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̇᝟ኪǋܷஜ૵ǋྫྷᐎᎩὋᤇіࣱॡ༡ǌҁဗڙ˝ൢὋ̠͂ࠪ̇᝟ኪᄉ༎ৰࣂፂٿᖿҁඊᣖ

ူఄᄉපࣰὋՉሗ̇۲ᆨ᝹ஶࣂઅЙ΍ၸὋஂଢ଼ᡐСጆڍ᝟ඞၶᄉζোӐःၸǌྫྷᐎᎩᤆڙत᝹

˖ὋఄႂࠑᑞӐǋ˓̠ϣऔζোஜߙӐǋ̓᤯ఄᑞӐኍᡕҸ͂ੇڙᢵ᣷ৗཨ଍ᤈǌधஉ̈ᐎᄉഏ

এʿв͛̅ڏፑᄉ̈ᐎᎩধ፤Ὃੇ͂ၶา੝ᝎԢᄉʶѬൣڙᜁᎃጺҁʶषӉᎬʹ៵ᄉܷᎩ˧˖ǌ

ॡ༡ὋՉሗܷஜ૵ᆐቂ˖ॶᄰፘतڙᇪ̖͗ၶʹሗॕֽὋੇ͂઺ᄫ̾य़ǌᙉཨܷஜ૵ဗࠪ͗࠱߱

በὋͭᤇԵ௦ѷѷधݼǌᬣᅋఝܲᄉ̠֖᝹ܫଋЙ̈ᐎᎩὋᬣᅋ̠͂ࠪˆႌᝢខᄉҪຆ֖ளࢹХ

ᄉᆐԦὋஜ૵᜺ഴ࠱ҪᤳᒞᐹὋᡓ˪ਆ៵ǌܷஜ૵ᄉ௢ܸ੥ѷѷҁ౎ǌஜ૵᧓ᬶᑞҦʼԜ˧ՐὋ

Ҹॸ᜵යஜ૵્ଇᑞҦᡱ३ʼǌൣݟͺᏧڙኃ12ብ˖ᝮҁᄉὋܷஜ૵ࣛ౎ᄉʶ˓ૌੌࡂ௦Ὃ᧗᜵

ζোԺᑞᜁڥۇζোະ෤ǌၿ൤ੇ͂ʿᬱ଍றѢஜ૵્ଇ੾శڙԦဗǋ቉௬֖͛੽̠ዜ஠௙ழ᭦

ᡐҁʿԺఢ̼ᄉͺၸǌఴ˹ᝮᝌᄉൣ௦ܷஜ૵ௐ̼ᄉನॶ੾ᑞúúஜ૵્ଇ੾శὋԺ̾ᮔ᜸ឞ࠱

ᮉ੾శ࠱Ԧ૘Ѣᡔ౎ᡔ᧗᜵ᄉͺၸǌ 

ఴ˹ᝮᝌ˿ݟʹၸPythonឥᝒᤈᛠஜ૵્ଇǌPython௦ʶሗ᤯ၸۋᎃርឥᝒὋ߱ኤӬ௛ߥὋ

ʼ੣ঋὋథᅋ˗ࠜᄉኃʻழंὋᇪӜඦډԣݝǌ̯ஜ૵᧓ᬶǋѫౡʶᄯҁःၸधԦࡎ᭦ὋPython
ᦏథ੆ཿᄉंǌ΍ၸPythonឥᝒᤈᛠधԦὋ௃ᭉ᣾ܲСซឥᝒጹᓫὋधԦᏧԺ̾࠱˞᜵ዴҦஉҁ

ˉҫఴᢵǌ˹˖΍ၸIPython Notebookͺ˝धԦဖܑὋ̼߱࠱ᆉ੯ᛠǋࠜ஠ఴǋМयᎃᣣǋፊڎǋ

˹Хǌࢹݝ᝟ኪ֖ஜ૵ѫౡᄉߥʶᡐὋ௦መڙͳኍҩᑞᬶՋ޴ܲ ˖੝๗Ԣᄉஜ૵્ଇࠪ៵ॡ˗ࠜὋ

థIrisᲜࡊᔈӥஜ૵ᬶǋIonosphereႂሎࡎஜ૵ᬶǋNBAඊᠾፆ౦ǋMovieLensႂॕ᝿ѫஜ૵ᬶǋ

԰ᄅۿ᝟Ѳ੝அᬶᄉڎ˹ǋ߶ཨМՂᥪ͇ஜ૵ᬶǋӯࠆឥ஧ǋCIFAR-10ڎϷஜ૵ᬶኍǌ̯ᤇ̎

ѫ࡚̅ʿՎᛠˉᄉஜ૵ᬶὋ˶ᑞʶ቙ஜ૵્ଇःၸ˧ࣸǌ൤ܰὋͺᏧᤆ̭ፀ˿̯TwitterǋReddit
Ꭹቢ᧓ᬶஜ૵ᄉழกǌڙኪกழ᭦Ὃᬓ˿࣡᜸ᄉфንಝǋసገ᠄Հலǋஂ૆Փ᧙఺ኍὋͺᏧᤆ̭

ፀ˿ణᤂіࣱ᭣࣡བᄉຆऎߥ˷ǌܷஜ૵ǋຆऎߥ˷ࠪ᝟ኪᑞҦ᜵යॡᰳὋͺᏧ̭ፀ˿̍ڙʹݟ

ᯰᤥ̇˞఺ʼᤁᛠMapReduce͉ҫǌᤇఴ˹ၿุЙຆὋ̾ᄽࠃஜ૵˝ᆐቂࠪ៵Ὃᤩຑܷܘஜ૵ᬶ

᜺ഴὋᄽѧࠃ౮ڠՓឳᏧ̭ፀ˿Pythonஜ૵્ଇ௦ঞ˥̂ٿὋࣲፋឳᏧᤈʶ൥ߥ˷ૈѢ˿ܲሗԺ

ᑞᄉழՓǌࢹርࠃ᡺˧ͷὋͺᏧᤆʿঃ̭ፀஜ૵્ଇ࣡ၸধᡸὋඒʿγ႐ઁڠᒬࣁሤ୿ᄉࠂ᠛ፂ

ᰍ͛૾ፋឳᏧǌᤇʶཁੇڙ᫝ឳ᣾ር˖Ὃຆథͳ͗ǌൣݟͺᏧᒬڙࣁґᝒ᧖੝зᄉὋ˹˖ʿ͗๗

Ԣܷ᧙Мय଍࠭Ὃ੝థᄉኪกᦏ௦̾ॡᄯ᜹ᄉ्यՓឳᏧ̭ፀὋ੝̾Ԁ΍;Ꭴ˫ʶ߿ᄉஜ۲ߥᆨὋ

Ե᜵ᐯၸҩὋ˶ʿၸઝॶᒬࣁឳʿ਴ǌ 
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ᎃርὋ͗ԜߥၶᄉௐϊὋੇԌ಩ʿ͗ਆҁథʶܸ͗ߥˉ˃ҁʸЛࣱґὋॆੇᤆ௦ʶՏᔭឥٿ

Ꮱដᤇಧʶఴ˹ǌՐ౎థࣳឳ˿᝟ኪ఺ᣘүᏡដᤇಧʶ˓˃ˉὋ੥धݼଋᝎҁ᝟ኪ఺ᅻខὋͭ௦

ॆྗ̝ᡱੇଡᡐஜ૵तഴௐὋੇᤆ௦ʶᑴᕇཨǌᆐቂၶіࣱὋጆ᧖˝ੇ͂ᤇ̎᭣᝟ኪ఺ᐿ௿ᄉߥ

ၶध᝹˿Pythonᎃርាǌ̯ᥦௐᡐੇࡂథ̂෤̂ߥཁPythonὋʶधݼ௦ཱᅋNatural Language 
Processing with PythonᄉᇧΒ஝Ὃᒬᥦௐᡐࣱ̊˧ՐੇቤਆᡐፋNLTKଡ̓іܪॱ࠴ᄉஇҮǌܷጝ

௦˝˿༎Ҵੇᤇ˓Րၶፘ፝˝̴͂నҫὋþࡏॶԿ฽ÿᄉSteven BirdቤઁੇҪЙҁ᠇࿸ᏧՏӬ᧖ǌ

Ԝ˖Сెڎ˹ܷԗᄉௐϊὋੇ࣡࣡؝൓เ᜾ʶʽឥᝒˀርࣿ᝹᝟˹౵ʼథ෤థС̅Pythonᄉள

˹Ὃᇋҁ؝൓ᄉࡂᏡᏡᄹὋᤇіࣱᅊᄹᅋPython˹ܲ˿ᡐ౎Ὃॡ௦ൔਧǌ൤ܰὋੇԜӑܷǋӑܰ

ஷե᣾᝟ኪឥᝒߥǋഏညፑ᝟ኍាርὋԜӑᓇஷե᣾᝟ኪ఺ጆፑ۲ᆨὋᄹ᣾Udacityᄉፑ᝟ߥЙ᫂

֖ի৆᣹Ꮴ࣍ᄉ఺ߥ٧˷ាር᜼ᮟὋТᒰ౎˿˶డ૲ᅋRosenᄉǑሎ஘ஜߥԢФःၸǒឳʼіᮅǌ

ஜ૵Ὃణᤂᤆ̴ࣞ͂ྒྷԨ˿ʶ˓ᎩቢǌPyConӑူܪͺ˖Ὃፂ࣡ࣞՎ̂з˓ኤӬᄉPythonርࣿࢹ
̚ὋੇᤋᅋԜ˿ʻࡒٽ˿Ὃඇ൒ᦏథ੊ܲ੊࠵ᄉஅᖌὋ2015ࣱੇ᜸᣾ʶܷͮᇷᛠ̇ึපᓉ໥ᇧၸ

pandasူܪஜ૵Ὃॡԩ᭍୭ǌ̾ʼࡂ௦ੇˀPythonǋஜ૵્ଇᄉ̓ᬶǌੇਆឬᄉ௦Ὃʿ᜵вၸʼ

ᄉ᧗᜵ߥὋஜुܘڙഴዹὋᚷՋᄉᡕҸڙመᄉႌᬌߥὋࡘᄉԦࣁᬌᒬࡌௐឳᄉᥦ˓˃ˉᄉধ፤ߥ

বڙଡӣǌଡҁஜߥὋ̬ ܸᤆᄹ˿ʶ˓TED໥ᝮ᜼ᮟὋឬᄉ௦ύү᝟ኪ఺இԪ͛ፑஜߥஓᐱழกǌ

ᤇሗူএ̣˥ௐϊᑞःၸҁʶጲஓߥὋ᭣࣡Ϙ३యय़ǌၶڙᤇ˓Ќ໗Ԫ᭨ᄉௐ̼Ὃυਕࣳᤁǌ 

̾ੇథᬌᄉපࣰԜᏡដᤇಧʶఴ˹Ὃॶ᧖ʿБཤᘼǌ᥄ҁ᫇ᮤὋੇࠬܪٽ੼ᑞ̠ᄰүǌਕ៘

ͺᏧRobert LaytonὋੇ ඇ൒Ԧᥪ͇Փ̴යஓ੊ᆷᝢ᫇ᮤὋ̴ ঳ᑞॡঋੇܬٿڠὋథௐኃܸ̃ܬٿὋ

ᤆ͗ឬઔൟܬٿ௸˿ǌਕ៘ੇᄉՎߔ᳦ߥᢾǋ͚ߛǋֆ௠Ὃ̴͂ߥੇڙ˷᝟ኪ఺መߥᄉᡸʼፋ̀

˿ॡܲૈ֖࠭ࣞүǌᏡដఴ˹ௐὋੇᤆՓߔᢾය᝼ͺᏧڙኃ6ብፋѢᄉᇧΒ௦ՠథឧǌਕ៘ʼ๑

᫇ܪឳ˿ኃ3ብὋࣲፋѢᔩ࣯ॡ˃ˉᄉνஇ਒᜸Ὃʼᤗኃ6ብᥦࠅὋ̴ࣞੇߥᆐቂၶᨐ̕ൔՎߥܷ

ᮤὋੇ ˶డՓ̴ឯஓ᣾Ὃణጻ᝼௙௦ԓ˹फᩱ˿ǌਕ៘ృ࠵ӧὋ̴ ࣞੇफ௙ᄆ˿PythonڙWindows
ጆፑ˖ᄉဖܑԪ᧙᝹Ꮅழกǌਕ៘ᬇϣᩙὋੇడࡂஜ૵ंᄰСశឥՓ̴ឯஓǌਕ៘ڎ༦ᄉషࢳᎃ

ᣣὋ௦ݜΧ੆˿ੇణጻԜᏡដᤇಧʶఴᡙ։ᄟཨᄉ˹ὀਕ៘ڎ༦МՂὋੇ௦;͂আࠃᄉឳᏧὀణ

Րਕ៘ੇᄉߔݸὋݜ੽ઝ˿ཱᮎݘЇᄉ᧗͉ǌݘЇᄉѢၶὋᝧੇ৲Ճ̅ၶ֐ᄉ݈ݫὀਕ៘ࡼྗࡼ

ආʶ̠ࣞࠑ঄ཱᄹߔߦὋੇ ੥థௐᫍԜϡᏡដǌਕ៘ੇᄉྗ̝ǋݽݽὋ̴ ͂̾ੇᏡដఴ˹˝ᰆϴǌ 

ၿ̅ఴ̠ߥខథᬌὋ˄ௐ̱ᫍΧὋ˹˖Ꮱដᩱឧǋʿॆ֖႟໣˧ڙܪ੝ᬱБὋభឳᏧ੺᝿

ૈൣǌ 

                                                                           ౉௢௳ 
 2016ࣱ1త3௅ 
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;௦ʿ௦Փज़ஜ૵્ଇᄉඁ۵Ὃԁʿ३Ф᫂ᏪЙ὞ݟ౦௦ᄉពὋᤇఴ˹ࡂ௦˝;Ꮺзᄉǌ 

ॡܲᝮ૾ஜ૵્ଇᄉ˹๯ᄥ˿ܷ᧙ஜߥᅻខὋωᔩឳᏧథᣖݝᄉஜߥᐿ௿ὋᤇᒬཨʿᩱὋͭ

ੇ᜿३ᤇ̎˹ज़ज़Ե᜸ಝఱʿ᜸೧ౣ὚˶ࡂ௦ឬὋ߱͂᣾̅СซኪกᄉࢹͺԓူὋᏪঃ᝭˿ੇ͂

΍ၸᤇ̎ኪกᄉѹᛱǌ 

ఴ˹ᄉᄫಕឳᏧ௦Хܫʶ߿ᎃርᑞҦǋຢభߥ˷ஜ૵્ଇᄉ̠ǌੇᄉᄫಕ௦Ὃݟ౦;ᝢᄽߥ

߸ఴ˹Ὃᑞᣖူڠݝᝌஜ૵્ଇᄉ۲ᆨᅻខὋଁଦၸஜ૵્ଇᅻខᝌф᫇ᮤᄉణ·ࠃ᡺Ὃ൤ܰᤆ

ᑞ̯˹˖੼ҁі˓Ϙ३;ຆЙᆐቂᄉழՓǌ 

ఴ˹ᄉඇʶብᦏ̭͗ፀʶ˓ளᄉ˞ᮤὋੇ͗ፋѢឞ˞ᮤᄉᄰСኪก֖ஜ૵ᬶǌځ൤ὋՉብ˞

ᮤ˧ᫍ᡹ᡣథཁܷὋ᫝ឳఴ˹ᄉ᣾ር˖ᭉ᜵;ᄉܷᑧᑞঋᤳѬ૰ǌඇߥ߸ʶብὋ;ᦏ᜵ধᏥʶʽ

థ෤థ̣˥Ҩกᑞܴଡӣឞብ˖ኪกᄉ஌౦ὋཨՐ࠼ណԜࠃဗ߱ὀ 

ੇణ؝൓ᄉಪᝒ˖థʶ్Ѣᒬᕺܢඊ̍ᄉǑ̗ѽٽˆǒĿὙ 

ռᱥ֖ਡԌԢⲺᰬُθԌԢⵕⲺՐᶛ੍ϋ 

ʼ᭦ᤇԱពǌ᭐ᕆจᄉ਒ধ˿ܬٿય᱇Ὃ̅௦᭐ᕆจ὇HotspurὈ͗ࣁሥᒬܥҚ˖Ὃథ̠ڙ

௦ඇ˓̠ᦏ͗ય᱇Ὃͭ᫇ᮤ௦ય᣾˧ՐὋ᱇౎ʿ౎ǌ 

ᡱય᱇ዜͪὋߥ˷ஜ૵્ଇ௃ܰ˪ϡࠃᰍὋᖌ३ፆ౦ǌࠃဗʶ˓ளᄉஜ૵્ଇኪก੊௦இؒ

ဗథࠃᰍፆ౦ᄉਆกὋඇ˓̠ᦏᑞଡѢ౎Ὃͭᄽൣ᧗᜵ᄉ௦;ᑞʿᑞࠃဗ߱Ὃᤆథፆ౦௦ՠݟࡉ

̠਒ǌ 

ᵢҜѱ㾷޻ᇯ 

ㅢ1ㄖ� ᔶခᮦᦤ᥌᧎ҁ᯻Ὃ̭ፀੇ͂Ԁ࠱ၸҁᄉ੾శὋଋᅋ᤯᣾ᝮᝌˏ˓۲ᆨኪกᄉࠃဗ

ழก᣹ҁབᢵᄫᄉǌ 

ĂĂĂĂĂĂĂĂĂĂ�
Ŀ Ǒ̗ѽٽˆǒ௦ᕺܢඊ̍੝ᗂᄉԊԽҚὋѫ˝ʼʽˏኼǌଋʽ౎ᤇԱԻជѢᒬʼኼኃʻ࣪ኃʶڣὋԓ஠ þ̋But will 

they come when you do call for them?ÿǌᥕཱషၶ៷ЎၶᄉដกὋ࠱þHotspurÿដ˝þ᭐ᕆจÿǌúúដᏧซ 
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ㅢ2ㄖ� ⭞scikit-learnզ䇗ಞ࠼㊱θ๯ᄥ˿ஜ૵્ଇᄉʶ˓᧗᜵˞ᮤ——ѫዜǌᤇʶብ

ᤆ̭͗ፀ࠱ஜ૵્ଇึርಕэӐᄉึපጲፆౝὋΦ̅;ክူࠃᰍึርǌ 

ㅢ3ㄖ� ᤯᣾ઙԨӜѫ࠱ㆌṇ人⎁㧭㜒⨹䱕Ὃ̭ፀфንಝ֖ᬣ఺೧ౣˏ˓ளኪกǌੇ͂ߩ⭞

ऎᰳᄉྱड़౎ᮔ฽ᖌᑇᤤ੣ǌ 
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ᔶခᮦᦤ᥌᧎ҁ᯻ 

 
ੇ̬ܸ͂ᄉஜ૵᧓ᬶ᜺ഴ̠ڙዜԊԽʼ௦ቆґᄉὋ௅࣡ၶา˶ᡔ౎ᡔΙᠺੇ͂੝᧓ᬶᄉᤇ̎

ζোǌੇ͂࣎భ᝟ኪ఺ᑞઁᎩᮅᏡដ੆Ф̴ឥᝒὋᮔઐܸචὋ଍ᕚੇ͂؝൓ᄉ˹Ὃងறੇ͂ᄉϣ

औ᫇ᮤǌዜͪᄉᭉයᤆ͗ፘ፝᫁ܘὋੇ͂͗ᭉ᜵ఝܲᄉःၸ֖ఝᰳᄉዴᆷবǌஜ૵્ଇ੾శԺ̾

ၸ౎ᝪጶ᝟ኪ఺Ὃ΍Ф಩૵ࣂథஜ૵ϡѢфንǌ̬ݟὋஜ૵્ଇ੾శࣂ੆˝ஂଢ଼ॡܲᰳመ੾ጆፑ

ᄉᰣ࣯ǌ 

Pythonᄉ᣽ᤳ௾Ԣࣲ᭣ϥཨǌ߱ᄉ༦าऎᰳ὚ഴ͔ܲڰὋԺ̾੯ᛠॡ͉ܲҫ὚ඊᡐФ̴͉ʹ

ᎃርឥᝒὋPython̼ᆉ᤯࣡ఝ˝ኤผὋԺឳবఝुǌPythonڙஜ૵્ଇᮖ۪ࣂፂ्੆˿ʶ˓ၿᆐ

ቂտǋ̯ˉᏧ֖ள੣ጷ੆ᄉඦډาᡣᄉܷᇪӜǌ 

ఴብ̭࠱ፀݟʹ΍ၸPythonᤈᛠஜ૵્ଇὋ˞᜵͗๗Ԣ̾ʽі˓˞ᮤǌ 

� ஜ૵્ଇኤ̭ԢФःၸڣ௿ 
� ୃतPythonஜ૵્ଇဖܑ 
� ̝֖বѫౡᇧΒὙ಩૵᠓˻˷਄଍ᕚֵ׷ 
� ὇ፂЦὈѫዜ᫇ᮤᇧΒὙ಩૵฽᧙ፆ౦଍฽ೱྫྷᄉሗዜ 

1.1� ᮦᦤ᥌᧎ㆶԁ 

ஜ૵્ଇைڙᝧ᝟ኪ఺಩૵ࣂథஜ૵ϡѢфንǌфንԺ̾௦ᮔ฽௙ܸᄉܸචǋવ੔ڥۇᥪ͇ǋ

೜฽ᎩቢᄉឥᝒὋ੊Ꮷڙጝ͗ᎩቢʼԦဗளᄉহྕࠪ៵ǌஜ૵્ଇழ᭦ᄉःၸࣂፂథॡܲὋளᄉ

ःၸ˶ຸຸڙʿறڠѢဗǌ 

ஜ૵્ଇ๗Ԣኪกǋፑ᝟ߥǋࢹርߥǋణ͕Ӑူ᝶֖᝟ኪ఺መߥᄰСᮖ۪ᄉᅻខǌᬓ൤˧ܰὋ

ੇ͂ᤆ͗ၸҁឥᝒߥǋᇷፂመߥǋۡࣉ᜺ѲኍФ̴ᮖ۪ᄉഏএ੊ᅻខǌ᜵ਆЌѫԦ૘ஜ૵્ଇᄉ

 ᮖ۪ᄉᅻខǌ߿ኪก˖ஞՋᤇ࡚̎̅ྱڙҦὋ᤯࣡ᭉ᜵ގ

ᙉཨஜ૵્ଇᄰСःၸᄉࠃဗጹᓫԺᑞӡࢿʹѾὋͭ ௦̯ᣖᰳᄉࡎ൒ᄹὋ߱ ͂ज़ज़ܷՎ࠴ऩǌ

ஜ૵્ଇᄉኃʶ൥ʶᓉ௦Ѹतஜ૵ᬶὋஜ૵ᬶᑞܴଠᤗᄽࠃˆႌᄉ౼ʶழ᭦ǌஜ૵ᬶ˞᜵Ӊહ̾

ʽˏ˓ᦉѫǌ 

ኃ �ብ
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� ᛪᇧᄽࠃˆႌ˖ྫྷͳᄉಧఴǌಧఴԺ̾௦ʶఴ˹ὋʶषཱྞὋʶ˓ҮྫྷὋʶ˓̠੊௦Ф

̴͉ʹྫྷͳǌ 
� ଠᤗஜ૵ᬶ˖ಧఴᄉྱड़ǌྱड़Ժ̾௦᫁ऎǋӬជᮟညǋᒑᄉஜ᧙ǋѸतௐᫍኍǌ 

ଋʽ౎௦ុஞኪกǌඇሗஜ૵્ଇኪกᦏథԟஜὋ߱͂੊Ꮷ௦ኪกᒬᢵӉդᄉὋ੊Ꮷ௦΍ၸ

ᏧຊҪᄉǌᤇ̎ԟஜ͗ॕֽኪกᄉХͳфንǌ 

ˠ˓ኤӬᄉΒߔὋੇ͂࣎భ᝟ኪ఺ᑞܴઁ̠૊ཱ˓ᰳߔᆁѫ੆ˏܷዜǌੇ͂ᯪЎ᧓ᬶஜ૵Ὃ

३ҁӉդඇ˓̠ᢵᰳᄉʶጷஜ૵Ὃ̾Ԣ̴ࠪ͂ᰳᆁᄉѻறǌ 

Ӱ 䓡� � 儎 儎䘎ᱥ⸤ 
1 155cm ҷ 
2 165cm ҷ 
3 175cm ߛ 
4 185cm ߛ 

ଋʽ౎᜵ϡᄉࡂ௦ុஞੇ͂ᄉኪกǌͺ˝ʶ˓ኤӬᄉኪกὋݟ౦ᢵᰳᰳ̅xὋੇ͂ࡂᝢ˝ᤇ˓

̠௦ᰳ˓ߔὋՠѶὋ̴࡚̅ࡂᆁ˓ߔǌੇ͂ᄉኪก᜵᣾ʶ᥅ஜ૵Ὃᆷ߿xᄉణ·Ϙǌࠪ̅ʼ᭦ᄉஜ

૵ᬶὋxඊᣖՋူᄉϘ˝170cmǌ͉ʹᰳ̅170cmᄉ̠ࡂᜁॅҁᰳ˓ߔʶዜ˖ὋФͷѶ˝ᆁ˓ߔǌ 

̴͂˿ਆᅻ᥊̠͂ᄉᰳᆁὋ੝̾᧓ᬶ͂ੇ˝ځʼ᭦ᤇ˓ஜ૵ᬶ˖Ὃྱड़௬Ꮺ௛᜸˝ᢵᰳǌڙ

ᄉᢵᰳஜ૵ǌઙԨྱड़௦ஜ૵્ଇ᣾ርᄉʶ˓᧗᜵ဖᓫǌఴ˹Ր᭦ᄉብᓫ˖̭͗ፀ̯ஜ૵ᬶ˖ઙ

ԨӜѫऎᰳᄉྱड़ᄉழกǌྱ ड़ઙԨज़ज़ᭉ᜵ࠪᄰСᮖ۪థᅋຆЙᄉူᝌὋ੊ᒯ࠵ᭉ᜵ܲ൒ណᩱǌ 

 

ఴ˹˖΍ၸPythonឥᝒ̭ፀஜ૵્ଇǌѢ̅ᝮᝌᄉᭉ᜵Ὃ˝˿γ᝼̼ᆉǋึ

ርᄉຌఀ௛਴Ὃੇ ͂థௐϊ᡹᣾˿ᑞܴଡӣኪกᤳऎǋ஌౦ᄉጹᓫὋ෤థ᧓ၸణ

͕ழ಴ǌ 

1.2� ֵ⭞ Python ૂ IPython Notebook 

ఴᓫ̭࠱ፀPythonᄉ߶ᜈழกὋԢఴ˹੝ၸҁᄉधԦဖܑIPython Notebookᄉୃतழกǌ൤

ܰὋᤆ࠱߶ᜈኃʶᦉѫᇧΒ̼ᆉ੝ၸҁᄉnumpyंǌ 

1.2.1� ᆿ㻻 Python 

Python௦ʶ᫂Ѣᓣᄉǋःၸᔴࣸډค˄ኤӬ௛ၸᄉᎃርឥᝒǌ 

ఴ˹࠱΍ၸPython 3.4ྟఴὋ;Ժ̾಩૵ᒬࣁᄉጆፑ̯Python߽Ꭹhttps://www.python.org/ 
downloads/ʽᣑՋ᤟ᄉྟఴǌ 

Python˞᜵థˏܷྟఴPython 3.4֖Python 2.7ǌ᝭३᜵ʽᣑ߶ᜈPython 3.4Ὃఴ˹੝థ̼ᆉᦏ
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 ឞྟఴ˖฽ណ᣾ǌڙ

ఴ˹ϛ߿ឳᏧ˿ᝌᎃር֖PythonᄰСᅻខǌఴ˹ʿ᜵ය;௦Pythonᎃርᰳ੣Ὃॆཨథᣖܲᄉ

ᅻខϱߥܫᡐ౎ఝࠓ௛ǌ 

 ੣бǒǌ˷ߥ౦;෤థ͉ʹᎃርፂᰍὋੇतᝫ;ЎᄹᄹǑPythonݟ

Python߽Ꭹ˝ள੣эڙ͊ˏ˿ܫጲஓርǌ 

� ᭣ርࣿտᐿ௿Ὃਆ᤯᣾Pythonߥ˷ᎃርὙ 
https://wiki.python.org/moin/BeginnersGuide/NonProgrammers 

� ርࣿտᐿ௿Ὃਆ˃᫂ߥ˷PythonὙ 
https://wiki.python.org/moin/BeginnersGuide/Programmers 

 

Windowsၸਖ਼᝹ᎵݝဖܑԪ᧙ՐὋ੥ᑞ̽֐ڙᛠ˖΍ၸPythonǌழกݟʽǌ

ᯪЎὋ੼ҁPython 3ᄉ߶ᜈᡸफ़Ὃ᳭ᝢ˝C:\Python34ǌଋʽ౎Ὃ̽֐ڙᛠ὇cmd
ርࣿὈ˖ᣤЙ̾ʽ̽֐Ὑ࠱ဖܑ᝹Ꮅ˝PYTHONPATH=%PYTHONPATH%; C:\ 

Python34Ŀǌݟ౦;࠱Python߶ᜈҁФ̴ᡸफ़ʽὋឯ಩૵ࠃᬄৰхុஞʼᤗ̽֐

˖ᄉC:\Python34ǌ 
 
߶ᜈݝPythonὋ੩ध̽֐ଡᇧቿὋᣤЙ̾ʽ̽֐Ὑ 
$ python3 
Python 3.4.0 (default, Apr 11 2014, 13:05:11) 
[GCC 4.8.2] on Linux 
Type "help", "copyright", "credits" or "license" for more information. 
>>> print("Hello, world!") 
Hello, world! 
>>> exit() 

ឯซ਒Ὃੇ͂ၸᎾЊቿՁ὇$ὈᛪᇧጊᡱڙՐ᭦ᄉឥԱ௦ʶ్̽֐Ὃ᜵ᣤЙҁጻቪ὇Unixጆ
ፑ˖ᄉshellὋWindowsጆፑ˖ᄉcmdርࣿὈǌᎾЊቿՁԢՐ᭦ᄉቆಪ௃ᮋᣤЙǌᣤЙՐ᭦ᄉЮࠓὋ

ཨՐ஝ٿᢻ੯ᛠ̽֐ǌ 

ᤁᛠ߸ፂЦᄉþHello, world!ÿΒߔՐὋᤝѢPythonὋፘ፝߶ᜈၸ౎ᤁᛠPython̼ᆉᄉఝ˝ᰳ

ጞᄉधԦဖܑIPython Notebookǌ 

 

Python 3.4ЮᎵ˿PythonᄉӉክူ٧pipὋၸ߱౎߶ᜈPythonӉॡழΦǌ΍ၸ 
$ pip3 freezeŀ ̽֐Ժ̾ᰍ᝼pip௦ՠᑞൣ࣡ᤁᛠὋឞ̽֐ᤆ͗ᣤѢ;ၸ߱߶

ᜈ᣾̎גӉǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ Python߽Ꭹ̭ፀ˿WindowsጆፑᄉˏሗဖܑԪ᧙᝹ᎵழกǌतᝫᄯଋઁPythonᄉ߶ᜈᡸफ़ຊҪҁPath˖Ὃͮ ᎵݟʽὙ

᝟ኪ఺ú࡚বúᰳጞጆፑ᝹ᎵúဖܑԪ᧙Ὃᤇ˶௦߽Ꭹ̭ፀᄉኃʶሗழกǌដᏧ΍ၸᄉࡂ௦ᤇʶሗǌͺᏧᝮᄉ௦ኃ

̃ሗழกὋស᜸https://docs.python.org/3.4/using/windows.html#excursus-setting-environment-variablesǌ——ដᏧซ 
ŀ Windowsၸਖ਼ᭉ᜵̂ЎઁpipຊҪҁဖܑԪ᧙˖Ὃ੥ᑞ̽֐ڙᛠ΍ၸǌ——ដᏧซ 
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1.2.2� ᆿ㻻 IPython 

PythonधԦࣰԻIPythonଡΘܲሗPythonधԦࢹХ֖धԦဖܑὋඊಕэᝌ᧕٧ܲѢܲݝҩᑞǌ

IPython NotebookҩᑞुܷὋథ˿߱Ὃ;ࡂԺ̾ڙWebเ᜾٧˖ᎃзርࣿǌ߱͗˝̼ᆉຊҪಧयὋ

௬ᇧᤁᛠፆ౦ὋЉ᝴;˝̼ᆉຊҪซ᧕ǌၸ߱౎ϡஜ૵ѫౡвݝʿ᣾Ὃੇ͂߱ઁ࠱ͺ˝˞᜵ᄉध

Ԧဖܑǌ 

ឯ̽֐ڙଡᇧቿՐ὇ซ਒ʿ௦Python˖ὈὋᣤЙ̾ʽ̽֐߶ᜈIPythonὙ 

$ pip install ipython[all] 

ၸ੊Ꮷ෤థాᬌϡጆࣁ౦;Եਆᒬݟ౦᜵˝ጆፑ੝థၸਖ਼߶ᜈIPythonὋᭉ᜵ክူտాᬌǌݟ

ፑጞѾᄉԪఝὋѶ΍ၸ̾ʽ̽֐˝ॆґၸਖ਼߶ᜈԀԺὙ 

$ pip install --user ipython[all] 

̾ʼ̽֐Ե˝ॆґၸਖ਼߶ᜈIPython——ឞጆፑᄉФ̴ၸਖ਼࠱௃ก΍ၸǌ߶ᜈ᣾ር˖ᔩ᥄ҁ᫇

ᮤὋឯಉ᫝߽ழ஠ುὋ˿ᝌఝܲࣞүζোὙhttp://ipython.org/install.htmlǌ 

߶ᜈݝIPython NotebookՐὋᤁᛠழयݟʽὙ 

$ ipython3 notebook 

ʼᤗࣞ̽֐;ϡ˿ˏ͇̂ǌᯪЎὋ̽֐ڙଡᇧቿႌ᭦Ѹतʶ˓IPython NotebookࠃΒǌФ൒Ὃ

੩धWebเ᜾٧ὋᤋଋҁࠃΒὋ;Ժ̾ڙ൤Ѹतளᄉቷ᝭ఴ஠͇ĿǌNotebookႌ᭦ݟʽڎ੝ᇧ὇ซ

਒ڎ˖ᄉhome/bob˝ॆґၸਖ਼ᄉ˞ᄫेὋ;ᄹҁᄉ௦ᒬࣁᄉ˞ᄫेὋ੝̾ᄫेՏሥॡԺᑞʿՎὈǌ 

 

IPython NotebookᄉС᫆ழกݟʽὙ੩धᤁᛠࠃΒᄉጻቪႌ᭦὇ࡂ௦;˧ґၸIPython̽֐Ѹ

तNotebookࠃΒᄉႌ᭦ὈὋ૊ʽCtrl+C᪃ὋጆፑଡᇧShutdown this notebook server 

(y/[n])?Ὃល᫇;௦ՠС᫆ቷ᝭ఴనҫ٧ǌᣤЙyὋ஝ٿᢻὋIPython Notebook͗ࡂС᫆ǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ቷ᝭ఴ஠͇Ὃᔭ஠˝þnotebookÿὋԀၸIPython NotebookѸतᄉ஠͇ǌ——ដᏧซ 
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1.2.3� ᆿ㻻 scikit-learn ᓉ 

scikit-learn௦ၸPythonधԦᄉ఺ߥ٧˷ंὋ߱Ӊդܷ᧙఺ߥ٧˷ኪกǋஜ૵ᬶǋࢹХ֖

ಳ౵ǌ߱̾Pythonመߥ᝟ኪᄉᄰСࢹХᬶ˝۲ᆨὋФ˖numpy֖scipyኍᦏ᧪ࠪஜ૵͉ူܪҫᤈ

ᛠ᣾͕ӐὋځ൤scikit-learnᤳऎঋǋੰࡘবुὋள੣͗᜿३߱ॡݝၸὋᏤ੣˶ʿ͗᜿३߱ҩ

ᑞᤥᓣǌఝܲЮࠓឯ᜸ኃ2ብǌ 

scikit-learnंԺၸPython 3ଡΘᄉpipࢹХᤈᛠ߶ᜈὋ˧ґ෤థ߶ᜈNurmPy֖SciPyᄉ
ពὋ˶͗ᮊΦ߶ᜈǌၸክူտ/಩ၸਖ਼ాᬌ੩धʶ˓ጻቪὋཨՐᣤЙ̾ʽ̽֐Ὑ 

$ pip3 install -U scikit-learn 

 
Windowsၸਖ਼ڙ߶ᜈscikit-learn˧ґὋԺᑞᭉ᜵Ў߶ᜈNurmPy֖SciPyǌ߶ᜈ

ૈӮឯ᜸www.scipy.org/install.htmlǌ 

 
Ubuntu ੊ጙࣤ὇ Red Hat Ὀኍ Linux ጆፑᄉၸਖ਼˶᝴࣎భၸᒬࣛᄉӉክူ٧߶ᜈ

scikit-learnὋͭ௦߱͂ଡΘᄉྟఴॡԺᑞʿ௦ణளᄉὋ੝̾ڙ߶ᜈґᭉ̲ጹನࠪྟఴǌఴ˹

΍ၸᄉྟఴʿᑞͯ̅0.14ὋՠѶ˹˖̼ᆉԺᑞ௃กᤁᛠǌ 

 ᤯᣾ᎃដຸ஠͇ᤈᛠ߶ᜈὋ̾Ԣఝܲᄉ߶ᜈૈӮὋឯ᜸߽ழ஠ುὙʹݟ

http://scikit-learn.org/ stable/install.htmlǌ 

1.3� Өૂᙝ᷆࠼⽰ׁ 

ጻ̅ᤀ౎˿ኃʶ˓ஜ૵્ଇᄉΒߔὋੇ ͂ૅᤇ˓̝֖বѫౡᄉᇧΒ౎Хͳᄹʽஜ૵્ଇҁऄ

௦ঞ˥̂ٿǌஜ૵્ଇథ˓࣡᜸ᄉःၸڣ௿ὋԀᮎڙࠆ᠓˻ʶֵ͇׷ௐὋࠑ׷Ժ̾ᡑ఺˿ᝌ̴͂

ᤆਆ˻̣˥Ὃ̾ Φઁܲஜᮎࠆਜ਒Վௐ᠓˻ᄉֵ׷உҁʶᡐᩘ̾׫ଡӣᩘᮨ׫ǌॆ அᬶҁᡛࠑ׷

ܴܲᄉஜ૵ௐὋࡂԺ̾ࠪФᤈᛠ̝֖বѫౡὋ̾ᆷֵ׷̎ג߿᤟ՋஉڙʶᡐѢ׫ǌ 

1.3.1� ӶѾᱥӨૂᙝ᷆࠼ 

̝֖বѫౡ಩૵ಧఴ˓ͳ὇ྫྷͳὈ˧ᫍᄉᄰͪऎὋᆷ͂߱߿Сጆᄉ̝႟ǌ̝֖বѫౡᄉःၸ

 ʽǌݟ௿ڣ

� ՓᎩቢၸਖ਼ଡΘܲಧӐᄉనҫ੊અஉ߿Փࣸնǌ 
� ˝˿Փၸਖ਼଍ᕚႂॕ੊ֵ׷ὋᏪӭፋ̴͂ʶ̎ˀ˧ᄰСᄉ࠴ဓ਒ǌ 
� ಩૵۲ࠬځ੼థ̝ᎅСጆᄉ̠ǌ 

̝֖বథܲሗ฽᧙ழกǌΒݟὋፑ᝟ˏֵ͇׷ʶᡐѢ׫ᄉᮟညὋ੊Ꮷፑ᝟ᮎࠆ᠓˻˿1ֵ׷
Րв˻2ֵ׷ᄉඊညǌॆཨᤆథѾᄉழกὋඊݟՐ᭦ብᓫ᜵ᝮᄉ᝟ኪ˓ͳ˧ᫍᄉᄰͪऎǌ 
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1.3.2� ୼૷᧞㦆 

ၶ਒ϡ࠱ဗᒬҮӐὋ੥థభࠃͺԵథࢹ੆ᄉ߸ࢹጲʽୂҁጲʼՐὋॡܲ˧ґ᭤̠̯׫ᩘֵ׷

ܷǌ̾Փʼᩘ׫˝ΒὋՓʼᩘ׫Ѣᒬᔭ஠up-sellingὋૈᄉ௦Փࣂፂ᠓˻ֵ׷ᄉᮎࠆ଍ᩘԲʶሗ׷

ֵǌԓ౎ጲʽၿ̠ࢹ౎߸੆ᄉֵ׷଍ᕚࢹͺὋဗڙΙ᭤ஜ૵્ଇ੾శࡂᑞ߸੆ὋᏪ˄ඇࣱᑞ˝׷

 ὀࡘᄉԦ֐ҫ᭨׷ߔᤈ᠌і̢ᎾЊὋुҦү଍ႂܲࠑ

ੇ͂ʶᡐᄹʽኤӬᄉֵ׷଍ᕚనҫὋ߱ ᐿՐᄉধᡸФࠃॡူݝᝌὙ̠ ͂˧ґፂ࣡Վௐ᠓˻ᄉ

Ὃֵ̾׷͇ˏ Ր˶ॡԺᑞ͗Վௐ᠓˻ǌឞਆกᆷࠃॡኤӬաὋԺᤇࡂ௦ॡֵܲ׷଍ᕚనҫᄉ۲ᆨὋ

௃᝶ጲʼᤆ௦ጲʽǌ 

ᤇሗਆกॡࠓ௛ᣀӐ˝ኪกǌᮎࠆ᠓˻ֵ׷ՐὋڙՓ̴͂଍ᕚֵ׷ґὋЎಉលʶʽԊԽ̓௛

ஜ૵Ὃ੼ҁ̾ज̴़͂᠓˻Վಧֵ׷ᄉ̓௛ஜ૵ὋᄹᄹՎௐ᠓˻˿̣˥Ὃвઁ߱͂଍ᕚፋᮎࠆԀԺǌ

ឞኪกࠃᬄᛪဗ˶ʿᩱὋᒯ࠵ඊᬣ఺଍ᕚֵ׷ఝథ஌ǌཨᏪὋ߱ᤆథॡܷᄉଡӣቆᫍὋᤇൣ௦ஜ

૵્ଇʶࡘᢵ੣ᄉݝ఺͗ǌ 

˝˿ኤӐ̼ᆉὋழΦᝮᝌὋੇ͂ԵᏥᘼʶ൒᠓˻ˏሗֵ׷ᄉৰхǌΒݟὋ̠͂Ԝᡓࣉ௄˻˿

᭦ӉὋԠ˻˿ྥݚǌͺ˝ஜ૵્૵Й᫂ব᠎ᄉΒߔὋੇ͂࣎భ३ҁʽ᭦ᤇಧᄉ᜺ѶὙ 

 Yǌֵ׷˻XὋᥦ˥̴ॡథԺᑞ᠓ֵ׷˿˻̠˓౦ʶݟ

ఝథԺᑞ᠓˻႖ᔵࠆඊᡐФ̴ᮎࠆӉᄉᮎۿ᠓˻ᯭᐥ֖ලݟఽὋඊܬ˝ᄉ᜺Ѷ͗ఝֵ׷͇ܲ

ᦴὋఴ˹˖ʿ๗Ԣᤇಧᄉ᜺Ѷǌ 

1.3.3� ൞ NumPy ѣࣖ䖳ᮦᦤ䳼 

ʽᣑఴ˹ᦠ̼ݒᆉӉὋγߚҁ;ᄉ᝟ኪ఺ʼὋཨՐ੼ҁᤇ˓Βߔᄉஜ૵ᬶǌఴΒ˖Ὃतᝫ;

