸɌɿŪFȭȸɄɐɎE¤ɸɎəǻ#ēȄ

Ȳȱʂ 
ʔ̞̒˳̦ǘU˃ ʎif ĩ� then ]'” ˂ʟʳʵ˂ǘU̩
ʔ˟˫˷˵RÝ̞˵˿ (ACL) ˃˦̌˴ˣ˫˿ (̋˞ˡ̟ʾʽ) ʿ�Zʩ˙ʳ̧ʴ
˙˂ʽʜʛʜ˟˫˷˵˜ǣsʭ˘ʟ˜ʾ˖ˊʳ̞˵˿̩ 
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şƳɉLANɉ˂˷˩̙̞˽ˠ
ǯMACǅȸɚɺɎɾɥȹɹɒɸɽɅșȮȑȔʀČ�ȜǅMACǅȸɚɺɎȵ
ȫȒɈɽɤɴɿɒȎȀǻȒȘȁȱȮǷșȕǼȱʂ
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織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative
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şƳɉLANɉ˂˷˩̙̞˽ˠɉɌʸʹʡɍ

346織田薫，坪山博貴「図解! よくわかるネットワークの仕組み」，SoftBank Creative

ǯWEP, WPA, TKIP ȘȗȜȆǾȨȕÖXMƔ+ǻȕǼȱʂ
ʔȕKʾʫʣˎ˜ʝ˖˝ʻ̧ˍʳ˃ǃ]ŶʾĒōʻǢ¬ʭ˙˄˕ʛ̩

WEP = Wired Equivalent Privacy
WPA = WiFi Protected Access
TKIP = Temporal Key Integrity Protocol
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̃˼˿̢̦˫̥˷˩̙̞˽ˠ˂ˍʼː

ǯɝɕəɼɿɄ�ȜŘ|ȖɐɂɴɸɗȹȜĥ* 
ʔ̃˼˿̢̦˫�ʿ˃ŷƽ̧	ȥƼćĄ̧DoS ćĄ̧ʾ˗ʭˍʫʾʽ˂ǁ¤
ʠʚ˘̩ 

ʔ˷˩̙̞˽ˠƄ0˂ðńʼʫʺ˃̧̃˼˿̢̦˫˂ȯȵ̧Ǩǥ̧Ǩsʠʚ˘.

ǯɝɕəɼɿɄȜƟ>ƯƶȜȍȪɥȷȺȸȻȾɿɹǻȒǺȴȲȱʂ 
ǯÖXșȝ6ƔƧÖXȖ5ƩƧÖXǻǵȰʀ ¢ŕȵ#ēȆȔ 

Web ȜÖXMɾŶŲ (TLS/SSL) Șȗǻ�ĐȄȲȔǶȱʂ 
ǯŶŲȜȍȪ ɡɎɼɿɚȭ5ƩƧÖXȵ#ēȆȍƹ}Ő\ǻ#
ēȄȲȱʂ 

ǯȸɄɐɎïƭȜŶUșȫȖȓǶȔʀ ɥȷȺȸȻȾɿɹȘȗȕȝɭ
ɸɌɿŪFȘȗșȫȖȓǾȸɄɐɎE¤ǻǹȂȘȴȲȱʂ 

ǯćō LAN ȜɐɂɴɸɗȹȜȍȪ, WEP, WPA, TKIP ȘȗʀȄȧȅ
ȧȘÎûǻƩęȄȲȔǶȱʂ 
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