ளतʶ˓஠͇݂Ὃઁஜ૵ᬶ֖̼ᆉᦏஉᤈԜǌॆڙґᄫेĿʽὋըҮIPython NotebookὋ࠭ᓇᤈЙ

ளतᄉ஠͇݂ὋѸतʶ˓ளᄉቷ᝭ఴ஠͇ǌ 

˹ឞஜ૵ᬶ᜵ၸҁNumPyᄉ̃፤ஜጷὋူܪ ˖ܷᦉѫΒߔᦏ͗ၸҁᤇሗஜ૵ፆౝǌஜጷᄹʼ

ԜϷ௦ʶषᛪὋඇʶᛠᛪᇧಧఴ˖ʶ˓˓ͳὋඇʶѴᛪᇧʶሗྱड़ǌ 

ஜጷᄉඇʶᮉ˝˓ͳᄉ౼ᮉྱड़Ϙǌឬᡐ౎థ̎ફԯὋ˝ழΦᝮᝌὋ΍ၸݟʽ̼ᆉઁஜ૵ᬶ

Ҫᣑᤈ౎ὋሮՐᣤѢஜጷᄉᦉѫஜ૵ᄹᄹ஌౦Ὑ 

import numpy as np 
dataset_filename = "affinity_dataset.txt" 
X = np.loadtxt(dataset_filename) 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ̽֐ڙᛠὋѬ૰ҁளतᄉ஠͇݂ὋᣤЙipython3 notebook̽֐ǌ——ដᏧซ 
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3 

4 

5 

12 

6 

7 

8 

9 

10 

11 

ᤁᛠIPython NotebookὋѸतቷ᝭ఴ஠͇Ὃڙኃʶ˓ಪߔ˖ᣤЙʼᤗ̼ᆉǌ૊ʽShift+Enter
὇ՎௐѸतளᄉಪߔὈᤁᛠ̼ᆉǌ̼ᆉᤁᛠ߸උՐὋኃʶ˓ಪࢺߔΞᄉழહՁ˖Ѣဗʶ˓ᛪᇧࣿ

ՁᄉஜߙὋᄹҁᤇ˓ஜࡂߙᛪ௙ርࣿᤁᛠፆోǌኃʶ˓ಪߔःឞݟʽ੝ᇧὙ 

 

ࠪ̅ቷ᝭ఴ஠͇Ὃґ᭦ᄉ̼ᆉᤁᛠ߸ՐὋՐ᭦ᄉ੥ᑞᤁᛠ὚ᤆ෤థᣂҁ߱ᤁᛠ੊௦ڙᤁᛠ˖

ௐὋழહՁ˖௬ᇧʶ˓௠ՁǌᤁᛠፆోՐὋ௠Ձበ҈Ԫ˝ࣿՁǌ 

᝭३ઁஜ૵ᬶ஠͇֖ቷ᝭ఴ஠͇உҁՎʶᄫेʽǌՠѶὋឯνஇʼᤗ̼ᆉ˖dataset_ 

filenameԪ᧙ᄉϘǌ 

ଋʽ౎Ὃੇ͂ᄹᄹஜ૵ᬶҁऄ௦̣˥ಧߔǌڙቷ᝭ఴቆಪߔ˖ᣤЙ̾ʽ̼ᆉὋᣤѢஜ૵ᬶᄉ

ґ5ᛠᄹᄹὙ 

print(X[:5]) 

 

ڎ᠓ࣂὋᄅेՐԀԺʽᣑ˹ڎ౦;̯http://www.packtpub.comᎩቢ᠓˻ᄉݟ

˹ᄉ̼ᆉ஠͇ǌݟ౦;௦̯Ѿܪ᠓˻ᄉڎ˹Ὃ᝺᫇ http://www.packtpub. 
com/supportὋซбՐὋੇ͂Ժ̾ၸႂߔᥪ͇ઁ;ᭉ᜵ᄉ஠͇Ԧፋ;ǌĿ 

 
ʼᤗ̼ᆉᄉᤁᛠፆ౦˝ґ5൒̓௛˖ᮎࠆᦏ˻˿̣˥ǌ 

 

ᣤѢፆ౦̯ശՓ֖ጪՓᄹᦏԺ̾ǌശᅋᄹὋඇ൒Եᄹʶᛠǌኃʶᛠ(0, 0, 1, 1, 1)ᛪᇧ

ኃʶ్̓௛ஜ૵੝Ӊդᄉֵ׷ǌቡᅋᄹὋඇʶѴ̼ᛪʶሗֵ׷ǌ͂ੇڙᤇ˓Βߔ˖Ὃᤇ̊ሗֵ׷

ѫѾ௦᭦Ӊǋྥݚǋݚ᦯ǋᔰ౦֖ᯭᘋǌ̯ኃʶ్̓௛ஜ૵˖Ὃੇ͂Ժ̾ᄹҁᮎࠆ᠓˻˿ݚ᦯ǋ

ᔰ౦֖ᯭᘋὋͭ௦෤థ˻᭦Ӊ֖ྥݚǌ 

ඇ˓ྱड़Եథˏ˓ԺᑞᄉϘὋ1੊0Ὃᛪᇧ௦ՠ᠓˻˿౼ሗֵ׷ὋᏪʿ௦᠓˻ֵ׷ᄉஜ᧙ǌ1
ᛪᇧᮎࠆᒯ1˿˻࠵˓Ӭͮᄉឞֵ׷Ὃ0ᛪᇧᮎࠆ෤థ˻ឞሗֵ׷ǌ 
ĂĂĂĂĂĂĂĂĂĂ 

Ŀ ซбՐὋԺᒬᛠʽᣑǌ——ដᏧซ 
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1.3.4� ᇔ⧦ㆶঋⲺᧈᓅ㿺ࡏ 

Yÿᤇಧֵ׷˻XὋᥦ˥̴͂Ժᑞਜ਒᠓ֵ׷˿˻᠓ࠆ౦ᮎݟґ੝ឬὋੇ͂᜵੼Ѣþ˧ݟൣ

ᄉ᜺ѶĿǌኤӬዣ఑ᄉϡก௦Ὃ੼Ѣஜ૵ᬶ˖੝థՎௐ᠓˻ᄉˏֵ͇׷ǌ੼Ѣ᜺ѶՐὋᤆᭉ᜵ѻ

றФ͕ҭὋੇ͂ૌݝᄉ᜺Ѷၸǌ 

᜺Ѷᄉ͕ҭథܲሗᛥ᧙ழกὋ࣡ၸᄉ௦ஂ૆ऎ὇supportὈ֖Ꮅζऎ὇confidenceὈǌ 

ஂ૆ऎૈஜ૵ᬶ˖᜺Ѷःᰍᄉ൒ஜὋፑ᝟ᡐ౎ॡኤӬǌథௐϊὋᤆᭉ᜵ࠪஂ૆ऎᤈᛠ᜺ᔴӐὋ

Ԁвᬓ̾᜺Ѷథ஌ґଡʽᄉ঳ஜ᧙ǌੇ͂ᤇ᧖Ե௦ኤӬፑ᝟᜺Ѷःᰍᄉ൒ஜǌ 

ஂ૆ऎᛥ᧙ᄉ௦ፋ߿᜺ѶःᰍᄉඊΒὋᏪᎵζऎᛥ᧙ᄉѶ௦᜺ѶэᆷညݟʹὋԀቿՋፋ్߿

͇὇Ԁ᜺Ѷᄉþݟ౦ÿឥԱ੝ᛪᇧᄉґଡ్͇Ὀᄉ੝థ᜺Ѷ᧖Ὃᡱॆґ᜺Ѷፆ᝶ʶᒰᄉඊΒథܲ

ܷǌ᝟ኪழก˝ᯪЎፑ᝟ॆґ᜺ѶᄉѢဗ൒ஜὋвၸ߱౎ᬓ్͇̾὇þݟ౦ÿឥԱὈᄰՎᄉ᜺Ѷ

ஜ᧙ǌ 

ଋʽ౎Ὃ᤯᣾ʶ˓Βߔ౎ឬ௙ஂ૆ऎ֖Ꮅζऎᄉ᝟ኪழกὋੇ͂ᄹʶʽঞ˥යþݟ౦ᮎࠆ᠓

˻˿ᔰ౦Ὃ̴͂˶͗᠓˻ᯭᘋÿᤇ్᜺Ѷᄉஂ૆ऎ֖Ꮅζऎǌ 

௦ՠ˻˿ᔰ౦ǌࠆᑞᅻ᥊ʶ˓ᮎࡂʽ᭦ᄉ̼ᆉ੝ᇧὋ᤯᣾ѻற̓௛ஜ૵˖sample[3]ᄉϘὋݟ

ᤇ᧖Ὃsampleᛪᇧʶ్̓௛ζোὋ˶ࡂ௦ஜ૵ᬶ᧖ᄉʶᛠஜ૵ǌ 

 

ՎူὋ೜฽sample[4]ᄉϘ௦ՠ˝1Ὃࡂᑞᆷ߿ᮎࠆథ෤థ˻ᯭᘋǌဗڙԺ̾᝟ኪᮤᄫፋ߿

᜺Ѷڙஜ૵ᬶ˖ᄉѢဗ൒ஜὋ̯Ꮺ᝟ኪᎵζऎ֖ஂ૆ऎǌ 

ੇ͂ᭉ᜵ፑ᝟ஜ૵ᬶ˖੝థ᜺ѶᄉᄰСஜ૵ǌᯪЎѫѾ˝᜺Ѷःᰍ֖᜺Ѷ௃஌ᤇˏሗৰхѸ

तߙЦǌߙЦᄉ᪃௦ၿ్͇֖ፆ᝶ጷ੆ᄉЊጷὋЊጷЊገ˝ྱड़ྱڙड़Ѵᛪ˖ᄉጉलϘὋʿ᜵ၸ

౦౼˓˓ͳᄉ్ݟၸ(3, 4)ᛪᇧǌࡂ᠓˻˿ᔰ౦Ὃ̴͂˶͗˻ᯭᘋÿࠆ౦ᮎݟþݟᬄྱड़ՏὋඊࠃ

͇֖ፆ᝶ڨˀፋ߿᜺ѶᄰቿὋࡂᛪᇧፋ߿᜺Ѷࠪឞ˓ͳ᤟ၸὋՠѶݟ౦᤯᣾ፋ్͇߿଍Ѣᄉፆ᝶

ˀፋ߿᜺Ѷᄉፆ᝶ʿቿὋѶᛪᇧፋ߿᜺Ѷࠪឞ˓ͳ௃஌ǌ 

˝˿᝟ኪ੝థ᜺ѶᄉᎵζऎ֖ஂ૆ऎὋᯪЎѸतі˓ߙЦὋၸ౎ߚஉ᝟ኪፆ౦ǌᤇ᧖΍ၸ

defaultdictὋܪݝ௦ݟ౦ಉ੼ᄉ᪃ʿڙߚὋᤄٿʶ˓᳭ᝢϘǌᭉ᜵ፑ᝟ᄉ᧙థ᜺Ѷःᰍǋ᜺

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ʶ్᜺Ѷၿґଡ్͇֖ፆ᝶ˏᦉѫጷ੆ǌ——ដᏧซ 

on
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Ѷ௃஌Ԣ్͇ᄰՎᄉ᜺Ѷஜ᧙ǌ 

from collections import defaultdict 
valid_rules = defaultdict(int) 
invalid_rules = defaultdict(int) 
num_occurances = defaultdict(int) 

᝟ኪ᣾ርᭉ᜵ၸҁ९ဖፆౝὋΙ൒ࠪಧఴᄉඇ˓˓ͳԢ˓ͳᄉඇ˓ྱड़Ϙᤈᛠူܪǌኃʶ˓

ྱड़˝᜺Ѷᄉґଡ్͇——ᮎࠆ᠓˻˿౼ʶሗֵ׷ǌ 

for sample in X:  
  for premise in range(4): 

೜฽˓ͳ௦ՠ໗ᡛ్͇Ὃݟ౦ʿ໗ᡛὋፘ፝೜฽ʽʶ˓్͇ǌ 

    if sample[premise] == 0: continue 

Ԋ᣾ር˖᡹᣾్͇֖ፆ᝶ᄰՎᄉৰ᥅ڙ౦్͇໗ᡛ὇ԀϘ˝1ὈὋឞ్͇ᄉѢဗ൒ஜҪ1ǌݟ

хὋඊݟ þݟ౦ᮎࠆ˻˿ᔰ౦Ὃ̴͂˶˻ᔰ౦ÿὋᤇಧᄉ᜺Ѷ෤థܷܲၸܪǌ 

    num_occurances[premise] += 1 
    for conclusion in range(n_features): 
        if premise == conclusion: continue  

Ц˖Ὃ᪃˝ၿ్͇֖ፆ᝶ጷ੆ߙ౦᜺Ѷ᤟ၸ̅˓ͳὋ᜺Ѷःᰍᤇሗৰх὇valid_rulesݟ

ᄉЊጷὈܘҪʶ൒Ὃԥ˧Ὃᤊԥ᜺Ѷৰх὇invalid_rulesߙЦ˖ὈܘࡂҪʶ൒ǌ 

    if sample[conclusion] == 1:  
      valid_rules[(premise, conclusion)] += 1 
      else: 
      invalid_rules[(premise, conclusion)] += 1 

३ҁ੝థॸ᜵ᄉፑ᝟᧙ՐὋੇ͂в౎᝟ኪඇ్᜺Ѷᄉஂ૆ऎ֖Ꮅζऎǌݟґ੝ᤗὋஂ૆ऎࡂ

௦᜺Ѷःᰍᄉ൒ஜǌ 

support = valid_rules 

Ꮅζऎᄉ᝟ኪழกዜͪὋ᥅Ԋඇ్᜺Ѷᤈᛠ᝟ኪǌ 

confidence = defaultdict(float) 
for premise, conclusion in valid_rules.keys(): 
    rule = (premise, conclusion)  
    confidence[rule] = valid_rules[rule] / num_occurances[premise] 

ੇ͂३ҁ˿ஂ૆ऎߙЦ֖ᎵζऎߙЦὋѫѾӉդඇ్᜺Ѷᄉஂ૆ऎ֖Ꮅζऎǌੇ ͂в౎ܥ௙

ʶ˓ѥஜὋଋஅᄉԟஜథὙѫѾͺ˝ґଡ్͇֖ፆ᝶ᄉྱड़ጉलϘǋஂ૆ऎߙЦǋᎵζऎߙЦ̾

Ԣྱड़ѴᛪǌᣤѢඇ్᜺ѶԢФஂ૆ऎ֖ᎵζऎὋࠪᣤѢᤈᛠಪयӐὋ̾ழΦಉᄹǌ 

def print_rule(premise, conclusion, 
              support, confidence, features):  
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˧ґतበᄉfeaturesѴᛪีʼၸڣ˿Ὃඇ్᜺Ѷᄉ్͇ǋፆ᝶ࡂ௦ၸfeaturesѴᛪ˖ྱड़ᄉጉ

ल౎ᛪᇧᄉǌᣤѢௐὋઁጉलఢ૰੆ᄰःᄉྱड़Ὃఝࠓ௛ឳ਴ǌ 

    premise_name = features[premise] 
    conclusion_name = features[conclusion] 
    print("Rule: If a person buys {0} they will also buy 
      {1}".format(premise_name, conclusion_name)) 

ଋᅋᣤѢ᜺Ѷᄉஂ૆ऎ֖Ꮅζऎǌ 

    print(" - Support: {0}".format(support[(premise, 
                                            conclusion)])) 
    print(" - Confidence: {0:.3f}".format(confidence[(premise, 
                                                    conclusion)])) 

з߸ՐὋᒬࣁ฽ណʶʽ̼ᆉ௦ՠԺၸ——࠼ណఝ૰్͇֖ፆ᝶ὋᄹᄹᣤѢፆ౦ݟʹǌ 

 

1.3.5� ᧈᓅᢴ࠰ᴶ֩㿺ࡏ 

३ҁ੝థ᜺Ѷᄉஂ૆ऎ֖ᎵζऎՐὋ̋ ˿੼Ѣణ·᜺ѶὋᤆᭉ᜵಩૵ஂ૆ऎ֖Ꮅζऎࠪ᜺Ѷ

ᤈᛠଅࣿὋੇ͂ѫѾᄹʶʽᤇˏ˓ಕэǌ 

᜵੼Ѣஂ૆ऎణᰳᄉ᜺ѶὋᯪЎࠪஂ૆ऎߙЦᤈᛠଅࣿǌߙЦ˖ᄉЊገ὇ʶ˓᪃ϘࠪὈ᳭ᝢ

˝෤థґՐᮊࣿ὚ߙЦᄉitems()ѥஜᤄٿӉդߙЦ੝థЊገᄉѴᛪǌੇ͂΍ၸitemgetter()

ዜͺ˝᪃ὋᤇಧࡂԺ̾ࠪݒࢥѴᛪᤈᛠଅࣿǌitemgetter(1)ᛪᇧ̾ߙЦՉЊገᄉϘ὇ᤇ᧖˝

ஂ૆ऎὈͺ˝ଅࣿΙ૵Ὃreverse=TrueᛪᇧᬋࣿଅѴǌ 

from operator import itemgetter 
sorted_support = sorted(support.items(), key=itemgetter(1), re 
verse=True) 

ଅࣿ߸੆ՐὋࡂԺ̾ᣤѢஂ૆ऎణᰳᄉґ5్᜺Ѷǌ 

for index in range(5):  
    print("Rule #{0}".format(index + 1)) 
    premise, conclusion = sorted_support[index][0] 
    print_rule(premise, conclusion, support, confidence, features) 

ፆ౦ݟʽ੝ᇧὙ 
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ՎူὋੇ͂ᤆԺ̾ᣤѢᎵζऎణᰳᄉ᜺ѶǌᯪЎ಩૵Ꮅζऎᤈᛠଅࣿǌ 

sorted_confidence = sorted(confidence.items(), key=itemgetter(1), 
reverse=True) 

в൒ᣤѢᄹᄹፆ౦ǌซ਒ᣤѢழกᄰՎὋͭ௦ឯ႐਒ʽ᭦ኃʻᛠ̼ᆉ᧖sorted_ 

confidenceᄉԪӐὋʿ᜵ፘ፝΍ၸsorted_supportǌ 

for index in range(5):  
    print("Rule #{0}".format(index + 1)) 
    premise, conclusion = sorted_confidence[index][0] 
    print_rule(premise, conclusion, support, confidence, features) 
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̯ଅࣿፆ౦౎ᄹὋþᮎࠆ˻ᔰ౦Ὃ˶͗˻ݚ᦯ÿ֖þᮎݚ˻ࠆ᦯Ὃ˶͗˻ᯭᘋÿὋᤇˏ్᜺

Ѷᄉஂ૆ऎ֖ᎵζऎᦏॡᰳǌᡓࣉፂူԺ̾಩૵ᤇ̎᜺Ѷ౎ុஞֵ׷ୋஉͮᎵǌΒݟὋݟ౦ఴֆ

ᔰ౦ΧᩘὋڙࡂஷ᣷ୋʼݚ᦯ǌͭ௦ᯭᘋ֖ݚ᦯ՎௐଽΧᩘࡂ෤థܷܲ਒˦˿Ὃځ˝ੇ͂Ԧဗ᠓

Ὃଋᤂ66%ᄉ̠Ԁ΍ʿଽΧᩘ˶͗˻ᯭᘋ——Ԁ΍ଽΧᩘὋ˶ʿ͗ፋᩘ᧙ࣛ౎ܲ˖ࠆ᦯ᄉᮎݚ˻

ܷଡӣǌ 

̯ʼ᭦ᤇ˓ΒࡂߔᑞᄹѢஜ૵્ଇᄉวࠢҦథܲुܷǌ̠ ͂Ժ̾ၸஜ૵્ଇ੾శଉጉஜ૵ᬶ

˖ՉԪ᧙˧ᫍᄉСጆὋࠬ੼ளԦဗǌଋʽ౎ʶᓫὋੇ͂ᄹᄹஜ૵્ଇᄉԲʶ˓ҩᑞὙᮔ฽ǌ 

1.4�  ׁ⽰䰤从Ⲻㆶঋ㊱࠼

Ὃੇ͂ࠬ੼ᄉ௦ஜ૵ᬶ˖ʿՎԪ᧙˧ᫍᄉᄰСবǌᏪѫዜ᫇ᮤὋԵ˖ߔʼᤗ̝֖বѫౡΒڙ

СซዜѾ὇˶ԶͺᄫಕὈᤇ˓Ԫ᧙ǌʼᤗΒߔ˖Ὃϛ͂ੇݟСॶᄉ௦ঞಧᝧᮎࠆ˻ఝܲᄉᔰ౦Ὃ

 ᠓˻ᔰ౦ᄉ᜺ѶǌࠆԺ̾ઁ௦ՠ᠓˻ᔰ౦ͺ˝ዜѾὋ΍ၸѫዜழกὋԵࠬ੼Χ੆ᮎࡂ

1.5� ӶѾᱥ࠼㊱ 

ѫዜ௦ஜ૵્ଇᮖ۪ణ˝࣡ၸᄉழก˧ʶὋʿ᝶௦ࠃᬄःၸᤆ௦መᆐὋᦏ࠵ʿ˿߱ᄉᢵॕǌ
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ࠪ̅ѫዜ᫇ᮤὋੇ ͂᤯࣡ᑞૅҁᛪᇧࠃᬄࠪ៵੊͇̂ᄉஜ૵ᬶὋੇ ͂ᅻ᥊ஜ૵ᬶ˖ඇʶ్ஜ૵੝

࡚ᄉዜѾὋᤇ̎ዜѾઁʶ్్ஜ૵Ѳѫ˝ʿՎᄉዜǌ̣ ˥௦ዜѾ὞ዜѾᄉϘԠ௦ঞ˥̂ٿ὞ੇ͂

౎ᄹʽ᭦і˓Βߔǌ 

� ಩૵೜฽ஜ૵ᆷ߿ೱྫྷᄉሗዜǌዜѾᄉϘ˝þೱྫྷ࡚̅ג˓ሗዜ὞ÿǌ 
� ѻறڎϷ˖థ෤థ࿐ǌዜѾ௦þڎϷ᧖థ࿐՘὞ÿǌ 
� ಩૵Ӑᰍፆ౦ὋѻறჀ̠థ෤థৣʼ჻ჁǌዜѾ௦þჀ̠३჻Ⴡ˿՘὞ÿǌ 

ʼᤗʻ˓᫇ᮤ˖థˏ˓௦̃Ϙ὇௦/ՠὈ᫇ᮤὋͭൣݟኃʶ˓ᆷ߿ೱྫྷዜѾᄉ᫇ᮤὋܲ˓ዜ

Ѿᄉৰх˶ॡ࣡᜸ǌ 

ѫዜःၸᄉᄫಕ௦Ὃ಩૵ࣂᅻዜѾᄉஜ૵ᬶὋፂ᣾ᝪጶ३ҁʶ˓ѫዜഴۋὋвၸഴࠪۋዜѾ

లᅻᄉஜ૵ᤈᛠѫዜǌΒݟὋੇ͂Ժ̾ࠪஅҁᄉᥪ͇ᤈᛠѫዜὋಕซ̎ג௦ᒬ࣎ࣁభஅҁᄉὋג

̎௦ڥۇᥪ͇ὋཨՐၸᤇ̎ஜ૵ᝪጶѫዜഴۋὋࠃဗʶ˓ڥۇᥪ͇᣾໙٧Ὃᤇಧ̾Րвஅҁᥪ͇Ὃ

 ǌ߿ᑞࣞ;ଽࡂᥪ͇˿Ὃ᣾໙٧ڥۇԜᆷᝢ߱௦ʿ௦ࣁʿၸᒬࡂ

1.5.1�  ᮦᦤ䳼༼߼

ੇ͂ଋʽ౎࠱΍ၸᗂՏᄉIrisೱྫྷѫዜஜ૵ᬶǌᤇ˓ஜ૵ᬶРథ150్ೱྫྷஜ૵Ὃඇ్ஜ૵ᦏ

ፋѢ˿ٽ˓ྱड़Ὑsepal lengthǋsepal widthǋpetal lengthǋpetal width὇ѫѾᛪᇧᖾྞ֖ᔈၤᄉ᫁

ˀࠔὈὋӬͮڨ˝cmǌᤇ௦ஜ૵્ଇ˖ᄉፂЦஜ૵ᬶ˧ʶ὇1936ࣱࡂၸҁ˿ஜ૵્ଇᮖ۪ὀὈǌឞ

ஜ૵ᬶРథʻሗዜѾὙIris Setosa὇ࡢᲜࡊὈǋIris Versicolour὇ԪᓣᲜࡊὈ֖Iris Virginica὇፤Ռࡈ

̍ᲜࡊὈǌੇ͂ᤇ᧖ᄉѫዜᄫᄉ௦಩૵ೱྫྷᄉྱड़଍฽߱ᄉሗዜǌ 

scikit-learnंЮᎵ˿ឞஜ૵ᬶὋԺᄯଋ࠭Йǌ 

from sklearn.datasets import load_iris 
dataset = load_iris() 
X = dataset.data 
y = dataset.target 

ၸprint(dataset.DESCR)̽֐ಉᄹஜ૵ᬶὋܷഏ˿ᝌʶʽὋӉહྱड़ᄉឬ௙ǌ 

ஜ૵ᬶ˖Չྱड़Ϙ˝ᤋ፝ۋὋ˶ࡂ௦థ௃ஜ˓ԺᑞᄉϘǌ฽᧙३ҁᄉஜ૵ࡂ௦ᤇ˓ಧߔὋඊ

౦ˏ˓ϘᄰᤂὋᛪᇧᄰͪݟὋ฽᧙ፆ౦Ժᑞ௦1ǋ1.2੊1.25Ὃኍኍǌᤋ፝ϘᄉԲʶ˓ྱཁ௦Ὃݟ

ऎॡܷǌʶሗᖾྞ᫁1.2cmᄉೱྫྷᡱʶሗᖾྞ1.25ࠔcmᄉೱྫྷॡᄰϷǌ 

ˀ൤ᄰԥὋዜѾᄉԨϘ˝ሎ஘ۋǌᙉཨ࣡ၸஜߙᛪᇧዜѾὋͭ௦ዜѾϘʿᑞ಩૵ஜϘܷ࠴ඊ

ᣖᄰͪবǌIrisஜ૵ᬶၸʿՎᄉஜߙᛪᇧʿՎᄉዜѾὋඊݟዜѾ0ǋ1ǋ2ѫѾᛪᇧIris SetosaǋIris 
VersicolourǋIris Virginicaǌͭ௦ᤇʿᑞឬ௙ґˏሗೱྫྷὋ᜵ඊኃʶሗ֖ኃʻሗఝᄰᤂ——ࡉክӬ

ᄹᛪᇧዜѾᄉஜߙௐᆷݟࠃ൤ǌڙᤇ᧖ὋஜߙᛪᇧዜѾὋԵᑞၸ౎ѻறˏሗೱྫྷ௦ՠ࡚̅Վʶሗ
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ዜѾὋᏪʿᑞឬ௙௦ՠᄰͪǌ 

ॆཨὋᤆథФ̴ዜۋᄉྱड़ὋՐ፝ብᓫ͗ᝮҁФ˖іሗǌ 

ஜ૵ᬶᄉྱड़˝ᤋ፝ϘὋᏪੇ͂Ԁ࠱΍ၸᄉኪก΍ၸዜѾྱۋड़ϘὋځ൤ੇ͂ᭉ᜵ઁᤋ፝Ϙ

ᣀԪ˝ዜѾۋὋᤇ˓᣾ርԶͺሎ஘Ӑǌ 

ణኤӬᄉሎ஘ӐኪกὋᖅ᣾̅ᆷ߿ʶ˓᫟ϘὋ̅ͯ࠱ឞ᫟Ϙᄉྱड़ϘᎵ˝0Ὃᰳ̅᫟ϘᄉᎵ

˝1ǌੇ͂ઁ౼ᮉྱड़ᄉ᫟Ϙ᝹߿˝ឞྱड़੝థྱड़ϘᄉڨϘǌඇ˓ྱड़ᄉڨϘ᝟ኪழกݟʽǌ 

attribute_means = X.mean(axis=0) 

ੇ͂३ҁ˿ʶ˓᫁ऎ˝4ᄉஜጷὋᤇൣݝ௦ྱड़ᄉஜ᧙ǌஜጷᄉኃʶᮉ௦ኃʶ˓ྱड़ᄉڨϘὋ

̾൤ዜ଍ǌଋʽ౎Ὃၸឞழก࠱ஜ૵ᬶ੩஘Ὃઁᤋ፝ᄉྱड़Ϙᣀ૰˝ዜѾۋǌ 

X_d = np.array(X >= attribute_means, dtype='int') 

Ր᭦ᄉᝪጶ֖฽ណὋᦏ࠱΍ၸள३ҁᄉX_dஜ૵ᬶ὇੩஘ՐᄉஜጷXὈὋᏪʿв΍ၸԓ౎ᄉஜ

૵ᬶ὇XὈǌ 

1.5.2� ᇔ⧦ OneR ㇍⌋ 

OneRኪกᄉধᡸॡኤӬὋ߱಩૵ࣂథஜ૵˖ὋХథᄰՎྱड़Ϙᄉ˓ͳణԺᑞ࡚̅ג˓ዜѾ

ᤈᛠѫዜǌOneR௦One Rule὇ʶ్᜺ѶὈᄉኤзὋᛪᇧੇ͂ԵᤤԨٽ˓ྱड़˖ѫዜ஌౦ణݝᄉʶ

˓ၸͺѫዜΙ૵ǌՐ፝ብᓫ˖ᄉѫዜኪกඊᡐOneR᜵ܬఽॡܲὋͭᤇ˓ᄹͪʿᡐᅊᄉኤӬኪกὋ

 ஜ૵ᬶʼᛪဗ३˶ʿїǌࠃॡܲᄽڙ

ኪกᯪЎ᥅Ԋඇ˓ྱड़ᄉඇʶ˓ԨϘὋࠪ ̅ඇʶ˓ྱड़ϘὋፑ᝟߱ڙՉ˓ዜѾ˖ᄉѢဗ൒ஜὋ

੼ҁ߱Ѣဗ൒ஜణܲᄉዜѾὋࣲፑ᝟߱ڙФ̴ዜѾ˖ᄉѢဗ൒ஜǌ 

ˠΒ౎ឬὋϛݟஜ૵ᬶᄉ౼ʶ˓ྱड़Ժ̾Ԩ0੊1ˏ˓Ϙǌஜ૵ᬶРథʻ˓ዜѾǌྱड़Ϙ˝0
ᄉৰхʽὋAዜథ20˓ᤇಧᄉ˓ͳὋBዜథ60˓ὋCዜ˶థ20˓ǌᥦ˥ྱड़Ϙ˝0ᄉ˓ͳణԺᑞ࡚

̅BዜὋॆཨᤆథ40˓˓ͳᆷࠃ௦ྱड़Ϙ˝0Ὃͭ௦߱͂ʿ࡚̅Bዜǌྱ࠱ड़Ϙ˝0ᄉ˓ͳѫҁBዜ

ᄉᩱឧညࡂ௦40%Ὃځ˝థ40˓ᤇಧᄉ˓ͳѫѾ࡚̅Aዜ֖Cዜǌྱड़Ϙ˝1ௐὋ᝟ኪழกዜͪὋ

ʿвᠻᤗ὚Ф̴Չྱड़ϘణԺᑞ࡚̅ᄉዜѾԢᩱឧညᄉ᝟ኪழก˶ʶಧǌ 

ፑ᝟߸੝థᄉྱड़ϘԢФڙඇ˓ዜѾᄉѢဗ൒ஜՐὋੇ ͂в౎᝟ኪඇ˓ྱड़ᄉᩱឧညǌ᝟ኪ

ழก˝ઁ߱ᄉՉ˓ԨϘᄉᩱឧညᄰҪὋᤤԨᩱឧညణͯᄉྱड़ͺ˝׬ʶᄉѫዜэѶ὇OneRὈὋၸ

̅ଋʽ౎ᄉѫዜǌ 

ဗڙὋੇ͂ࡂ౎ࠃဗឞኪกǌᯪЎѸतʶ˓ѥஜὋ಩૵य़ᮔ฽ஜ૵ᄉ౼ᮉྱड़Ϙᮔ฽ዜѾὋ

ࣲፋѢᩱឧညǌڙᤇ˧ґᭉ᜵࠭Йґ᭦ၸ᣾ᄉdefaultdict֖itemgetterഴڰǌ 

⼀
数据

䕯型嬲

⼀⼀ 求利的均值
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from collections import defaultdict 
from operator import itemgetter 

ʽ᭦Ѹतѥஜܥ௙ὋԟஜѫѾ௦ஜ૵ᬶǋዜѾஜጷǋᤤݝᄉྱड़ጉलϘǋྱड़Ϙǌ 

def train_feature_value(X, y_true, feature_index, value): 

ଋʽ౎᥅Ԋஜ૵ᬶ˖ඇʶ్ஜ૵὇̼ᛪʶ˓˓ͳὈὋፑ᝟Хథፋྱ߿ड़Ϙᄉ˓ͳڙՉ˓ዜѾ

˖ᄉѢဗ൒ஜǌ 

    class_counts = defaultdict(int) 
    for sample, y in zip(X, y_true): 
        if sample[feature_index] == value: 
            class_counts[y] += 1  

ࠪclass_countsߙЦᤈᛠଅࣿὋ੼ҁణܷϘὋࡂᑞ੼ѢХథፋྱ߿ड़Ϙᄉ˓ͳגڙ˓ዜѾ

˖Ѣဗ൒ஜణܲǌ 

    sorted_class_counts = sorted(class_counts.items(), 
      key=itemgetter(1), reverse=True) 
        most_frequent_class = sorted_class_counts[0][0]  

ଋᅋ᝟ኪឞ్᜺ѶᄉᩱឧညǌOneRኪก͗ઁХథឞᮉྱड़Ϙᄉ˓ͳፑፑѫҁʼ᭦੼ҁᄉѢ

ဗ൒ஜణܲᄉዜѾ˖ǌᩱឧည˝Хథឞྱड़Ϙᄉ˓ͳڙФ̴ዜѾ὇ᬓѢဗ൒ஜణܲᄉዜѾ˧ܰᄉὈ

˖ᄉѢဗ൒ஜὋ߱ᛪᇧᄉ௦ѫዜ᜺Ѷʿ᤟ၸᄉ˓ͳᄉஜ᧙ǌ 

incorrect_predictions = [class_count for class_value, class_count 
in class_counts.items() 
if class_value != most_frequent_class] 
error = sum(incorrect_predictions) 

ణՐᤄٿ΍ၸፋྱ߿ड़Ϙ३ҁᄉय़ᮔ฽˓ͳᄉዜѾ֖ᩱឧညǌ 

    return most_frequent_class, error 

ࠪ̅౼ᮉྱड़Ὃ᥅ԊФඇʶ˓ྱड़ϘὋ΍ၸʼᤗѥஜὋࡂᑞ३ҁᮔ฽ፆ౦֖ඇ˓ྱड़Ϙ੝ࣛ

౎ᄉᩱឧညὋཨՐઁ੝థᩱឧညጌҪᡐ౎Ὃࡂᑞ३ҁឞྱड़ᄉ঳ᩱឧညǌੇ͂౎߿˦ʶ˓ѥஜὋ

 ဗᤇ̎ୱͺǌࠃ

ѥஜܥ௙ݟʽὋᤇ൒Եၸҁʻ˓ԟஜὋʼ᭦ࣂፂ̭ፀ᣾ǌ 

def train_on_feature(X, y_true, feature_index): 

ଋʽ౎੼Ѣፋྱ߿ड़РథіሗʿՎᄉԨϘǌʽ᭦ᤇᛠ̼ᆉX[:,feature_index]̾ஜጷᄉ

्यᤄٿၿfeature_index੝ૈᄉѴǌཨՐၸsetѥஜ࠱ஜጷᣀӐ˝ᬶՋὋ̯ Ꮺ੼ѢథіሗʿՎ

ᄉԨϘǌ 

    values = set(X[:,feature_index]) 

zip将元诅解压为刘表

画独重
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вѸतߙЦpredictorsὋၸͺᮔ฽٧ǌߙЦᄉ᪃˝ྱड़ϘὋϘ˝ዜѾǌඊݟ᪃˝1.5ǋϘ˝

2Ὃᛪᇧྱड़Ϙ˝1.5ᄉ˓ͳ࡚̅ዜѾ2ǌѸतerrorsѴᛪὋߚϱඇ˓ྱड़Ϙᄉᩱឧညǌ 

    predictors = {} 
    errors = [] 

ѥஜᄉ˞࣯ᦉѫ᥅Ԋᤤྱ߿ड़ᄉඇ˓ʿՎᄉྱड़ϘὋၸґ᭦߿˦ᄉtrain_feature_ 

value()ѥஜ੼Ѣඇ˓ྱड़ϘణԺᑞᄉዜѾὋ᝟ኪᩱឧညὋࣲ࠱ФѫѾγߚҁᮔ฽٧predictors
֖errors˖ǌ 

    for current_value in values:  
      most_frequent_class, error = train_feature_value(X, 
        y_true, feature_index, current_value) 
      predictors[current_value] = most_frequent_class 
      errors.append(error) 

ణՐὋ᝟ኪឞ᜺Ѷᄉ঳ᩱឧညὋᤄٿᮔ฽٧Ԣ঳ᩱឧညǌ 

    total_error = sum(errors) 
    return predictors, total_error 

1.5.3� ⎁䈋㇍⌋ 

ʼʶᓫ˖̝֖বѫౡኪกᄉᄫಕ௦̯ஜ૵ᬶ˖Ԧဗၸ̾ૈ࠭ࠃ᡺ᄉ᜺ѶǌᏪѫዜ᫇ᮤథ੝ʿ

ՎὋੇ͂ਆतበʶ˓ᑞܴ಩૵ࣂథᅻខࠪ෤థ᜸᣾ᄉ˓ͳᤈᛠѫዜᄉഴۋǌ 

ᝪጶ᫼ൿὋੇ̯͂ஜ૵ᬶ˖Ԩʶᦉѫஜڙርѫ˝ˏ൥Ὑᝪጶ֖฽ណǌึ˷ߥ൤ઁ఺٧ځ͂ੇ

૵ὋѸतഴۋǌڙ฽ណ᫼ൿὋੇ͂฽ណഴڙۋஜ૵ᬶʼᄉѫዜ஌౦ǌᏥᘼҁഴۋᄉᄫಕ௦ࠪள˓

ͳᤈᛠѫዜὋځ൤ʿᑞၸ฽ណஜ૵ᝪጶഴۋὋځ˝ᤇಧϡࠓ௛࠭ᒰ᣾઱Ջ᫇ᮤǌ 

᣾઱Ջૈᄉ௦ഴڙۋᝪጶᬶʼᛪဗॡݝὋͭ ࠪ̅෤థ᜸᣾ᄉஜ૵ᛪဗॡࢿǌᝌфழกॡኤӬὙ

ӡʹʿ᜵ၸᝪጶஜ૵฽ណኪกǌសጹᄉူܪழกॡܬఽὋՐ፝ብᓫ͗థ੝๗Ԣ὚ੇ͂ᤇ᧖ኤӬӐ

 ᦉѫὋѫѾၸ̅ᝪጶ֖฽ណǌХͳึርଋʽ౎̭͗ፀǌ࠴˓ˏ˝Ὃઁஜ૵ᬶѫူܪ

scikit-learnंଡΘ˿ʶ˓࠱ஜ૵ᬶѬѫ˝ᝪጶᬶ֖฽ណᬶᄉѥஜǌ 

from sklearn.cross_validation import train_test_split 

ឞѥஜ಩૵᝹߿ᄉඊΒ὇᳭ᝢઁஜ૵ᬶᄉ25%ͺ˝฽ណᬶὈ࠱ஜ૵ᬶᬣ఺Ѭѫ˝ˏᦉѫὋ̾

ᆷγ฽ណፆ౦ᄉԺζऎǌ 

Xd_train, Xd_test, y_train, y_test = train_test_split(X_d, y, random_ 
state=14) 

ᤇಧੇ͂ࡂ३ҁ˿ˏ˓ஜ૵ᬶὙᝪጶᬶXd_train֖฽ណᬶXd_testǌy_train֖y_test

ѫѾ˝̾ʼˏ˓ஜ૵ᬶᄉዜѾζোǌ 

⼀
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Ѭѫѥஜᄉኃʻ˓ԟஜrandom_stateၸ౎ૈ߿Ѭѫᄉᬣ఺࿃খǌඇ൒ѬѫὋ΍ၸᄰՎᄉᬣ

఺࿃খὋѬѫፆ౦ᄰՎǌᙉཨᄹᡐ౎௦ᬣ఺ᄉὋͭ௦߱੝΍ၸᄉኪก௦ᆷ߿ᄉὋᣤѢፆ౦˶௦ʶ

ᒰᄉǌڙ˹˖੝థၸҁrandom_stateᄉڠழὋੇतᝫ;ᡱੇ΍ၸՎʶ˓ϘὋᤇಧ;३ҁᄉፆ౦

࠱ःឞᡱੇᄉᄰՎὋᤇಧΦ̅;ᰍ᝼ፆ౦ǌઁrandom_stateᄉϘ᝹Ꮅ˝noneὋඇ൒Ѭѫፆ౦ࡂ

௦ᄽൣᬣ఺ᄉǌ 

ଋʽ౎Ὃ᝟ኪ੝థྱड़ϘᄉᄫಕዜѾ὇ᮔ฽٧Ὀǌ᝭३Ե΍ၸᝪጶᬶǌ᥅Ԋஜ૵ᬶ˖ᄉඇ˓

ྱड़Ὃ΍ၸੇ͂Ўґ߿˦ᄉѥஜtrain_on_feature()ᝪጶᮔ฽٧Ὃ᝟ኪᩱឧညǌ 

all_predictors = {} 
errors = {}  
for feature_index in range(Xd_train.shape[1]): 
  predictors, total_error = train_on_feature(Xd_train, y_train, 
    feature_index) 
  all_predictors[feature_index] = predictors 
  errors[feature_index] = total_error 

ཨՐ੼Ѣᩱឧညణͯᄉྱड़Ὃͺ˝ѫዜᄉ׬ʶ᜺Ѷǌ 

best_feature, best_error = sorted(errors.items(), key=itemgetter(1)) 
[0] 

ࠪᮔ฽٧ᤈᛠଅࣿὋ੼ҁణ·ྱड़ϘὋѸतmodelഴۋǌ 

model = {'feature': best_feature, 
  'predictor': all_predictors[best_feature][0]} 

modelഴۋ௦ʶ˓ߙЦፆౝὋӉդˏ˓ЊገὙၸ̅ѫዜᄉྱड़֖ᮔ฽٧ǌథ˿ഴۋՐὋࡂԺ

̾಩૵ྱड़Ϙࠪ෤థ᜸᣾ᄉஜ૵ᤈᛠѫዜǌᇧΒݟʽὙ 

variable = model['variable'] 
predictor = model['predictor'] 
prediction = predictor[int(sample[variable])] 

ੇ͂ፂ࣡ᭉ᜵ʶ൒్ࠪܲஜ૵ᤈᛠᮔ฽Ὃ̋ ൤ၸʼ᭦ᄉ̼ᆉࠃဗ˿ʽ᭦ᤇ˓ѥஜὋ᤯᣾᥅Ԋ

ஜ૵ᬶ˖ᄉඇ్ஜ૵౎߸੆ᮔ฽ǌ 

def predict(X_test, model): 
    variable = model['variable'] 
    predictor = model['predictor'] 
    y_predicted = np.array([predictor[int(sample[variable])] for 
      sample in X_test]) 
    return y_predicted  

ੇ͂ၸʼ᭦ᤇ˓ѥஜᮔ฽฽ណᬶ˖ඇ్ஜ૵ᄉዜѾǌ 

y_predicted = predict(X_test, model) 

ඊᣖᮔ฽ፆ౦֖ࠃᬄዜѾὋࡂᑞ३ҁൣᆷည௦ܲ࠵ǌ 

shape读取矩阵⻓度
- 返回到的⻓度

⼀典的值进⾏
排序
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accuracy = np.mean(y_predicted == y_test) * 100 
print("The test accuracy is {:.1f}%".format(accuracy)) 

ᣤѢፆ౦˝68%Ὃࠪ̅Ե΍ၸʶ్᜺Ѷ౎ឬὋᤇࡂॡʿᩱ˿ὀ 

1.6� ቅ㔉 

ఴብ̭ፀ˿ݟʹၸPythonᤈᛠஜ૵્ଇǌݟ౦;ᑞᤁᛠᤇʶᦉѫᄉ̼ᆉĿ὇᜸̼ᆉӉኃ1ብᄉ

஠͇݂ὈὋឬ௙धԦဖܑୃࣂतݝὋՐ፝ብᓫᄉܷᦉѫ̼ᆉᦏᑞᤁᛠ˿ǌॆཨథ̎Pythonंᤆ෤

ᜈὋᬣၸᬣᜈݝࡂǌ 

ੇ͂ၸIPython Notebookᤁᛠ˿̼ᆉὋܪݝ௦ᑞԢௐᄹҁʶ̼ڰ࠴ᆉᄉᣤѢǌ߱ҩᑞुܷὋ

Ր᭦͗ፘ፝΍ၸǌ 

ੇ͂ˠ˿ʶ˓ኤӬᄉ̝֖বѫౡᄉΒߔὋၸ߱੼Ѣᮎࠆፂ࣡ʶᡐ᠓˻ᄉֵ׷ǌᤇሗଉጉবᄉ

ѫౡழกၸܪॡܷὋᑞࣞү̠͂Ԧဗ׷ˉึርǋ౼˓ဖܑ੊ڣ௿˖ᄉ໷ڙ᜺।ǌ̝֖বѫౡԺၸ

 ᑞᤇ̎ᮖ۪ࣛ౎቉ᆠǌ߿ᑞኍᮖ۪ὋឬʿఄࢹǋӝႤǋ̠ˉ׷ڙ

ఴብᤆ᤯᣾OneRኪก̭ፀ˿ѫዜᄉःၸǌឞኪกࠬ੼ణ·ᄉྱड़Ϙၸ̅ѫዜὋឞྱड़Ϙڙ

ᝪጶᬶ˖ג˓ዜѾ˖Ѣဗᄉ൒ஜణܲὋय़ᮔ฽ஜ૵ג࡚̅ࡂ˓ዜѾǌ 

Ր፝ብᓫ͗ੰࡘѫዜ֖̝֖বѫౡᄉഏএὋՎௐᤆ̭͗ፀscikit-learnं̾Ԣ߱ࠃဗᄉʶ

̎ஜ૵્ଇኪกǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ݟ౦.ipynb஠͇ڙNotebook˖੩धௐઐᩱὋឯၸJSON೜ಉࢹХಉ੼థ௃ʿՋกᄉJSONߙቿὋᒬᛠុஞʶʽǌ 

——ដᏧซ 
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⭞scikit-learn 
զ䇗ಞ࠼㊱ 

 
ၸPythonឥᝒᎃзᄉscikit-learnंὋࠃဗ˿ʶጆѴஜ૵્ଇኪกὋଡΘ᤯ၸᎃርଋԯǋ

ಕэӐᄉ฽ណ֖ុԟࢹХὋΦ̅ၸਖ਼࠼ណʿՎኪกࠪФᤈᛠЌѫ฽ណ֖ಉ੼ణ͕ԟஜϘǌథܷ᧙

΍ၸscikit-learnंᄉኪก֖ࢹХǌ 

ఴብᝮᝌஜ૵્ଇ᤯ၸಳ౵ᄉୃतழกǌథ˿ᤇಧʶ˓ಳ౵ὋՐ፝ብᓫࡂԺ̾ઁᝮᝌ᧗ཁஉ

ҁஜ૵્ଇःၸ֖੾శʼ᭦ǌ 

ఴብ˞᜵̭ፀݟʽі˓ഏএǌ 

� ͤ᝟٧὇EstimatorὈὙၸ̅ѫዜǋᐐዜ֖ॅٿѫౡǌ 
� ᣀ૰٧὇TransformerὈὙၸ̅ஜ૵ᮔ֖ူܪஜ૵ᣀ૰ǌ 
� ึපጲ὇PipelineὈὙጷՋஜ૵્ଇึርὋΦ̅в൒΍ၸǌ 

2.1� scikit-learn զ䇗ಞ 

˝ࣞүၸਖ਼ࠃဗܷ᧙ѫዜኪกὋscikit-learnઁᄰСҩᑞ࠯ᜈ੆੝៊ᄉͤ᝟٧ǌͤ᝟٧ၸ

̅ѫዜ͉ҫὋ߱˞᜵Ӊહ̾ʽˏ˓ѥஜǌ 

� fit()ὙᝪጶኪกὋ᝹ᎵЮᦉԟஜǌឞѥஜଋஅᝪጶᬶԢФዜѾˏ˓ԟஜǌ 
� predict()Ὑԟஜ˝฽ណᬶǌᮔ฽฽ណᬶዜѾὋࣲᤄٿʶ˓Ӊդ฽ណᬶՉ్ஜ૵ዜѾᄉ

ஜጷǌ 

ܷܲஜscikit-learnͤ᝟٧ଋஅ֖ᣤѢᄉஜ૵ಪयڨ˝numpyஜጷ੊ዜͪಪयǌ 

scikit-learnଡΘ˿ܷ᧙ͤ᝟٧ὋФ˖థஂ૆Փ᧙఺὇SVMὈǋᬣ఺೧ౣǋᇷፂᎩፎኍὋ

ܲஜኪกఴ˹ᦏ͗థ੝๗ԢǌఴብЎ̭ፀscikit-learn˖ᄉᤂ᥵ኪกǌ 

 

ኃ �ብ
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ੇ͂ᭉ᜵߶ᜈmatplotlibंὋͺڎௐ͗ၸҁǌణኤӬᄉ߶ᜈழกࡂ௦ၸ

pip3౎߶ᜈὋڙኃ1ብ߶ᜈscikit-learnௐၸ᣾ǌ 

$pip3 install matplotlib 

߶ᜈ᣾ር˖ᔩ᥄ҁ͉ʹ᫇ᮤὋឯԟᏥ߽ழፋѢᄉ߶ᜈૈӮὙhttp://matplotlib. 
org/users/installing.htmlǌ 

 

2.1.1� 䘇䛱㇍⌋ 

ᤂ᥵ኪกԺᑞ௦ಕэஜ૵્ଇኪก˖ణ˝ᄯ᜹ᄉʶሗǌ˝˿ࠪள˓ͳᤈᛠѫዜὋ߱ಉ੼ᝪ

ጶᬶὋ੼ҁˀள˓ͳణᄰͪᄉᥦ̎˓ͳὋᄹᄹᤇ̎˓ͳܷ࡚ܲ̅ג˓ዜѾὋઁࡂள˓ͳѫҁג

˓ዜѾǌ 

ˠΒ౎ឬὋੇ͂᜵಩૵ʻᝇ्ఝϷ̣˥὇ᡱגሗ्ڎሎ३ఝᤂὈὋᮔ฽ʻᝇ्ᄉዜѾǌੇ͂

੼ҁʻ˓ሎ߱ణᤂᄉ᥵ࡏὙˏ˓ᖥ्֖ʶ˓ڒǌᖥ्ᄉஜ᧙ܲ̅ڒὋځ൤ੇ͂ᮔ฽ʻᝇ्ᄉዜѾ

˝ᖥ्ǌ 

 

ᤂ᥵ኪกі˪Ժ͉̾ࠪʹஜ૵ᬶᤈᛠѫዜὋͭ௦Ὃ᜵᝟ኪஜ૵ᬶ˖ඇˏ˓˓ͳ˧ᫍᄉᡯሎὋ

᝟ኪ᧙ॡܷǌΒݟὋஜ૵ᬶ˖˓ͳஜ᧙˝10ௐὋᭉ᜵᝟ኪ45ࠪʿՎ˓ͳ˧ᫍᄉᡯሎǌཨᏪὋॆ˓

ͳஜ᧙˝1000ௐὋ᜵᝟ኪܷጝ50ʹࠪ˓ͳ˧ᫍᄉᡯሎὀဗڙథॡܲଡӣឞኪกᤳऎᄉழกὋՐ፝

ብᓫ͗ᝮҁіሗǌ 

ᬓ˿᝟ኪ᧙ܷ˧ܰὋឞኪกᤆథʶ˓᫇ᮤὋࡂ௦ྱڙड़Ԩሎ஘Ϙᄉஜ૵ᬶʼᛪဗॡࢿǌ᥄ҁ

ᤇሗৰхὋःឞᏥᘼ΍ၸФ̴ኪกǌ 

2.1.2� 䐓⿱ᓜ䠅 

ᡯሎ௦ஜ૵્ଇᄉನॶഏএ˧ʶǌੇ ͂ज़ज़ᭉ᜵ᅻ᥊ˏ˓˓ͳ˧ᫍᄉᡯሎ௦ܲ࠵ǌఝᤈʶ൥

net

_G2
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ឬὋੇ͂ᤆ३ᑞܴᝌфʶࠪ˓ͳᄰࠪԲʶࠪ˓ͳ௦ՠఝᄰᤂኍ᫇ᮤǌᤇዜ᫇ᮤᄉᝌфழกὋ࠱ᄯ

ଋॕֽѫዜፆ౦ǌ 

̠͂᏾ཿᑞសᄉᡯሎऎ᧙ழกࡂ௦ൖගᡯሎὋԀᄽࠃᡯሎǌϛڎڙ;ݟϷ˖ႆˏ˓ཁὋၸᄯ

௦ˏ˓ྱड़Փࠃ௦ൖගᡯሎǌሮॱൣयཁ౎ឬὋ߱Фࡂ฽᧙ᤇˏ˓ཁ˧ᫍᄉᡯሎὋ३ҁᄉፆ౦ࡆ

᧙᫁ऎࣰழ֖ᄉࣰழ಩ǌ 

ൖගᡯሎᆷࠃॡᄯ᜹Ὃͭ ௦ݟ౦౼̎ྱड़ඊФ̴ྱड़ԨϘܷॡܲὋዴᆷऎ͗ࡂඊᣖࢿǌ൤ܰὋ

௦੝៊ᄉሩ႟ᅽ᫻Ὃፆ౦˶ʿэᆷǌᤇௐԺ̾ၸФ̴ᡯሎऎ᧙ழกὋࡂ˶౦ॡܲྱड़Ϙ˝0Ὃݟ

࣡ၸᄉథఠֺᮏᡯሎ֖ͷहᡯሎǌ 

ఠֺᮏᡯሎ˝ˏ˓ྱड़ڙಕэڮಕጆ˖ፏࠪᣈᡯ˧֖὇෤థ΍ၸࣰழᡯሎὈǌૅڍᬄ៵೟

˖ᄉᢻĿˠΒߔὋᤇಧఝ्៵ǌϛݟᢻඇ൒ԵᑞᡋʶಪὋᥦ˥߱ᡋҁॆґಪࠪߔᝇጲᥦܿὋ੝

ᡋᄉᡯሎࡂ௦ఠֺᮏᡯሎǌᙉཨऩ࣡Ϙ˶͗ॕֽѫዜፆ౦Ὃͭ௦Ф੝ԩᄉॕֽ᜵ඊൖගᡯሎ࠴

३ܲǌ 

ͷहᡯሎఝ᤟Ջᝌфऩ࣡Ϙ֖ஜ૵ሩ႟᫇ᮤǌᄯ᜹ʼᝮὋͷहᡯሎૈᄉ௦ྱड़Փ᧙݂ᝇᄉͷ

हϘǌʽ᭦˝̾ʼʻሗᡯሎᄉᇧ਒ڎǌ 

 

ᦏڒ൤ˏ˓༥ځ௦ൖගᡯሎὋڎࢺᄉᡯሎ௦ᄰኍᄉǌᫍ˧ڒˀᄆڒὋˏ˓༥˖ڎʼ᭦ඇषڙ

ᖿ̾ڙᄆڒ˝ڒॶᄉՎʶ˓ڒᄉڒֆʼὋԺ̾ၸߔࡆ᧙᧙ᄹǌ˖ᫍᤇࣧڎᛪᇧᄉ௦ఠֺᮏᡯሎὋ

߱ૈᄉ௦̯༥ڒҁᄆڒ੝ᡋᄉശՓ֖ጪՓᡯሎ˧֖Ὃ˶ԶᛣӜᡯሎ὇City BlockὈὋ฽᧙ௐ᜵ਆ៵

೟˖ᢻᄉᡋกǌԾڎ௦ͷहᡯሎᇧ਒ڎὋ᝟ኪ݂ᝇ˧ᫍᄉͷहϘὋ঒႔ྱड़Փ᧙ᄉ᫁ऎǌ 

᧓ၸגሗᡯሎऎ᧙ழกࠪణጻፆ౦థॡܷॕֽǌΒݟὋ;ᄉஜ૵ᬶథॡܲྱड़Ὃͭ௦ݟ౦͉

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ڍᬄ៵೟˖ᢻᄉᡋกᡱੇڍ៵೟˖ᢻᄉᡋกᄰՎὋԵᑞ෸පࣰ੊ۆᄯழՓሧҮǌ——ដᏧซ 

ckx
yohn.dz

xyd
osca ay
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਒ʶࠪ˓ͳ˧ᫍᄉൖගᡯሎᦏᄰኍὋᥦ˥;ࡂ෤ก᤯᣾ൖගᡯሎᤈᛠඊᣖ˿ὀఠֺᮏᡯሎڙ౼̎

ৰхʽХథఝᰳᄉሶ߿বὋͭ௦ݟ౦ஜ૵ᬶ˖౼̎ྱड़ϘॡܷὋၸఠֺᮏᡯሎᄉពὋᤇ̎ྱड़͗

଎ᄥФ̴ྱड़ᫍᄉ᥵ᤂСጆǌణՐὋв౎ឬឬͷहᡯሎὋ߱᤟ၸ̅ྱड़Փ᧙ॡܲᄉৰхὋͭ௦߱

ˎप˿Փ᧙᫁ऎ੝Ӊդᄉڣ̎౼ڙ௿ʽԺᑞ͗ॡథၸᄉʶ̎ζোǌ 

ఴብὋੇ͂˞᜵̭ፀൖගᡯሎὋФ̴ᡯሎՐ᭦ብᓫв̭ፀǌ 

2.1.3� ࣖ䖳ᮦᦤ䳼 

Ԁ࠱ၸҁᄉஜ૵ᬶԶͺႂሎࡎ὇IonosphereὈὋᤇ̎ஜ૵௦ၿᰳᮟܸጲஅᬶᄉǌᤇܸ̎ጲᄉᄫ

ᄉ௦Ν฽ႂڙሎܷࡎᰳ֖ࡎච˖ߚʿڙߚၿᒬၿႂߔጷ੆ᄉྱ൳ፆౝǌݟ౦ʶ్ஜ૵ᑞፋѢྱ൳

ፆౝڙߚᄉ᝼૵Ὃᤇ్ஜ૵ݝ࡚̅ࡂᄉᥦʶዜ὇ڙஜ૵ᬶ˖ၸþgÿᛪᇧὈὋՠѶࡂ௦ڭᄉ὇ၸþbÿ
ᛪᇧὈǌੇ͂᜵ϡᄉࡂ௦तበѫዜ٧ὋᒬҮѻறᤇ̎ஜ૵ᄉڭݝǌ 

 

὇ڎϷ౎ᒬhttps://www.flickr.com/photos/geckzilla/16149273389/Ὀ 

Ionosphereஜ૵ᬶԺ̯̾UCI఺ߥ٧˷ஜ૵ंʽᣑὋឞஜ૵ंӉդܷ᧙ஜ૵ᬶὋԺၸ̅ܲሗஜ

૵્ଇ͉ҫǌ੩धhttp://archive.ics.uci.edu/ml/datasets/IonosphereὋཁѣData FolderǌڙᬣՐ੩धᄉ

ᮅ᭦˖Ὃʽᣑionosphere.data֖ionosphere.names஠͇ǌઁᤇˏ˓஠͇γߚҁၸਖ਼˞ᄫेʽᄉData
஠͇݂˖ǌ 
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˞ᄫेᄉͮᎵԨф̅ୱͺጆፑǌWindowsጆፑ˖᤯࣡˝C:\Documents and 
Settings\usernameǌMac֖Linuxጆፑ˖˝/home/usernameǌݟ౦;ʿᆷ߿ὋԺ̾

΍ၸʽ᭦ᄉPython̼ᆉᣤѢ˞ᄫे੝ͮڙᎵὙ 

import os 
print(os.path.expanduser("~")) 

 
ឞஜ૵ᬶඇᛠథ35˓ϘὋґ34˓˝17एܸጲ᧓ᬶᄉஜ૵὇ඇएܸጲ᧓ᬶˏ˓ஜ૵ὈǌణՐʶ

˓Ϙʿ௦þgÿࡂ௦þbÿὋᛪᇧஜ૵ᄉڭݝὋԀ௦ՠଡΘ˿థ͈Ϙᄉζোǌ 

ըҮIPython Notebookనҫ٧ὋளतՏ˝Ionosphere Nearest Neighborsᄉቷ᝭ఴ஠͇ǌ 

ᯪЎὋ࠭Йnumpy֖csvंὋʽ᭦͗ၸҁǌ 

import numpy as np 
import csv 

Ҫᣑஜ૵ᬶґὋၸData஠͇݂ᡸफ़ǋஜ૵ᬶ੝ڙᄉ஠͇݂Տሥ֖ஜ૵ᬶՏሥጷՋ੆ஜ૵ᬶ஠

͇ᄉ߸ஞᡸफ़ǌ 

data_filename = os.path.join(data_folder, "Ionosphere", 
"ionosphere.data") 

ѸतNumpyஜጷX֖yߚஉஜ૵ᬶǌஜ૵ᬶܷࣂ࠴ᅻὋРథ351ᛠ34Ѵǌ̾ڙՐᄉࠃᬄࢹͺ˖Ὃ

ᄉৰхʽҪᣑ߱Ὃ࠴ʿᅻ᥊ஜ૵ᬶܷڙʹݟ෤Сጆ——Ր᭦ብᓫ͗ᝮ˶࠴౦;ʿᅻ᥊ஜ૵ᬶܷݟ

Хͳঞ˥ϡဗڙʿᅻ᥊˶෤Сጆǌ 

X = np.zeros((351, 34), dtype='float') 
y = np.zeros((351,), dtype='bool') 

Ionosphereஜ૵ᬶ஠͇˝CSV὇Comma-Separated ValuesὋၸ᤮Ձѫᬥஜ૵ᮉὈಪयὋᤇ௦࣡

ၸᄉஜ૵ᬶߚϱಪयǌੇ͂ၸcsvഴڰ౎࠭Йஜ૵ᬶ஠͇ὋࣲѸतcsv᫝ឳ٧ࠪ៵ǌ 

with open(data_filename, 'r') as input_file: 
    reader = csv.reader(input_file)  

ଋᅋὋ᥅Ԋ஠͇˖ᄉඇʶᛠஜ૵ǌඇᛠஜ૵̼ᛪʶጷ฽᧙ፆ౦Ὃੇ͂Ժ̾࠱Фሥͺஜ૵ᬶ˖

ᄉʶ˓˓ͳǌၸ౥ˠѥஜ౎ᖌ३ඇᛠᄉጉलՁὋڙʽ᭦ఝளஜ૵ᬶX˖ᄉ౼ʶ˓ͳௐ͗ၸҁᛠՁǌ 

    for i, row in enumerate(reader): 

ᖌԨඇʶ˓˓ͳᄉґ34˓ϘὋ࠱Фु҃ᣀӐ˝๎ཁۋὋγߚҁX˖ǌ 

    data = [float(datum) for datum in row[:-1]] 
    X[i] = data 

ణՐὋᖌԨඇ˓˓ͳణՐʶ˓ᛪᇧዜѾᄉϘὋઁߙආᣀӐ˝ஜߙὋݟ౦ዜѾ˝þgÿὋϘ˝1Ὃ
ՠѶϘ˝0ǌ 

⼀ 将以阿翩对像组合为中索引
新
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    y[i] = row[-1] == 'g' 

ҁ൤Ὃੇ͂ઁࡂஜ૵ᬶឳҁ˿ஜጷX˖ὋዜѾឳЙ˿ஜጷy˖Ὃˀੇ͂ڙʼʶብᄉϡกᄰՎǌ 

2.1.4� ࣑࣠ᇔ⧦⍷ぁḽ߼ौ 

ఴብधܿᝮ᣾ᄉὋscikit-learnͤ᝟٧ၿˏܷѥஜጷ੆Ὑfit()֖predict()ǌၸfitݟൣ

ழกڙᝪጶᬶʼ߸੆ഴۋᄉѸतὋၸpredictழกڙ฽ណᬶʼ᝿ͤ஌౦ǌ 

ᯪЎὋᭉ᜵Ѹतᝪጶᬶ֖฽ណᬶǌ࠭Йࣲᤁᛠtrain_test_splitѥஜǌ 

from sklearn.cross_validation import train_test_split 
X_train, X_test, y_train, y_test = train_test_split(X, y, random_ 
state=14) 

ཨՐὋ࠭ЙKᤂ᥵ѫዜ٧ᤇ˓ዜὋࣲ˝ФѹݼӐʶ˓ࠃΒǌဗ᫼ൿὋԟஜၸ᳭ᝢᄉԀԺὋՐ

᭦вᝮԟஜុ͕ǌឞኪก᳭ᝢᤤસ5˓ᤂ᥵ͺ˝ѫዜΙ૵ǌ 

from sklearn.neighbors import KNeighborsClassifier 
estimator = KNeighborsClassifier() 

ͤ᝟٧ѸतݝՐὋଋʽ౎ࡂ᜵ၸᝪጶஜ૵ᤈᛠᝪጶǌKᤂ᥵ͤ᝟٧ѫౡᝪጶᬶ˖ᄉஜ૵Ὃඊ

ᣖय़ѫዜᄉளஜ૵ཁ֖ᝪጶᬶ˖ᄉஜ૵Ὃ੼ҁளஜ૵ཁᄉᤂ᥵ǌ 

estimator.fit(X_train, y_train) 

ଋᅋὋၸ฽ណᬶ฽ណኪกὋ᝿ͤ߱ڙ฽ណᬶʼᄉᛪဗǌ 

y_predicted = estimator.predict(X_test) 
accuracy = np.mean(y_test == y_predicted) * 100 
print("The accuracy is {0:.1f}%".format(accuracy)) 

ൣᆷည˝86.4%ǌ΍ၸ᳭ᝢԟஜὋԵၸ࠵ஜіᛠ̼ᆉࡂᑞ᣹ҁᤇ˓஌౦Ὃᄽ௦ॡԋࠎὀᙉཨ

scikit-learnଡΘᄉܷܲஜ᳭ᝢԟஜ᤟ၸᔴࣸډὋ஌౦˶ʿᩱὋͭੇ͂ᤆ௦᜵ߥᅋ಩૵ࠃᰍᄉ

 ԺᑞᤤၸՋ᤟ᄉԟஜϘὋ́Ԩ᣹ҁణ·஌౦ǌࡉᬄৰхὋࠃ

2.1.5� 䘆㺂㇍⌋ 

฽ណᬶʼڙᰍ˖Ὃੇ͂ઁஜ૵ᬶѫ˝ᝪጶᬶ֖฽ណᬶὋၸᝪጶᬶᝪጶኪกὋࠃ˓Ўґᄉіڙ

᝿ͤ஌౦ǌωᔩᇋࢻᡋᤁὋ฽ណᬶॡኤӬὋੇ͂͗ࡂ᜿३ኪกᛪဗॡѢᓣǌԥ˧Ὃੇ͂Ժᑞ͗ক

Ⴀኪกॡጁዼǌ˶᝴ၿ̅ੇ͂ʶௐʿᡋᤁὋઁࡂʶ˓Фࠃॡʿᩱᄉኪกፋ௃ৰઊप˿Ὃᤇࡧʿ௦

ॡԺ৸ǌ 

̓ԡ೜ᰍᑞᝌфʼᤗʶ൒ব฽ណ੝ࣛ౎ᄉ᫇ᮤǌ௄ཨԵѬʶ൒థ᫇ᮤὋᥦܲࡂѬі൒Ὃܲᤈ

ᛠі൒ࠃᰍǌඇ൒ѬѫௐὋᦏ᜵γ᝼ᤇ൒३ҁᄉᝪጶᬶ֖฽ណᬶˀʼ൒ʿʶಧὋᤆ᜵ᆷγඇ్ஜ
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૵ᦏԵᑞၸ౎฽ណʶ൒ǌኪกଠᤗݟʽǌ 

 ஞ˓ܷஜ૵ᬶѫ˝і˓ᦉѫ὇foldĿὈǌ࠱ (1)
(2) ࠪ̅ඇʶᦉѫ੯ᛠ̾ʽୱͺὙ 

 Ф˖ʶᦉѫͺ˝ॆґ฽ណᬶ࠱ �
� ၸқͷᦉѫᝪጶኪก 
 ґ฽ណᬶʼ฽ណኪกॆڙ �

(3) ᝭ेඇ൒३ѫԢࣰڨ३ѫǌ 
 ὇ͭʿᑞ߸К᜺ᥗὈᤁච੆ѫǌ࠵฽ណᬶ˖Ѣဗʶ൒Ὃ̾ђڙʼᤗ᣾ር˖Ὃඇ్ஜ૵Եᑞڙ (4)

 
˹˖Վʶብᄉ̼ᆉὋґՐ௦ጊࠚᐎጆᄉὋ੝̾ᭉ᜵ઁ߱͂உҁʶ˓IPython 

Notebookቷ᝭ఴ஠͇˖Ὃᬓ᭣ੇնឃ;ʿॸᤇ˥ϡǌ 

 

scikit-learnଡΘ˿іሗ̓ԡ೜ᰍழกǌథ˓ᣘүѥஜࠃဗ˿ʼᤗ̓ԡ೜ᰍ൥ᰠὋဗઁڙ

߱࠭ᤈ౎ǌ 

from sklearn.cross_validation import cross_val_score 

 

cross_val_score᳭ᝢ΍ၸStratified K FoldழกѬѫஜ૵ᬶὋܷ߱ͳʼγ

᝼ѬѫՐ३ҁᄉߔஜ૵ᬶ˖ዜѾѫ࣊ᄰՎὋ̾ ᥗБ౼̎ߔஜ૵ᬶѢဗዜѾѫܾ࣊

ᛥᄉৰхǌᤇ˓᳭ᝢϡกॡʿᩱὋဗ᫼ൿࡂʿвઁ߱ଽܬఽ˿ǌ 

 
 ౎ណណᤇ˓ѥஜաὋઁ߸ஞᄉஜ૵ᬶ֖ዜѾϘ͛ፋ߱ǌࡂ͂ੇ

scores = cross_val_score(estimator, X, y, scoring='accuracy') 
average_accuracy = np.mean(scores) * 100 
print("The average accuracy is {0:.1f}%".format(average_accuracy)) 

ណុஞԟஜὋᤇ˓ፆ౦ᤆ௦ᄰ࠼ཁὋͭᏥᘼҁੇ͂ᤆ෤థࢿὋፆ౦˝82.3%Ὃᣖ˧ґሮॱ׎

ॆʿᩱᄉǌʽʶᓫὋੇ͂ࡂ౎ᆐቂঞ˥᤯᣾ុஞԟஜ᣹ҁఝူਆᄉ஌౦ǌ 

2.1.6� 䇴㖤৸ᮦ 

і˪੝థᄉஜ૵્ଇኪกᦏЉ᝴ၸਖ਼᝹ᎵԟஜὋᤇಧϡᄉܪݝ௦ुܘኪกᄉคӐᑞҦǌͭ ௦Ὃ

ԟஜ᝹ᎵԺ௦ᮉ੾శาὋᤤԨݝᄉԟஜϘᡱஜ૵ᬶᄉྱड़োোᄰСǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ᛠពԶþઈÿǌ——ដᏧซ 



26� � ኃ 2 ብ� ၸ scikit-learn ͤ᝟٧ѫዜ 

 

ᤂ᥵ኪกథܲ˓ԟஜὋణ᧗᜵ᄉ௦ᤤԨܲ࠵˓ᤂ᥵ͺ˝ᮔ฽Ι૵ǌscikit-learnክᤇ˓ԟ

ஜԶn_neighborsǌʽڎፋѢˏ˓౜ቪᄉΒߔὋn_neighbors᣾࠴ௐὋѫዜፆ౦ࠓ௛ԩ࣯੷Ὃ

ᬣ఺বॡुǌᄰԥὋݟ౦n_neighbors᣾ܷὋࠃᬄᤂ᥵ᄉॕֽ࠱ҏिǌ 

 

౦n_neighborsݟዜѾǌཨᏪὋ्ڒὋੇ͂᤯࣡࣎భઁ฽ណஜ૵὇ʻᝇ्Ὀॅҁ˖(a)ڎࢺ

ᄉϘ˝1Ὃၿ̅ʻᝇ्ᬃᤂጙᓣᖥ्὇ॡԺᑞ௦٩ᮂὈᄉڙߚὋ࠭ᒰѫዜፆ౦˝ᖥ्Ὃᙉཨᖥ्

౦n_neighborsݟ฽ណஜ૵ॅҁᖥ्ዜѾǌཨᏪὋ࠱Ὃੇ͂࣎భ˖(b)ڎԾʽᝇӜ۪ǌԾڙ˖ᬶ

Ϙ˝7Ὃʻ˓ణᤂᄉ᥵ࡏ὇ᦏ௦ᖥ्Ὀᜁ्ڒ˓ٽፋѣ᠋˿Ὃʻᝇ्˶ځ൤ᜁॅҁ्ڒዜѾǌ 

ᰍὋ᜹ࠢʿՎᄉࠃᤈᛠܲ൒ܬ1ҁ20ὋԺ̾᧗̯ݟ౦ਆ฽ណʶጆѴn_neighborsᄉϘὋඊݟ

ԟஜϘ੝ࣛ౎ᄉፆ౦˧ᫍᄉࢿऩǌ 

avg_scores = [] 
all_scores = []  
parameter_values = list(range(1, 21))  # Include 20 
for n_neighbors in parameter_values: 
    estimator = KNeighborsClassifier(n_neighbors=n_neighbors) 
    scores = cross_val_score(estimator, X, y, scoring='accuracy') 

ઁʿՎn_neighborsϘᄉ३ѫࣰ֖ڨѫγߚᡐ౎Ὃ႐ͺѫౡၸǌ 

    avg_scores.append(np.mean(scores)) 
    all_scores.append(scores) 

˝˿ᄹᡐ౎ఝᄯ᜹Ὃੇ͂Ժ̾ၸڎᛪ౎ᛪᇧn_neighborsᄉʿՎԨϘ֖ѫዜൣᆷည˧ᫍᄉ

СጆǌᯪЎᭉ᜵նឃIPython NotebookὋੇ͂᜵ڙቷ᝭ఴ˖ͺڎǌ 

%matplotlib inline 

ཨՐὋ̯matplotlibं࠭ЙpyplotὋԟஜ˝ᤂ᥵ஜࣰ֖ൣڨᆷညǌ 

from matplotlib import pyplot as plt plt.plot(parameter_values, 
avg_scores, '-o') 

(a) (b)
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̯ʼڎԺ̾ᄹҁὋᙉཨథॡܲఛઈԪӐὋͭ ஞͳᡕҸ௦ᬣᅋᤂ᥵ஜᄉܘҪὋൣ ᆷညʿறʽᬋǌ 

2.2� ⍷≪㓵൞人༺⨼ѣⲺᓊ⭞ 

ဗࠃ˖ὋྫྷͳʿՎྱड़ᄉԨϘᔴ͗ډ᭣࣡ࣸὋ߱͂ᄉϘ۪Ժᑞܡܸڙߚ˧ѾǌΒݟὋ฽᧙Ү

ྫྷᄉ࡚বὋ͗३ҁʽ᭦ᤇಧӡࢿʹѾᄉྱड़Ϙǌ 

� ᒑᄉஜ᧙ὙܷܲஜҮྫྷథ0ҁ8్ᒑὋͭ˶థඊᤇܲ३ܲᄉὀ 
� ͳ᧗Ὑ̯іॱАҁʼᄇբᦏథԺᑞὋథᄉᗯᱼ᧗᣹190բὀ 
� ॶᑥஜ᧙Ὑ0ҁ5˧ᫍὋᙞᙓࡂథ5ᮣॶᑥǌ 

ࠪ̅ύүஜߥழก౎ඊᣖྱड़ᄉኪกᏪᝒὋ߱ ͂ॡᬱူᝌྱड़ڙ᜺ഴǋᔴ֖ډӬͮʼᄉࢿऩǌ

ሗኪก˖΍ၸʼᤗྱड़Ὃͳ᧗ၿ̅ஜϘᣖܷὋԺᑞᦏ͗௦ణ௬ᗂᄉྱड़Ὃͭྱड़Ϙܲڙ౦ੇ͂ݟ

 ᬄʼˀឞྱड़ᄉѫዜ஌౦෤థ͉ʹСጆǌࠃ࠴ܷ

ʿՎྱड़ᄉԨϘᔴډӡࢿʹѾὋ࣡ ᜸ᄉᝌфழก௦ࠪʿՎᄉྱड़ᤈᛠ᜺ᔴӐὋ΍߱͂ᄉྱड़

ϘᖿڙᄰՎᄉϘ۪੊̯࡚̅౼і˓ᆷ߿ᄉዜѾὋඊ࠴ݟǋ˖֖ܷǌʶெᝌфᤇ˓᫇ᮤὋʿՎᄉྱ

ड़ዜࠪۋኪกᄉॕֽܷܷ࠱ᬋͯὋѫዜൣᆷညࡂᑞథܷࣧଡӣǌ 

ᤤસణХӜѫऎᄉྱड़ǋѸतளྱड़ኍᦏ࡚̅ᮔူܪᄉᔴ႘ǌscikit-learnᄉᮔࢹူܪХ
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Զͺᣀ૰٧὇TransformerὈὋ߱ ଋԩԓݼஜ૵ᬶὋᤄٿᣀ૰Րᄉஜ૵ᬶǌᬓ˿ူܪஜϘྱۋड़Ὃ

ᣀ૰٧ᤆᑞၸ౎ઙԨྱड़ǌڙᤇ᧖Ὃੇ͂ԵᄹʽࠪஜϘྱۋड़ᄉᮔူܪழกǌ 

2.2.1� 人༺⨼⽰ׁ 

˝˿ᝮᝌᭉ᜵ὋЎ౎ࠪIonosphereஜ૵ᬶϡ̎ᆠڭǌᙉཨᤇ᧖ᄉ᳣ཐ௦̠˝҃ᤴᄉὋͭ௦ᤇ

 ԓ౎ᄉஜ૵ᬶὋੇ͂˝ФѸतʶ˓ҝఴǌڭǌᯪЎὋ˝˿ʿᆠڙߚஜ૵ᬶ᧖ᦏࠃॡܲᄽڙᮤ᫇̎

X_broken = np.array(X) 

ଋʽ౎Ὃੇ͂ࡂ᜵૱˼˿ὋඇᬥʶᛠὋઁࡂኃ̃˓ྱड़ᄉϘᬓ̾10ǌ 

X_broken[:,::2] /= 10 

ူ᝶ʼᝮὋᤇಧϡࠪፆ౦ॕֽःឞʿܷǌඋቤὋᬓ̾10˧ՐὋՉ˓ྱड़ᄰࢿʿܷǌ˞᜵ᄉ᫇

ᮤ௦ὋஜϘᔴډԪ˿Ὃ݈ஜᛠᄉኃ̃˓ྱड़᜵ඊϥஜᛠᄉܷǌв൒᝟ኪൣᆷညᄹʶʽ஌౦ǌ 

estimator = KNeighborsClassifier() 
original_scores = cross_val_score(estimator, X, y, 
  scoring='accuracy')  
print("The original average accuracy for is 
{0:.1f}%".format(np.mean(original_scores) * 100)) 
broken_scores = cross_val_score(estimator, X_broken, y, 
  scoring='accuracy') 
print("The 'broken' average accuracy for is 
  {0:.1f}%".format(np.mean(broken_scores) * 100)) 

ᤆ᝭३աὋڙԓݼஜ૵ᬶʼᄉൣᆷည˝82.3%Ὃᤇ൒ᡧᒯ71.5%ǌઁ ྱड़ϘᣀԪҁ0ҁ1˧ᫍࡂ

ᑞᝌфᤇ˓᫇ᮤǌ 

2.2.2� ḽ߼人༺⨼ 

ੇ͂ଋʽ౎ၸMinMaxScalerዜᤈᛠ۲̅ྱड़ᄉ᜺ᔴӐǌڙఴብᄉቷ᝭ఴ஠͇˖Ὃଋᅋ˧ґ

ᄉ̼ᆉзὋᯪЎ࠭Й੝ᭉᄉዜǌ 

from sklearn.preprocessing import MinMaxScaler 

ᤇ˓ዜԺ̾ઁඇ˓ྱड़ᄉϘ۪᜺ᔴӐ˝0ҁ1˧ᫍǌణ࠴Ϙၸ0̼ఢὋణܷϘၸ1̼ఢὋФͷϘ

̭̅ˏᏧ˧ᫍǌ 

ଋʽ౎Ὃࠪஜ૵ᬶXᤈᛠᮔူܪǌੇ͂ڙᮔ٧ူܪMinMaxScalerʼុၸᣀ૰ѥஜǌథ̎ᣀ

૰ ٧ ᜵ ය Ϸ ᝪ ጶ ѫ ዜ ٧ ᥦ ಧ Ў ᤈ ᛠ ᝪ ጶ Ὃ ͭ ௦ MinMaxScalerʿ ᭉ ᜵ Ὃ ᄯ ଋ ុ ၸ

fit_transform()ѥஜὋԀԺ߸੆ᝪጶ֖ᣀ૰ǌ 

X_transformed = MinMaxScaler().fit_transform(X) 
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X_transformedˀXᛠѴஜᄰኍὋ˝Վۋᅽ᫻ǌཨᏪὋґᏧඇѴϘᄉϘ۪˝0ҁ1ǌ 

ᤆథॡܲФ̴ዜͪᄉ᜺ᔴӐழกὋࠪ̅Ф̴ዜۋᄉःၸ֖ྱड़ዜ͗ۋॡథၸǌ 

� ˝΍ඇ్ஜ૵Չྱड़Ϙᄉ֖˝1Ὃ΍ၸsklearn.preprocessing.Normalizerǌ 
� ˝΍Չྱड़ᄉڨϘ˝0Ὃழ1˝ࢿὋ΍ၸsklearn.preprocessing.StandardScalerὋ

࣡ၸͺ᜺ᔴӐᄉ۲эǌ 
˝ड़ᄉ̃ϘӐὋ΍ၸsklearn.preprocessing.BinarizerὋܷ̅᫟ϘᄉྱۋஜϘ࠱˝ �

1Ὃԥ˧˝0ǌ 

Ր፝ብᓫὋ͗࠱ጷՋᤁၸʼᤗᮔူܪழกԢФ̴ᣀ૰٧ࠪ៵ǌ 

2.2.3� 㓺㻻䎭ᶛ 

ဗઁ͂ੇڙґіᓫ੝ᝮᄉ̼ᆉጷՋᡐ౎ὋѸतʶݒ߸ஞᄉࢹͺึὋူܪᜁᆠڭ᣾ᄉஜ૵ᬶǌ 

X_transformed = MinMaxScaler().fit_transform(X_broken) 
estimator = KNeighborsClassifier() 
transformed_scores = cross_val_score(estimator, X_transformed, y, 
  scoring='accuracy')  
print("The average accuracy for is 
  {0:.1f}%".format(np.mean(transformed_scores) * 100)) 

ൣᆷညв൒ӣҁ82.3%ǌMinMaxScalerྱ࠱ड़᜺ᔴӐҁᄰՎᄉϘ۪Ὃᤇಧྱड़ࡂʿ̨̨͗

ᄉஏ࠴ఝुᄉӜѫऎǌኤӬ঳ፆʽὋऩ࣡Ϙ͗ॕֽᤂ᥵ኪกὋʿՎኪกࠪϘ۪ܷܫϘܷᏪХ˝ځ

ਕऎʿՎǌ 

2.3� ⍷≪㓵 

ᬣᅋࠃᰍᄉܘҪὋୱͺᄉܬఽርऎ˶ڙଡᰳǌੇ͂Ժᑞᭉ᜵Ѭѫஜ૵ᬶὋࠪྱड़ᤈᛠ̃ϘӐ

 Ὃ̾ྱड़੊ஜ૵ᬶ˖ᄉ˓ͳ˝۲ᆨ᜺ᔴӐஜ૵Ὃᬓ൤˧ܰᤆԺᑞᭉ᜵Ф̴Չሗୱͺǌူܪ

᜵ᡱᢍ᝭े੝థᤇ̎ୱͺԺʿࠓ௛Ὃݟ౦˖ᫍѢཁ᫇ᮤὋЎґࠃᰍᄉፆ౦࠱ॡᬱвဗǌ࣡᜸

᫇ᮤథᖿʽ൥ᰠὋஜ૵ᣀ૰ᩱឧὋ੊ᤈᛠ˿ʿॸ᜵ᄉᣀ૰ୱͺኍǌ 

Բʶ˓᫇ᮤࡂ௦̼ᆉᄉЎՐᮊࣿǌʼʶᓫὋੇ͂Ѹत˿X_transformedஜ૵ᬶὋཨՐѸत

˿ʶ˓ளᄉͤ᝟٧ၸ̅̓ԡ೜ᰍǌݟ౦థܲ˓൥ᰠὋࡂᭉ᜵ᡱᢍ̼ᆉ˖ࠪஜ૵ᬶᤈᛠᄉඇʶ൥

ୱͺǌ 

ึපጲፆౝࡂ௦ၸ౎ᝌфᤇ̎᫇ᮤᄉ὇ॆཨʿᬌ̅ᤇ̎Ὃʽʶብ͗ᝮҁ߱ڙФ̴ழ᭦ᄉः

ၸὈǌึපጲઁᤇ̎൥ᰠγߚҁஜ૵્ଇᄉࢹͺึ˖ǌ˧Ր;ࡂԺ̾ၸ߱͂ឳЙஜ૵ὋϡՉሗॸ

᜵ᄉᮔူܪὋཨՐፋѢᮔ฽ፆ౦ǌੇ͂Ժ̾ڙcross_val_scoreኍଋஅͤ᝟٧ᄉѥஜ˖΍ၸึ

rent 传鹏

note 处理
⼆值化处理
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පጲǌѸतึපጲґὋЎ࠭ЙPipelineࠪ៵ǌ 

from sklearn.pipeline import Pipeline 

ึපጲᄉᣤЙ˝ʶᤋ˘ᄉஜ૵્ଇ൥ᰠὋФ˖ణՐʶ൥ॸᮋ௦ͤ᝟٧Ὃґі൥௦ᣀ૰٧ǌᣤ

Йᄉஜ૵ᬶፂ᣾ᣀ૰٧ᄉူܪՐὋᣤѢᄉፆ౦ͺ˝ʽʶ൥ᄉᣤЙǌణՐὋၸͮ̅ึපጲణՐʶ൥

ᄉͤ᝟٧ࠪஜ૵ᤈᛠѫዜǌੇ͂ึපጲѫ˝ˏܷ൥ǌ 

(1) ၸMinMaxScalerྱ࠱ड़ԨϘᔴډ᜺ᔴҁ0~1ǌ 
 KNeighborsClassifierѫዜ٧ǌ߿ૈ (2)

ඇʶ൥ᦏၸЊጷ὇üՏሥýὋ൥ᰠὈ౎ᛪᇧǌဗڙ౎Ѹतึපጲǌ 

scaling_pipeline = Pipeline([('scale', MinMaxScaler()), 
                             ('predict', KNeighborsClassifier())])  

ึපጲᄉನॶ௦Њገ˝ЊጷᄉѴᛪǌኃʶ˓Њጷ᜺ᔴྱड़ԨϘᔴډὋኃ̃˓Њጷࠃဗᮔ฽ҩ

ᑞǌੇ͂ઁኃʶ൥Զͺ᜺ᔴྱड़ԨϘ὇scaleὈὋኃ̃൥Զͺᮔ฽὇predictὈὋ˶Ժ̾ၸФ̴Տߙǌ

Њጷᄉኃ̃ᦉѫ௦ࠃᬄᄉᣀ૰٧ࠪ៵੊ͤ᝟٧ࠪ៵ǌ 

ึපጲзݝՐὋᤁᛠ߱ॡኤӬǌ΍ၸЎґၸҁᄉ̓ԡ೜ᰍ̼ᆉᄹʶʽࠃᬄ஌౦ǌ 

scores = cross_val_score(scaling_pipeline, X_broken, y, 
scoring='accuracy') 
print("The pipeline scored an average accuracy for is {0:.1f}%". 
format(np.mean(transformed_scores) * 100)) 

ᤁᛠፆ౦ᡱ˧ґʶಧ὇82.3%ὈὋᛪ௙ੇ͂ᤇ൒ၸҁᄉ൥ᰠᡱ˧ґᄰՎǌ 

Ր፝ብᓫ͗΍ၸఝᰳጞᄉ฽ណழกὋᏪ᝹Ꮅึපጲࡂॡథॸ᜵Ὃځ˝߱ᑞᆷγ̼ᆉᄉܬఽር

ऎʿᒯ̅ᡓѢଁଌᔴډǌ 

2.4� ቅ㔉 

ఴብὋੇ͂ၸscikit-learnंଡΘᄉі˓ழกὋѸत˿ᤁᛠ֖᝿ͤஜ૵્ଇഴۋᄉಕэࢹ

ͺึǌᤆ̭ፀ˿ᤂ᥵ኪกὋscikit-learn࠱Ф࠯ᜈ˝ʶ˓ͤ᝟٧Ὃ΍ၸᡐ౎ॡኤӬὙᯪЎុၸ

fitѥஜڙᝪጶᬶʼᤈᛠᝪጶὋཨՐၸpredictѥஜڙ฽ណᬶʼ᝿ͤ஌౦ǌ 

ఴብᤆ᤯᣾ᝌфʿՎྱड़Ϙ۪ॕֽѫዜ஌౦ᄉ᫇ᮤὋᝮᝌ˿ᮔူܪழกὋ˞ ᜵ၸҁ˿ᣀ૰٧

ࠪ៵֖MinMaxScalerዜǌ߱͂˶థᝪጶ὇fitὈ֖ᣀ૰ழกὋڙᣀ૰᫼ൿὋଋஅஜ૵ᬶὋᤄٿ

 ᣾ᄉஜ૵ᬶǌူܪ

ʽʶብὋੇ͂࠼ណઁߥҁᄉᤇ̎ഏএःၸҁʶ˓ܷʶཁᄉΒߔʼὋߥᅋᮔ฽NBA὇Ꮎڍᐋˉ

዇ီᐎᠾὈඊᠾፆ౦ὋФ˖΍ၸᄉஜ૵ᬶԺ௦ᄽࠃᄉ׎ǌ 
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 ㆌṇ人⎁㧭㜒⨹䱕ߩ⭞

 
ఴብ̭ፀԲʶሗѫዜኪก——фንಝὋၸ߱ᮔ฽NBA዇ီᠾᄉᖌᑇီ᫲ǌඊᡐФ̴ኪกὋф

ንಝథॡ͕ܲཁὋФ˖ణ˞᜵ᄉʶ˓͕ཁ௦фን᣾ር௦఺٧֖̠ᦏᑞᄹ਴ᄉὋੇ ͂΍ၸ఺ߥ٧˷

ҁᄉഴࡂۋᑞ߸੆ᮔ฽͉ҫǌൣ ሗܲူܪఴብᝮҁᄉὋфንಝᄉԲʶ˓͕ཁѶ௦߱ᑞڙ࠱͂ੇݟ

ʿՎዜۋᄉྱड़ǌ 

ఴብ˞᜵ЮࠓథὙ 

� ၸpandasंҪᣑǋူܪஜ૵ 
� фንಝ 
� ᬣ఺೧ౣ 
� ࠪᄽࠃஜ૵ᬶᤈᛠஜ૵્ଇ 
� Ѹतளྱड़ὋၸुథҦᄉಳ౵ࠪФᤈᛠ฽ណ 

3.1� ࣖ䖳ᮦᦤ䳼 

ఴብ̭࠱ፀঞಧᮔ฽NBAᖌᑇီ᫲ǌݟ౦;ᄹ᣾NBAὋԺᑞᅻ᥊ඊᠾ˖ˏஂီ᫲ඊѫ֪३

ॡጊὋᬱѫᑇ᠆ὋథௐణՐʶѫ᧾੥ᑞ߿ᣤᡄὋځ൤ᮔ฽ᡄࠑॡᬱǌॡܲͳᐱᠾ̂ᦏథዜͪᄉྱ

ཁὋᮔయᄉܷᡄࠑ˶᝴ॆܸᜁԲʶஂ᫲͏ፋ੩᠋˿ǌ 

̾ज़ॡܲࠪͳᐱᠾ̂ᮔ฽ᄉᆐቂᛪ௙Ὃൣᆷညځͳᐱᠾ̂ᏪऩὋФʼᬌ80~%70ڙ%˧ᫍǌ

ͳᐱᠾ̂ᮔ฽ܲ᧓ၸஜ૵્ଇ੊ፑ᝟ߥழกǌ 

3.1.1� 䟽䳼ᮦᦤ 

ᄉඊᠾஜ૵ǌhttp://Basketball-Reference.comᎩቢଡΘ˿NBAߢ΍ၸNBA 2013ú2014ᠾ࠱͂ੇ
ԢФ̴ᠾ̂ᄉܷ᧙ᠪ஧֖ፑ᝟ஜ૵ǌឯ૊̾ʽழกʽᣑஜ૵ǌ 

 ੩धhttp://www.basketball-reference.com/leagues/NBA_2014_games.htmlǌ˖เ᜾٧ڙ (1)
(2) ཁѣಕᮤRegular Seasonஷ᣷ᄉExport૊ᨍǌ 

ኃ �ብ
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 ஠͇ʽᣑҁData஠͇݂Ὃ᝭े஠͇ᄉᡸफ़ǌ࠱ (3)

ஜ૵஠͇ಪय˝CSVὋӉդ˿NBA࣡᜺ᠾߢᄉ1230ڣඊᠾǌ 

CSV˝ኤӬᄉ஠ఴಪय஠͇Ὃඇᛠ˝ʶ్ၸ᤮Ձѫᬥᄉஜ૵὇஠͇ಪयᄉՏࡂߙ௦ᤇ˥౎

ᄉὈǌڙ᝭̂ఴ᧖ᣤЙЮࠓὋγߚௐ΍ၸ.csvੰࡘՏὋ˶ᑞၶ੆CSV஠͇ǌԵ᜵ᑞ᫝ឳ஠ఴ஠͇ᄉ

ᎃᣣ٧Ὃࡂᑞ੩धCSV஠͇Ὃ˶Ժ̾ၸExcelઁ߱ͺ˝ႂߔᛪಪ੩धǌ 

ੇ͂ၸpandas὇Python Data AnalysisᄉኤзὋ਒˝Pythonஜ૵ѫౡὈंҪᣑᤇ̎ஜ૵Ὃpandas
ழ᭦ྱѾథၸǌPythonЮᎵ˿ឳзCSV஠͇ᄉcsvंǌͭ௦ὋᏥᘼҁՐ᭦Ѹतளྱड़ူܪஜ૵ڙ

ௐᤆ᜵ၸҁpandasఝुܷᄉʶ̎ѥஜὋ੝̾ੇ࣯͂ᑠၸpandasҪᣑஜ૵஠͇ǌ 

 

ఴብᭉ᜵߶ᜈpandasǌణኤӬᄉழกࡂ௦ၸpip3౎߶ᜈὋኃ1ብ˖߶ᜈ

scikit-learnंௐၸᄉࡂ௦pip3ǌpandasᄉ߶ᜈழกݟʽὙ 

$pip3 install pandas 

߶ᜈ᣾ር˖ᔩ᥄ҁ͉ʹڇᬱὋឯ᝺᫇http://pandas.pydata.org/getpandas.htmlὋ
಩૵ᒬࣁᄉጆፑὋ᫝ឳᄰС߶ᜈૈӮǌ 

 

3.1.2� ⭞ pandas ࣖ䖳ᮦᦤ䳼 

pandasं௦ၸ౎Ҫᣑǋክူ֖ူܪஜ૵ᄉǌ߱ڙՐԻူܪஜ૵ፆౝὋஂ૆ឰ᝟ኪڨϘኍѫౡ

ழกǌ 

ᎃз஠͇ឳԨǋྱड़ઙԨኍѥஜǌᏪڠᏡ౎᜷ԜࣁԦဗᒬ͗ࡂᰍὋࠃ౦ϡ᣾ܷ᧙ஜ૵્ଇݟ

ᤇ̎ѥஜඇ᧗ளࠃဗʶ൒ὋᦏԺᑞलЙளᩱឧǌ΍ၸpandasኍ࠯ᜈ˿ॡܲҩᑞᄉंὋᑞథ஌ђ࠵

ԥࠃܬဗʼᤗѥஜ੝ࣛ౎ᄉࢹͺ᧙Ὃࣲᑞγ᝼̼ᆉᄉൣᆷবǌ 

ఴ˹Ր᭦͗ᬅ̭፝ፀఝܲᄉஜ૵્ଇ಴ΒὋੇܷ͂࠱᧙΍ၸpandasǌ 

ၸread_csvѥஜࡂᑞҪᣑஜ૵ᬶὙ 

import pandas as pd 
dataset = pd.read_csv(data_filename) 

ʼᤗ̼ᆉ͗Ҫᣑஜ૵ᬶὋ࠱Фγߚҁஜ૵ಳ὇dataframeὈ˖ǌஜ૵ಳଡΘ˿ʶ̎᭣࣡ݝၸᄉ

ழกὋՐ᭦͗ၸҁǌੇ͂౎ᄹᄹஜ૵ᬶ௦ՠథ᫇ᮤǌᣤЙ̾ʽ̼ᆉὋᣤѢஜ૵ᬶᄉґ5ᛠὙ 

dataset.ix[:5] 

ᣤѢፆ౦ݟʽǌ 
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̯ᣤѢፆ౦౎ᄹὋᤇ˓ஜ૵ᬶԺ̾ၸὋͭڙߚі˓ᮤ᫇࠴ǌʽ᭦ੇ͂ࡂ౎νܬᤇ̎᫇ᮤǌ 

3.1.3� ᮦᦤ䳼␻⍍ 

̯ʼ᭦ᄉᣤѢፆ౦˖Ὃੇ͂Ԧဗ˿̾ʽі˓᫇ᮤǌ 

� ௅య௦ߙቿ˘ಪयὋᏪʿ௦௅యࠪ៵ǌ 
� ኃʶᛠ෤థஜ૵ǌ 
� ̯᜼᜿ʼ೜ಉፆ౦ὋԦဗᛪܿʿ߸ஞ੊Ꮷʿൣᆷǌ 

ᤇ̎᫇ᮤ౎ᒬஜ૵Ὃੇ ͂Ժ̾இҮஜ૵ఴᢵὋͭ ௦ᤇಧϡᄉពὋࠓ௛ঃ᝭˧ґϡ᣾̎גୱͺὋ

ᖿʽ൥ᰠ੊௦फᩱגʶ൥ὋځᏪ௃ก᧗ဗ˧ґᄉፆ౦ǌੇ ͂Ϸґʶብၸึපጲᡱᢍஜ૵ᮔึူܪ

ርᥦಧὋၸpandasࠪԓݼஜ૵ᤈᛠᮔူܪǌ 

pandas.read_csvѥஜଡΘ˿Ժၸ౎νܬஜ૵ᄉԟஜὋ࠭Й஠͇ௐૈ߿ᤇі˓ԟஜݝࡂǌ

࠭ЙՐὋੇ͂ᤆԺ̾νஇ஠͇ᄉܿᦉὋݟʽ੝ᇧὙ 

dataset = pd.read_csv(data_filename, parse_dates=["Date"], 
  skiprows=[0,])  
dataset.columns = ["Date", "Score Type", "Visitor Team", 
  "VisitorPts", "Home Team", "HomePts", "OT?", "Notes"] 

ፂ᣾ᤇ̎ူܪ˧ՐὋፆ౦͗థॡܷஇؒὋੇ͂в౎ᣤѢґ5ᛠᄹᄹὙ 

dataset.ix[:5] 

ፆ౦ݟʽǌ 
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Ԁ΍ԓݼஜ૵ॡ᜺ஞὋඊݟѷ΍ၸᄉᤇ˓Ὃੇ̮͂ᭉ᜵ࠪФϡ̎ុஞǌФ˖ʶ˓ԓځ௦Ὃ஠

͇Ժᑞ౎ᒬʿՎᄉጆፑὋၿ̅ڙߚЩࠓব᫇ᮤὋ஠͇˶᝴͗ԦၶԪӐǌ 

௄ཨஜ૵ࣂፂэݝܫὋڙधݼᎃзᮔ฽ኪก˧ґὋੇ͂Ў߿ʽʶ˓ൣᆷညͺ˝۲эǌឞ۲э

͉ʹኪกᦏःឞᑞ᣹ҁǌ 

ඇڣඊᠾథˏ˓᫲Ὑ˞ڣ᫲֖ڣࠆ᫲ǌణᄯଋᄉழกࡂ௦ૅіညͺ˝۲эὋ࿮˖ᄉіည˝

50%ǌ࿮฽͉਒ʶஂီ᫲ᖌᑇὋᦏథʶӦᑇኪǌ 

3.1.4� ᨆ਌᯦⢯ᖷ 

ੇ͂ଋʽ౎᤯᣾ጷՋ֖ඊᣖဗథஜ૵ઙԨྱड़ǌᯪЎὋᆷ߿ዜѾϘǌڙ฽ណ᫼ൿὋૅኪก३

ҁᄉѫዜፆ౦ˀ߱ࠪඊὋࡂᑞᅻ᥊ፆ౦௦ՠൣᆷǌዜѾԺ̾థܲሗᛪᇧழกὋੇ͂ᤇ᧖ၸ1ᛪᇧ

᫲ᖌᑇǌࠪ̅዇ီඊᠾᏪᝒὋ३ѫణܲᄉ᫲͏ᖌᑇǌᙉཨஜ૵ᬶ෤థڣࠆ᫲ᖌᑇὋၸ0ᛪᇧڣ˞

௙ᆷፋѢՉီ᫲ᄉᑇ᠆ৰхὋͭ௦ሮҪ᝟ኪࡂᑞ३ҁǌ 

੼Ѣ˞ڣᖌᑇᄉီ᫲Ὑ 

dataset["HomeWin"] = dataset["VisitorPts"] < dataset["HomePts"] 

ҁNumPyஜጷ᧖ὋሮՐ᜵ၸscikit-learnѫዜ٧ࠪФᤈᛠߚᖌᑇီ᫲ᄉஜ૵γڣ˞ઁ͂ੇ

ǌݝॡڠǌॆґpandas֖scikit-learnࣲ෤థᤈᛠஞՋὋͭ௦ύүNumPyஜጷὋ߱͂ᦠՋူܪ

ੇ͂ၸpandasઙԨྱड़Րвၸscikit-learnઙԨྱड़ХͳᄉϘǌ 

y_true = dataset["HomeWin"].values 

ʼ᭦ᄉy_trueஜጷγߚᄉ௦ዜѾஜ૵Ὃscikit-learnԺᄯଋឳԨឞஜጷǌ 

ੇ͂ᤆԺ̾Ѹतʶ̎ྱड़ၸ̅ஜ૵્ଇǌథௐϊὋԵ᜵ઁԓݼஜ૵ˎፋѫዜࡂ٧ᛠ˿Ὃͭ᤯

࣡ᭉ᜵ЎઙԨஜϘۋ੊ዜѾྱۋड़ǌ 

ᯪЎὋѸतˏ˓ᑞࣞүੇ͂ᤈᛠᮔ฽ᄉྱड़ὋѫѾ௦ᤇˏஂ᫲͏ʼڣඊᠾᄉᑇ᠆ৰхǌᡄ३

ʼڣඊᠾὋܷᒰԺ̾ឬ௙ឞီ᫲පࣰᣖᰳǌ 

᥅Ԋඇʶᛠஜ૵Ὃ᝭ेᖌᑇီ᫲ǌॆҁ᣹ʶᛠளஜ૵ௐὋѫѾಉᄹឞᛠஜ૵˖ᄉˏஂီ᫲ڙ

Չᒬᄉʼʶڣඊᠾ˖థ෤థᖌᑇᄉǌ 

Ѹत὇᳭ᝢὈߙЦὋߚϱီ᫲ʼ൒ඊᠾᄉፆ౦ǌ 

from collections import defaultdict 
won_last = defaultdict(int) 

൤᣾ር˖ὋఝளඇʶᛠὋ˝Фڙඊᠾǌ᥅Ԋ੝థᛠὋڣЦᄉ᪃˝ီ᫲ὋϘ˝௦ՠᡄ३ʼʶߙ

 ඊᠾథ෤థᖌᑇǌڣʼڙҪˏ˓ྱड़ϘὙˏஂီ᫲ܘ

soooo
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for index, row in dataset.iterrows(): 
    home_team = row["Home Team"]  
    visitor_team = row["Visitor Team"] 
    row["HomeLastWin"] = won_last[home_team] 
    row["VisitorLastWin"] = won_last[visitor_team] 
    dataset.ix[index] = row 

ឯซ਒Ὃ̓ ᤗ̼ᆉϛ߿ஜ૵ᬶ௦૊ཱௐᫍᮊࣿଅѴᄉǌੇ ͂੝΍ၸᄉஜ૵ᬶ௦૊ᤇሗᮊࣿଅ

ѴᄉὋݟ౦;ᄉஜ૵ᬶʿ௦ᤇಧὋ;ᭉ᜵ઁ̼ᆉ˖ᄉdataset.iterrows()ఢ૰˝dataset. 

sort("Date").iterrows()ǌ 

ၸॆґඊᠾ὇᥅Ԋҁᄉᥦʶᛠஜ૵੝ᛪᇧᄉඊᠾὈᄉፆ౦ఝளˏஂီ᫲ʼڣඊᠾᄉᖌᑇৰхὋ

̾Φʽ൒в᥅Ԋҁᤇˏஂီ᫲ௐ΍ၸǌ̼ᆉݟʽὙ 

    won_last[home_team] = row["HomeWin"]  
    won_last[visitor_team] = not row["HomeWin"] 

ʼᤗ̼ᆉᤁᛠፆోՐὋੇ͂ܲ˿ˏ˓ளྱड़ὙHomeLastWin֖VisitorLastWinǌੇ͂в౎ᄹʽ

ஜ૵ᬶǌᤇ൒Եᄹґ5్਒˦ʿܷǌԵథʶ˓ီ᫲ԟҪ᣾ˏڣඊᠾՐὋੇ͂੥ᅻ᥊߱ڙʼڣඊᠾ

ᛪဗݟʹǌ̾ʽ̼ᆉ࠱ᣤѢఴᠾߢኃ20~25ڣඊᠾὙ 

dataset.ix[20:25] 

ᣤѢፆ౦ݟʽὙ 

 

ఝ૰ʼᤗ̼ᆉ˖ᄉጉलϘὋಉᄹФ̴ᦉѫஜ૵ǌѾঃ˿ὋʶРథ1000ܲڣඊᠾփὀ 

ဗڙὋඇ˓᫲὇Ӊહʼ˓ᠾߢᄉкиὀὈڙஜ૵ᬶ˖ኃʶ൒ѢဗௐὋᦏϛڙ͂߱߿ʼڣඊᠾ

˖ܾ᠋ǌФࠃԺ̾ၸʼʶࣱᄉஜ૵सᛩᎤܾᄉζোὋ̯Ꮺஇᤈᤇ˓ྱड़Ὃͭᤇ᧖ࡂЎϡኤӬܪ

ူ˿ǌ 

3.2�  ㆌṇߩ

фንಝ௦ʶሗథᄢᅕᄉ఺ߥ٧˷ኪกὋ߱ ᄹᡐ౎ࡂϷ௦ၿʶጆѴᓫཁጷ੆ᄉึርڎὋФ˖ͮ

̅ʼࡎᓫཁᄉϘф߿ʽʶ൥ᡋՓג˓ᓫཁǌ 
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ᡱܷܲஜѫዜኪกʶಧὋфንಝ˶ѫ˝ˏܷ൥ᰠǌ 

� ᯪЎ௦ᝪጶ᫼ൿὋၸᝪጶஜ૵ౝᤴʶ೪ಝǌʼʶብᄉᤂ᥵ኪก෤థᝪጶ᫼ൿὋͭ௦фን

ಝᭉ᜵ǌ̯ᤇ˓਒˦ʼឬὋᤂ᥵ኪก௦ʶሗਅবኪกὋڙၸ߱ᤈᛠѫዜௐὋ߱੥ध࣯ݼ

าǌᄰԥὋфንಝᡱܷܲஜ఺ߥ٧˷ழกዜͪὋ௦ʶሗሤ౜ߥ˷ᄉኪกὋڙᝪጶ᫼ൿ߸

੆ഴۋᄉѸतǌ 
� Ф൒௦ᮔ฽᫼ൿὋၸᝪጶݝᄉфንಝᮔ฽ளஜ૵ᄉዜѾǌ̾ʼڎ˝ΒὋ["is raining", 

"very windy"]ᄉᮔ฽ፆ౦˝þBadÿ὇ܸڭචὈǌ 

ѸतфንಝᄉኪกథܲሗὋܷᦏ᤯᣾ᤕ̼ၶ੆ʶ೪ಝǌ̯߱͂಩ᓫཁधݼὋᤤԨణ·ྱड़Ὃ

ၸ̅ኃʶ˓фንὋҁ᣹ʽʶ˓ᓫཁὋᤤસʽʶ˓ణ·ྱड़Ὃ̾൤ዜ଍ǌॆԦဗ௃ก̯ܘҪಝᄉࡎ

ጞ˖ᖌ३ఝܲζোௐὋኪกըҮᤝѢ఺҃ǌ 

scikit-learnंࠃဗ˿ѫዜॅٿಝ὇Classification and Regression TreesὋCARTὈኪกࣲ࠱

Фͺ˝ၶ੆фንಝᄉ᳭ᝢኪกὋ߱ஂ૆ᤋ፝ྱۋड़֖ዜѾྱۋड़ǌ 

3.2.1�  ㆌṇѣⲺ৸ᮦߩ

ᤝѢэѶ௦фንಝᄉʶ˓᧗᜵ྱবǌౝतфንಝௐὋణՐі൥фን̨Ιᠺ̅࠵ஜ˓ͳὋᬣ਒

বܷǌ΍ၸྱ߿ᓫཁͺѢ଍฽ࠓ௛࠭ᒰ᣾઱Ջᝪጶஜ૵ὋᏪ΍ၸᤝѢэѶԺ̾᫸ൢфንዴऎ᣾ᰳǌ 

ᬓ˿᝹߿ᤝѢэѶܰὋ˶Ժ̾ЎѸतʶ೪߸ஞᄉಝὋвࠪФᤈᛠνҜὋԜ૿ࠪஞ˓᣾ር෤థ

ଡΘܹܲζোᄉᓫཁǌᤇ˓᣾ርԶͺҜ౧὇pruningὈǌ 

scikit-learnंࠃဗᄉфንಝኪกፋѢ˿ᤝѢழกὋ΍ၸʽ᭦ᤇˏ˓ᤤᮉࡂԺ̾᣹ҁᄫᄉǌ 

� min_samples_splitὙૈ߿Ѹतʶ˓ளᓫཁᒯ࠵ᭉ᜵ᄉ˓ͳஜ᧙ǌ 
� min_samples_leafὙૈ߿˝˿γ႐ᓫཁὋඇ˓ᓫཁᒯ࠵ःឞӉդᄉ˓ͳஜ᧙ǌ 

ኃʶ˓ԟஜଌ҃ᅋфንᓫཁᄉѸतὋኃ̃˓ԟஜф߿ᅋфንᓫཁᑞՠᜁγ႐ǌ 

- ⼀⼀
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фንಝᄉԲʶ˓ԟஜ௦ѸतфንᄉಕэὋ࣡ၸᄉథ̾ʽˏ˓ǌ 

 ʿጥऎ὇Gini impurityὈὙၸ̅ᛥ᧙фንᓫཁᩱឧᮔ฽ள˓ͳዜѾᄉඊΒǌࡈ۲ �
� ζোܘᄝ὇Information gainὈὙၸζো᝶˖ᄉ྄౎ᛪᇧфንᓫཁଡΘܲ࠵ளζোǌ 

3.2.2�  ㆌṇߩ⭞ֵ

̯scikit-learnं˖࠭ЙDecisionTreeClassifierዜὋၸ߱Ѹतфንಝǌ 

from sklearn.tree import DecisionTreeClassifier 
clf = DecisionTreeClassifier(random_state=14) 

 

ੇ͂в൒᝹߿random_stateᄉϘ˝14ǌఴ˹˖ї௦ၸҁrandom_stateᄉ

ࠃ὇random seedὈὋᑞܴγ᝼і൒ߔழὋੇ͂ᦏၸឞϘǌ΍ၸᄰՎᄉᬣ఺ሗڠ

ᰍፆ౦ᄰՎǌཨᏪὋ̾ڙՐᒬࣁᄉࠃᰍ˖Ὃ̋ γ᝼ኪกᄉবᑞʿ௦ˀྱ߿ᄉᬣ఺

࿃খϘᄰСὋڙґՐі൒ࠃᰍ˖Ὃᭉ΍ၸʿՎᄉᬣ఺࿃খǌ 

 
ဗ̯͂ੇڙpandasஜ૵ಳ˖ઙԨஜ૵Ὃ̾Φၸscikit-learnѫዜူܪ٧ǌૈ߿ᭉ᜵ᄉѴὋ

΍ၸஜ૵ಳᄉvalues࡚বὋࡂᑞᖌԨҁඇஂီ᫲ᄉʼʶڣඊᠾፆ౦ǌ 

X_previouswins = dataset[["HomeLastWin", "VisitorLastWin"]].values 

ᡱኃ2ብᄉᤂ᥵ኪกዜͪὋфንಝ˶௦ʶሗͤ᝟٧Ὃځ൤߱Վಧథfit֖predictழกǌੇ

̮͂ཨԺ̾ၸcross_val_scoreழก౎ය३̓ԡ೜ᰍᄉࣰൣڨᆷညὙ 

scores = cross_val_score(clf, X_previouswins, y_true, 
scoring='accuracy') 
print("Accuracy: {0:.1f}%".format(np.mean(scores) * 100)) 

ൣᆷည˝56.1%Ὃඊᡐᬣ఺ᮔ฽౎᜵ఝэᆷὀੇ͂ःឞԺ̾ϡ३ఝݝǌ̯ஜ૵ᬶ˖ౝतథ஌

ྱड़὇Feature EngineeringὋྱड़ࢹርὈ௦ஜ૵્ଇᄉᬱཁ੝ڙὋݝᄉྱड़ᄯଋСጆҁፆ౦ᄉൣᆷ

ည——ၴᒯඊᤤસՋ᤟ᄉኪกఝ᧗᜵ὀ 

3.3� NBA ∊䎑㔉᷒人⎁ 

ᄉൣۋǌcross_val_scoreழกԺၸ౎฽ណഴݝណ΍ၸʿՎᄉྱड़Ὃੇ͂ःឞᑞϡ३ఝ࠼

ᆷညǌథ˿߱Ὃੇ͂ࡂԺ̾࠼ណФ̴ྱड़ᄉѫዜ஌౦ǌ 

ណ᫇࠼ᤇ˓્ଇ͉ҫᏪᝒὋХͳঞ˥ᤤસྱड़փ὞ੇ͂͂ੇࡂड़ᦏԺ̾ૅ౎ၸǌྱڙ໷ܲݝ

ᒬ̾ࣁʽˏ˓᫇ᮤǌ 

⼀
-

07
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� ʶᓉᏪᝒὋ̣˥ಧᄉီ᫲පࣰఝᰳ὞ 
� ˏஂီ᫲ʼʶ൒ᄰ᥄ௐὋឹ௦ᡄࠑ὞ 

ੇ͂ᤆ࠱ҪЙளီ᫲ᄉஜ૵Ὃ̾೜฽ኪก௦ՠᑞ३ҁʶ˓ၸ౎ѻறʿՎီ᫲ඊᠾৰхᄉഴۋǌ 

㓺㻻䎭ᶛ 

ࠪ̅ʼ᭦ኃʶ˓ྱड़Ὃੇ͂Ѹतʶ˓Զͺþ˞ڣ᫲௦ՠ᤯࣡ඊࠪ੣පࣰᰳÿᄉྱड़Ὃࣲ΍ၸ

2013ᠾߢᄉੌፚͺ˝ྱड़ԨϘ౎ຸǌݟ౦ʶஂီ᫲2013ڙᠾߢଅՏࠪڙ੣ґ᭦Ὃੇ ᝢ˝߱ᄉࡂ͂

පࣰఝᰳǌ 

ੌፚஜ૵ʽᣑழกݟʽǌ 

 ੩धhttp://www.basketball-reference.com/leagues/NBA_2013_standings.htmlǌ˖เ᜾٧ڙ (1)
(2) ੼ҁExpanded StandingsᦉѫὋឞᦉѫӉહ੝థီ᫲ᄉஜ૵ǌ 
(3) ཁѣExportᩖଋǌ 
 ҁஜ૵஠͇݂˖ǌߚஜ૵γ࠱ (4)

ҁߚፚ஠͇γੌ࠱᧖ᣤЙ̾ʽ̼ᆉǌឯซ਒ߔளಪڙҁIPython Notebookቷ᝭ఴ஠͇Ὃٿ

data_folderԪ᧙ૈ߿ᄉᄫेʽǌ 

standings_filename = os.path.join(data_folder, 
"leagues_NBA_2013_standings_expanded-standings.csv") 
standings = pd.read_csv(standings_filename, skiprows=[0,1]) 

 ᧖ᣤЙstandingsࣲᤁᛠὋಉᄹੌፚǌߔቷ᝭ఴளಪڙ

standings 

ᣤѢݟʽǌ 

 

ଋʽ౎ὋѸतʶ˓ளྱड़ὋѸत᣾ርˀʼ˓ྱड़ዜͪǌ᥅ԊඇʶᛠὋಉ੼˞ڣ᫲֖ڣࠆ᫲ˏ
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ஂီ᫲ᄉੌፚǌ̼ᆉݟʽὙ 

dataset["HomeTeamRanksHigher"] = 0 
for index, row in dataset.iterrows(): 
    home_team = row["Home Team"]  
    visitor_team = row["Visitor Team"] 

థ̎ီ᫲2014ᠾߢஇՏ˿ὋՏߙʿՎͭФࠃᤆ௦Վʶஂီ᫲ǌዜͪৰхڙஞՋʿՎᄉஜ૵

ᬶௐፂ࣡᥄ҁὀ੝̾ڙಉ੼ီ᫲ௐὋᭉ᜵ઁ߱૰੆ԓ౎ᄉՏߙὋ̾ᆷγൣᆷ੼ҁឞီ᫲Ўґᄉ

ଅՏǌ 

    if home_team == "New Orleans Pelicans": 
        home_team = "New Orleans Hornets"  
    elif visitor_team == "New Orleans Pelicans": 
        visitor_team = "New Orleans Hornets" 

ဗࡂڙᑞ३ҁˏஂီ᫲ᄉଅՏὋඊᣖ߱͂ᄉଅՏὋఝளྱड़Ϙǌ 

    home_rank = standings[standings["Team"] == 
          home_team]["Rk"].values[0]  
          visitor_rank = standings[standings["Team"] == 
          visitor_team]["Rk"].values[0] 
          row["HomeTeamRanksHigher"] = int(home_rank > visitor_rank) 
          dataset.ix[index] = row 

ଋʽ౎Ὃၸcross_val_scoreѥஜ฽ណፆ౦ǌᯪЎὋ̯ஜ૵ᬶ˖ઙԨ੝ᭉ᜵ᄉᦉѫǌ 

X_homehigher = dataset[["HomeLastWin", "VisitorLastWin", 
  "HomeTeamRanksHigher"]].values  

ཨՐὋѸतDecisionTreeClassifierѫዜ٧Ὃᤈᛠ̓ԡ೜ᰍὋය३ൣᆷညǌ 

clf = DecisionTreeClassifier(random_state=14) 
scores = cross_val_score(clf, X_homehigher, y_true, 
  scoring='accuracy')  
print("Accuracy: {0:.1f}%".format(np.mean(scores) * 100)) 

ဗڙᄉൣᆷည௦60.3%——ඊੇ͂˧ґᄉፆ౦᜵ݝǌᤆᑞвଡᰳ՘὞ 

ଋʽ౎Ὃੇ͂౎ፑ᝟ˏஂီ᫲ʼڣඊᠾᄉৰхὋͺ˝Բʶ˓ྱड़ǌᙉཨီ᫲ଅՏథү̅ᮔ฽

὇ଅՏ᭤ґᄉᑇኪఝܷὈὋͭథௐଅՏ᭤Րᄉီ᫲ԥᏪᑞੌᑇଅՏ᭤ґᄉǌԓځథॡܲǌΒݟὋଅ

Տ᭤Րᄉီ᫲౼̎੩กৌݝᑞѣ˖ुᏧᄉᣃᐛǌឞྱड़ᄉѸतழกˀґʶ˓ྱड़ዜͪὋᯪЎѸत

 ʽὙݟஜ૵ಳ˖तበளྱड़ǌ̼ᆉڙඊᠾᄉᖌᑇ᫲͏ὋڣʼߚЦὋγߙ

last_match_winner = defaultdict(int) 
dataset["HomeTeamWonLast"] = 0 

ཨՐὋ᥅Ԋඇ్ஜ૵ὋԨҁඇڣᠾ̂ᄉˏஂԟᠾ᫲͏ǌ 

for index, row in dataset.iterrows(): 
    home_team = row["Home Team"]  
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    visitor_team = row["Visitor Team"] 

ʿၸᏥᘼီஂג᫲௦˞ڣͺੌὋੇ ͂ਆᄹʶʽᤇˏஂီ᫲ڙʼʶڣඊᠾ˖ҁऄឹ௦ᡄࠑǌځ

൤Ὃ૊ཱᔭ஠ߙආᛪᮊࣿࠪီ᫲ՏߙᤈᛠଅࣿὋᆷγˏஂီ᫲௃᝶˞ڣࠆͺੌὋᦏ΍ၸᄰՎᄉ᪃ǌ 

    teams = tuple(sorted([home_team, visitor_team])) 

᤯᣾ಉ੼ߙЦὋ੼ҁˏஂီ᫲ʼ൒ඊᠾᄉᡄࠑǌཨՐὋఝளஜ૵ಳ˖ᤇ్ஜ૵ǌ 

    row["HomeTeamWonLast"] = 1 if last_match_winner[teams] == 
      row["Home Team"] else 0  
      dataset.ix[index] = row 

ణՐὋఝளlast_match_winnerߙЦὋϘ˝ˏஂီ᫲ॆڙґڣ൒ඊᠾ˖ᄉᑇѢᏧὋˏஂီ

᫲вᄰᤶௐԺ࠱Фͺ˝ԟᏥǌ 

    winner = row["Home Team"] if row["HomeWin"] else row 
     ["Visitor Team"] 
    last_match_winner[teams] = winner 

ʽ᭦ὋၸளઙԨᄉˏ˓ྱड़Ѹतஜ૵ᬶǌ᜹ࠢʿՎྱड़ጷՋᄉѫዜ஌౦ǌ̼ᆉݟʽὙ 

X_lastwinner = dataset[["HomeTeamRanksHigher", "HomeTeam 
  WonLast"]].values  
clf = DecisionTreeClassifier(random_state=14) 
scores = cross_val_score(clf, X_lastwinner, y_true, 
  scoring='accuracy') 
print("Accuracy: {0:.1f}%".format(np.mean(scores) * 100)) 

ൣᆷည˝60.6%ǌፆ౦ᡔ౎ᡔݝ˿ǌ 

ణՐੇ͂౎ᄹʶʽὋфንಝڙᝪጶஜ૵᧙ॡܷᄉৰхʽὋᑞՠ३ҁథ஌ᄉѫዜഴۋǌੇ͂࠱

͗˝фንಝຊҪီ᫲Ὃ̾೜฽߱௦ՠᑞஞՋளܘᄉζোǌ 

ᙉཨфንಝᑞܴྱူܪड़Ϙ˝ዜѾۋᄉஜ૵Ὃͭ scikit-learnं੝ࠃဗᄉфንಝኪก᜵ය

Ўࠪᤇዜྱड़ᤈᛠူܪǌၸLabelEncoderᣀ૰ࡂ٧ᑞઁߙቿ˘ዜۋᄉီ᫲ՏᣀӐ˝ஞۋǌ̼ᆉ

 ʽὙݟ

from sklearn.preprocessing import LabelEncoder 
encoding = LabelEncoder() 

 Ὑۋ᫲ՏሥᣀӐ˝ஞီڣ˞࠱

encoding.fit(dataset["Home Team"].values) 

ଋʽ౎ὋઙԨ੝థඊᠾᄉ˞ီڣࠆ᫲ᄉီ᫲Տ὇ࣂᣀӐ˝ஜϘۋὈࣲ࠱ФጷՋ὇ڙNumPy
˖ԶͺþstackingÿὋ௦Փ᧙ጷՋᄉ਒ধὈᡐ౎Ὃ्੆ʶ˓ᅽ᫻ǌ̼ᆉݟʽὙ 

home_teams = encoding.transform(dataset["Home Team"].values) 
visitor_teams = encoding.transform(dataset["Visitor Team"].values) 
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X_teams = np.vstack([home_teams, visitor_teams]).T 

фንಝԺ̾ၸᤇ̎ྱड़ϘᤈᛠᝪጶὋͭDecisionTreeClassifier̮ઁ߱͂ॆͺᤋ፝ྱۋ

ड़ǌΒݟὋᎃՁ̯0ҁ16ᄉ17ஂီ᫲Ὃኪก͗ᝢ˝ီ᫲1֖2ᄰͪὋᏪီ᫲4֖10ʿՎǌͭФࠃᤇ෤

਒˦Ὃࠪ̅ˏஂီ᫲ᏪᝒὋ߱͂᜵˥௦Վʶஂီ᫲Ὃ᜵˥ʿՎὋ෤థ˖ᫍ࿃খὀ 

˝˿๖ᬓᤇሗ֖ࠃᬄৰхʿʶᒰᄉဗ៵Ὃੇ͂Ժ̾΍ၸOneHotEncoderᣀ૰٧ઁᤇ̎ஞஜᣀ

૰˝̃ᤈ҃ஜߙǌඇ˓ྱड़ၸʶ˓̃ᤈ҃ஜߙĿ౎ᛪᇧǌΒݟὋLabelEncoder˝ᓹҪ׍Мྥ᫲ѫᦠ

ᄉஜϘ௦7Ὃᥦ˥OneHotEncoder˝߱ѫᦠᄉ̃ᤈ҃ஜߙᄉኃʸͮࡂ௦1ὋФͷ᫲͏ᄉኃʸͮࡂ௦0ǌ
ඇ˓Ժᑞᄉྱड़ϘᦏᤇಧူܪὋᏪஜ૵ᬶ͗Ԫ३ॡܷǌ̼ᆉݟʽὙ 

from sklearn.preprocessing import OneHotEncoder 
onehot = OneHotEncoder() 

 ၸǌܫᡐ౎ߚፆ౦γ࠱ᝪጶୱͺὋ֖ူܪᄰՎᄉஜ૵ᬶʼᤈᛠᮔڙ

X_teams_expanded = onehot.fit_transform(X_teams).todense() 

ଋᅋὋϷ˧ґᥦಧڙளஜ૵ᬶʼុၸфንಝѫዜ٧ǌ 

clf = DecisionTreeClassifier(random_state=14) 
scores = cross_val_score(clf, X_teams_expanded, y_true, 
  scoring='accuracy')  
print("Accuracy: {0:.1f}%".format(np.mean(scores) * 100)) 

ൣᆷည˝60%Ὃඊ۲эϘ᜵ᰳὋͭ௦෤థ˧ґᄉ஌౦ݝǌԓځԺᑞྱ̅ڙड़ஜܘҪՐὋфን

ಝူܪʿॆǌ᧜̅൤Ὃੇ͂࠼ណνஇኪกὋᄹᄹ͗ʿ͗ᡐͺၸǌஜ૵્ଇథௐࡂ௦ʿற࠼ណளኪ

กǋ΍ၸளྱड़ᤇಧʶ˓᣾ርǌ 

3.4� 䳅ᵰἤ᷍ 

ʶ೪фንಝԺ̾ߥҁॡܬఽᄉ᜺ѶǌཨᏪὋॡԺᑞ͗࠭ᒰ᣾઱Ջ᫇ᮤ——ߥҁᄉ᜺ѶԵ᤟ၸ

̅ᝪጶᬶǌᝌфழก˧ʶࡂ௦ុஞфንಝኪกὋᬌ҃߱੝ߥҁᄉ᜺Ѷᄉஜ᧙ǌΒݟὋઁфንಝᄉ

ຆऎᬌ҃ڙʻࡎὋԵᝧ߱ߥ˷̯Кࡌᝇऎઞѫஜ૵ᬶᄉణ·᜺ѶὋʿ ᝧ߱ߥ˷᤟ၸ᭦ॡቋᄉྱ߿

᜺ѶὋᤇ̎᜺Ѷ͗࠱ஜ૵ᬶᤈʶ൥ઞѫ˝ఝҪጹᒰᄉᏅጷǌ΍ၸᤇሗઈ˖ழ಴३ҁᄉфንಝคӐ

ᑞҦुὋͭஞͳᛪဗሮिǌ 

˝˿सᛩʼᤗழกᄉʿᡛὋੇ͂Ժ̾Ѹतܲ೪фንಝὋၸ߱͂ѫѾᤈᛠᮔ฽Ὃв಩૵࠵ஜన

̯ܲஜᄉԓѶ̯ܲ˓ᮔ฽ፆ౦˖ᤤસణጻᮔ฽ፆ౦ǌᤇൣ௦ᬣ఺೧ౣᄉࢹͺԓူǌ 

ͭʼᤗ᣾ርథˏ˓᫇ᮤǌʁ ௦Ѹतᄉܲ೪фንಝڙॡܷርऎʼ௦ᄰՎᄉ——ඇ൒΍ၸᄰՎᄉ

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ థܲ࠵˓ྱड़Ὃ̃ᤈ҃ஜࡂߙథܲͮ࠵ǌ——ដᏧซ 

⼀⼀ 随机选择数据和特征
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ᣤЙὋ࠱३ҁᄰՎᄉᣤѢǌੇ͂Եథʶ˓ᝪጶᬶὋݟ౦࠼ណѸतܲ೪фንಝὋ߱͂ᄉᣤЙࡂԺᑞ

ᄰՎ὇ځ൤ᣤѢ˶ᄰՎὈǌᝌфழก௦ඇ൒ᬣ఺̯ஜ૵ᬶ˖ᤤԨʶᦉѫஜ૵ၸͺᝪጶᬶǌᤇ˓᣾

ርԶͺᜈ᛺὇baggingὈǌ 

ኃ̃˓᫇ᮤ௦ၸ̅ґі˓фንᓫཁᄉྱड़᭣࣡቉ѢǌԀ΍ੇ͂ᬣ఺ᤤԨᦉѫஜ૵ၸͺᝪጶ

ᬶὋѸतᄉфንಝᄰͪব̮ேॡܷǌᝌфழก௦Ὃᬣ఺ᤤԨᦉѫྱड़ͺ˝фንΙ૵ǌ 

ཨՐὋ΍ၸᬣ఺̯ஜ૵ᬶ˖ᤤԨᄉஜ૵֖὇і˪௦Ὀᬣ఺ᤤԨᄉྱड़ὋѸतܲ೪фንಝǌᤇ

 ǌݝॡܲஜ૵ᬶʼ஌౦ॡڙ௦ᬣ఺೧ౣὋᙉཨᄹʼԜʿ௦ᥦ˥ᄯ᜹Ὃͭᤇሗኪกࡂ

3.4.1�  ㆌṇⲺ䳼ᡆ᭾᷒ྸ֋ߩ

ᬣ఺೧ౣኪกЮڙᄉᬣ఺বᝧ̠ਕ᜿ኪกᄉڭݝК᭤ᤁචǌཨᏪὋ᤯᣾ࠪܲ೪і˪௦ᬣ఺Ѹ

तᄉфንಝᄉᮔ฽ፆ౦ԨڨϘὋࡂᑞᬋͯᮔ฽ፆ౦ᄉʿʶᒰবǌੇ͂ၸழࢿ౎ᛪᇧᤇሗʿʶᒰǌ 

ழࢿ௦ၿᝪጶᬶᄉԪӐलᡐᄉǌфንಝᤇዜழܷࢿᄉኪก౜௛ԩҁᝪጶᬶԪӐᄉॕֽὋ̯ Ꮺ

̖ၶ᣾઱Ջ᫇ᮤǌ 

 

ࠪඊ౎ឬὋϟឧ὇biasὈ௦ၿኪก˖ᄉϛ᝹लᡐᄉὋᏪˀஜ૵ᬶ෤థСጆǌ

ඊݟὋኪกᩱឧڠϛ߿੝థྱड़յൣখѫ࣊Ὃ࠭͗ࡂᒰᣖᰳᄉឧࢿǌ᤯᣾ѫౡѫ

ዜ٧ᄉஜ૵ഴࠃ֖ۋᬄஜ૵ᬶᄉӛᦠৰхὋࡂᑞᬋͯϟឧ᫇ᮤᄉ᠆᭦ॕֽǌ 

 
ࠪᬣ఺೧ౣ˖ܷ᧙фንಝᄉᮔ฽ፆ౦ԨڨϘὋᑞథ஌ᬋͯழࢿὋᤇಧ३ҁᄉᮔ฽ഴۋᄉ঳ͳ

ൣᆷညఝᰳǌ 

ʶᓉᏪᝒὋфንಝᬶ੆ϡѢ˿ݟʽϛ᝹Ὑᮔ฽᣾ርᄉឧࢿХథᬣ఺বὋ˄ځѫዜ٧Ꮺऩǌځ

൤Ὃ΍ၸၿܲ˓ഴۋ३ҁᄉᮔ฽ፆ౦ᄉڨϘὋᑞܴ๖ᬓᬣ఺ឧࢿᄉॕֽ——Եγ႐ൣᆷᄉᮔ฽ፆ

౦ǌఴ˹˖̭͗ፀఝܲၸᬶ੆ழก๖ᬓឧࢿᄉΒߔǌ 

3.4.2� 䳅ᵰἤ᷍㇍⌋Ⲻ৸ᮦ 

scikit-learnं˖ᄉRandomForestClassifierࡂ௦ࠪᬣ఺೧ౣኪกᄉࠃဗὋ߱ଡΘ˿

ʶጆѴԟஜǌځ˝߱΍ၸ˿DecisionTreeClassifierᄉܷ᧙ࠃΒὋ੝̾߱κᄉॡܲԟஜ௦ʶ

ᒰᄉὋඊݟфንಕэ὇۲ࡈʿጥऎ/ζোܘᄝὈǋmax_features֖min_samples_splitǌ 

ॆཨὋᬶ੆᣾ርᤆलЙ˿ʶ̎ளԟஜǌ 

� n_estimatorsὙၸ౎ૈ߿Ѹतфንಝᄉஜ᧙ǌឞϘᡔᰳὋ੝ᔈௐᫍᡔ᫁Ὃൣ ᆷည὇ԺᑞὈ

˶ᡔᰳǌ 

燾
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� oob_scoreὙݟ౦᝹Ꮅ˝ᄽὋ฽ណௐ࠱ʿ΍ၸᝪጶഴۋௐၸ᣾ᄉஜ૵ǌ 
� n_jobsὙ᧓ၸࣲᛠ᝟ኪழกᝪጶфንಝௐ੝ၸҁᄉЮನஜ᧙ǌ 

scikit-learnंଡΘ˿ၸࣲ̅ᛠ᝟ኪᄉJoblibंǌn_jobsૈ߿੝ၸᄉЮನஜǌ᳭ ᝢ΍ၸ1
˓Юನ——ݟ౦CPU௦ܲನᄉὋԺ̾ܲၸі˓Ὃ੊Ꮷ࠱Ф᝹Ꮅ˝�1ὋधҮКᦉᯰҦǌ 

3.4.3� ֵ⭞䳅ᵰἤ᷍㇍⌋ 

scikit-learnंࠃဗᄉᬣ఺೧ౣኪก΍ၸͤ᝟٧ଋԯὋၸ̓ԡ೜ᰍழกុၸ߱ԀԺὋ̼ᆉ

ᡱ˧ґܷՎ࠴ऩǌ 

from sklearn.ensemble import RandomForestClassifier 
clf = RandomForestClassifier(random_state=14) 
scores = cross_val_score(clf, X_teams, y_true, scoring='accuracy') 
print("Accuracy: {0:.1f}%".format(np.mean(scores) * 100)) 

Ե௦᭤ఝ૰ѫዜ٧Ὃൣᆷညࡂଡӣ˿0.6%Ὃ᣹ҁ60.6%ǌ 

ᬣ఺೧ౣ΍ၸʿՎᄉྱड़ᬶߔᤈᛠߥ˷Ὃःឞඊ௾᤯ᄉфንಝఝ˝ᰳ஌ǌ̔ ᭦౎ᄹʶʽܲၸ

і˓ྱड़஌౦ݟʹǌ 

X_all = np.hstack([X_home_higher, X_teams]) 
clf = RandomForestClassifier(random_state=14) 
scores = cross_val_score(clf, X_all, y_true, scoring='accuracy') 
print("Accuracy: {0:.1f}%".format(np.mean(scores) * 100)) 

ൣᆷည˝61.1%——Ԡథ੝ଡӣὀԺ̾΍ၸGridSearchCVዜ଼ጉణ·ԟஜὋ̼ᆉݟʽὙ 

parameter_space = {  
  "max_features": [2, 10, 'auto'], 
  "n_estimators": [100,], 
  "criterion": ["gini", "entropy"], 
  "min_samples_leaf": [2, 4, 6], 
} 
clf = RandomForestClassifier(random_state=14) 
grid = GridSearchCV(clf, parameter_space) 
grid.fit(X_all, y_true) 
print("Accuracy: {0:.1f}%".format(grid.best_score_ * 100)) 

ᤇ൒ൣᆷညଡӣᣖܷὋ᣹ҁ˿64.2%ὀ 

ᣤѢၸᎩಪ଼ጉ੼ҁᄉణ·ഴۋὋಉᄹᦏ΍ၸ˿̎גԟஜǌ̼ᆉݟʽὙ 

print(grid.best_estimator_) 

ʽ᭦ᄉ̼ᆉ࠱ፋѢൣᆷညణᰳᄉഴۋ੝ၸҁᄉԟஜǌ 

RandomForestClassifier(bootstrap=True, compute_importances=None, 
  criterion='entropy', max_depth=None, max_features=2,  
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    max_leaf_nodes=None, min_density=None, min_samples_leaf=6, 
      min_samples_split=2, n_estimators=100, n_jobs=1, 
        oob_score=False, random_state=14, verbose=0) 

3.4.4�  ᔰ᯦⢯ᖷࡑ

 ̯ʼᤗі˓Βߔ˖Ὃੇ͂ᄹҁஇԪྱड़ࠪኪกᄉᛪဗథॡܷॕֽǌፂ᣾࠴᜺ഴ฽ណԦဗὋ

̨̨௦ځ˝ᤤၸʿՎᄉྱड़Ὃൣᆷညቤཨଡӣ˿10%ǌ 

ၸpandasଡΘᄉѥஜѸतྱड़ǌ̼ᆉݟʽὙ 

dataset["New Feature"] = feature_creator() 

feature_creatorѥஜᤄٿஜ૵ᬶ˖ඇ్ஜ૵ᄉՉ˓ྱड़Ϙǌ࣡ၸஜ૵ᬶͺ˝ԟஜǌ 

dataset["New Feature"] = feature_creator(dataset) 

ణᄯଋᄉϡก௦ʶधݼ˝ளྱड़᝹Ꮅ᳭ᝢᄉϘὋඊ0ݟǌݟʽ੝ᇧὙ 

dataset["My New Feature"] = 0 

ଋʽ౎Ὃ᥅Ԋஜ૵ᬶὋ᝟ኪ੝ᭉྱड़ǌఴብడܲ൒ၸʽ᭦ᤇሗ्यѸतளྱड़ǌ 

  for index, row in dataset.iterrows(): 
    home_team = row["Home Team"]  
    visitor_team = row["Visitor Team"] 
    # Some calculation here to alter row 
    dataset.ix[index] = row 

ឯซ਒Ὃ̓ ᭦ᤇሗ᥅Ԋழก஌ညʿᰳǌݟ౦;᜵ၸᄉពὋឯʶ൒বူܪ੝థྱड़ǌ࣡ ၸᄉþణ

·ϡกÿࡂ௦ඇ్ஜ૵ణݝԵူܪʶ൒ǌ 

;Ժ̾Ѹतʽᤗྱड़ࣲᄹʶʽ஌౦ǌ 

� ီ᫲ʼ൒੩ඊᠾᡯ̬థܲ᫁ௐᫍ὞ᆀయЮᤋ፝ͺੌὋࠓ௛࠭ᒰီտႴҶǌ 
� ˏஂီ᫲᣾Ԝ̊ڣඊᠾፆ౦ݟʹ὞ᤇˏ˓ஜ૵᜵ඊHomeLastWin֖VisitorLastWinఝ

ᑞԥ௡ီ᫲ᄉᄽࠃපࣰ὇ઙԨྱड़ழกዜͪὈǌ 
� ီ᫲௦ʿ௦ᡱ౼ஂྱီ߿᫲੩ඊᠾௐԦ૘३ఝݝ὞ΒݟὋီ᫲ڙ౼˓ͳᐱڣ᧖੩ඊᠾὋ

Ԁ΍௦ڣࠆͺੌ˶ᑞԦ૘३ॡݝǌ 

 -ᬱὋឯԟᏥpandasᄉ஠ುhttp://pandas.pydata.org/pandasڇ౦ઙԨʼ᭦ᤇ̎ྱड़᥄ҁݟ
docs/stable/ǌ൤ܰὋᤆԺ̾࠼ណ̯Stack OverflowኍᇪӜࠬයࣞүǌ 

ఝ౜ᒰᄉϡก௦Ὃύүီտஜ૵౎ѫౡඇ˓᫲ᄉࠃҦ̾ᮔ฽ᣤᡄǌФࠃὋᠲ१֖ͳᐱӯॐ఺

ౝඇܸᦏڙၸᤇ̎ܬఽᄉྱड़ᮔ฽ᠾ̂ፆ౦౎ྦྷѽǌ 
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3.5� ቅ㔉 

ఴብ΍ၸscikit-learnंᄉԲʶ˓ѫዜ٧DecisionTreeClassifierὋࣲ̭ፀ˿ݟʹၸ

pandasူܪஜ૵ǌੇ͂ѫౡ˿ᄽࠃᄉNBAᠾ̂ᄉඊᠾፆ౦ஜ૵ὋѸतளྱड़ၸ̅ѫዜὋࣲڙᤇ˓

᣾ር˖ԦဗԀ΍௦᜺ஞǋ࣯ыᄉஜ૵˶Ժᑞڙߚʶ̎ᮤ᫇࠴ǌ 

ੇ͂Ԧဗݝᄉྱड़ࠪଡӣൣᆷညॡథࣞүὋᤆ΍ၸ˿ʶሗᬶ੆ኪก——ᬣ఺೧ౣὋᤈʶ൥ଡ

ӣൣᆷညǌ 

ʽʶብڙࡘੰ͗࠱ኃ1ብ΍ၸᄉ̝֖বѫౡኪกὋၸ౎Ԧဗᄰͪᄉႂॕǌੇ͂ᤆߥ࠱ҁݟʹ

ၸኪกᝌфଅࣿ᫇ᮤὋ̾Ԣݟʹଡӣஜ૵્ଇኪกᄉԺੰࡘবǌ 
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⭞Өૂᙝᯯ᷆࠼⌋᧞㦆⭫ᖧ 

 
ఴብݟ˷ߥʹၸ̝֖বѫౡழก੼Ѣ̣ڙ˥ৰхʽˏ˓ࠪ៵ፂ࣡ʶᡐѢဗǌ᤯ί౎ᝮὋᤇ˶

Զþ᠓ྫྷ዇ѫౡÿὋځ˝డథ̠ၸ߱੼Ѣֵ׷̎גፂ࣡ʶᡐѢ׫ǌ 

ኃ3ብСซᄉࠪ៵˝ီ᫲Ὃࣲၸྱड़ଠᤗီ᫲ǌఴብ੝ၸҁᄉႂॕ᝿ѫஜ૵థ੝ʿՎὋੇ͂

੝Сซᄉࠪ៵὇ႂॕὈ۠ڙஜ૵˖ǌఴብஜ૵્ଇ͉ҫᄉᄫಕ௦੼Ѣࠪ៵ՎௐѢဗᄉৰхὋ˶ࡂ

௦ࠬ੼ၸਖ਼Վௐ؝൓іᦉႂॕᄉৰхǌ 

ఴብ˞᜵๗Ԣ̾ʽі˓ഏএǌ 

� ̝֖বѫౡ 
� ၸAprioriኪก્ଇСᐎྱड़ 
� ႂॕ଍ᕚ 
� ஜ૵ሩ႟᫇ᮤ 

4.1� Өૂᙝ᷆࠼ 

̝֖বѫౡၸ౎੼Ѣˏ˓ࠪ៵РՎѢဗᄉৰхǌᏪґіብὋੇ ͂Сซᄉ௦Վሗࠪ៵˧ᫍᄉᄰ

ͪऎǌ̝֖বѫౡ੝ၸᄉஜ૵᤯࣡˝ዜͪ̅̓௛ζোᄉஜ૵ǌ̯ᄯ᜹ʼ౎ᄹὋᤇ̎ஜ૵ࡂϷ௦׷

आᄉ̓௛ஜ૵——̯˖ᑞᄹѢֵ׷̎ג௦ᮎࠆʶᡐ᠓˻ᄉǌ 

ཨᏪὋ̝֖বѫౡழกᄉःၸڣ௿థॡܲὋඊݟὙ 

� ൚គ೜฽ 
� ᮎࠆӜѫ 
� ᣃ͇͕Ӑ 
� ֵ̖଍ᕚ 

̝֖বѫౡඊѫዜఝХଉጉবὋځ˝᤯࣡ੇ͂௃กૅҁϷڙॡܲѫዜ͉ҫ˖੝ၸᄉᥦಧ߸ஞ

ᄉஜ૵ᬶǌΒݟὋॕႂڙ଍ᕚ͉ҫ˖Ὃੇ͂ૅҁᄉ௦ʿՎၸਖ਼ࠪʿՎႂॕᄉ᝿͈ǌͭ௦Ὃඇ˓ၸ

ਖ਼ʿԺᑞ᝿͈᣾੝థႂॕὋᤇࡂፋ̝֖বѫౡࣛ౎ʶ˓ʿࠓ঒᜼ᄉܷᬱᮤǌݟ౦ၸਖ਼෤థ᝿͈᣾

ኃ �ብ
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ʶᦉႂॕὋ௦ځ˝̴͂ʿ؝൓ᤇᦉႂॕ὇૵൤ࡂʿ଍ᕚፋ̴͂ὈὋᤆ௦ځ˝̴͂Ѣ̅Ѿᄉԓځᤆ

෤థ᝿͈὞ 

ఴብʿࠪʼᤗ᫇ᮤϡѢᝌኔὋͭ ௦ੇ͂᜵ধᏥஜ૵ᬶ˖ዜͪᤇಧᄉ໷ᮤ᫇ڙឞঞ˥ᝌфǌᤇ

̎ধᏥథү̅ଡӣ଍ᕚኪกᄉэᆷবǌ 

4.1.1� Өૂᙝ᷆࠼㇍⌋ 

ណ˿੝థԺᑞᄉ᜺ѶጷՋὋ᝟ኪ˿ඇ్࠼ኃ1ብ̭ፀ˿ʶሗ۲ᆨᄉ̝֖বѫౡኪกὋڙ͂ੇ

᜺ѶᄉᎵζऎ֖ஂ૆ऎὋࣲ಩૵ᤇˏ˓ಕэᤈᛠଅࣿὋᤤԨణ·᜺Ѷǌ 

ཨᏪὋᤇ˓ழก஌ညʿᰳǌڙݝኃ1ብ੝΍ၸᄉஜ૵ᬶ˖Ὃඇ్̓௛ஜ૵Ե๗Ԣ̊ሗֵ׷ǌ

ͭဗࣲࠃ᭣ݟ൤ὋԀ΍௦вʿᡐᅊᄉ࠴ӭᩓѢ׫ᄉֵ׷˶᣹ʼᄇሗ˧ܲὋᎩआఝ௦థ੆ӡʼʹሗ

౦᜺Ѷၶ੆ழกϷኃ1ብᥦಧ᣾̅ኤӬὋ᝟ኪᤇ̎᜺Ѷ੝ᭉ᜵ᄉௐᫍݟ὇ၴᒯіᄇʹሗὀὈǌֵ׷

ڠ३ॡঋǌఝХͳ᫁ܘҪὋ᝟ኪ੝థ᜺Ѷ੝ᭉᄉௐᫍܘஜ᧙ᄉֵ׷ǌᬣᅋ᫁ܘյૈஜጞ࠱ఽऎܬ

ឬὋ੝థԺᑞᄉ᜺Ѷஜ᧙௦2n�1ǌஜ૵ᬶథ5˓ྱड़ὋԺᑞᄉ᜺Ѷࡂథ31్὚థ10˓ྱड़ὋԺᑞ

ᄉ᜺Ѷࡂథ1023్὚̨̨థ100˓ྱड़Ὃ᜺Ѷஜࡂᑞ᣹ҁ30ͮஜߙǌԀ΍᝟ኪᑞҦܷࣧଡӣ˶ల

ॸᑞᡏʼڙጲֵ׷ᄉ᫁ܘᤳऎǌځ൤ὋˀФᡱ᝟ኪ఺᣾ʿԜὋʿࠬݟ੼ఝҪᐒ௙ᄉኪกǌ 

AprioriኪกԺ̾ឬ௦ፂЦᄉ̝֖বѫౡኪกǌ߱ Ե̯ஜ૵ᬶ˖ᮟጒѢဗᄉֵ׷˖ᤤԨРՎѢ

ဗᄉֵ׷ጷ੆ᮟጒᮉᬶ὇frequent itemsetὈὋᥗБ˿ʼᤗܬఽऎյૈஜጞ᫁ܘᄉ᫇ᮤǌʶெ੼ҁ

ᮟጒᮉᬶὋၶ੆Сᐎ᜺Ѷࡂॡࠓ௛˿ǌ 

AprioriኪกᐿՐᄉԓူኤผԁʿܾݫࢻǌᯪЎὋᆷγ˿᜺Ѷڙஜ૵ᬶ˖థᡛܴᄉஂ૆ऎǌ

Aprioriኪกᄉʶ˓᧗᜵ԟஜࡂ௦ణஂ࠴૆ऎǌඊݟὋ᜵ၶ੆Ӊդֵ׷AǋBᄉᮟጒᮉᬶ὇A, BὈὋ

᜵යஂ૆ऎᒯ30˝࠵Ὃᥦ˥A֖Bᦏॸᮋᒯڙ࠵ஜ૵ᬶ˖Ѣဗ30൒ǌఝܷᄉᮟጒᮉᬶ˶᜵ᥕߵឞ

ᮉጝ߿Ὃඊݟ᜵ၶ੆ᮟጒᮉᬶ὇A, B, C, DὈὋᥦ˥ᬶߔ(A, B, C)ॸᮋ௦ᮟጒᮉᬶ὇ॆཨDᒬࣁ˶

᜵໗ᡛణஂ࠴૆ऎಕэὈǌ 

ၶ੆ᮟጒᮉᬶՐὋ࠱ʿвᏥᘼФ̴Ժᑞᄉԁʿܴᮟጒᄉᮉᬶ὇ᤇಧᄉᬶՋథॡܲὈὋ̯Ꮺܷ

ܷђ࠵฽ណள᜺Ѷ੝ᭉᄉௐᫍǌ 

Ф̴̝֖বѫౡኪกథEclat֖ᮟጒᮉᬶ્ଇኪก὇FP-growthὈǌ̯ஜ૵્ଇᝇऎᄹὋᤇ̎

ኪกඊᡐ۲ᆨᄉAprioriኪกథॡܲஇᤈὋবᑞ˶థᤈʶ൥ଡӣǌଋʽ౎ὋЎ౎ᄹʶʽణ۲ᆨᄉ

Aprioriኪกǌ 

4.1.2� 䘿᤟৸ᮦ 

્ଇ̝֖বѫౡ੝ၸᄉСᐎ᜺Ѷ˧ґὋੇ͂ЎၸAprioriኪกၶ੆ᮟጒᮉᬶǌଋᅋὋ᤯᣾೜฽
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ᮟጒᮉᬶ˖ґଡ֖ፆ᝶ᄉጷՋὋၶ੆Сᐎ᜺Ѷ὇ΒݟὋݟ౦ၸਖ਼؝൓ႂॕXὋᥦ˥̴ॡԺᑞ؝൓

ႂॕYὈǌ 

ኃʶ˓᫼ൿὋᭉ᜵˝Aprioriኪกૈ߿ʶ˓ᮉᬶ᜵੆˝ᮟጒᮉᬶ੝ᭉᄉణஂ࠴૆ऎǌ͉ʹ̅࠴

ణஂ࠴૆ऎᄉᮉᬶ࠱ʿвᏥᘼǌݟ౦ణஂ࠴૆ऎϘ᣾࠴ὋAprioriኪก᜵೜฽ܷ᧙ᄉᮉᬶὋ͗પਤ

ᄉᤁᛠᤳऎ὚ణஂ࠴૆ऎϘ᣾ܷᄉពὋѶԵథॡ࠵ᄉᮟጒᮉᬶǌ 

੼ѢᮟጒᮉᬶՐὋڙኃ̃˓᫼ൿὋ಩૵ᎵζऎᤤԨСᐎ᜺ѶǌԺ̾᝹߿ణ࠴ᎵζऎὋᤄٿʶ

ᦉѫ᜺ѶὋ੊Ꮷᤄٿ੝థ᜺ѶὋᝧၸਖ਼ᒬࣁᤤǌ 

ఴብὋੇ͂᝹߿ణ࠴ᎵζऎὋԵᤄ߱̅ᰳٿᄉ᜺ѶǌᎵζऎ᣾ͯ࠭͗࠱ᒰ᜺Ѷஂ૆ऎᰳὋൣ

ᆷညͯ὚Ꮅζऎ᣾ᰳὋ࠭ᒰൣᆷညᰳὋͭ௦ᤄٿᄉ᜺Ѷ࠵ǌ 

4.2� ⭫ᖧ᧞㦆䰤从 

ֵ̖଍ᕚ੾శ௦ܷ᫂ၶ਒ǌᎩआፂ࣡ၸ߱Փ໷ڙၸਖ਼଍ᕚ̴͂Ժᑞ᠓˻ᄉֵ̖ǌݝᄉ଍ᕚኪ

กᑞࣛ౎ఝᰳᄉᩘ׫ˉፚǌඇࣱథіᄇʹˢᒯіӡʹၸਖ਼ᤈᛠᎩ᠓ὋՓ̴͂଍ᕚఝܲᄉֵ׷Ὃ໷

 Ժ᜹ǌࠃஅᄝᅋڙ

ֵ̖଍ᕚ᫇ᮤᜁ̠͂ᆐቂ˿ࣱܲὋͭ߱ʶᄯʿຝʿ༡Ὃᄯҁ2007ࣱҁ2009ࣱᫍὋNetflixМՂ

଍Ѣஜ૵तഴܷᠾὋࣲ᝹በNetflix Prizeݑᮉ˧ՐὋ੥३ҁ᣽࿭Ԧࡘǌឞባᠾ਒ࠬڙ੼ඊNetflix
МՂ੝΍ၸᄉᮔ฽ၸਖ਼˝ႂॕ੩ѫᄉጆፑఝэᆷᄉᝌфழ಴ǌణՐᖌݑ᫲͏̾ඊဗథጆፑᰳ10
˓ᄇѫཁᄉ͕ҸᑇѢǌᙉཨᤇ˓இᤈᄹᡐ౎ʿ௦ॡܷὋͭ௦NetflixМՂԁᑞύү߱ࠃဗఝዴэᄉ

ႂॕ଍ᕚనҫὋ̯ᏪܲᠽʼᄇʹᎾЊǌ 

4.2.1� 㧭਌ᮦᦤ䳼 

ᒬ੩Netflix Prizeݑᮉ᝹በ̾౎ὋᎾڍ௙ࡈᔙ᣹ܷߥᄉGrouplensᆐቂڃ᫲Мध˿ʶጆѴၸ̅

฽ណ଍ᕚኪกᄉஜ૵ᬶǌФ˖ὋࡂӉહі˓ܷ࠴ʿՎᄉႂॕ᝿ѫஜ૵ᬶὋѫѾథ10ʹǋ100ʹ֖

1000ʹ్ႂॕ᝿ѫஜ૵ǌ 

ஜ૵ᬶʽᣑڦڠ˝http://grouplens.org/datasets/movielens/ǌఴብ࠱΍ၸӉդ100ʹ్ஜ૵ᄉ

MovieLensஜ૵ᬶǌʽᣑஜ૵ᬶὋᝌԌҁ;ᄉData஠͇݂ǌըҮIPython Notebookቷ᝭ఴὋᣤЙ̾

ʽ̼ᆉǌ 

import os  
import pandas as pd 
data_folder = os.path.join(os.path.expanduser("~"), "Data", 
  "ml-100k") 
ratings_filename = os.path.join(data_folder, "u.data") 

ᆷγratings_filenameૈՓᝌԌՐ३ҁᄉ஠͇݂˖ᄉu.data஠͇ǌ 

⼀
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4.2.2� ⭞ pandas ࣖ䖳ᮦᦤ 

MovieLensஜ૵ᬶ᭣࣡᜺ஞὋͭ ௦థіཁᡱpandas.read_csvழกᄉ᳭ᝢ᝹ᎵథѢЙὋ੝̾

᜵ុஞԟஜ᝹Ꮅǌኃʶ˓᫇ᮤ௦ஜ૵ᬶඇᛠᄉі˓ஜ૵˧ᫍၸ҃ᛪቿᏪʿ௦᤮ՁѫᬥǌФ൒Ὃ෤

థᛪܿὋᤇᛪᇧஜ૵ᬶᄉኃʶᛠࡂ௦ஜ૵ᦉѫὋੇ͂ᭉ᜵੣Ү˝ՉѴຊҪՏሥǌ 

Ҫᣑஜ૵ᬶௐὋઁ ѫᬥቿ᝹Ꮅ˝҃ᛪቿὋնឃpandasʿ᜵ઁኃʶᛠͺ˝ᛪ ὇ܿheader=NoneὈὋ

᝹ᎵݝՉѴᄉՏሥǌ̼ᆉݟʽὙ 

all_ratings = pd.read_csv(ratings_filename, delimiter="\t",  
    header=None, names = ["UserID", "MovieID", "Rating", "Datetime"]) 

ᙉཨఴብၸʿҁὋᤆ௦ሮॱଡʶʽὋ;Ժ̾ၸʽ᭦ᄉ̼ᆉᝌౡௐᫍ੗ஜ૵ǌ 

all_ratings["Datetime"] = pd.to_datetime(all_ratings['Datetime'], 
  unit='s')  

ᤁᛠʽ᭦ᄉ̼ᆉὋᄹʶʽґ్̊᝭ेǌ 

all_ratings[:5] 

ᣤѢፆ౦ݟʽǌ 

 UserID MovieID Rating Datetime 
0 196 242 3 1997-12-04 15:55:49 
1 186 302 3 1998-04-04 19:22:22 
2 22 377 1 1997-11-07 07:18:36 
3 244 51 2 1997-11-27 05:02:03 
4 166 346 1 1998-02-02 05:33:16 

 

4.2.3� 〶⯅ᮦᦤṲᕅ 

ᤇ௦ʶ˓ሩ႟ஜ૵ᬶὋੇ ͂Ժ̾࠱ඇʶᛠਆ៵੆ྱܷࢼड़ᅽ᫻ᄉʶ˓ಪߔὋґіብၸҁ᣾ᤇ

ሗᅽ᫻ǌڙᤇ˓ᅽ᫻˖Ὃඇʶᛠᛪᇧʶ˓ၸਖ਼ὋඇʶѴ˝ʶᦉႂॕǌኃʶѴ˝ඇʶ˓ၸਖ਼ፋኃʶ

ᦉႂॕ੩ᄉѫஜὋኃ̃Ѵ˝ඇʶ˓ၸਖ਼ፋኃ̃ᦉႂॕ੩ᄉѫஜὋ̾൤ዜ଍ǌ 

ஜ૵ᬶ˖థ1000Տၸਖ਼֖1700ᦉႂॕὋᤇࡂ਒։ᅋஞ˓ᅽ᫻ॡܷǌ࠱ᅽ᫻ឳҁЮߚ˖Ԣ߱ڙ

۲ᆨʼᤈᛠ᝟ኪԺᑞڙߚᬱऎǌཨᏪὋᤇ˓ᅽ᫻ᄉॡܲಪߔᦏ௦ቆᄉὋ˶ ௦ܷࠪᦉѫၸਖ਼౎ឬὋࡂ

̴͂Եፋ࠵ஜіᦉႂॕ੩᣾ѫǌඊݟၸਖ਼#213෤థ˝ႂॕ#675੩᣾ѫὋܷ ᦉѫၸਖ਼෤థ˝ܷᦉѫ

ႂॕ੩᣾ѫǌ 

ၸʼᤗڎᛪ˖ᄉಪय˶ᑞᛪᇧᅽ᫻Ὃ˄ఝ˝ጊѓǌࣿՁ˝0ᄉᥦʶᛠᛪᇧὋၸਖ਼#1961997ڙ
ࣱ12త4௅˝ႂॕ#242੩˿3ѫ὇໗ѫ௦5ѫὈǌ 
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͉ʹ෤థѢဗڙஜ૵ᬶ˖ᄉၸਖ਼֖ႂॕጷՋᛪᇧ߱͂ࠃᬄʼ௦ʿڙߚᄉǌᤇඊᡐڙЮߚ˖γ

౦ஜݟ᧙ᄉ0Ὃᓫᄴ˿ॡܲቆᫍǌᤇሗಪयԶͺሩ႟ᅽ᫻὇sparse matrixὈǌ಩૵ፂᰍ౎ឬὋܷߚ

૵ᬶ˖60%੊̾ʼᄉஜ૵˝0ὋࡂःឞᏥᘼ΍ၸሩ႟ᅽ᫻Ὃ̯Ꮺᓫᄴʿ࠵ቆᫍǌ 

ሩ႟ᅽ᫻ᤈᛠ᝟ኪௐὋੇࠪڙ ͂Сซᄉ᤯࣡ʿ௦ᥦ̎ʿڙߚᄉஜ૵Ὃʿ ͗Ԝඊᣖ͔ܲᄉ0ϘὋ

ᄰԥੇ͂Сซᄉ௦ဗథஜ૵Ὃࣲࠪ߱͂ᤈᛠඊᣖǌ 

4.3� Apriori ㇍⌋Ⲻᇔ⧦ 

ఴብஜ૵્ଇᄉᄫಕ௦ၶ੆ݟʽ्यᄉ᜺ѶὙݟ౦ၸਖ਼؝൓౼̎ႂॕὋᥦ˥̴͂˶͗؝൓ᤇ

ᦉႂॕǌͺ˝ࠪʼᤗ᜺ѶᄉੰࡘὋੇ͂ᤆ࠱ᝦ᝶؝൓౼іᦉႂॕᄉၸਖ਼Ὃ௦ՠ؝൓Բʶᦉႂॕǌ 

᜵ᝌф̾ʼ᫇ᮤὋᯪЎ᜵ᆷ߿ၸਖ਼௦ʿ௦؝൓౼ʶᦉႂॕǌ̋ ൤Ѹतளྱड़FavorableὋᔩ

ၸਖ਼؝൓ឞႂॕὋϘ˝Trueǌ 

all_ratings["Favorable"] = all_ratings["Rating"] > 3 

 ஜ૵ᬶ˖ᄹʶʽᤇ˓ளྱड़ǌڙ͂ੇ

all_ratings[10:15] 

 UserID MovieID Rating Datetime Favorable 
10 62 257 2 1997-11-12 22:07:14 False 
11 286 1014 5 1997-11-17 15:38:45 True 
12 200 222 5 1997-10-05 09:05:40 True 
13 210 40 3 1998-03-27 21:59:54 False 
14 224 29 3 1998-02-21 23:40:57 False 

 
̯ஜ૵ᬶ˖ᤤԨʶᦉѫஜ૵ၸͺᝪጶᬶὋᤇᑞథ஌ђ଼࠵ጉቆᫍὋଡӣAprioriኪกᄉᤳऎǌ

ੇ͂Ԩґ200Տၸਖ਼ᄉ੩ѫஜ૵ǌ 

ratings = all_ratings[all_ratings['UserID'].isin(range(200))] 

ଋʽ౎Ὃளतʶ˓ஜ૵ᬶὋԵӉહၸਖ਼؝൓౼ᦉႂॕᄉஜ૵ᛠǌ 

favorable_ratings = ratings[ratings["Favorable"]] 

ג൓؝൤Ὃଋʽ౎Ὃੇ͂ᭉ᜵ᅻ᥊ඇ˓ၸਖ਼Չځ൓ᄉႂॕǌ؝ၶ੆ᮉᬶௐὋᭉ᜵଼ጉၸਖ਼ڙ

̎ႂॕὋ૊ཱUser IDᤈᛠѫጷὋࣲ᥅Ԋඇ˓ၸਖ਼ᄹ᣾ᄉඇʶᦉႂॕǌ 

favorable_reviews_by_users = dict((k, frozenset(v.values)) 
                                   for k, v in favorable_ratings  
                                   groupby("UserID")["MovieID"]) 

ʼ᭦ᄉ̼ᆉઁv.valuesߚϱ˝frozensetὋΦ̅ঋᤳѻறၸਖ਼௦ՠ˝౼ᦉႂॕ੩᣾ѫǌࠪ

-

on_no 剔除后⼼的⼼ ⼤堆的翻

癞赔何作为字典的key或其它集会的元素
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̅ᤇሗୱͺὋᬶՋඊѴᛪᤳऎঋὋڙՐ᭦̼ᆉ˖ᤆ͗ၸҁǌ 

ణՐὋѸतʶ˓ஜ૵ಳὋ̾Φ˿ᝌඇᦉႂॕᄉॕᤙஜ᧙ǌ 

num_favorable_by_movie = ratings[["MovieID", "Favorable"]]. 
  groupby("MovieID").sum()  

ၸ̾ʽ̼ᆉಉᄹణԩ൓ᤀᄉ̊ᦉႂॕǌ 

num_favorable_by_movie.sort("Favorable", ascending=False)[:5] 

ᣤѢፆ౦ݟʽὙ 

MovieID Favorable 
50 100 
100 89 
258 83 
181 79 
174 74 

4.3.1� Apriori ㇍⌋ 

Aprioriኪก௦̝֖বѫౡᄉʶᦉѫὋ˃᫂ၸ̅ಉ੼ஜ૵ᬶ˖ᄉᮟጒᮉᬶǌ۲ఴึር௦̯ґʶ

൥੼ҁᄉᮟጒᮉᬶ˖੼ҁளᄉܫᤤᬶՋὋଋᅋ೜฽ܫᤤᬶՋᄉᮟጒርऎ௦ՠܴᰳὋཨՐኪกϷʽ

᭦ᤇಧᤈᛠᤕ̼ǌ 

(1) ઁ ՉᮉᄫஉҁԵӉդᒬࣁᄉᮉᬶ˖Ὃၶ੆ణѹᄉᮟጒᮉᬶǌԵ΍ၸ᣹ҁణஂ࠴૆ऎᄉᮉᄫǌ 
(2) ಉ੼ဗథᮟጒᮉᬶᄉᡓᬶὋԦဗளᄉᮟጒᮉᬶὋࣲၸФၶ੆ளᄉܫᤤᮉᬶǌ 
(3) ฽ណளၶ੆ᄉܫᤤᮉᬶᄉᮟጒርऎὋݟ౦ʿܴᮟጒὋѶᒻपǌݟ౦෤థளᄉᮟጒᮉᬶὋ

 ᡹ҁణՐʶ൥ǌࡂ
 ϱளԦဗᄉᮟጒᮉᬶὋ᡹ҁ൥ᰠ(2)ǌߚ (4)
(5) ᤄٿԦဗᄉ੝థᮟጒᮉᬶǌ 

ஞ˓᣾ርᛪᇧݟʽǌ 
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4.3.2� ᇔ⧦ 

Aprioriኪกኃʶ൒ᤕ̼ௐὋளԦဗᄉᮉᬶ᫁ऎ˝2Ὃ߱͂௦൥ᰠ(1)˖Ѹतᄉᮉᬶᄉᡓᬶǌኃ

̃൒ᤕ ὇̼ፂ᣾൥ᰠ(4)Ὀ̟ ὋளԦဗᄉᮉᬶ᫁ऎ˝3ǌᤇథү̅ੇ͂ঋᤳខѾ൥ᰠ(2)੝ᭉᄉᮉᬶǌ 

ੇ͂ઁԦဗᄉᮟጒᮉᬶγߚҁ̾ᮉᬶ᫁ऎ˝᪃ᄉߙЦ˖ὋΦ̅಩૵᫁ऎಉ੼ὋᤇಧࡂԺ̾੼

ҁణளԦဗᄉᮟጒᮉᬶǌʽ᭦ᄉ̼ᆉѹݼӐʶ˓ߙЦǌ 

frequent_itemsets = {}  

ੇ͂ᤆᭉ᜵ᆷ߿ᮉᬶ᜵੆˝ᮟጒᮉᬶ੝ᭉᄉణஂ࠴૆ऎǌᤇ˓Ϙᭉ᜵಩૵ஜ૵ᬶᄉХͳৰх

౎᝹߿ὋԺᒬᛠ࠼ណФ̴ϘὋतᝫඇ൒ԵஇҮ10˓ᄇѫཁὋԀ΍ᤇಧ;Ժᑞ˶͗Ԧဗኪกᤁᛠௐ

ᫍԪҮॡܷὀʽ᭦Ὃ᝹Ꮅణஂ࠴૆ऎǌ 

min_support = 50 

ੇ͂Ў౎ࠃဗAprioriኪกᄉኃʶ൥Ὃ˝ඇʶᦉႂॕၶ੆ԵӉդ߱ᒬࣁᄉᮉᬶὋ೜฽߱௦ՠܴ

ᮟጒǌႂॕᎃՁ΍ၸfrozensetὋՐ᭦᜵ၸҁᬶՋୱͺǌ൤ܰὋ߱͂˶Ժ̾ၸͺߙЦᄉ᪃὇௾᤯

ᬶՋʿԺ̾Ὀǌ̼ᆉݟʽὙ 
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frequent_itemsets[1] = dict((frozenset((movie_id,)), 
                                 row["Favorable"])  
                                 for movie_id, row in num_favorable_ 
                                   by_movie.iterrows() 
                                 if row["Favorable"] > min_support) 

ଋᅋὋၸʶ˓ѥஜ౎ࠃဗ൥ᰠ(2)֖(3)Ὃ߱ଋஅளԦဗᄉᮟጒᮉᬶὋѸतᡓᬶὋ೜฽ᮟጒር

ऎǌʽ᭦˝ѥஜܥ௙ԢߙЦѹݼӐ̼ᆉǌ 

from collections import defaultdict 
def find_frequent_itemsets(favorable_reviews_by_users, k_1_itemsets, 
min_support):  
    counts = defaultdict(int) 

ፂᰍնឃੇ͂Ὃ᜵ࡉ᧙ђ࠵᥅Ԋஜ૵ᄉ൒ஜὋ੝̾ඇ൒ុၸѥஜௐὋв᥅Ԋஜ૵ǌᤇಧϡ஌

౦ʿ௦ॡ௙௬὇ځ˝ஜ૵ᬶᄰࠪᣖ࠴ὈὋͭ௦ஜ૵ᬶఝܷᄉৰхʽὋࡂॡథॸ᜵ǌੇ͂౎᥅Ԋ੝

థၸਖ̴਼֖͂ᄉ੩ѫஜ૵ǌ 

    for user, reviews in favorable_reviews_by_users.items(): 

ଋᅋὋ᥅Ԋґ᭦੼ѢᄉᮉᬶὋѻற߱͂௦ՠ௦ॆґ᝿ѫᮉᬶᄉᬶߔǌݟ౦௦Ὃᛪ௙ၸਖ਼ࣂፂ

 ʽὙݟᄉႂॕ੩᣾ѫǌ̼ᆉ˖ᬶߔ˝

        for itemset in k_1_itemsets:  
            if itemset.issubset(reviews): 

ଋʽ౎Ὃ᥅Ԋၸਖ਼੩᣾ѫԁ෤థѢဗڙᮉᬶ᧖ᄉႂॕὋၸ߱ၶ੆ᡓᬶὋఝளឞᮉᬶᄉ᝟ஜǌ

̼ᆉݟʽὙ 

                for other_reviewed_movie in reviews - itemset: 
                    current_superset = itemset | frozenset((other_ 
                                     reviewed_movie,)) 
                    counts[current_superset] += 1 

ѥஜణՐ೜฽᣹ҁஂ૆ऎ᜵යᄉᮉᬶὋᄹ߱ᄉᮟጒርऎܴʿܴὋࣲᤄٿФ˖ᄉᮟጒᮉᬶǌ 

    return dict([(itemset, frequency) for itemset, frequency in 
counts.items() if frequency >= min_support]) 

Ѹत९ဖὋᤁᛠAprioriኪกὋߚϱኪกᤁᛠ᣾ር˖Ԧဗᄉளᮉᬶǌ९ဖͳ˖ὋkᛪᇧԀ࠱Ԧ

ဗᄉᮟጒᮉᬶᄉ᫁ऎὋၸ᪃k�1Ժ̯̾frequent_itemsetsߙЦ˖ᖌԨѷԦဗᄉᮟጒᮉᬶǌள

Ԧဗᄉᮟጒᮉᬶ̾᫁ऎ˝᪃Ὃ࠱ФγߚҁߙЦ˖ǌ̼ᆉݟʽὙ 

for k in range(2, 20):  
    cur_frequent_itemsets = 
      find_frequent_itemsets(favorable_reviews_by_users, 
        frequent_itemsets[k-1], 
          min_support) 
      frequent_itemsets[k] = cur_frequent_itemsets 
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᡹Ѣ९ဖ὇ᣤѢζোὋնᅻੇ͂෤ᑞ੼ҁࡂʼᤗ९ဖ˖෤ᑞ੼ҁ͉ʹளᄉᮟጒᮉᬶὋڙ౦ݟ

᫁ऎ˝NᄉᮟጒᮉᬶὈǌ 

    if len(cur_frequent_itemsets) == 0: 
        print("Did not find any frequent itemsets of length {}". 
          format(k))  
        sys.stdout.flush() 
        break 

 

ၸsys.stdout.flush()ழกὋᆷγ̼ᆉᤆڙᤁᛠௐὋઁᎀуӜЮࠓᣤѢ

ҁጻቪǌథௐὋ̅ͮڙቷ᝭ఴ஠͇ྱ߿ಪߔᄉܷۋ९ဖ˖Ὃ̼ ᆉፆోᤁᛠґʿ͗

ᣤѢὋၸflushழกԺ̾γ᝼ԢௐᣤѢǌͭ௦Ὃឞழกʿࠁ᣾ܲ΍ၸ——flush

ୱͺ὇ᣤѢ˶௦Ὀ੝ࣛ౎ᄉ᝟ኪधᩘ͗પਤርࣿᄉᤁᛠᤳऎǌ 

 
ኪกᤁᛠ˝ځ੼ҁ˿ᮟጒᮉᬶὋੇ͂˶ᝧርࣿᣤѢζোὋնᅻੇ͂߱͗в൒ᤁᛠǌࠃ౦ᆷݟ

ௐᫍॡ᫁Ὃ੝̾ඇᬥʶൿௐᫍᣤѢʶʽ࿃খ௦ॡథॸ᜵ᄉὀ̼ᆉݟʽὙ 

    else:  
        print("I found {} frequent itemsets of length 
        {}".format(len(cur_frequent_itemsets), k)) 
        sys.stdout.flush() 

ణՐὋ९ဖፆోὋੇ͂ࠪԵథʶ˓ЊገᄉᮉᬶʿвਕТᡙ——߱͂ࠪၶ੆Сᐎ᜺Ѷ෤థၸ 
 ʽὙݟᭉ᜵ˏ˓ᮉᄫǌѺᬓ᫁ऎ˝1ᄉᮉᬶǌ̼ᆉ࠵ၶ੆Сᐎ᜺Ѷᒯ——ܪ

del frequent_itemsets[1] 

ʼ᭦ᤇ̼̎ᆉ᜵ݝіѫ᧾੥ᑞᤁᛠ߸ὋᏤ఺٧ᭉ᜵ᄉௐᫍఝ᫁ǌݟ౦;ڙఴڠᤁᛠ̼ᆉథ᫇

ᮤὋԺ̾Ꮵᘼ΍ၸ̇˞఺ଡӣᤳऎὋХͳጹᓫឯ᜸ᬃेǌ 

ʼᤗ̼ᆉᤄٿ˿ʿՎ᫁ऎᄉ1718˓ᮟጒᮉᬶǌ;˶᝴͗Ԧဗᬣᅋᮉᬶ᫁ऎᄉܘҪὋᮉᬶஜᬣ

ᅋԺၸ᜺ѶᄉܘҪᏪ᫁ܘʶൿௐᫍՐ੥धݼԪ࠵Ὃђ࠵௦ځ˝ᮉᬶ᣹ʿҁణͯஂ૆ऎ᜵යǌᮉᬶ

ᄉђ࠵௦Aprioriኪกᄉ͕ཁ˧ʶǌݟ౦ੇ଼͂ጉ੝థԺᑞᄉᮉᬶ὇ʿԵ௦ᮟጒᮉᬶᄉᡓᬶὈὋѻ

றܲͷᮉᬶᄉᮟጒርऎᭉ᜵੆ӡʼʹ൒ಉលǌ 

4.4� ᣳ਌ީ㚊㿺ࡏ 

AprioriኪกፆోՐὋੇ͂३ҁ˿ʶጆѴᮟጒᮉᬶὋᤇᤆʿኪ௦ᄽൣ਒˦ʼᄉСᐎ᜺ѶὋͭ௦

ॡଋᤂ˿ǌᮟጒᮉᬶ௦ʶጷ᣹ҁణஂ࠴૆ऎᄉᮉᄫὋᏪСᐎ᜺Ѷၿґଡ֖ፆ᝶ጷ੆ǌ 

ੇ͂Ժ̯̾ᮟጒᮉᬶ˖ઙԨѢСᐎ᜺ѶὋઁ Ф˖іᦉႂॕͺ˝ґଡὋԲʶᦉႂॕͺ˝ፆ᝶ጷ

੆ݟʽ्यᄉ᜺ѶὙݟ౦ၸਖ਼؝൓ґଡ˖ᄉ੝థႂॕὋᥦ˥̴͂˶͗؝൓ፆ᝶˖ᄉႂॕǌ 



䛤  

⭫

4.4� ઙԨСᐎ᜺Ѷ� � 55 

 

��

��

��

��

��

���

��

��

��

��

���

���

ඇʶ˓ᮉᬶᦏԺၸᤇሗழयၶ੆ʶ్᜺Ѷǌ 

ʽ᭦ᄉ̼ᆉ᤯᣾᥅ԊʿՎ᫁ऎᄉᮟጒᮉᬶὋ˝ඇ˓ᮉᬶၶ੆᜺Ѷǌ 

candidate_rules = [] 
for itemset_length, itemset_counts in frequent_itemsets.items(): 
    for itemset in itemset_counts.keys():  

ཨՐὋ᥅Ԋᮉᬶ˖ᄉඇʶᦉႂॕὋઁ߱ͺ˝ፆ᝶ǌᮉᬶ˖ᄉФ̴ႂॕͺ˝ґଡὋၸґଡ֖ፆ

᝶ጷ੆ܫᤤ᜺Ѷǌ 

        for conclusion in itemset:  
            premise = itemset - set((conclusion,)) 
            candidate_rules.append((premise, conclusion)) 

ᤇಧࡂᑞ३ҁܷ᧙ܫᤤ᜺Ѷǌ᤯᣾̾ʽ̼ᆉಉᄹґ్̊᜺Ѷǌ 

print(candidate_rules[:5]) 

ᣤѢፆ౦ݟʽὙ 

[(frozenset({79}), 258), (frozenset({258}), 79), (frozenset({50}), 
  64), (frozenset({64}), 50), (frozenset({127}), 181)]  

ᛪᇧߙʼᤗᤇ̎᜺Ѷ˖Ὃኃʶᦉѫ὇frozensetὈ௦ͺ˝᜺ѶґଡᄉႂॕᎃՁὋՐ᭦ᄉஜڙ

ͺ˝ፆ᝶ᄉႂॕᎃՁǌኃʶጷஜ૵ᛪᇧݟ౦ၸਖ਼؝൓ႂॕ79Ὃ̴ॡԺᑞ؝൓ႂॕ258ǌ 

ଋʽ౎Ὃ᝟ኪඇ్᜺ѶᄉᎵζऎὋ᝟ኪழกᡱኃ1ብዜͪὋԵʿ᣾᜵಩૵ᤇ᧖ளᄉஜ૵ಪय

ϡ̎இҮǌ 

ੇ͂ᭉ᜵ЎѸतˏ˓ߙЦὋၸ౎ߚϱ᜺Ѷःᰍ὇ൣΒὈ֖᜺Ѷʿ᤟ၸ὇ԥΒὈᄉ൒ஜǌ̼ᆉ

 ʽὙݟ

correct_counts = defaultdict(int) 
incorrect_counts = defaultdict(int) 

᥅Ԋ੝థၸਖ਼ԢФ؝൓ᄉႂॕஜ૵Ὃڙᤇ˓᣾ር˖᥅Ԋඇ్Сᐎ᜺Ѷǌ 

for user, reviews in favorable_reviews_by_users.items(): 
    for candidate_rule in candidate_rules:  
        premise, conclusion = candidate_rule 

฽ណඇ్᜺Ѷᄉґଡࠪၸਖ਼௦ՠ᤟ၸǌ૰ԱពឬὋၸਖ਼௦ՠ؝൓ґଡ˖ᄉ੝థႂॕǌ̼ ᆉݟʽὙ 

        if premise.issubset(reviews): 

౦௦ᄉពὋ᜺Ѷ᤟ၸὋԥ˧Ὃ᜺Ѷʿݟ൓ፆ᝶˖ᄉႂॕǌ؝౦ґଡቿՋὋᄹʶʽၸਖ਼௦ՠݟ

᤟ၸǌ 

        if premise.issubset(reviews): 



56� � ኃ 4 ብ� ၸ̝֖বѫౡழก଍ᕚႂॕ 

 

            if conclusion in reviews:  
                correct_counts[candidate_rule] += 1 
            else: 
                incorrect_counts[candidate_rule] += 1 

ၸ᜺Ѷःᰍᄉ൒ஜᬓ̾ґଡ్͇Ѣဗᄉ঳൒ஜὋ᝟ኪඇ్᜺ѶᄉᎵζऎǌ 

rule_confidence = {candidate_rule: correct_counts[candidate_rule] 
  / float(correct_counts[candidate_rule] +  
    incorrect_counts[candidate_rule]) 
              for candidate_rule in candidate_rules} 

ࠪᎵζऎߙЦᤈᛠଅࣿՐὋᣤѢᎵζऎణᰳᄉґ్̊᜺Ѷǌ 

from operator import itemgetter  
sorted_confidence = sorted(rule_confidence.items(), 
  key=itemgetter(1), reverse=True) 
for index in range(5): 
    print("Rule #{0}".format(index + 1)) 
    (premise, conclusion) = sorted_confidence[index][0] 
    print("Rule: If a person recommends {0} they will also 
      recommend {1}".format(premise, conclusion)) 
    print(" - Confidence: 
      {0:.3f}".format(rule_confidence[(premise, conclusion)])) 
    print("") 

ፆ౦ݟʽὙ 

Rule #1  
Rule: If a person recommends frozenset({64, 56, 98, 50, 7}) they will 
also recommend 174 
 - Confidence: 1.000 
 
Rule #2 
Rule: If a person recommends frozenset({98, 100, 172, 79, 50, 56}) 
they will also recommend 7 
 - Confidence: 1.000 
 
Rule #3 
Rule: If a person recommends frozenset({98, 172, 181, 174, 7}) they 
will also recommend 50 
 - Confidence: 1.000 
 
Rule #4 
Rule: If a person recommends frozenset({64, 98, 100, 7, 172, 50}) they 
will also recommend 174 
 - Confidence: 1.000 
 
Rule #5 
Rule: If a person recommends frozenset({64, 1, 7, 172, 79, 50}) they 
will also recommend 181 
 - Confidence: 1.000 
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ᣤѢፆ౦˖Ե௬ᇧႂॕᎃՁὋᏪ෤థ௬ᇧႂॕՏߙὋॡʿԣݝǌੇ ͂ʽᣑᄉஜ૵ᬶ˖ᄉu.items
஠͇᧖ߚϱ˿ႂॕՏሥ֖ᎃՁ὇ᤆథͳᜆኍζোὈǌ 

ၸpandas̯u.items஠͇ҪᣑႂॕՏሥζোǌС̅ឞ஠͇֖ዜѾᄉఝܲζোឯ᜸ஜ૵ᬶ˖ᄉ

README஠͇ǌu.items஠͇˝CSVಪयὋͭ௦ၸቡጲѫᬥஜ૵ǌឳԨௐᭉ᜵ૈ߿ѫᬥቿὋ᝹Ꮅᛪ

֖ܿᎃᆉಪयǌඇʶѴᄉՏሥ௦̯README஠͇˖੼ҁᄉǌ 

movie_name_filename = os.path.join(data_folder, "u.item") 
movie_name_data = pd.read_csv(movie_name_filename, delimiter="|", 
  header=None, encoding = "mac-roman")  
 
movie_name_data.columns = ["MovieID", "Title", "Release Date", 
  "Video Release", "IMDB", "<UNK>", "Action", "Adventure", 
    "Animation", "Children's", "Comedy", "Crime", "Documentary", 
      "Drama", "Fantasy", "Film-Noir", 
  "Horror", "Musical", "Mystery", "Romance", "Sci-Fi", "Thriller", 
    "War", "Western"] 

௄ཨႂॕՏሥࠪ̅ူᝌஜ૵ॡ᧗᜵Ὃੇ ౎Ѹतʶ˓ၸႂॕᎃՁᖌԨՏሥᄉѥஜὋ̾ࡂ͂ БԜ

ඇ൒ᦏ᜵̠ࢹಉ੼ᄉཐ৓ǌѥஜܥ௙ݟʽὙ 

def get_movie_name(movie_id): 

 ՏሥѴᄉஜ૵ǌॕႂٿஜ૵ಳmovie_name_data˖ಉ੼ႂॕᎃՁὋ੼ҁՐὋԵᤄڙ

    title_object = movie_name_data[movie_name_data["MovieID"] == 
      movie_id]["Title"]  

ੇ͂ၸtitle_objectᄉvalues࡚বᖌԨႂॕՏሥ὇ʿ௦ߚϱڙtitle_object˖ᄉ

Seriesࠪ៵Ὀǌੇ͂Եࠪኃʶ˓ϘਕТᡙ——ॆཨඇ˓ႂॕᎃՁԵࠪःʶ˓Տሥὀ 

    title = title_object.values[0] 

ѥஜణՐᤄॕႂٿՏሥǌ 

    return title 

ុஞ˧ґᄉ̼ᆉὋᤇಧࡂᑞڙᣤѢᄉ᜺Ѷ˖௬ᇧႂॕՏሥǌឯڙIPython Notebookቷ᝭ఴ஠

͇ᄉளಪߔ᧖ᣤЙ̾ʽ̼ᆉǌ 

for index in range(5):  
    print("Rule #{0}".format(index + 1)) 
    (premise, conclusion) = sorted_confidence[index][0] 
    premise_names = ", ".join(get_movie_name(idx) for idx 
      in premise) 
    conclusion_name = get_movie_name(conclusion) 
    print("Rule: If a person recommends {0} they will 
      also recommend {1}".format(premise_names, conclusion_name)) 
    print(" - Confidence: {0:.3f}".format(confidence[(premise, 
      conclusion)])) 
print("") 
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ፆ౦ຌഁܲ˿὇ᤆథ̎ᮤ᫇࠴ὋఆௐЎ঒႔Ὀǌ 

Rule #1 
Rule: If a person recommends Shawshank Redemption, The (1994), Pulp 
Fiction (1994), Silence of the Lambs, The (1991), Star Wars (1977), 
Twelve Monkeys (1995) they will also recommend Raiders of the Lost Ark 
(1981) 
 - Confidence: 1.000  
 
Rule #2 
Rule: If a person recommends Silence of the Lambs, The (1991), Fargo 
(1996), Empire Strikes Back, The (1980), Fugitive, The (1993), Star 
Wars (1977), Pulp Fiction (1994) they will also recommend Twelve 
Monkeys (1995) 
 - Confidence: 1.000 
 
Rule #3 
Rule: If a person recommends Silence of the Lambs, The (1991), Empire 
Strikes Back, The (1980), Return of the Jedi (1983), Raiders of the 
Lost Ark (1981), Twelve Monkeys (1995) they will also recommend Star 
Wars (1977) 
 - Confidence: 1.000 
 
Rule #4 
Rule: If a person recommends Shawshank Redemption, The (1994), Silence 
of the Lambs, The (1991), Fargo (1996), Twelve Monkeys (1995), Empire 
Strikes Back, The (1980), Star Wars (1977) they will also recommend 
Raiders of the Lost Ark (1981) 
 - Confidence: 1.000 
 
Rule #5 
Rule: If a person recommends Shawshank Redemption, The (1994), Toy 
Story (1995), Twelve Monkeys (1995), Empire Strikes Back, The (1980), 
Fugitive, The (1993), Star Wars (1977) they will also recommend Return 
of the Jedi (1983) 
 - Confidence: 1.000 

䇺զ 

ࣸ˦ʼᝮὋੇ͂Ժ̾ૅ᝿ͤѫዜኪกᄉᥦʶݒ౎ၸǌᝪጶґὋ႐Ѣʶᦉѫஜ૵ၸ̅฽ណὋ᝿

ͤԦဗᄉ᜺Ѷڙ฽ណᬶʼᄉᛪဗǌ 

 ฽ណᬶ˖ᄉᎵζऎǌڙᭉ᜵᝟ኪඇ్᜺Ѷࡂ౦ᤇಧϡᄉពὋੇ͂ݟ

ᤇ᧖ੇ͂ʿ੩ኪၸൣयᄉ᝿͈ૈಕὋԵ௦ኤӬᄹʶʽඇ్᜺ѶᄉᛪဗὋࠬ੼ݝᄉ᜺Ѷǌ 

ᯪЎὋઙԨ੝థ෤థၸ̅ᝪጶᄉஜ૵ͺ˝฽ណᬶǌᝪጶᬶၸґ200Տၸਖ਼ᄉ੩ѫஜ૵Ὃ฽ណ

൓ᄉႂॕǌ̼ᆉ؝ᝪጶᬶ౎ឬὋੇ͂͗˝ឞஜ૵ᬶ˖ᄉඇʶͮၸਖ਼ᖌԨణࡂၸқʽᄉஜ૵ǌࡂᬶ

 ʽὙݟ
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test_dataset = 
all_ratings[~all_ratings['UserID'].isin(range(200))] 
test_favorable = test_dataset[test_dataset["Favorable"]] 
test_favorable_by_users = dict((k, frozenset(v.values)) for k, v 
  in test_favorable.groupby("UserID")["MovieID"])  

ଋᅋὋ᝟ኪ᜺Ѷःᰍᄉஜ᧙Ὃழกᡱ˧ґᄰՎǌ׬ʶᄉʿՎࡂ௦ᤇ൒΍ၸᄉ௦฽ណஜ૵Ꮺʿ

௦ᝪጶஜ૵ǌ̼ᆉݟʽὙ 

correct_counts = defaultdict(int) 
incorrect_counts = defaultdict(int) 
for user, reviews in test_favorable_by_users.items(): 
    for candidate_rule in candidate_rules: 
        premise, conclusion = candidate_rule 
        if premise.issubset(reviews): 
            if conclusion in reviews:  
                correct_counts[candidate_rule] += 1 
            else: 
                incorrect_counts[candidate_rule] += 1 

ଋʽ౎Ὃ᝟ኪ੝థःᰍ᜺ѶᄉᎵζऎǌ 

test_confidence = {candidate_rule: correct_counts[candidate_rule] 
  / float(correct_counts[candidate_rule] + incorrect_counts 
    [candidate_rule])  
  for candidate_rule in rule_confidence} 

ణՐὋᣤѢၸႂॕՏሥᏪʿ௦ႂॕᎃՁᛪᇧᄉణ·Сᐎ᜺Ѷǌ 

for index in range(5):  
    print("Rule #{0}".format(index + 1)) 
    (premise, conclusion) = sorted_confidence[index][0] 
    premise_names = ", ".join(get_movie_name(idx) for idx in 
      premise) 
    conclusion_name = get_movie_name(conclusion) 
    print("Rule: If a person recommends {0} they will also 
      recommend {1}".format(premise_names, conclusion_name)) 
    print(" - Train Confidence: 
      {0:.3f}".format(rule_confidence.get((premise, conclusion), 
        -1))) 
    print(" - Test Confidence: 
     {0:.3f}".format(test_confidence.get((premise, conclusion), 
        -1))) 
     print("") 

ੇ͂౎ᄹʶʽڙளஜ૵ᬶʼ̎ג᜺Ѷణ᤟ၸǌ 

Rule #1 
Rule: If a person recommends Shawshank Redemption, The (1994), Pulp 
Fiction (1994), Silence of the Lambs, The (1991), Star Wars (1977), 
Twelve Monkeys (1995) they will also recommend Raiders of the Lost Ark 
(1981)  
 - Train Confidence: 1.000 
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 - Test Confidence: 0.909 
 
Rule #2 
Rule: If a person recommends Silence of the Lambs, The (1991), Fargo 
(1996), Empire Strikes Back, The (1980), Fugitive, The (1993), Star 
Wars (1977), Pulp Fiction (1994) they will also recommend Twelve 
Monkeys (1995) 
 - Train Confidence: 1.000 
 - Test Confidence: 0.609 
 
Rule #3 
Rule: If a person recommends Silence of the Lambs, The (1991), Empire 
Strikes Back, The (1980), Return of the Jedi (1983), Raiders of the 
Lost Ark (1981), Twelve Monkeys (1995) they will also recommend Star 
Wars (1977) 
 - Train Confidence: 1.000 
 - Test Confidence: 0.946 
 
Rule #4 
Rule: If a person recommends Shawshank Redemption, The (1994), Silence 
of the Lambs, The (1991), Fargo (1996), Twelve Monkeys (1995), Empire 
Strikes Back, The (1980), Star Wars (1977) they will also recommend 
Raiders of the Lost Ark (1981) 
 - Train Confidence: 1.000 
 - Test Confidence: 0.971 
 
Rule #5 
Rule: If a person recommends Shawshank Redemption, The (1994), Toy 
Story (1995), Twelve Monkeys (1995), Empire Strikes Back, The (1980), 
Fugitive, The (1993), Star Wars (1977) they will also recommend Return 
of the Jedi (1983) 
 - Train Confidence: 1.000 
 - Test Confidence: 0.900 

ˠΒ౎ឬὋኃ్̃᜺ѶὋڙᝪጶᬶ˖Ꮅζऎ˝1Ὃͭڙ฽ណᬶʼൣᆷညԵథ60%ǌͭґӠ్

᜺Ѷ˖ὋФ̴і్᜺Ѷڙ฽ណᬶʼᎵζऎ˶ॡᰳὋၸ߱͂౎଍ᕚႂॕ஌౦ʿᩱǌ 

 
เ᜾қͷ᜺ѶὋ;ԺᑞԦဗథ̎᜺ѶᄉᎵζऎ˝�1ǌᎵζऎʶᓉ˝0ҁ1˧

ᫍᄉϘǌ᠆ஜᛪᇧᤇ్᜺Ѷڙ฽ណᬶ˖಩ఴʿڙߚǌ 

 

4.5� ቅ㔉 

ఴብઁ̝֖বѫౡၸҁႂॕ଍ᕚʼὋ̯ܷ᧙ႂॕ੩ѫஜ૵˖੼ҁԺၸ̅ႂॕ଍ᕚᄉСᐎ᜺

Ѷǌஞ˓᣾ርѫ˝ˏܷ᫼ൿǌᯪЎὋύүAprioriኪกࠬ੼ஜ૵˖ᄉᮟጒᮉᬶǌཨՐὋ಩૵੼ҁᄉ

ᮟጒᮉᬶὋၶ੆Сᐎ᜺Ѷǌ 

ၿ̅ஜ૵ᬶᣖܷὋAprioriኪกࡂॡథॸ᜵ǌᙉཨኃ1ብ΍ၸణኀᄉழก౎ࠬ੼᜺ѶὋͭ௦ڙ
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ᤇ᧖ࡂʿ᤟ၸ˿Ὃၿ̅ௐᫍܬఽऎյૈஜጞ᫁ܘὋੇ͂ᭉ᜵ࠬ੼ఝݫࢻᄉᝌфழ಴ǌᤇሗဗ៵ڙ

ஜ૵્ଇ˖ॡ࣡᜸ὙᙉཨԺ̾ၸణኀᄉழกቃࡉ੝థৰх౎ᝌф᫇ᮤὋͭ ஜ૵᧙ॡܷᄉৰхʽڙ

ॸᮋ᜵΍ၸఝ༦าǋఝঋ૸ᄉኪกǌ 

ੇ͂ၸʶᦉѫஜ૵ͺ˝ᝪጶᬶ̾ԦဗСᐎ᜺ѶὋڙқͷஜ૵——฽ណᬶʼᤈᛠ฽ណǌԺ̾ၸ

ґіብᄉ̓ԡ೜ᰍழกࠪඇ్᜺Ѷᄉ஌౦ᤈᛠఝ˝Ќѫᄉ᝿ͤǌ 

ҁᄫґ˝ൢὋੇ͂΍ၸᄉஜ૵ᬶᦏథॡ௙௬ᄉྱड़ǌཨᏪὋʿ௦੝థஜ૵ᬶᦏ௦ᤇ˓ಧߔǌ

ʽʶብߥ࠱˷ၸscikit-learnᄉᣀ૰٧὇ኃ3ብడ̭ፀ᣾Ὀ̯ஜ૵˖ઙԨྱड़ǌᤆ࠱ᝦ᝶ঞಧ

 థᣀ૰٧Ὃࣲ̭ፀᄰСഏএǌࣂࡘᄉᣀ૰٧֖ੰࣁဗᒬࠃ
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⭞䖢ᦘಞᣳ਌⢯ᖷ 

 
ґіብ੝ၸҁᄉஜ૵ᬶᦏ௦ၸྱड़౎ଠᤗᄉǌᙉཨʼʶብᄉஜ૵ᬶ˝̓௛ዜۋᄉஜ૵Ὃ् य

ሮథʿՎὋͭॅ಩ፆऄᤆ௦ʶሗၸྱड़౎ଠᤗᄉஜ૵ᬶǌ 

ᬓ൤˧ܰὋᤆథॡܲФ̴ዜۋᄉஜ૵ᬶὋඊݟ஠ఴǋڎϷǋܥᮂǋ᜼ᮟၴᒯ௦ᄽࠃᄉྫྷͳǌ

ཨᏪὋܷ ܲஜஜ૵્ଇኪกᦏΙᠺ̅ஜϘ੊ዜѾྱۋड़ǌᤇᛪ௙ڙ΍ၸஜ૵્ଇኪก͂߱ူܪ˧

ґὋᭉ᜵੼ҁʶሗᛪᇧ߱͂ᄉழกǌ 

ఴብ੝ᝦ᝶ᄉ௦ݟʹ̯ஜ૵ᬶ˖ઙԨஜϘ֖ዜѾྱۋड़Ὃࣲ ᤤѢణ·ྱड़Ὃґଡ௦ஜ૵ᬶᆷ

 ǌࢻӉդᤇ̎ྱड़ǌੇ͂ᤆ̭͗ፀྱड़ઙԨᄉ࣡ၸഴय֖੾ࠃ

ఴብ˞᜵̭ፀ̾ʽі˓ഏএǌ 

� ̯ஜ૵ᬶ˖ઙԨྱड़ 
� Ѹतளྱड़ 
� ᤤԨྱݝड़ 
� Ѹतᣀ૰٧Ὃူܪஜ૵ᬶ 

5.1� ⢯ᖷᣳ਌ 

ྱड़ઙԨ௦ஜ૵્ଇ͉ҫణ˝᧗᜵ᄉʶ˓ဖᓫὋʁ ᓉᏪᝒὋ߱ ࠪణጻፆ౦ᄉॕֽ᜵ᰳ᣾ஜ૵

્ଇኪกఴᢵǌʿࣳᄉ௦ὋС̅ঞಧᤤԨݝᄉྱड़Ὃᤆ෤థːಪǋঋ૸ᄉ᜺ѶԺ९ὋФࠃᤇ˶௦

ஜ૵્ଇመߥఝϷ௦ʶ᫂ᓧశᄉ੝ڙǌѸतݝᄉ᜺Ѷሎʿधᄯ᜿Ὃᤆᭉ᜵˃ˉᮖ۪ᅻខ֖ஜ૵્

ଇፂᰍὋЏథᤇ̎ᤆʿܴὋᤆ३ʿϢ࠼ڠណǋୖጉὋڙណᩱ˖ґᤈὋథௐܲ࠵ᤆ᜵᭤ཁᤁචǌ 

5.1.1� ൞⁗ශѣ㺞⽰Ӂᇔ 

ʿ௦੝థᄉஜ૵ᬶᦏ௦ၸྱड़౎ᛪᇧᄉǌஜ૵ᬶԺ̾௦ʶͮͺࠑ੝зᄉКᦉ˹ዙὋ˶ Ժ̾௦

1979ࣱ̾౎੝థႂॕᄉᑚྞὋᤆԺ̾௦ᯝᘨᄉʶ੺ԊԽ஠ྫྷǌ 

ኃ �ብ
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1 

2 

3 

4 

5 

12 

6 

7 

8 

9 

10 

11 

ੇ͂Ժᑞਆࠪ̾ʼஜ૵ᬶϡஜ૵્ଇǌࠪ ̅ͺࠑᄉͺֵὋੇ ͂ਆᅻ᥊ᤇͮͺࠑᦏз᣾̎ג˞

ᮤ὚ࠪ̅ႂॕὋੇ͂ਆᅻ᥊ݘব्៵௦ঞ˥܇ᤴᄉ὚ࠪ̅஠ྫྷὋੇ͂ਆᅻ᥊߱͂௦ʹழ̖ྫྷǌੇ

͂෤Ҩกઁྫྷࠃᄯଋ܊ᤈфንಝ౎३ҁፆ౦ǌ 

ԵథЎઁဗࠃၸྱड़ᛪᇧѢ౎Ὃ੥ᑞύүஜ૵્ଇᄉҦ᧙੼ҁ᫇ᮤᄉኔ಴ǌྱ ड़Ժၸ̅तഴὋ

ഴ̾ۋ఺٧્ଇኪกᑞܴူᝌᄉᤂͪᄉழय౎ᛪᇧဗࠃǌځ൤Ժ̾ឬὋഴۋଠᤗ˿ࠆ᜹ˆႌ˖ࠪ

៵ᄉ౼̎ழ᭦Ὃ௦߱ᄉʶ˓ኤӐྟఴǌˠΒ౎ឬὋ៵೟ࡂ௦ࠪ᣾ज़ੌ̂ኤӐՐ३ҁᄉʶሗഴۋǌ 

ྱड़ᤤસᄉԲʶ˓͕ཁ̅ڙὙᬋͯᄽࠃˆႌᄉܬఽऎὋഴۋඊဗࠃఝࠓ௛ୱጪǌਆ៵ʶʽὋ

Փʶ˓෤థ͉ʹᐿ௿ᅻខᄉ̠̭ፀʶሗள̂ྫྷὋ᜵ፋѢৌݟФѫǋዴᆷԠʿܾК᭦ᄉଠᤗᭉ᜵ଡ

Θܲ࠵ζোǌੇ͂Ժᑞᭉ᜵̭ፀФࠩࡆǋ᧗᧙ǋڠ᠎ǋ੆ѫǋࣱᴓǋ၅Ⴗǋၸ᤬ǋ̖ڠኍζোǌ 

ఽὋੇܬఽবࠪᄫґᄉኪกᏪᝒ᣾̅ܬᄉྫྷࠃ ͂ᤝᏪයФ൒Ὃ΍ၸఝ˝ኤผᄉഴۋ౎ᛪᇧྫྷࠃǌ 

ኤӐ᜵̾ஜ૵્ଇःၸᄉᄫಕ˝ನॶǌఴ˹Ր᭦͗ᝮҁᐐዜὋࠪᤇዜःၸᏪᝒὋྱड़ᤤԨᒯ

С᧗᜵Ὃݟ౦ᬣ਒ᤤԨྱड़Ὃѫዌፆ౦ځᤤસᄉྱड़ᏪऩὋյဗѢॡुᄉᬣ఺বǌ 

ᬋͯܬఽবథܪݝὋͭ˶థʿᡛὋኤӐ͗঒႔ॡܲጹᓫὋၴᒯ͗ઊपॡܲࠪஜ૵્ଇኪกᑞ

ᡐҁࣞүͺၸᄉζোǌ 

ੇ͂ःឞݼጻСซঞ˥ၸഴۋ౎ᛪᇧဗࠃὋ᜵ܲᏥᘼஜ૵્ଇᄉᄫಕὋᏪʿ௦ᣏညڠၸੇ͂

᣾Ԝၸ᣾ᄉྱड़ǌ᜵ፂ࣡ਆਆੇ͂ᄉᄫಕ௦̣˥ǌኃ3ብѸतྱड़ௐЌѫᏥᘼᄫಕ὇ᮔ฽ᡄࠑὈὋ

΍ၸ዇ီඊᠾᮖ۪ᄰСᅻខὋ੼Ѣځ̎גገˀඊᠾፆ౦ࠚѬᄰСὋ૵൤вѸतளྱड़ǌ 

 

ʿ௦੝థᄉྱड़ॸᮋ௦ஜϘ੊ዜѾۋϘὋᄯଋၸ̅஠ఴǋڎϷ֖Ф̴ஜ૵ፆ

ౝᄉኪกࣂፂᆐቂѢ౎˿ǌʿ ࣳᄉ௦ὋኼࣧథᬌὋఴ˹˞᜵ᝮᝌஜϘ֖ዜѾྱۋ

ड़Ὃʿ๗Ԣʼᤗኪกǌ 

 
ၸAdultஜ૵ᬶᝮᝌݟʹύүྱड़˝ܬఽᄉဗࠃˆႌतഴвݝʿ᣾ǌੇ͂ᤇ᧖ஜ૵્ଇᄉᄫ

ಕ௦Ὃᮔ฽ʶ˓̠௦ՠࣱஅЙܲ̅̊ʹᎾЊǌஜ૵ᬶʽᣑڦڠ˝http://archive.ics.uci.edu/ml/ 
datasets/AdultὋཁѣData Folderᩖଋǌʽᣑadult.data֖adult.names஠͇Ὃڙஜ૵ᬶ஠͇݂὇˞ᄫ

ेʽData஠͇݂Ὀ˖ѸतAdult஠͇݂Ὃ࠱ᤇˏ˓஠͇உҁ᧖᭦ǌ 

ஜ૵ᬶၸྱड़ଠᤗ˿ʶ˓˓าၶၶᄉ̠ԢФ̴͂੝ܪᄉဖܑǋᐿ௿֖ၶา࿃хǌ 

੩धIPython NotebookὋளतʶ˓ቷ᝭ఴ஠͇ၸ̅ఴብࠃᰍὋ࠭ЙpandasഴڰὋૈ߿ஜ૵ᬶ஠

͇ᄉᡸफ़ὋၸpandasҪᣑஜ૵ᬶ஠͇ǌ 

import os 
import pandas as pd  
data_folder = os.path.join(os.path.expanduser("~"), "Data", 

成⽤藏 户⽬录
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  "Adult") 
adult_filename = os.path.join(data_folder, "adult.data") 
Using pandas as before, we load the file with read_csv: 
adult = pd.read_csv(adult_filename, header=None, 
    names=["Age", "Work-Class", "fnlwgt", 
    "Education", "Education-Num", 
    "Marital-Status", "Occupation", 
    "Relationship", "Race", "Sex", 
    "Capital-gain", "Capital-loss", 
    "Hours-per-week", "Native-Country", 
    "Earnings-Raw"]) 

ܷᦉѫ̼ᆉڙʼʶብᦏ᜸᣾ǌ 

adult.data஠͇ళࡊథˏܪቆᛠǌpandas᳭ᝢઁχஜኃ̃ᛠቆᛠͺ˝ʶ్థ஌ஜ૵ឳЙ὇Եʿ

᣾ՉѴᄉϘ˝ቆὈǌੇ͂ᭉ᜵ѺᬓӉդ௃஌ஜߙᄉᛠ὇᝹Ꮅinplaceԟஜ˝ᄽὋᛪᇧஇҮॆґஜ

૵ಳὋᏪʿ௦ளतʶ˓Ὀǌ 

adult.dropna(how='all', inplace=True) 

ᣤЙʽ᭦̼ᆉࣲᤁᛠὋಉᄹ੝థᄉྱड़Տሥǌ 

adult.columns 

ʽ᭦˝੝థγڙߚpandasᄉIndexࠪ៵˖ᄉྱड़Տሥǌ 

Index(['Age', 'Work-Class', 'fnlwgt', 'Education', 
'Education-Num', 'Marital-Status', 'Occupation', 'Relationship', 
'Race', 'Sex', 'Capital-gain', 'Capital-loss', 'Hours-per-week', 
'Native-Country', 'Earnings-Raw'], dtype='object') 

5.1.2� 䙐⭞Ⲻ⢯ᖷࡑᔰ⁗ᕅ 

ጪཨథஜʿຌᄉྱड़ѸतழกὋͭФ˖థʶ̎௦᤟ၸ̅ʿՎߥመᄉ᤯ၸഴयǌཨᏪὋᤤસՋ

᤟ᄉྱड़௦ᮉ੾శาὋᭉ᜵Ꮵᘼྱड़֖ణጻፆ౦˧ᫍᄉᄰ̈Сጆǌൣ៑ݟឥ੝ឬᄉὋʿ᜵ၸ࠯᭦

౎᝿͈˹ᄉݟ——ڭݝ౦;ࠪ˹ᄉЮࠓਕТᡙὋ˹ᄉܷ࠴ԺᑞʿၸᏥᘼǌ 

ʶ̎᤯ၸྱड़Сซᄉ௦੝ᆐቂࠪ៵ᄉྫྷူ࡚বǌ 

� ቆ࡚ᫍবὋඊࠪݟ៵ᄉ᫁ǋࠔǋᰳ 
� ᧗᧙֖὇੊Ὀࠚऎ 
� ࣱᴓǋ΍ၸࣱᬌ੊੆ѫ 
� ሗዜ 
� ֵ᠎ 

Բʶ̎ྱड़Ժᑞˀࠪ៵ᄉ΍ၸ੊ԊԽᄰСǌ 
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1 

2 

3 

4 

5 

12 

6 

7 

8 

9 

10 

11 

� ၶ̖׷ǋѢྟ׷੊ѸᤴᏧ 
� ၶ̖ௐᫍ 
� ΍ၸழก 

ᤆథʶ̎ྱड़̯ጷ੆੆ѫᝇऎଠᤗࠪ៵ǌ 

� ൒ጞ੆ѫᄉᮟညὋݟʶఴ˹˖౼˓Ӭជᄉជᮟ 
� ൒ጞ੆ѫᄉஜ᧙֖὇੊Ὀ൒ጞ੆ѫሗዜᄉஜ᧙ 
� ൒ጞ੆ѫᄉࣰ࠴ܷڨὋΒڨࣰݟԱ᫁ 

ࣿஜྱड़ԺࠪФଅࣿǋѫጷǌൣݟґіብ੝᜸ҁᄉὋྱड़Ժ̾௦ஜϘ੊ዜѾྱۋड़ǌஜϘྱ

ड़᤯࣡ᜁᄹͺ௦థᮊࣿᄉ὇ordinalὈǌΒݟὋྕ˟ˌǋᱛҹǋಉူʻ˓̠ᢵᰳѫѾ˝1.5mǋ1.6m
֖1.7mǌੇ͂Ժ̾ឬྕ˟ˌ֖ᱛҹὋඊᡐྕ˟ˌ֖ಉူὋڙᢵᰳʼఝᄰͪǌ 

ʼʶᓫੇ͂࠭Йᄉஜ૵ᬶὋӉդᤋ፝ྱड़ǋࣿஜྱड़ǌΒݟὋHours-per-weekྱड़ᛪᇧʶ

˓̠ඇֆᄉࢹͺௐᫍǌᤇ˓ྱड़Ժၸ౎᝟ኪࣰࢹڨͺௐᫍǋಕэࢿǋణܷϘ֖ణ࠴Ϙǌpandasଡ
Θ˿࣡᜸ፑ᝟᧙ᄉ᝟ኪழกǌ 

adult["Hours-per-week"].describe() 

ᣤѢፆ౦ᝧੇ͂ࠪᤇ˓ྱड़థ˿ఝܲ˿ᝌǌ 

count    32561.000000 
mean        40.437456 
std         12.347429 
min          1.000000 
25%         40.000000 
50%         40.000000 
75%         45.000000 
max         99.000000 
dtype: float64 

ᤇ̎ፑ᝟ழกࠪФ̴ྱड़Ժᑞ෤థ਒˦ǌΒݟὋ᝟ኪԩஓᐱርऎᄉ֖ࡂᝮʿ᤯ǌ 

ᤆథ̎ྱड़Ὃ߱ ͂ᙉཨʿ௦ஜϘὋͭ ̮ཨ࡚̅ࣿஜϘὋඊݟAdultஜ૵ᬶ˖ᄉEducation὇ஓ

ᐱὈྱड़Ὃͮߥܢߥඊᰳ˖උˉὋڙԩஓᐱርऎʼὋ᜵ᰳʶ˓ࡎ൒ὋᏪᰳ˖උˉԠඊ෤థ߸੆ᰳ

෤థ਒˦Ὃͭ௦ੇ͂Ժ̾੼ҁʶሗᤂͪᄉᛪᇧழกǌஜ૵ࡂϘڨ൒ǌ᝟ኪ߱κᄉࡎ˓ʶᰳˉߥ˖

ᬶథ˓ԶͺEducation-Num὇ԩஓᐱࣱᬌὈᄉྱड़Ὃ߱ᄉԨϘ۲ఴʼࡂ௦ඇ˓ஓᐱ᫼ൿᄉࣱᬌǌ

ᤇಧੇ͂ࡂᑞঋᤳ᝟ኪԩஓᐱࣱᬌᄉڨϘǌ 

adult["Education-Num"].median() 

ፆ౦˝10Ὃ੊ᏧԺ̾ᛪᤗ˝ѷݝឳ߸ᰳʶǌݟ౦෤థԩஓᐱࣱᬌஜ૵Ὃੇ͂˝ʿՎஓᐱ᫼ൿ

 ϘǌڨᎃՁὋ˶Ժ̾᝟ኪߙஜ߿ૈ

ྱड़˶Ժ̾௦ዜѾۋᄉǌΒݟὋʶ˓ီԺ̾௦Ꭹီǋೡီǋᡛီ੊Ф̴ሗዜǌዜѾྱۋड़˶

⼀
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Ժ̾ሥ˝Տ˦ྱड़὇nominalὈǌࠪ̅Տ˦ྱड़ᏪᝒὋі˓Ϙ˧ᫍ᜵˥ᄰՎ᜵˥ʿՎǌီዜԺ̾಩

૵ܷ࠴੊᧗᧙ଅࣿὋͭ௦௃ก̨಩૵ዜѾϘᤈᛠ᧙ʼᄉඊᣖǌᎩီʿ௦ೡီὋ˶ʿ௦ᡛီǌੇ͂

Ժ̾ឬඊᡐᡛီὋᎩီᄉܷ࠴ᡱೡီఝଋᤂὋͭ ௦௃กڙዜѾʼϡዜͪᄉӜѫ——߱͂᜵˥௦Վ

ʶዜὋ᜵˥ʿ௦ǌ 

ዜѾྱۋड़̃ϘӐՐࡂԪ੆˿ஜϘྱۋड़Ὃኃ3ብ˖డፂၸ᣾ǌࠪ̅ʼᤗီᄉሗዜὋԺ̾Ѹ

तʻ˓̃Ϙྱड़Ὑþ௦Ꭹီÿþ௦ೡီÿ֖þ௦ᡛီÿǌݟ౦௦ᎩီᄉពὋྱड़Փ᧙ࡂ௦[1, 0, 0]Ὃ
ೡီ[0, 1, 0]Ὃᡛီ[0, 0, 1]ǌᤇ̎ྱड़ᦏԵథˏ˓ԨϘὋॡܲኪกᦏԺ̾ઁ߱͂ͺ˝ᤋ፝ྱۋड़

΍ၸǌ̃ϘӐᄉܪݝ௦ὋΦ̅ᄯଋᤈᛠஜߙʼᄉඊᣖ὇Βݟ᝟ኪ˓ͳ˧ᫍᄉᡯሎὈǌ 

Adultஜ૵ᬶӉդʶ̎ዜѾྱۋड़ὋΒݟWork-Class὇ࢹͺὈὋФ˖߱ᄉథ̎ϘԺ̾ᤈᛠ᧙

ጞʼᄉඊᣖὋඊݟʿՎᄉࡂˉ࿃хॕֽஅЙ὇Βݟథࢹͺᄉ̠ඊ෤థࢹͺᄉ̠அЙᰳὈǌвඊݟὋ

 ᠪᰳǌࢹࢹᠪʿܹԺᑞඊሒ͌ᐋࢹஊउᐋտᄉࢶ

ၸஜ૵ಳᄉuniqueѥஜࡂᑞ३ҁ੝థᄉࢹͺৰхǌ 

adult["Work-Class"].unique() 

ᣤѢፆ౦ݟʽὙ 

array([' State-gov', ' Self-emp-not-inc', ' Private', ' Federal-gov', 
       ' Local-gov', ' ?', ' Self-emp-inc', ' Without-pay', 
       ' Never-worked', nan], dtype=object)  

ஜ૵ᬶᦉѫஜ૵ᎤܾὋͭʿ͗ॕֽᤇ᧖ᄉ᝟ኪǌ 

ՎူὋஜϘྱۋड़˶Ժ̾᤯᣾ሎ஘Ӑ᣾ርᣀ૰˝ዜѾྱۋड़Ὃኃ4ብ˖డၸ᣾ǌΒݟὋᰳ̅

1.7mᄉ̠Ὃੇ͂ሥФ˝ᰳ˓ߔὋͯ̅1.7mᄉԶͺᆁ˓ߔǌᤇಧࡂ३ҁ˿ዜѾྱۋड़὇ᙉཨ௦ࣿஜ

ϘዜۋὈǌڙᤇ˓᣾ር˖ᆷࠃˎܾ˿ʶ̎ζোǌΒݟὋథˏ˓̠ὋᢵᰳѫѾ˝1.69m֖1.71mὋᤇ

ᜁᝢ˝ˀᢵᰳ1.69m͗࠱ᜁѫҁˏ˓੔ཨʿՎᄉዜѾ᧖ǌᏪᢵᰳ̨˝1.2mᄉ࠱ʿܲᄉࢿߔ˓˓ˏ
ᄉþࢿʿܲᰳÿὀጹᓫᄉˎܾ௦ሎ஘Ӑʿݝᄉʶ᭦Ὃ˶௦तഴௐᭉ᜵Ꮵᘼᝌфᄉ᫇ᮤǌ 

ࠪ̅Adultஜ૵ᬶὋੇ͂Ժ̾ѸतLongHours὇ௐ᫁Ὀྱड़Ὃၸ߱౎ᛪᇧʶ˓̠ඇֆࢹͺௐ

᫁௦ՠܲ̅40࠴ௐǌᤇಧઁࡂᤋ፝Ϙ὇Hours-per-weekὋඇֆࢹͺௐ᫁Ὀᣀ૰˝ዜѾྱۋड़ǌ 

adult["LongHours"] = adult["Hours-per-week"] > 40 

5.1.3�  ᔰླⲺ⢯ᖷࡑ

तഴ᣾ር˖Ὃᭉ᜵ࠪᄽࠃˆႌ˖ᄉࠪ៵ᤈᛠኤӐὋᤇ͗࠭ᒰζোᄉˎܾὋᤇ˶ࡂ௦˝̣˥෤

థʶݒᑞܴၸ͉̅ʹஜ૵ᬶᄉ᤯ၸᄉஜ૵્ଇழกǌஜ૵્ଇᄉᛠࠑ᧖੣ᭉ᜵઴థஜ૵౎ຸᮖ۪

ᄉᅻខὋ෤థᄉពὋ᜵ሤ౜Ԝଁଦǌ̴͂फຌഁ᫇ᮤ௦̣˥Ὃ˿ᝌథ̎גԺၸஜ૵ՐὋڙ൤۲ᆨ

ʼὋ੥ᑞѸतᝌф᫇ᮤ੝ᭉᄉഴۋǌ 

三
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ΒݟὋᢵᰳᤇ˓ྱड़ଠᤗᄉ௦ʶ˓̠ܰᛪᄉ౼˓ழ᭦Ὃͭ௦ʿᑞឬ௙ᤇ˓̠ߥ˷੆ፚݟʹὋ

੝̾ᮔ฽ߥ˷੆ፚௐὋੇ͂෤ॸ᜵Ԝ฽᧙ඇ˓̠ᄉᢵᰳǌ 

ᤇൣ௦ஜ૵્ଇ˝̣˥Ԫ३ఝϷ௦ʶ᫂ᓧశᏪʿ௦መߥᄉԓځ੝ڙǌઙԨݝᄉྱड़ᬱऎʿ

ᄉѫዜኪก˶Ժ̾ଡݝ൤߱ᖌ३˿ᆐቂ̠տᄉ૆፝СซǌᤤસځὋឞាᮤХథ᧗᜵ᆐቂ਒˦Ὃ࠴

ӣஜ૵્ଇःၸᄉ஌౦Ὃͭణݝᤆ௦᤯᣾ᤤၸݝᄉྱड़౎᣹ҁՎಧᄉᄫᄉǌ 

ʿ᝶௦᝹᝟̣˥ஜ૵્ଇःၸὋᯪЎᦏःឞᆷܷ߿ᒰᄉழՓὋཨՐв᝹᝟ழกࠃဗᄫಕǌᅻ

᥊ᒬࣁᄉᄫಕ˧ՐὋࡂᑞᆷ߿੝ᭉ᜵ᄉྱड़ዜ֖ۋኪกὋࠪణጻፆ౦˶ϡҁॶ˖థஜǌ 

5.2� ⢯ᖷ䘿᤟ 

᤯࣡ྱड़ஜ᧙ॡܲὋͭੇ͂ԵਆᤤၸФ˖ʶ࠴ᦉѫǌథݟʽі˓ԓځǌ 

� ᬋͯܬఽऎὙᬣᅋྱड़ஜ᧙ᄉܘҪὋॡܲஜ૵્ଇኪกᭉ᜵ఝܲᄉௐ֖ᫍᠪຸǌђྱ࠵

ड़ஜ᧙Ὃ௦ଡᰳኪกᤁᛠᤳऎὋђ࠵ᠪຸ΍ၸᄉݝழกǌ 
� ᬋͯ٩ᮂὙܘҪᮨܰྱड़ࣲʿ঳͗ଡӣኪกᄉᛪဗǌᮨܰྱड़Ժᑞ੷˼ኪกᄉൣ࣡ࢹͺὋ

ᤇ̎ᮨܰྱड़ᫍᄉᄰСব֖ഴय෤థࠃᬄःၸ͈Ϙ὇ᤇሗৰх࠴ڙஜ૵ᬶʼॡ࣡᜸ὈǌԵ

ᤤસՋ᤟ᄉྱड़థү̅ђ࠵Ѣဗ෤థࠃᬄ਒˦ᄉᄰСবᄉіညǌ 
ࠓ౎ᝌኔʶ˓᫇ᮤὋࠪ᝟ኪ఺౎ឬॡۋԺឳবὙ಩૵੆ӡʼʹ˓ྱड़ѸतᄉഴۋҪഴܘ �

௛Ὃͭഴ͂ੇࠪۋᒬࣁ౎ឬࡂ௼๩௃ඊǌځ൤Ὃ΍ၸఝ࠵ᄉྱड़ὋѸतੇ͂ᒬࣁԺ̾ူ

ᝌᄉഴۋὋࡂॡథॸ᜵ǌ 

థ̎ѫዜኪกᆷࠃॡुܤὋᑞܴ٩ူܪᮂ᫇ᮤὋྱ ड़вܲ˶ʿڙពʽὋͭ ௦ᤤၸ࣯ыᄉஜ૵Ὃ

ᤤԨఝХଠᤗবᄉྱड़Ὃࠪኪก஌౦ଡӣॡథࣞүǌ 

౦ྱड़Ϙݟᆷγྱड़Ϙ௦ʿՎᄉǌݟͺґὋథ̎۲ᆨব฽ណੇ͂᜵ϡὋඊࢹஜ૵્ଇࡘधڙ

ᦏᄰՎὋࡂᡱ෤ଡΘ̣˥ζোʶಧὋ્ଇܾࡂԜ˿਒˦ǌ 

scikit-learn˖ᄉVarianceThresholdᣀ૰٧Ժၸ౎Ѻᬓྱड़Ϙᄉழࢿ᣹ʿҁణͯಕэ

ᄉྱड़ǌʽ᭦᤯᣾̼ᆉ౎ᝮʽ߱ᄉၸกὋᯪЎၸnumpyѸतʶ˓ኤӬᄉᅽ᫻ǌ 

import numpy as np 
X = np.arange(30).reshape((10, 3)) 

ʼᤗᅽ᫻Ӊդ0ҁ29ὋР30˓ஜߙὋѫ˝3Ѵ10ᛠǌԺ̾ઁ߱ᄹ੆ʶ˓థ10˓˓ͳǋ3˓ྱड़

ᄉஜ૵ᬶǌ 

array([[ 0,  1,  2], 
       [ 3,  4,  5],  
       [ 6,  7,  8], 
       [ 9, 10, 11], 

1选择⽅差不为0䛗期⾼硎 的特征
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       [12, 13, 14], 
       [15, 16, 17], 
       [18, 19, 20], 
       [21, 22, 23], 
       [24, 25, 26], 
       [27, 28, 29]]) 

ଋᅋὋઁ੝థኃ̃ѴᄉஜϘᦏஇ˝1ǌ 

X[:,1] = 1 

ኃʶǋʻѴྱड़ϘழࢿॡܷὋᏪኃ̃Ѵழ0˝ࢿǌ 

array([[ 0, 1,  2], 
       [ 3, 1,  5],  
       [ 6, 1,  8], 
       [ 9, 1, 11], 
       [12, 1, 14], 
       [15, 1, 17], 
       [18, 1, 20], 
       [21, 1, 23], 
       [24, 1, 26], 
       [27, 1, 29]]) 

ᤇௐв౎ѸतVarianceThresholdᣀ૰٧Ὃၸ߱ူܪஜ૵ᬶǌ 

from sklearn.feature_selection import VarianceThreshold 
vt = VarianceThreshold() 
Xt = vt.fit_transform(X) 

ᣤѢXtՐὋੇ͂Ԧဗኃ̃Ѵ๖ܾ˿ǌ 

array([[ 0,  2], 
       [ 3,  5], 
       [ 6,  8], 
       [ 9, 11], 
       [12, 14], 
       [15, 17], 
       [18, 20], 
       [21, 23], 
       [24, 26], 
       [27, 29]]) 

ᣤѢඇʶѴᄉழࢿǌ 

print(vt.variances_) 

ʽ᭦ᣤѢፆ౦ᛪ௙ኃʶǋ̒ ѴӉդథ͈ϘζোὋኃ̃Ѵழ0˝ࢿὋʿ ӉդХథӜѾ਒˦ᄉζোǌ 

array([ 74.25, 0. , 74.25]) 

௃᝶̣˥ௐϊὋૅ ҁஜ૵ՐὋЎϡʽዜͪኤӬǋᄯଋᄉѫౡὋࠪ ஜ૵ᬶᄉྱཁϡҁॶ˖థஜǌ

ழ0˝ࢿᄉྱड़ʿͭࠪஜ૵્ଇ෤థˌඒၸܪὋᄰԥᤆ͗પਤኪกᄉᤁᛠᤳऎǌ 
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䘿᤟ᴶ֩⢯ᖷ 

ྱड़ॡܲᄉৰхʽὋঞ˥ᤤѢణ·ᄉі˓ὋԺథཁᬱऎǌ߱ˀᝌфஜ૵્ଇ᫇ᮤᒬᢵᄰСὋ

᝟ኪ᧙ॡܷǌൣݟኃ4ብᝮҁᄉὋᬣᅋྱड़ஜ᧙ᄉܘҪὋࠬ੼ᬶߔᄉ͉ҫܬఽऎյૈஜጞ᫁ܘǌ

ࠬ੼ణ·ྱड़ጷՋᄉௐᫍܬఽऎՎಧ௦ૈஜጞ᫁ܘᄉǌ 

Ф˖ʶ˓Ԫ᤯ழก௦ʿ᜵੼ᛪဗݝᄉᬶߔὋᏪԵ௦Ԝ੼ᛪဗݝᄉӬ˓ྱड़὇ӬԪ᧙ὈὋΙ૵

௦߱͂Չᒬ੝ᑞ᣹ҁᄉዴᆷऎǌѫዜ͉ҫ᤯࣡௦ᤇ˥ϡᄉὋੇ ͂ʶᓉԵ᜵฽᧙Ԫ᧙֖ᄫಕዜѾ˧

ᫍᄉ౼ሗᄰСবࡂᛠǌ 

scikit-learnଡΘ˿і˓ၸ̅ᤤસӬԪ᧙ྱड़ᄉᣀ૰٧ὋФ˖SelectKBestᤄٿk˓ణ·

ྱड़ὋSelectPercentileᤄٿᛪဗణ·ᄉґr%˓ྱड़ǌᤇˏ˓ᣀ૰٧ᦏଡΘ᝟ኪྱड़ᛪဗᄉ

ʶጆѴழกǌ 

Ӭ˓ྱड़֖౼ʶዜѾ˧ᫍᄰСবᄉ᝟ኪழกథॡܲǌణ࣡ၸᄉథӴழ೜ᰍ὇µ2ὈǌФ̴ழ

กᤆథ̈ζো֖ζো྄ǌ 

ੇ͂Ժ̾฽ណӬ˓ྱड़ڙAdultஜ૵ᬶʼᄉᛪဗǌᯪЎὋᤤԨʽᤗྱड़Ὃ̯pandasஜ૵ಳ˖ઙ

Ԩʶᦉѫஜ૵ǌ 

X = adult[["Age", "Education-Num", "Capital-gain", "Capital-loss", 
  "Hours-per-week"]].values  

ଋᅋὋѻறEarnings-Raw὇ሯґஅЙὈ௦ՠ᣹ҁ̊ʹᎾЊὋѸतᄫಕዜѾѴᛪǌݟ౦᣹ҁὋ

ዜѾ˝TrueὋՠѶὋዜѾ˝Falseǌ̼ᆉݟʽὙ 

y = (adult["Earnings-Raw"] == ' >50K').values 

в΍ၸSelectKBestᣀ૰٧ዜὋၸӴழѥஜ੩ѫὋѹݼӐᣀ૰٧ǌ 

from sklearn.feature_selection import SelectKBest 
from sklearn.feature_selection import chi2 
transformer = SelectKBest(score_func=chi2, k=3) 

ុၸfit_transformழกὋࠪᄰՎᄉஜ૵ᬶᤈᛠᮔ֖ူܪᣀ૰ǌፆ౦˝ѫዜ஌౦ᣖݝᄉʻ

˓ྱड़ǌ̼ᆉݟʽὙ 

Xt_chi2 = transformer.fit_transform(X, y) 

ၶ੆ᄉᅽ᫻ԵӉդʻ˓ྱड़ǌੇ ͂ᤆԺ̾३ҁඇʶѴᄉᄰСবὋᤇಧࡂԺ̾ᅻ᥊ᦏ΍ၸ˿ג

̎ྱड़ǌᤆ௦ᄹʽ̼ᆉὙ 

print(transformer.scores_) 

ᣤѢፆ౦ݟʽὙ 

__

____
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[  8.60061182e+03    2.40142178e+03    8.21924671e+07    1.37214589e+06 
   6.47640900e+03]  

ᄰСবణݝᄉѫѾ௦ኃʶǋʻǋٽѴὋѫѾࠪःᅋAge὇ࣱᴓὈǋCapital-Gain὇ᠪఴஅ

ᄝὈ֖Capital-Loss὇ᠪఴ૮ܾὈʻ˓ྱड़ǌ̯ӬԪ᧙ྱड़ᤤԨᝇऎ౎ឬὋᤇ̎ࡂ௦ణ·ྱड़ǌ 

 
౦;ਆ˿ᝌఝܲС̅Adultஜ૵ᬶՉྱड़ᄉᄰСζোὋឯಉᄹadult.namesݟ

஠͇Ὃ᧖᭦థఝ̭ܲፀԢᄰС஠࿸ǌ 

 
ᤆԺ̾ၸФ̴ழก᝟ኪᄰСবὋඊݟᄔ࠶ᤥ὇PearsonὈĿᄰСጆஜǌၸ̅መߥ᝟ኪᄉSciPy

ं὇scikit-learn۲߱ڙᆨʼधԦὈࠃဗ˿ឞழกǌ 

 
Ժ̾ᤁᛠSciPyǌᤁᛠʽࡂ˥౦;ᄉ᝟ኪ఺Ժ̾ᤁᛠscikit-learnὋᥦݟ

᭦ᤇ˓Βߔʿᭉ᜵ᜈᮨܰᄉंǌ 

 
ᯪЎὋ̯SciPy࠭Йpearsonrѥஜǌ 

from scipy.stats import pearsonr 

pearsonrѥஜᄉଋԯі˪ˀscikit-learnӬԪ᧙ᣀ૰٧ଋԯʶᒰὋឞѥஜଋஅˏ˓ஜጷ

὇ॆґΒߔ˖˝x֖yὈͺ˝ԟஜὋᤄٿˏ˓ஜጷὙඇ˓ྱड़ᄉᄔ࠶ᤥᄰСጆஜ֖pϘ὇p-valueὈǌ
ґ᭦ၸҁᄉchi2ѥஜ΍ၸᄉଋԯቿՋ᜵යὋځ൤ੇ͂ᄯଋઁ߱͛ЙҁSelectKBestѥஜ˖ǌ 

SciPyᄉpearsonrѥஜԟஜ˝ˏ˓ஜጷὋͭ᜵ซ਒ᄉ௦ኃʶ˓ԟஜx˝ʶ፤ஜጷǌੇ͂౎ࠃ

ဗʶ˓Ӊᜈ٧ѥஜὋᤇಧࡂᑞϷґ᭦ᥦಧܲူܪ፤ஜጷǌѥஜܥ௙ݟʽὙ 

def multivariate_pearsonr(X, y): 

Ѹतscores֖pvaluesஜጷὋ᥅Ԋஜ૵ᬶᄉඇʶѴǌ 

    scores, pvalues = [], [] 
    for column in range(X.shape[1]): 

Ե᝟ኪឞѴᄉᄔ࠶ᤥᄰСጆஜ֖pϘὋࣲ࠱Фߚϱҁᄰःஜጷ˖ǌ 

        cur_score, cur_p = pearsonr(X[:,column], y) 
        scores.append(abs(cur_score)) 
        pvalues.append(cur_p) 
 
 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ Ӵ࠶eᄔ࠶ᤥ὇Karl PearsonὋ1857—1936ὈὋԓՏCarlὋᔭڍஜࠑߥǋၶྫྷፑ᝟ࠑߥǌ——ដᏧซ 
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pϘ˝�1ҁ1˧ᫍᄉ͉਒ϘǌϘ˝1Ὃᛪᇧˏ˓Ԫ᧙˧ᫍፏࠪൣᄰСὋϘ˝�1Ὃ
ፏࠪ᠆ᄰСὋԀʶ˓Ԫ᧙ϘᡔܷὋԲʶ˓Ԫ᧙Ϙࡂᡔ࠴Ὃԥ˧̕ཨǌᤇಧᄉྱड़

ᆷࠃᑞԥःˏ˓Ԫ᧙˧ᫍᄉСጆὋͭ ௦಩૵ܷ࠴ᤈᛠଅࣿὋᤇ̎Ϙځ˝௦᠆ஜᏪ

ଅڙՐ᭦ὋԺᑞ͗ᜁᒻपʿၸǌځ൤Ὃੇ͂ࠪpϘԨፏࠪϘՐὋвγߚҁscores

ஜጷ˖ὋᏪʿ௦΍ၸԓݼϘǌ 

 
ѥஜణՐᤄٿӉդᄔ࠶ᤥᄰСጆஜ֖pϘᄉЊጷǌ 

    return (np.array(scores), np.array(pvalues)) 

ဗڙὋੇ͂ࡂԺ̾Ϸ˧ґᥦಧ΍ၸᣀ૰٧ዜὋ಩૵ᄔ࠶ᤥᄰСጆஜࠪྱड़ᤈᛠଅࣿǌ 

transformer = SelectKBest(score_func=multivariate_pearsonr, k=3) 
Xt_pearson = transformer.fit_transform(X, y) 
print(transformer.scores_) 

ᤄٿᄉྱड़ᡱၸӴழ೜ᰍ᝟ኪᄰСব३ҁᄉྱड़ʿʶಧὀᤇٿ३ҁᄉ௦ኃʶǋ̃ ǋ̊ ѴὙAgeǋ

Education֖Hours-per-weekǌᤇᛪ௙ྱ̎גड़௦ణݝᄉᤇ˓᫇ᮤ෤థಕэኔ಴úúԨф̅ऎ

᧙ಕэǌ 

ѫዜ٧֖߿ᰍፆ౦˶Եᛪ௙ࠪ̅ྱࠃǌឯซ਒ݝड़ᬶՋ஌౦ఝྱ˓גᄹᄹ˖ѫዜ٧ڙ͂ੇ

὇੊Ὀྱड़ᬶߔ஌౦ఝڙ——ݝஜ૵્ଇᮖ۪Ὃʶሗழก͉ڙʹৰхʽᦏඊԲʶሗழกݝᄉৰх

і˪෤థὀࠃᰍ̼ᆉݟʽὙ 

from sklearn.tree import DecisionTreeClassifier 
from sklearn.cross_validation import cross_val_score 
clf = DecisionTreeClassifier(random_state=14) 
scores_chi2 = cross_val_score(clf, Xt_chi2, y, scoring='accuracy') 
scores_pearson = cross_val_score(clf, Xt_pearson, y, 
  scoing='accuracy')  

chi2ழกᄉࣰൣڨᆷည˝0.83ὋᏪᄔ࠶ᤥᄰСጆஜൣᆷည˝0.77ǌၸӴழ೜ᰍ३ҁᄉྱड़ጷ

Ջ஌౦ఝݝὀ 

Ѿঃ˿ఴብஜ૵્ଇ͉ҫᄫಕ௦ᮔ฽அЙǌ΍ၸྱड़ᤤસ੾శὋ੼ҁݝᄉྱड़ጷՋὋԵၸʻ

˓ྱड़Ὃࡂᑞ᣹ҁ83%ᄉൣᆷညὀ 

5.3�  ᔰ⢯ᖷࡑ

థௐὋ̨ ̨ᤤસࣂథྱड़ʿܴၸǌᤇௐὋੇ థྱड़˖Ԧଇளྱड़ὋࣂԺ̾ၸʿՎᄉழก̯ࡂ͂

ඊݟґ᭦ၸҁᄉʶͮథ஌ᎃᆉ὇one-hot encodingὈὋੇ͂Ժ̾ၸ߱ઁథAǋBǋCʻ˓ᤤᮉᄉዜѾ

 ड़ᣀ૰˝ʻ˓ளᄉྱड़Ὑþ௦A՘὞ÿþ௦B՘὞ÿ֖þ௦C՘὞ÿǌྱۋ
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Ѹतளྱड़ᄹʼԜ෤ॸ᜵Ὃ˶෤̣˥ܪݝ——උቤὋᤇ̎ζোԓఴڙࡂஜ૵ᬶ᧖Ὃੇ͂Ե௦

᜵ၸᏪࣂǌཨᏪὋྱड़˧ᫍᄰСবॡुὋ੊Ꮷྱड़жͷὋ͗ܘҪኪกူܪᬱऎǌ 

Ѣ̅ᤇ˓ԓځὋѸतྱड़ࡂॡథॸ᜵Ὃॡܲழก˶ःᤁᏪၶǌ 

ଋʽ౎Ὃੇ͂᜵Ҫᣑʶ˓ளஜ૵ᬶὋൣݝ˶ឞѸतʶ˓ளᄉIPython Notebookቷ᝭ఴ஠͇˿ǌ

̯http://archive.ics.uci.edu/ml/datasets/Internet+AdvertisementsʽᣑAdvertisements὇ࣸնὈஜ૵ᬶὋ

γߚҁᒬࣁ˞ᄫेʽᄉData஠͇݂˖ǌ 

ଋᅋὋၸpandasҪᣑஜ૵ᬶǌੇ͂ᤆ௦Ўૈ߿஠͇ᄉᡸफ़ǌ 

import os 
import numpy as np 
import pandas as pd 
data_folder = os.path.join(os.path.expanduser("~"), "Data") 
data_filename = os.path.join(data_folder, "Ads", "ad.data") 

ஜ૵ᬶڙߚі˓᫇ᮤὋҪᣑ᣾ርᭉ᜵ੇ͂ϡ̎ူܪǌ᫇ ᮤʶὋґі˓ྱड़௦ஜϘὋͭ ௦pandas
͗ઁ߱͂ॆ੆ߙቿ˘ǌ᜵νܬᤇ˓᫇ᮤὋੇ͂ᭉ᜵ᎃзߙ࠱ቿ˘ᣀ૰˝ஜߙᄉѥஜὋឞѥஜᑞܴ

ઁԵӉդஜߙᄉߙቿ˘ᣀ૰˝ஜߙὋઁ ФͷᄉᣀӐ þ̋NaNÿĿ὇þNot a NumberÿὋʿ ௦ʶ˓ஜߙὈὋ

ᛪᇧԟஜϘ௃กᣀ૰˝ஜߙὋឞϘዜͪ̅Ф̴ᎃርឥᝒ˖ᄉnone੊nullǌ 

᫇ᮤ̃Ὃஜ૵ᬶ˖థ̎ϘᎤܾὋᎤܾᄉϘၸþ?ÿᛪᇧǌࣳᤁᄉ௦Ὃ᫇Ձʿ͗ᜁᣀ૰˝๎ཁ

 ᎤܾϘᄉழกǌူܪ൤Ὃੇ͂˶Ժ̾ઁ߱͂ᣀ૰˝þNaNÿǌՐ፝ብᓫ͗ᝮҁФ̴ځஜ૵Ὃۋ

ᣀ૰ѥஜܥ௙ݟʽὙ 

def convert_number(x): 

Ўណᅋઁߙቿ˘ᣀ૰˝ஜߙὋݟ౦ܾ᠋ࡂ᜵ူܪऩ࣡Ὃ੝̾ੇ͂ᤇ᧖΍ၸtry/exceptፆౝὋ

૬ᖌValueErrorऩ࣡὇ߙቿ˘௃กᣀ૰˝ஜߙௐὋઊѢऩ࣡Ὀǌ 

    try: 
        return float(x)  
    except ValueError: 

 ǌۋnumpyं˖ᄉþNaNÿዜٿ౦ᣀ૰ܾ᠋ὋᤄݟѥஜᄉణՐὋڙ

        return np.nan 

ੇ͂౎Ѹतʶ˓ߙЦߚϱ੝థྱड़ԢФᣀ૰ፆ౦Ὃੇ͂ਆઁ੝థᄉྱड़Ϙᣀ૰˝๎ཁۋǌ 

    converters = defaultdict(convert_number) 

ੇ͂ᤆਆઁణՐʶѴ὇ᎃՁ˝#1558ὈᄉϘᣀӐ˝0੊1ὋឞѴᛪᇧඇ్ஜ૵ᄉዜѾǌڙAdult

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ JavaScriptឥᝒ˖˶థឞዜۋὋស᜸ǑJavaScriptᰳጞርࣿ᝹᝟὇ኃ3ྟὈǒ ኃ29ᮅǌ——ដᏧซ 
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ஜ૵ᬶ˖Ὃੇ͂˃᫂Ѹत˿ʶѴᛪᇧዜѾǌࠪ̅ॆґࠃᰍὋ࠭Йஜ૵ௐὋᮊΦઁዜѾᤇʶѴՉ˓

ዜѾϘၿߙቿ˘ᣀ૰˝ஜϘǌ 

converters[1558] = lambda x: 1 if x.strip() == "ad." else 0 

Ժ̾ၸread_csvҪᣑஜ૵ᬶ˿Ὃڙԟஜ˖ૈ͂ੇ߿ѷѸतᄉᣀ૰ѥஜǌ 

ads = pd.read_csv(data_filename, header=None, converters=converters) 

ஜ૵ᬶॡܷὋథ1559ѴὋ2000్ܲஜ૵ǌЎ౎ᄹʽґ్̊ஜ૵Ὃڙቷ᝭ఴᄉளಪߔ˖ᣤЙࣲ

ᤁᛠads[:5]ǌ 

 

ஜ૵ᬶ੝ଠᤗᄉ௦ᎩʼᄉڎϷὋᄫಕ௦ᆷڎ߿Ϸ௦ʿ௦ࣸնǌ 

̯ஜ૵ᬶᛪܿ˖௃กᖌᅻඇѴஜ૵ᄉդ˦ǌ;ʽᣑᄉԲܰˏ˓஠͇ad.DOCUMENTATION֖

ad.namesథఝܲζোǌґʻ ˓ྱड़ѫѾૈڎϷᄉᰳऎǋࠔऎ֖ᰳࠔඊǌణՐʶѴ௦ஜ૵ᄉዜѾὋ

1ᛪᇧ௦ࣸնὋ0ᛪᇧʿ௦ࣸնǌ 

Фͷྱड़ԨϘ˝1ᄉពὋᛪᇧڎϷᄉURLǋalt࡚বϘ੊ڎϷಕᮤ˖Ӊդ౼˓ྱ߿ᄉԺ̾ࣞ

үѻற௦ʿ௦ࣸնᄉជឥὋඊݟϷsponsor὇ᡁү׷Ὀǌॡܲྱड़᧗ՋऎॡᰳὋځ˝߱͂ጷՋڙʶ

ᡐৌݝ௦Ф̴ྱड़ǌځ൤Ὃஜ૵ᬶӉդܷ᧙жͷζোǌ 

ஜ૵ᬶҪᣑҁpandas˧ՐὋੇ͂в౎ઙԨၸ̅ѫዜኪกᄉxᅽ᫻֖yஜጷὋxᅽ᫻˝ஜ૵ಳ࠱

ᬓԜణՐʶѴᄉ੝థѴὋyஜጷӉդஜ૵ಳᄉణՐʶѴὋ˶ࡂ௦ѴᎃՁ˝#1558ᄉѴǌ̼ᆉݟʽǌ 

X = ads.drop(1558, axis=1).values 
y = ads[1558] 

ѱᡆ᷆࠼࠼ 

థ̎ஜ૵ᬶὋྱड़˧ᫍᐎጆጊࠚǌΒݟὋԵథ1˓ುᄉॱۋӬएᠾᢻὋᤳऎ֖ෳᏱˏᏧСጆࡂ

౜˝ࠚѬǌྱ ड़ᫍᄉᄰСবζোڣ̎౼ڙՋ͗ॡథၸὋͭ ௦ஜ૵્ଇኪก᤯࣡ʿᭉ᜵ᤇ̎жͷζোǌ 

Advertisementsஜ૵ᬶ˖థ̎ྱड़ᄰСবྱѾܷὋځ˝ॡܲС᪃ជڎڙϷᄉalt࡚বϘԢڎϷ

ᄉಕᮤ˖ᦏ͗΍ၸǌ 

˞੆ѫѫౡኪก὇Principal Component AnalysisὋPCAὈᄉᄫᄉ௦੼ҁᑞၸᣖ࠵ζোଠᤗஜ

૵ᬶᄉྱड़ጷՋǌ߱਒ڙԦဗग़൤˧ᫍ෤థᄰСবǋᑞܴଠᤗஜ૵ᬶᄉྱड़ὋᆷѬឬᤇ̎ྱड़ᄉ1___
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ழࢿᡱஞͳழࢿ෤థܷܲࢿᡯὋᤇಧᄉྱड़˶ᜁሥ˝˞੆ѫǌᤇ˶ࡂ਒։ᅋὋύүᤇሗழกὋࡂ

ᑞ᤯᣾ఝ࠵ᄉྱड़૬ᖌҁஜ૵ᬶᄉܷᦉѫζোǌ 

PCAᡱФ̴ᣀ૰٧ၸกዜͪǌ߱Եథ˞੆ѫஜ᧙ᤇʶ˓ԟஜǌ᳭߱ᝢ͗ᤄٿஜ૵ᬶ˖ᄉ੝థ

ྱड़ǌཨᏪὋPCA͗ࠪᤄٿፆ౦಩૵ழ࠴ܷࢿᤈᛠଅࣿὋᤄٿᄉኃʶ˓ྱड़ழࢿణܷὋኃ̃˓ྱ

ड़ழࢿሮ࠴Ὃ̾൤ዜ଍ǌځ൤Ὃґі˓ྱड़ज़ज़ࡂᑞܴᝌ᧕ஜ૵ᬶᄉܷᦉѫζোǌឯ᜸̼ᆉὙ 

from sklearn.decomposition import PCA 
pca = PCA(n_components=5) 
Xd = pca.fit_transform(X) 

ᤄٿᄉፆ౦Xdᅽ᫻Եథ̊˓ྱड़Ὃͭ௦ʿ࠴ࠓᝆὋੇ͂ᄹʶʽඇ˓ྱड़ᄉழࢿǌ 

np.set_printoptions(precision=3, suppress=True) 
pca.explained_variance_ratio_ 

ፆ౦array([ 0.854, 0.145, 0.001, 0. , 0. ])ᛪ௙ኃʶ˓ྱड़ᄉழࠪࢿஜ૵ᬶ঳

ͳழࢿᄉ᠇࿸ည˝85.4%ǌኃ̃˓˝14.5%ǌኃٽ˓ྱड़ழࢿ᠇࿸ညʿԺᑞᰳ̅1āὋՐ᭦1553˓
ྱड़Ѷఝ࠵ǌ 

ၸPCAኪกူܪஜ૵ʶ˓ʿݝᄉڠழ̅ڙὋ३ҁᄉ˞੆ѫज़ज़௦Ф̴і˓ྱड़ᄉܬఽጷՋὋ

ΒݟὋʼᤗኃʶ˓ྱड़ࡂ௦᤯᣾˝ԓݼஜ૵ᬶᄉ1558˓ྱड़὇ᙉཨॡܲྱड़Ϙ˝0ὈѫѾ˱̾ʿ

Վా᧗३ҁᄉὋґʻ˓ྱड़ᄉా᧗Ι൒˝�0.092ǋ�0.995֖�0.024ǌፂ᣾౼ሗጷՋ३ҁᄉྱड़Ὃ

 ᬱǌڇ౦෤థ˗ࠜᄉᆐቂፂᰍὋူᝌᡐ౎ॡݟ

ၸPCAኪก३ҁᄉஜ૵ѸतഴۋὋʿ̨ᑞܴᤂͪڠᛪᇧԓݼஜ૵ᬶὋᤆᑞଡӣѫዜ͉ҫᄉൣ

ᆷညǌ 

clf = DecisionTreeClassifier(random_state=14) 
scores_reduced = cross_val_score(clf, Xd, y, scoring='accuracy') 

ൣᆷည˝0.9356ὋඊᡐԵၸ੝థᄉԓྱݼड़஌౦὇ሮὈݝǌPCAኪกʿ௦ឬᦏᑞࣛ౎஌౦ʼ

ᄉଡӣὋͭܲஜৰх௦థܪݝᄉǌ 

 

ੇ͂ᤇ᧖ၸPCAኪก౎ђ࠵ஜ૵ᬶ˖ᄉжͷྱड़ǌʁ ᓉ౎ឬὋ;ʿᑞၸ߱౎

ᝌфஜ૵્ଇࠃᰍᄉ᣾઱Ջ᫇ᮤǌԓځ௦PCA෤థ࠱ዜѾᏥᘼᤈԜǌఝ·ᝌфழ

಴௦ൣѶӐὋኤ̭Ԣ̼ᆉឯ᜸ http://blog.datadive.net/selecting-good-features-part- 
ii-linear-models-and-regularization/ǌ 

 
PCAኪกᄉԲʶ˓͕ཁ௦Ὃ;Ժ̾ઁઙ៵ᬱ਴ᄉஜ૵ᬶፊ҃੆्ڎǌΒݟὋઁPCAᤄٿᄉґ

ˏ˓ྱड़ϡ੆्ڎǌ 

ᯪЎὋնឃIPythonॆڙґቷ᝭ఴͺڎὋ࠭Йpyplotǌ 

⼝

1_ 1
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%matplotlib inline 
from matplotlib import pyplot as plt 

ଋᅋὋᖌԨஜ૵ᬶ˖ዜѾᄉ੝థԨϘ὇Եథˏ˓Ὑ௦ࣸն֖ʿ௦ࣸնὈǌ 

classes = set(y) 

 ၸ̣˥ᮧᓣᛪᇧᤇˏ˓ዜѾǌ˖्ڎڙ߿ૈ

colors = ['red', 'green'] 

ၸzipѥஜ࠱ᤇˏ˓ѴᛪጷՋᡐ౎ὋՎௐ᥅Ԋǌ 

for cur_class, color in zip(classes, colors): 

˝࡚̅ॆґዜѾᄉ੝థ˓ͳѸतᥓᎳࡎǌ 

    mask = (y == cur_class).values 

΍ၸpyplotᄉscatterѥஜ௬ᇧ߱͂ᄉͮᎵǌڎ˖ᄉx֖yᄉϘ˝ґˏ˓ྱड़ǌ 

    plt.scatter(Xd[mask,0], Xd[mask,1], marker='o', color=color, 
      label=int(cur_class))  

ణՐὋڙ९ဖᄉܰ᭦ὋѸतڎᇧὋ௬ᇧڎϷὋ̯˖ࡂᑞᄹҁѫ࡚ˏ˓ዜѾᄉ˓ͳǌ 

plt.legend() 
plt.show() 

 

5.4�  ᔰ㠠ᐧⲺ䖢ᦘಞࡑ

ᬣᅋஜ૵ᬶܬఽርऎᄉଡᰳ֖ዜۋᄉԪӐὋ;ԺᑞԦဗὋဗ੆ᄉྱड़ઙԨᣀ૰٧ʿᑞ໗ᡛᭉ
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ය˿ǌඊݟὋኃ7ብ̯ڎᤇሗஜ૵ፆౝ᧖ઙԨྱड़Ὃࡂᭉ᜵ᒬࣁᎃзᣀ૰٧ǌ 

ᣀ૰٧Ϸ౜˿ᣀ૰ѥஜǌ߱ଋஅʶሗ्यᄉஜ૵ὋᣤѢԲܰʶሗ्यǌᣀ૰٧Ժ̾ၸᝪጶᬶ

ᝪጶὋᝪጶ३ҁᄉԟஜԺ̾ၸ౎ᣀ૰฽ណஜ૵ᬶǌ 

ᣀ૰٧ᄉAPI὇ःၸᎃርଋԯὈॡኤӬǌ߱ଋஅʶሗྱ߿ಪयᄉஜ૵ὋᣤѢʶሗಪयᄉஜ૵

὇ԺᑞˀᣤЙஜ૵ᄉಪयᄰՎὋ˶ԺᑞʿՎὈǌѾᄉࡂ෤థ̣˥ྱ൳᜵ය˿ǌ 

5.4.1� 䖢ᦘಞ API 

ᣀ૰٧థˏ˓С᪃ѥஜǌ 

� fit()Ὑଋஅᝪጶஜ૵Ὃ᝹ᎵЮᦉԟஜǌ 
� transform()Ὑᣀ૰᣾ርǌଋஅᝪጶஜ૵ᬶ੊ᄰՎಪयᄉளஜ૵ᬶǌ 

fit()֖transform()ѥஜᄉᣤЙःឞ˝Վʶሗஜ૵ዜۋὋͭ௦transform()Ժ̾ᤄٿʿ

Վᄉஜ૵ዜۋǌ 

ੇ͂ဗࡂڙ᤯᣾ࠃဗʶ˓ኤӬᄉᣀ૰٧Ὃ౎ឬ௙ʽAPIᄉ΍ၸǌᣀ૰٧ଋஅnumpyஜጷͺ˝

ᣤЙὋ಩૵ڨϘ࠱Фሎ஘Ӑǌ͉ʹᰳ̅ڨϘᄉྱड़Ϙ὇ᝪጶᬶ˖Ὀఢ૰˝1Ὃ̅࠴੊ኍ̅ڨϘᄉ

ఢ૰˝0ǌ 

ੇ͂డፂၸpandasࠪAdultஜ૵ᬶϡ᣾ዜͪᄉᣀ૰ὙၸHours-per-weekྱड़Ѹत˿

LongHoursྱड़ὋՐᏧᛪᇧඇֆࢹͺௐ᫁௦ՠ࠴40ڙௐ̾ʼǌԀ࠱ᎃзᄉᣀ૰٧థˏ˓ʿՎཁǌ

ኃʶὋଋԯˀscikit-learnଋԯʶᒰὋΦ̅ึڙපጲ˖΍ၸǌኃ̃Ὃ΍ၸڨϘᏪʿ௦߿ڌᄉϘ

὇ڙLongHoursΒߔ˖΍ၸ40ͺ˝ྱ࠱ड़̃ϘӐᄉ᫟ϘὈǌ 

5.4.2� ᇔ⧦㓼㢸 

੩धѫౡAdultஜ૵ᬶௐၸҁᄉቷ᝭ఴ஠͇ǌཁѣCell ᖜӬὋᤤસRun AllὋᤁᛠ੝థӬЊಪǌ 

ᯪЎὋ࠭Йၸ౎᝹ᎵAPI ᄉTransformerMixinዜǌPythonឥᝒ὇ᄰࠪ̅Java˧ዜᄉឥᝒὈ

෤థːಪᄉଋԯ᜺ᔴὋ΍ၸዜͪmixinᤇಧᄉዜὋscikit-learn࠯͂ੇઁ͗ࡂᜈᄉዜॆͺ௦ᣀ

૰٧ǌੇ͂ᤆᭉ᜵࠭Йၸ౎ѻறᣤЙዜۋ௦ՠՋกᄉѥஜὋሮՐ͗ࡂၸҁǌ 

࠭Й੝ᭉഴڰǌ 

from sklearn.base import TransformerMixin 
from sklearn.utils import as_float_array 

ଋᅋὋѸतፘ੽ᒬmixinᄉዜǌ 

⼀
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class MeanDiscrete(TransformerMixin): 

ੇ͂ᭉ᜵߿˦ଋԯ᜺ᔴˀAPIʶᒰᄉfit֖transformѥஜǌڙfitѥஜ˖Ὃ᝟ኪѢஜ૵ᬶᄉ

 ʽὙݟ௙ܥឞϘǌѥஜߚϘὋၸЮᦉԪ᧙γڨ

    def fit(self, X): 

fitѥஜ˖Ὃ᜵ᆷγXஜ૵ᬶԺ̾ူܪὋੇ͂ၸҁ˿as_float_arrayѥஜ὇࠼ណࠪXᤈᛠᣀ

૰ὋΒݟX௦๎ཁஜѴᛪௐࡂԺ̾ࠪФᤈᛠᣀ૰Ὀǌ 

        X = as_float_array(X) 

᝟ኪஜጷᄉڨϘὋၸЮᦉԪ᧙γߚឞϘǌݟ౦X௦ܲԪ᧙ஜጷὋஜጷself.meanγߚᄉ௦ඇ

˓ྱड़ᄉڨϘǌ 

        self.mean = X.mean(axis=0) 

fitѥஜᭉ᜵ᤄ߱ٿఴᢵὋᆷγڙᣀ૰٧˖ᑞܴᤈᛠᩖयុၸ὇Βុݟၸransformer. 

fit(X).transform(X)ὈǌѥஜᤄٿឥԱݟʽὙ 

        return self 

ଋᅋὋளतtransformѥஜὋԟஜዜۋˀfitѥஜᄰՎὋ೜ಉʽᣤЙ௦ՠՋกǌ 

    def transform(self, X): 
         X = as_float_array(X)  

ᣤЙॸᮋ௦numpyஜጷ὇੊ኍ͈ᄉஜ૵ፆౝὈὋᬓ൤˧ܰὋᤆᭉ᜵೜ಉᣤЙᄉஜ૵Ѵஜ௦ՠ

ʶᒰǌX˖ᄉྱड़ஜःឞˀᝪጶᬶ˖ᄉྱड़ஜʶᒰǌ 

        assert X.shape[1] == self.mean.shape[0] 

ѥஜణՐᤄٿX˖ܷ̅ڨϘᄉஜ૵ǌ 

        return X > self.mean 

ѹݼӐʶ˓ࠃΒὋၸ߱౎ࠪXஜጷᤈᛠᣀ૰ǌ 

mean_discrete = MeanDiscrete() 
X_mean = mean_discrete.fit_transform(X) 

5.4.3� ঋݹ⎁䈋 

Ѹत߸ѥஜ֖ዜՐὋణݝ௦ϡʽӬЊ฽ណǌӬЊ฽ណὋᮎՏধ˦Ὃࡂ௦̼ࠪᆉ˖߸੆ʶ˓ҩ

ᑞᄉ̼ᆉӬЊᤈᛠ฽ណǌڙᤇ᧖Ὃ฽ណʽᣀ૰٧ᄉҩᑞ௦ՠቿՋᮔయǌ 

Ќѫᄉ฽ណःॆڙ࿗በ̅ဗథ̼ᆉᄉґଡʽᤈᛠǌ̋ γ᝼฽ណᄉథ஌বὋణݝ΍ၸԲʶሗᎃ

ርឥᝒ੊ழก౎ᤈᛠᄰՎᄉ᝟ኪǌੇ͂ᤇ᧖΍ၸExcelѸतஜ૵ᬶὋв᝟ኪඇʶѴᄉڨϘὋଋʽ
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౎ᡱርࣿ᝟ኪፆ౦ᄰඊᣖǌ 

ӬЊ฽ណःឞᆀ࠴ǋᤁᛠᤳऎঋǌځ൤Ὃੇ͂ᤤၸ࠵᧙ஜ૵ᤈᛠ฽ណǌఴΒၸ̅฽ណᄉஜ૵

ᬶγڙߚґ᭦ѸतᄉXtԪ᧙˖Ὃڙ฽ណ˖͗᧗ளѸतᤇ˓ஜ૵ᬶǌឞஜ૵ᬶˏ˓ྱड़ᄉڨϘѫѾ

˝13.5֖15.5ǌ 

˝˿ѸतӬЊ฽ណὋੇ̯͂numpyᄉtestingഴڰ˖࠭Йassert_array_equalѥஜὋ߱ၸ౎

೜฽ˏ˓ஜጷ௦ՠᄰኍǌ 

from numpy.testing import assert_array_equal 

ଋʽ౎ὋѸत฽ណѥஜὋซ਒஠͇Տ̾þtest_ÿधܿὋᤇሗ֐ՏழกΦ̅ࢹХᒬҮಉ੼ࣲᤁ

ᛠ฽ណǌ̼ᆉݟʽὙ 

def test_meandiscrete(): 
    X_test = np.array([[ 0,  2], 
                        [ 3,  5],  
                        [ 6,  8], 
                        [ 9, 11], 
                        [12, 14], 
                        [15, 17], 
                        [18, 20], 
                        [21, 23], 
                        [24, 26], 
                        [27, 29]]) 

Ѹतᣀ૰ѥஜࠃΒὋၸ฽ណஜ૵ᤈᛠᝪጶǌ 

    mean_discrete = MeanDiscrete() 
    mean_discrete.fit(X_test) 

᤯᣾ˀڙExcel˖३ҁᄉፆ౦ඊᣖὋ೜ಉЮᦉڨϘԟஜ௦ՠൣᆷ᝹Ꮅǌ 

    assert_array_equal(mean_discrete.mean, np.array([13.5, 15.5])) 

ᤁᛠᣀ૰ѥஜὋѸतᜁᣀ૰᣾Րᄉஜ૵ᬶǌэݝܫ฽ណஜ૵὇ڙExcel˖ѸतᄉὈǌ 

    X_transformed = mean_discrete.transform(X_test) 
    X_expected = np.array([[ 0,  0],  
                            [ 0, 0], 
                            [ 0, 0], 
                            [ 0, 0], 
                            [ 0, 0], 
                            [ 1, 1], 
                            [ 1, 1], 
                            [ 1, 1], 
                            [ 1, 1], 
                            [ 1, 1]]) 

ణՐὋ฽ណᣀ૰٧ᤄٿፆ౦௦ՠˀయభፆ౦ʶᒰǌ 
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assert_array_equal(X_transformed, X_expected) 

ុၸѥஜὋधݼ฽ណὀ 

test_meandiscrete() 

౦෤फᩱὋʼᤗ̼ᆉःឞ෤థ᫇ᮤὀԺ̾இҮ฽ណஜ૵Ὃၸі˓ᩱឧϘὋᄹᄹ௦ՠ฽ណܾݟ

᠋ǌ᜵ᝧ฽ណፆ౦᤯᣾Ὃ᝭३вஇൣٿᆷᄉϘǌ 

 ΍ၸnose฽ណಳ౵౎ᤁᛠ฽ណǌݝ౦᜵ᤈᛠܲ˓฽ណὋణݟ

5.4.4� 㓺㻻䎭ᶛ 

ဗڙὋੇ͂థ˿ʶ˓ፂ᣾฽ណᄉᣀ૰٧ὋૅѢ౎ၸၸաǌၸʼੇ͂˧ґߥҁᄉᅻខὋѸतʶ

˓ึපጲὋኃʶ൥΍ၸMeanDiscreteᣀ૰٧Ὃኃ̃൥΍ၸфንಝѫዜ٧ὋཨՐᤈᛠ̓ԡ೜ᰍὋ

ᣤѢፆ౦ǌ౎ᄹʽ̼ᆉὙ 

from sklearn.pipeline import Pipeline 
pipeline = Pipeline([('mean_discrete', MeanDiscrete()), 
  ('classifier', DecisionTreeClassifier(random_state=14))]) 
  scores_mean_discrete = cross_val_score(pipeline, X, y, 
    scoring='accuracy')  
  print("Mean Discrete performance: 
{0:.3f}".format(scores_mean_discrete.mean())) 

ൣᆷည˝0.803Ὃፆ౦෤థ˧ґᰳὋࠪ̅ኤӬᄉ̃Ϙྱड़Ꮺᝒᤆኪʿᩱǌ 

5.5� ቅ㔉 

ఴብ᧗ཁ˝ྱड़֖ᣀ૰٧Ὃ̾ Ԣ࠱ʹݟФၸҁஜ૵્ଇึපጲ˖ǌੇ ͂ଉᝦ˿̣˥௦ྱݝड़Ὃ

̾Ԣݟʹၸኪก̯ஜ૵ᬶ˖ᤤԨణ·ྱड़ǌཨᏪὋѸतݝᄉྱड़ඊᡐመߥఝϷ௦ʶ᫂ᓧశὋ᤯࣡

ᭉ᜵ᮖ۪ᄰСᄉᅻខ֖ፂᰍǌ 

ੇ͂Ѹत˿ᒬࣁᄉᣀ૰٧Ὃଋԯˀscikit-learn࣡ၸࢹХଋԯʶᒰǌՐ፝ብᓫ͗Ѹतఝܲ

ᄉᣀ૰٧ὋԺ̾΍ၸဗథѥஜࠪФᤈᛠЌѫ฽ណǌ 

ʽʶብ̭࠱ፀ஠ఴᄉྱड़ઙԨழกǌࠪ̅஠ఴᏪᝒὋᣀ૰٧֖ྱड़ዜۋᦏʿ࠵Ὃͭ߱͂Չథ

ѽभǌ 



80� � ኃ 6 ብ� ΍ၸసገ᠄Հலᤈᛠᇪ̓޴ͳ્ଇ 

 

ֵ⭞ᵪ㍖䍓ਬᯥ䘑㺂⽴Ր 
჈։᥌᧎ 

 
ʿ᝶௦˹ǋԊԽ஠ುǋᇪ͗޴ͳǋႂߔᥪ͇ᤆ௦Ф̴̾஠ߙ˝˞ᄉ᤯ζழयὋᦏӉդܷ᧙ζ

োǌ̯஠ఴஜ૵ᬶઙԨྱड़Ὃၸ̅ѫዜʿ௦͇ࠓ௛̂ǌཨᏪὋ̠͂ᤆ௦঳ፆѢ˿஠ఴ્ଇᄉ᤯ၸ

ழกǌ 

ఴብ̭ፀݟʹၸुܷԁѢ݈ኤӬᄉసገ᠄Հலኪก๖ᬓᇪ͗޴ͳၸឥᄉ൧˦ǌసገ᠄Հலኪ

กڙ᝟ኪၸ̅ѫዜᄉഏညௐὋ˝ኤӐ᝟ኪὋϛ߿Չྱड़˧ᫍ௦ᄰ̈࿗በᄉὋځ൤Տߙ˖դథసገ

ۋஜ૵ᬶᤈᛠѫዜὋ˄ʿΙᠺ̅ஜϘྱड़ǌఴብѸतᄉഴۋᑞၸ̅ࠪФ̴ዜࡂࡘǌ߱ሮፂੰߙ̃

 ሗஜ૵ᬶʼᛪဗᤆʿᩱὋԺͺ˝ॡܲ஠ఴ્ଇᆐቂᄉ۲эǌܲڙ

ఴብ˞᜵๗ԢݟʽЮࠓǌ 

� ၸᇪ̓ᎩፎᄉAPIʽᣑஜ૵ 
� ၸ̅ူܪ஠ఴᄉᣀ૰٧ 
� సገ᠄Հலѫዜ٧ 
� ၸJSONγ֖ߚҪᣑஜ૵ᬶ 
� ၸNLTKं̯஠ఴ˖ઙԨྱड़ 
� ၸFϘ᝿ͤѫዜ஌౦ 

6.1� ⎾↝ 

஠ఴ᤯࣡ᜁሥ˝௃ፆౝಪयὋᙉཨ߱ӉդॡܲζোὋͭ ௦ԁ෤థಕᮤǋྱ ಪयὋԱกౚ஘Ὃ߿

̾ԢФ̴᫇ᮤὋ࠭ᒰᬱ̯̾˖ଡԨథၸζোǌஜ૵ᫍᐎጆጊࠚὋᛠ஠˖ፂ࣡ᄰ̈ଡԢὋ̓ԡलၸ

ဗ៵˶ॡ࣡᜸——̯ᤇሗಪय˖ଡԨζোᬱऎॡܷὀ 

ੇ͂᤯᣾ඊᣖ˹˖ᄉζো֖ܷۋஜ૵ं˖ᄉζোὋ౎ᄹʽˏᏧᦏథ̎גழ᭦ᄉʿՎǌ˹ ˖థ

ᝇᓣǋ˞ᮤǋڣ੝ኍܷ᧙ζোǌཨᏪὋԵథԜឳ˹Ὃࣲ˄ЏឳᤆʿᛠὋఝ᧗᜵ᄉ௦ူᝌՐ੥ᑞᖌ

ኃ �ብ

⼀
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३˹˖ᄉζোǌᏪͮ̅నҫ٧ஜ૵ंᄉஜ૵ὋඇʶѴᦏథՏߙὋᦏథૈ߿ᄉஜ૵ዜۋǌ੝థᄉζ

োᦏڙஜ૵ं˖Ὃᝌ᧕ᡐ౎ॡࠓ௛ǌଠᤗஜ૵ዜۋǋդ˦ᄉζোԶͺЊஜ૵Ὃ஠ఴ˖Ꭴ˫ᤇዜஜ

૵ǌ˹˖ᄉᄫे֖ጉलᙉդథᦉѫЊஜ૵Ὃͭ௦ඊᡐஜ૵ंࠪ̅ஜ૵ዴᆷᄉ߿˦֖ଠᤗὋᤇཁЊ

ஜ૵ڙࠃॱʿᡛ᥊ǌ 

஠ఴ્ଇᄉʶ˓ᬱཁ౎ᒬ̅൧˦Ὃ๖ᬓ൧˦࣡ᜁኤሥ˝๖൧ǌॆ̠͂΍ၸbankĿᤇ˓ជௐὋ

̴ᤨ᭚ᄉ௦᧚ᚷᄰСᄉζোᤆ௦ဖܑᄰСᄉ὇ඊݟ෱ࡿὈ὞ڙॡܲৰхʽὋࠪੇ͂ᒬࣁ౎ឬὋ๖

ᬓ൧˦ඊᣖࠓ௛὇థௐ˶ʿኤӬὈὋͭ௦ࠪ᝟ኪ఺౎ឬᬱऎ᜵ܷ३ܲǌ 

ఴብ࠱ଉᝦݟʹӜѾTwitter๖ো˖Pythonᄉ਒ধǌTwitterᎩቢʼᄉʶ్๖োԶͺtweetὋ߱ణ

ܲʿᑞᡓ᣾140˓ߙቿǌᤇ˶ࡂᛪ௙ʼʽ஠ζোᣖ࠵ǌ൤ܰὋ෤థܲ࠵Њஜ૵Ὃᙉཨþ#ÿՁፂ࣡

ၸ౎ᛪᇧ๖োᄉ˞ᮤǌ 

ॆ̠͂ଡԢPythonௐὋ̴͂ៀ᝶ᄉԺᑞ௦Ὑ 

� ᎃርឥᝒPython 
� ፂЦ؝ҚҚڃMonty Pythonŀ 
� ᛉᙨ 
 Pythonྠֵߔ᭮ �

ԺᑞᤆథॡܲФ̴ˋ᜴˶ԶPythonǌੇ Ὃѻற๖ো˖ᄉPythonࠓᰍᄉᄫᄉ௦಩૵๖োᄉЮࠃ͂
௦ʿ௦ૈᎃርឥᝒǌ 

6.1.1� Ԅ⽴Ӛ㖇ㄏс䖳ᮦᦤ 

ଋʽ౎Ὃ̯TwitterᎩቢʽᣑʶ̎ឥ஧Ὃ̯˖ҔᬓڥۇζোՐὋၸ̅ѫዜ͉ҫǌTwitterଡΘ˿

̴̯͂నҫ٧᧓ᬶζোᄉुܷAPIὋ࠴᜺ഴ΍ၸБ᠟Ὃͭ ၸ᤬Ὃˉ׷Twitterஜ૵ၸ̅࠱౦;੩ኪݟ

ឯ˿ᝌʽᄰС᜺߿ǌ 

ᯪЎὋ;ᭉ᜵ʶ˓Twitter᠌Ձ὇Б᠟Ὀǌݟ౦෤థᄉពὋឯ᝺᫇http://twitter.comᤈᛠซбǌ 

ඇѫ᧾ᄉឯයஜʿᑞᡓ᣾Twitter੝᜺߿ᄉʼᬌǌзͺఴ˹ௐὋʼᬌ˝ඇ࠴ௐ180൒ǌᤇ˓᜺

 ൤Ὃुཉतᝫ΍ၸဗ੆ᄉंˀTwitterᄉAPIᤈᛠ᤯ζǌځᥕཱ੯ᛠὋݝʿ߿

᝺᫇Twitterஜ૵ௐᭉ᜵ଡΘࠚᨄǌ੩धhttp://twitter.comὋᄅेTwitterǌ 

ᄅेՐὋ᝺᫇https://apps.twitter.com/ὋཁѣCreate New App὇ѸतளःၸὈǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ڙᔭឥ˖Ὃbank௄Ժ̾ૈᩏᛠὋ˶Ժ̾ૈ෱ࡿǌ——ដᏧซ 
ŀ ᎃርឥᝒPythonᄉՏൣߙ௦౎ᒬ̅ᤇ˓ᔭ؝ڍҚҚڃᄉՏߙὋGuido van Rossumॡ؝൓ឞҚڃᄉ໥ѢὋ̅௦ઁ̴

Ѹበᄉᎃርឥᝒ֐Տ˝Pythonǌ——ដᏧซ 

eretz
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ڙᎩቢ˖΍ၸὋឯڙ౦ʿ੩ኪݟᎩቢ˖΍ၸǌ˓גڙଠᤗԢ᜵ݝ܌ளःၸᄉՏሥὋ߿ૈ

Website஠ఴಳ˖ᬣ਒ᣤЙ̎ЮࠓὋᆷγଡ̓ௐᛪӬᑞ᤯᣾ᰍ᝼ǌCallback URL஠ఴಳቆᅋʿ

Վ਒ὈὋࠃ౦;ᆷݟᤤಳ὇ܬᤤ˖Yes, I agreeґ᭦ᄉܪʽ᭦ᄉधԦᏧӨᝫڙၸʿҁǌ͂ੇ——܌

ཁѣCreate your Twitter applicationǌ 

ѸतளःၸՐὋЎѾপᅋС૿ॆґᮅ᭦——Ր᭦͗ၸҁᮅ᭦ʼᄉaccess keys὇᝺᫇ࠚᨄὈǌଋ

ʽ౎Ὃᭉ᜵੼ʶ˓ˀTwitter᤯ζᄉPythonኃʻழंǌᤤસథॡܲὋੇ؝൓ၸTwitter߽ழଡΘᄉ

twitterंǌ 

 

౦;˷਄ၸpip߶ᜈኃʻழӉὋԺ̾΍ၸpip3 install twitter߶ᜈݟ

twitterंǌݟ౦;ၸᄉ௦Ф̴ጆፑὋ߶ᜈழกឯԟᏥ஠ುhttps://github.com/ 
sixohsix/twitterǌ 

 
ѸतளᄉIPythonቷ᝭ఴ஠͇౎ᎃзʽᣑTwitter๖োᄉ̼ᆉǌఴብ࠱Ѹतі˓ʿՎᄉቷ᝭ఴ஠

͇Ὃၸ̅ʿՎᄉ͉ူܪҫὋ੝̾ణݝ௦ளतʶ˓஠͇݂Ὃઁ߱͂உҁʶᡐǌኃʶ˓ቷ᝭ఴ஠͇

ch6_get_twitter˃᫂ၸ౎ʽᣑளᄉTwitterឥ஧ǌ 

ᯪЎὋ࠭ЙtwitterंὋ᝹Ꮅ૾ా̽ྠǌѷ੥෤ᝧ;С᫆ᄉᥦʶᮅᄉKeys and Access Tokens 
὇ࠚᨄ֖᝺᫇̽ྠὈᤤᮉӴʽὋథconsumer key὇ၸਖ਼ࠚᨄὈ֖consumer secret὇ឯය̽ྠὈǌཁѣ

ᨄࠚՎʶᮅᄉCreate my access token὇Ѹतੇᄉ᝺᫇̽ྠὈ૊ᨍὋᖌԨ᝺᫇̽ྠǌၸ;३ҁᄉڙ

֖̽ྠఢ૰ʽ᭦̼ᆉ˖ᄉӳͮቿǌ 

import twitter 
consumer_key = "<Your Consumer Key Here>" 
consumer_secret = "<Your Consumer Secret Here>" 
access_token = "<Your Access Token Here>" 
access_token_secret = "<Your Access Token Secret Here>" 
authorization = twitter.OAuth(access_token, access_token_secret, 
consumer_key, consumer_secret) 

ၸtwitterंଡΘᄉ଼ጉѥஜ὇searchὈಉ੼ӉդӬជþPythonÿᄉ๖োǌѸत᫝࠱͂ੇ

ឳ٧ࠪ៵ὋଡΘ૾ాζোᤋଋҁTwitterὋཨՐ΍ၸ᫝ឳ٧ࠪ៵ᤈᛠ଼ጉǌڙቷ᝭ఴ஠͇˖Ὃૈ

 ϱͮᎵǌߚ๖োᄉ߿

import os 
output_filename = os.path.join(os.path.expanduser("~"), 
  "Data", "twitter", "python_tweets.json")  

γߚஜ૵ௐ᜵ၸҁjsonंǌ 

import json 

ଋᅋὋѸतၸ౎̯TwitterᎩቢឳԨஜ૵ᄉࠪ៵Ὃૈా૾߿ζোὋᭉ᜵ၸҁґ᭦Ѹतᄉ૾ా

ࠪ៵ǌ 
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t = twitter.Twitter(auth=authorization) 

੩धᣤѢ஠͇Ὃኍय़зЙஜ૵ὋзЙഴयૈ߿˝þaÿὋᤇಧඇ൒ڙ஠͇ళࡊᤜҪளஜ૵ǌ΍

ၸतበݝᄉᤋଋὋ଼ጉӬជþPythonÿὋࠪ̅searchழกᤄٿᄉஜ૵Ὃੇ͂Եᭉ᜵þstatusesÿᦉ

ѫǌʽ᭦̼ᆉᖌԨҁTwitter๖োὋ΍ၸjsonंᄉdumpѥஜ࠱Фᣀ૰˝ߙቿ˘्यՐὋзЙҁᣤ

Ѣ஠͇˖ǌз߸ඇ్๖োՐὋвзʶᛠቆᛠὋΦ̅ઁඇ్๖োӜѫध౎ǌ 

with open(output_filename, 'a') as output_file: 
    search_results = t.search.tweets(q="python", count=100)['statuses'] 
    for tweet in search_results: 
        if 'text' in tweet: 
            output_file.write(json.dumps(tweet)) 
            output_file.write("\n\n")  

ʼᤗ९ဖ˖Ὃᤆ೜฽˿๖ো௦ՠӉહþtextÿ᪃ǌࣲʿ௦Twitterᤄٿᄉ੝థࠪ៵ᦏ௦๖ো὇థ

̎Ժᑞ௦ၸ౎Ѻᬓ๖ো੊Ф̴ЮࠓᄉҮͺὈǌ๖োࠪ៵ˀФ̴ࠪ៵ᄉС᪃ʿՎ̅ڙ๖োࠪ៵˖դ

థ᪃þtextÿὋᤇ˶ൣ௦ੇ͂ၸifឥԱᤈᛠ೜฽ᄉǌ 

ʼᤗ̼ᆉᤁᛠіѫ᧾ՐὋᣤѢ஠͇˖ࡂᑞథ100్๖োǌ 

 
;˶Ժ̾ᝧ߱ܲᤁᛠіѫ᧾Ὃ઄Ԩఝܲᄉ๖োὋᭉ᜵ซ਒ᄉ௦Ὃݟ౦Twitter

ၸਖ਼෤థԦ࣊ள๖োᄉពὋᆀௐᫍЮܲ൒઄ԨὋ३ҁᄉ๖োॡԺᑞ͗థ᧗ܬᄉǌ 

6.1.2� ࣖ䖳ᮦᦤ䳼ᒬሯެ࠼㊱ 

߸੆๖ো᧓ᬶՐὋੇ ͂ૅҁ˿ԓݼஜ૵ᬶὋࠪ ߱᧖᭦ᄉ๖োᤩ్ಕซՐὋ੥ᑞၸ̅ѫዜ͉ҫǌ

 ቷ᝭ఴ஠͇˖Ѹतʶ˓ᛪӬὋழΦಕซǌڙ

๖োߚϱಪयᤂͪ̅JSONǌJSONಪयʿ͗ࠪஜ૵ुҪ᣾ܲၸ̅ᛪᇧፆౝᄉζোὋԺ̾ᄯଋ

ၸJavaScript὇JSONՏࡂ˶ߙ௦ᤇ˥౎ᄉὋJavaScript Object NotationὋJavaScriptࠪ៵ᛪᇧกὈឥ

ᝒឳԨǌJSON߿˦˿ឰݟஜߙǋߙቿ˘ǋஜጷǋߙЦኍ۲ఴࠪ៵Ὃ᤟ՋߚϱӉդ᭣ஜϘዜۋᄉ

ஜ૵ǌݟ౦ஜ૵ᬶКᦏ௦ஜϘዜۋὋ˝˿ᓫᄴቆ֖ᫍௐᫍὋణݝ΍ၸዜͪ̅numpyᅽ᫻ᤇಧᄉಪ

य౎ߚϱǌ 

ੇ͂ᄉஜ૵ᬶಪय֖ᄽൣᄉJSONࠪ៵ᄉС᪃ӜѾ̅ڙὋඇˏ్๖ো˧ᫍథʶᛠቆᛠǌᤇಧ

ϡᄉᄫᄉ௦Ὃ᫸ൢளᤜҪᄉ๖ো֖ґ᭦ᄉ๖োຈڙʶᡐ὇ڙᄽൣᄉJSONಪय˖ὋᤜҪஜ૵෤ᤇ

˥ኤӬὈǌੇ͂ᄉஜ૵ᬶ˖Ὃඇˏ్ၸJSONߙቿ˘ᛪᇧᄉ๖ো˧ᫍథʶᛠቆᛠǌ 

ੇ͂Ժ̾΍ၸjsonंᝌౡஜ૵ᬶὋͭ ௦᜵Ў಩૵ቆᛠઁឳᤈ౎ᄉ஠͇ઞѫ὇splitழกὈ੆

ʶ˓ѴᛪὋ३ҁᄽൣᄉ๖োࠪ៵ǌ 

ளतʶ˓ቷ᝭ఴ஠͇὇ੇઁ߱֐Տ˝ch6_label_twitterὈὋૈ߿ஜ૵ᬶᄉՏሥǌឞՏሥԀ˝ʼ



84� � ኃ 6 ብ� ΍ၸసገ᠄Հலᤈᛠᇪ̓޴ͳ્ଇ 

 

ᓫૈ߿ᄉᣤѢ஠͇ᄉՏߙǌੇ͂ᤆૈ߿ၸ̅ߚஉඇ్๖ো੝࡚ዜѾᄉ஠͇Տǌ̼ᆉݟʽὙ 

import os 
input_filename = os.path.join(os.path.expanduser("~"), "Data", 
"twitter", "python_tweets.json") 
labels_filename = os.path.join(os.path.expanduser("~"), "Data", 
"twitter", "python_classes.json") 

ʼ᭦ࣂፂଡҁ᣾Ὃੇ͂᜵΍ၸjsonंὋЎ౎࠭Й߱ǌ 

import json 

ѸतѴᛪὋၸ̅ߚϱ̯஠͇˖ឳᤈ౎ᄉඇ్๖োǌ 

tweets = [] 

᥅Ԋ஠͇˖ᄉඇʶᛠஜ૵ǌੇ ͂ࠪʿӉդ๖োᄉቆᛠ὇߱͂ၸ̅ѫᬥ๖োὈʿ ਕТᡙὋځ൤Ὃ

೜฽ॆґᛠ὇Ԝᬓ͉਒ቆᄆߙቿՐᄉὈ᫁ऎ௦ՠ˝0ǌݟ౦˝0Ὃ঒႔ॆґᛠὋፘ፝ѻறʽʶᛠǌ

ຊҪҁ߱࠱ቿ˘ᣀ૰˝Pythonࠪ៵ὈழกҪᣑ๖োὋߙJSON࠱౦ʿ˝0Ὃ΍ၸjson.loads὇ݟ

tweetsѴᛪ˖ǌ̼ᆉݟʽὙ 

with open(input_filename) as inf: 
    for line in inf:  
        if len(line.strip()) == 0: 
            continue 
        tweets.append(json.loads(line)) 

ੇ͂ဗڙਆᅻ᥊ʶ్๖ো௦ՠ֖ੇ͂ᄰС὇ڙᤇ᧖ὋᄰСᛪᇧૈᄉ௦ᎃርឥᝒPythonὈǌଋ

ʽ౎Ὃڙቷ᝭ఴ஠͇˖ࢥЙHTML̼ᆉὋࠃဗJavaScript֖Python˧ᫍᄉ᤯ζὋၸᎩᮅ्यࡘᇧ๖

োὋΦ̅ಕซǌ 

ੇ͂᜵ࠃဗ̾ʽҩᑞὋՓၸਖ਼὇;Ὀࡘᇧʶ్๖োὋ᜵යၸਖ਼ᣤЙዜѾὙᄰСᤆ௦ʿᄰСǌ

ርࣿγߚᣤЙፆ౦Ὃፘ፝ࡘᇧʽʶ్य़ಕซᄉ๖োǌ 

ᯪЎὋѸतၸ̅ߚϱዜѾ὇ಕซፆ౦ὈᄉѴᛪǌʿክ๖ো௦ʿ௦ˀᎃርឥᝒPythonᄰСὋੇ

͂ᦏγ߱ߚᄉዜѾὋѫዜ٧̯ᤇˏዜஜ૵˖ݟ˷ߥʹᮔ฽ʶ్๖োᄉዜѾǌ 

ੇ͂ᤆ᜵೜฽௦ʿ௦థᦉѫ๖োࣂፂಕซ᣾ዜѾ˿ὋథᄉពࡂҪᣑᤇ̎ዜѾǌݟ౦;ಕซҁ

ʶӦὋ̇ ௐథ̂᜵С᫆ቷ᝭ఴ஠͇Ὃథ˿ឞҩᑞὋв੩धௐὋ̼ ᆉ͗ࡂҪᣑࣂథዜѾǌʁ ᓉ౎ឬὋ

ࠪ̅ዜͪᄉ͉ҫὋᏥᘼݟʹγߚ˖ᫍፆ౦ॡథॸ᜵ǌᤇಧԀ΍᝟ኪ఺˖᤬൪఺ὋҰҦʶ˓࠴ௐ३

౎ᄉࢹͺ੆౦˶ʿᒯ̅Кᦉˎܾὀ̼ᆉݟʽὙ 

labels = []  
if os.path.exists(labels_filename): 
    with open(labels_filename) as inf: 
        labels = json.load(inf) 

ଋʽ౎ὋѸतʶ˓ኤӬᄉѥஜὋၸ౎ᤄٿʽʶ్ᭉ᜵ಕซᄉ๖োǌੇ͂੼ҁࣲᤄٿኃʶ్෤
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థಕซዜѾᄉ๖োԀԺǌ̼ᆉݟʽǌ 

def get_next_tweet():  
    return tweet_sample[len(labels)]['text'] 

 

ᰍᄉʽʶ˓൥ᰠ௦அᬶၸਖ਼὇;ὀὈࠪඇ్๖ো˖ᄉþPythonÿ௦ՠࠃ͂ੇ

ૈᄉ௦ᎃርឥᝒᄉᄹกǌڙቷ᝭ఴ஠͇˖Ὃ̨΍ၸPythonὋ௃ก᤯᣾ᄯଋˀၸਖ਼

ᤈᛠ̓̈ᄉழय౎அᬶ̴͂ᄉԥᯟǌځ൤Ὃੇ ͂Եݝ΍ၸʶཁJavaScript֖HTML
̼ᆉ౎ᖌԨၸਖ਼ᣤЙǌ 

 
ଋʽ౎Ὃڙቷ᝭ఴ˖ѸतJavaScriptርࣿ౎அᬶᣤЙǌԺ̾ύү᱑శழก὇magic functionὈ

 ʽ̼ᆉǌݟᣤЙ˖ߔቷ᝭ఴᄉளಪڙЙHTML֖JavaScript̼ᆉኍǌࢥቷ᝭ఴ˖ᄯଋڙ

%%javascript 

ᤇಧࡂᛪᇧʽ᭦˝JavaScript̼ᆉὋځ൤ὋܷહՁࡂ᜵ᄅڣ˿ǌѾઝॶὋੇ͂ॡঋ͗ࡂвٿҁ

Pythonᄉǌឯซ਒ʽ᭦JavaScript̼ᆉॸᮋˀ᱑శழก%%javascriptڙՎʶಪߔ᧖ǌ 

̯ʽ᭦߿˦ᄉኃʶ˓JavaScriptѥஜὋࡂᑞᄹҁڙቷ᝭ఴ˖ὋࠃဗJavaScript֖Python˧ᫍᄉ᤯

ζ௦ܲ˥ࠓ௛ǌᤇ˓ѥஜᄉҩᑞ௦ՓlabelsѴᛪ὇Python̼ᆉ˖ὈຊҪʶ్๖ো੝࡚ᄉዜѾǌ

Хͳϡก௦ЎҪᣑIPythonЮನ὇kernelὈࠪ៵Ὃвၸ߱౎੯ᛠPython̽֐ǌ̼ᆉݟʽὙ 

function set_label(label){ 
    var kernel = IPython.notebook.kernel; 
    kernel.execute("labels.append(" + label + ")"); 
    load_next_tweet();  
} 

ѥஜణՐុၸload_next_tweetѥஜὋҪᣑʽʶ్లಕซᄉ๖োǌload_next_tweetᤇ˓

JavaScriptѥஜЮᦉ੯ᛠPython̼ᆉᄉԓူᡱʼ᭦੝ᝮᄉᄰՎὙၸҪᣑᄉIPythonЮನ౎੯ᛠPython
 ᄉget_next_tweetѥஜὈǌ˦߿὇ុၸґ᭦̽֐

ཨᏪὋᖌԨࣲࡘᇧ๖োథཁڇᬱὋᭉ᜵ၸҁុٿѥஜὋᤄٿஜ૵ௐុၸឞѥஜǌុٿѥஜᄉ

౦;ࠪఝᰳጞᄉJavaScript/Python̓̈ழกਕТᡙὋឯԟᏥIPythonݟǌډழกᡓѢ˿ఴ˹ᄉᔴ˦߿
஠ುǌ 

̼ᆉݟʽὙ 

function load_next_tweet(){  
   var code_input = "get_next_tweet()"; 
   var kernel = IPython.notebook.kernel; 
   var callbacks = { 'iopub' : {'output' : handle_output}}; 
   kernel.execute(code_input, callbacks, {silent:false}); 
} 
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౎Ѹत߱ǌॆkernel.execute()ុၸᄉPythonѥࡂѥஜԶͺhandle_outputὋʽ᭦ុٿ
ஜᤄٿፆ౦ՐὋុ͗ࡂၸុٿѥஜǌݟʼ੝ᤗὋុٿѥஜᄉសጹЮࠓʿڙఴ˹ᝮᝌᔴډ˧ѴὋੇ

͂ᤇ᧖ၸ߱౎ူܪᤄٿᄉጥ஠ఴಪयஜ૵Ὃઁᤇ̎ஜ૵Ꮅ̅ᛪӬᄉ#tweet_text div˖ࡘᇧὋ

ੇ͂ᬣՐ͗ᎃзᄰСHTML̼ᆉǌុٿѥஜ̼ᆉݟʽὙ 

function handle_output(out){ 
   var res = out.content.data["text/plain"]; 
   $("div#tweet_text").html(res);  
} 

HTML̼ᆉ˖Ὃణܰࡎ௦id˝tweetboxᄉdivὋ߱ ᧖᭦Ӊᅋid˝tweet_textᄉdivЊገၸ̅

௬ᇧʽʶ్य़ಕซᄉ๖োǌੇ ͂ᤆѸत஠ఴಳὋ૬ᖌᣤЙᄉ૊᪃὇ՠѶὋቷ᝭ఴርࣿ͗࠱૬ᖌ߱Ὃ

JavaScript˶ࡂ௃กᖌ३ၸਖ਼ᄉᣤЙὈǌᤇಧੇ͂ࡂԺ̾ၸ᪃ᄧ౎᝹Ꮅ๖োᄉዜѾ˝1੊0Ὃඊᡐၸ

ᴄಕཁѣ૊ᨍᤈᛠᤤસ᜵ঋ——ϛ͂ੇݟᒯ࠵ᭉ᜵ಕซ100్๖োǌ 

ᤁᛠJavaScript̼ᆉ੝ڙᄉಪߔὋڙ͗ࡂᮅ᭦˖ࢥЙJavaScript̼ᆉὋᙉཨڙፆ౦Ӝ۪ᄹʿҁ

͉ʹԪӐǌ 

ଋᅋὋੇ ͂౎΍ၸԲʶ˓᱑శழก%%htmlǌඒ௃Ⴀ᫇Ὃ߱ ௦ၸ౎ᄯଋڙቷ᝭ఴ˖ࢥЙHTML
̼ᆉǌڙளಪߔ˖ᣤЙݟʽ̼ᆉǌ 

%%html 

ଋʽ౎Ὃڙᤇ˓ಪߔ˖ᣤЙHTML̼ᆉ֖іᛠJavaScript̼ᆉǌᯪЎὋ߿˦ʶ˓divЊገὋၸ

౎௬ᇧॆґ᜵ಕซᄉ๖োǌੇᤆຊҪ˿іᛠಕซឬ௙ǌଋᅋὋѸतid˝tweet_textᄉdivЊገὋ

ၸ౎௬ᇧʽʶ్य़ಕซᄉ๖োǌݟґ੝ᤗὋੇ͂ᤆᭉ᜵Ѹत஠ఴಳၸ౎૬ᖌ૊᪃ǌ̼ᆉݟʽὙ 

<div name="tweetbox">  
    Instructions: Click in textbox. Enter a 1 if the tweet is 
relevant, enter 0 otherwise.<br> 
Tweet: <div id="tweet_text" value="text"></div><br> 
<input type=text id="capture"></input><br> 
</div> 

Ўʿ᜵ᤁᛠᤇ˓ಪߔὀ 

Ѹत߸ᛪӬՐὋੇ ͂౎ᎃз૬ᖌ᪃ᄧ૊᪃ᄉJavaScript̼ᆉὋᤇൿᑭఴᮋзҁʼ᭦HTML̼ᆉ

ᄉՐ᭦Ὃځ˝#tweet_textЊገڙHTML̼ᆉᤁᛠґڙᮅ᭦ʼᤆʿڙߚǌᤇ᧖᜵ၸҁjQueryं
὇IPythonቷ᝭ఴ஠͇΍ၸ˿ឞंὋ௃ᭉв൒लЙὈᄉʶ˓ѥஜὋॆڙ#capture஠ఴಳЊገʼԦ

ၶ૊᪃͇̂ௐὋុၸૈ߿ᄉѥஜǌཨᏪὋឯซ਒Ὃᤇ˓ಪߔ΍ၸᄉ᱑శழก௦%%htmlὋڙᤇ᧖

᭦зJavaScript̼ᆉὋᭉ᜵࠱Фஉҁ<script>ಕኣ˖ǌ 

ੇ͂ԵСซ૊᪃0੊1Ὃځ˝๖োԵԺᑞ࡚̅ᤇˏ˓ዜѾǌ᤯᣾೜฽ߚϱڙe.which˖ᄉASCII
ᆉϘὋࡂᑞᆷ߿ҁऄ௦ג˓᪃ᜁ૊ʽ˿ǌݟ౦ၸਖ਼૊ʽ0੊1Ὃੇ͂ઁዜѾຊҪҁlabelsѴᛪ˖Ὃ
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ཨՐຌቆ஠ఴಳᄉϘǌ̼ᆉݟʽὙ 

<script> 
$("input#capture").keypress(function(e) { 
if(e.which == 48) { 
    set_label(0);  
    $("input#capture").val(""); 
}else if (e.which == 49){ 
    set_label(1); 
    $("input#capture").val(""); 
  } 
}); 

঒႔Ф̴૊᪃ǌ 

ʽ᭦௦ఴብణՐіᛠJavaScript̼ᆉ὇ੇՓ;γ᝼ὈὋੇ͂ុၸload_next_tweet()ѥஜǌ

᝹Ꮅኃʶ్य़ಕซᄉ๖োὋ᫆Ջscriptಕኣǌ̼ᆉݟʽὙ 

load_next_tweet(); 
</script> 

௦ኃʶ్๖োǌཁѣ஠ఴಳὋࡂὋᮅ᭦ʼ͗ѢဗHTML஠ఴಳὋஷ᣷ߔቷ᝭ఴ˖Ὃᤁᛠឞಪڙ

౦ឞ๖োˀੇ͂ᄰС὇๖ো˖ᄉPythonૈᄉ௦ᎃርឥᝒὈὋᣤЙ1὚ԥ˧ὋᣤЙ0ǌ߸੆ՐὋҪݟ

ᣑʽʶ్๖োǌᣤЙዜѾὋଋᅋҪᣑʽʶ్ǌ᧗̾ܬʼ᣾ርὋᄯҁಕซ߸੝థஜ૵ǌ 

߸੆ಕซՐὋઁ੝థᄉዜѾζোᣤѢҁґ᭦ݝ˦߿ᄉዜѾ஠͇˖ǌ 

with open(labels_filename, 'w') as outf: 
    json.dump(labels, outf)  

Ԁ΍෤థ߸੆ಕซὋ˶Ժ̾ᤁᛠʼᤗ̼ᆉὋγߚಕซ᣾ᄉዜѾǌв൒ᤁᛠቷ᝭ఴ͗࠱Ҫᣑ;

෤థಕซᄉ๖োὋᤇಧ;ࡂᑞፘ፝ಕซǌ 

ಕซ๖ো᜵ᔈཁௐᫍὀ๖োॡܲᄉពὋఝ௦ݟ൤ǌݟ౦;˝˿ᡏௐᫍὋԺ̾ʽᣑੇಕซݝᄉ

ஜ૵ᬶǌ 

6.1.3� Twitter ᮦᦤ䳼䠃ᔰ 

ஜ૵્ଇ᣾ር͗ၸҁॡܲԪ᧙Ὃ߱ ͂ʿ̨Ѣဗ્ڙଇኪก᧖Ὃஜ૵᧓ᬶኍ᣾ር˖˶࠵ʿ˿߱

͂ᄉᢵॕǌ᧗ဗࠃᰍፆ౦ॡ᧗᜵Ὃځ˝߱థү̅ᰍ᝼੊இؒࠃᰍ஌౦ǌĿ 

 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ᤇʶൿពὋཱᄯᏡដ᣾౎Ὃ঳᜿३Ꭴ˿ཁ̣˥Ὃ଍฽ͺᏧਆ᜵ᛪ᣹ᄉ਒ধ௦ଌ҃ඇ൒ࠃᰍ˖Ԫ᧙ᄉԨϘὋᆷγࠃ

ᰍፆ౦ᄉԺඊᣖবǌ——ដᏧซ 
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ኪกXڙʶ˓ஜ૵ᬶʼԨ३80%ᄉൣᆷညὋኪกYڙԲʶ˓ஜ૵ᬶʼԨ३

90%ᄉൣᆷညὋʿᑞឬ௙ኪกY͕̅XǌԵథڙᄰՎᄉ฽ណᬶʼὋ˄ڙᄰՎᄉ్

͇ʽᤈᛠ฽ណὋ੥ᑞඊᣖኪกᄉ͕ҭǌ 

 
;ၸʼ᭦ᄉ̼ᆉ᧓ᬶҁᄉஜ૵ᬶˀੇᄉʿՎǌ˞᜵ԓ̅ڙځὋ᧓ᬶௐᫍʿՎὋTwitterᤄٿᄉ

଼ጉፆ౦˶ࡂʿՎǌ൤ܰὋಕซፆ౦˶Ժᑞ͗థ੝ࢿऩǌᙉཨథ̎๖ো௬ཨ௦ˀᎃርឥᝒPython
థСὋͭ˶ʿ˫ഴ೩ˏԺᄉৰхὋඊݟၸੇʿ਴ᄉܰឥԦ࣊ᄉ๖োὋੇፋѢᄉಕซፆ౦ࡂԺᑞథ

ឧǌࠪ̅ᤇሗৰхὋTwitterଡΘ˿᝹ᎵឥᝒሗዜᄉଋԯὋͭԀ΍΍ၸឞଋԯὋᤄٿᄉ๖ো˶ʿʶ

 ᄉឥᝒǌ߿Кᦏ௦;ᮔЎૈ߿

Ѣ̅ᤇ˥ܲԓځὋ̯ࠪ̅ᇪ̓Ꭹቢ᧓ᬶҁᄉஜ૵ᬶ᧗ܬᤈᛠᄰՎᄉࠃᰍڇᬱ᧗᧗ὋTwitter
˶ʿΒܰǌ൤ܰὋTwitter௙ᆷሄൢᄯଋѫ̙ஜ૵ᬶǌ 

ᝌфழก˧ʶ௦Եѫ̙๖োᎃՁὋ߱ ௦Ժ̾ᒬၿ͛୦ᄉǌఴᓫᯪЎѸतԺ̾ᒬၿѫ̙ᄉ๖ো

ᎃՁஜ૵ᬶǌཨՐὋв౎ᄹʽݟʹ಩૵ᎃՁʽᣑ๖োὋ᧗तЎґᄉஜ૵ᬶǌ 

ᯪЎὋੇ͂३ઁဗథ๖োᄉᎃՁԢФዜѾγߚʽ౎ǌѸतʶ˓ளᄉቷ᝭ఴ஠͇Ὃૈ߿ଋʽ౎

᜵ၸҁᄉі˓஠͇Տǌ̼ᆉᡱ˧ґዜͪὋԵʿ᣾ܲ˿ʶ˓ၸ౎γߚ๖োᎃՁԢФዜѾᄉ஠͇ǌ̼

ᆉݟʽὙ 

import os 
input_filename = os.path.join(os.path.expanduser("~"), "Data", 
"twitter", "python_tweets.json") 
labels_filename = os.path.join(os.path.expanduser("~"), "Data", 
"twitter", "python_classes.json") 
replicable_dataset = os.path.join(os.path.expanduser("~"), 
  "Data", "twitter", "replicable_dataset.json")  

Ҫᣑ๖ো֖ዜѾὋࡂᡱੇ͂ڙʼʶ˓ቷ᝭ఴ஠͇˖ϡᄉᥦಧǌ 

import json 
tweets = []  
with open(input_filename) as inf: 
    for line in inf: 
        if len(line.strip()) == 0: 
            continue 
        tweets.append(json.loads(line)) 
if os.path.exists(labels_filename): 
    with open(classes_filename) as inf: 
        labels = json.load(inf) 

Վௐ᥅Ԋ੝థᄉ๖োԢ๖ো੝࡚ᄉዜѾὋѸतளஜ૵ᬶὋ࠱ФγߚҁѴᛪ˖ǌ 

dataset = [(tweet['id'], label) for tweet, label in zip(tweets, 
  labels)]  
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ణՐὋઁፆ౦γߚҁ஠͇˖ǌ 

with open(replicable_dataset, 'w') as outf: 
    json.dump(dataset, outf)  

థ˿๖োᄉᎃՁ֖ዜѾὋੇ͂ࡂԺ̾᧗तஜ૵ᬶǌݟ౦;ਆ᧗तੇڙఴብ΍ၸᄉஜ૵ᬶὋ੝

ᭉ̼ᆉឯ᜸ఴ˹ᦠ̼ݒᆉӉǌ 

Ҫᣑ˧ґᄉஜ૵ᬶʿᬱὋͭ௦᜵ᔈ̎ௐᫍǌளतʶ˓ቷ᝭ఴ஠͇ὋϷ˧ґᥦಧૈݝ߿ၸ̅ߚ

ϱஜ૵ᬶǋ๖োዜѾ֖๖োᎃՁᄉ஠͇ǌੇុஞ˿ʽ஠͇ՏὋ᫸ൢ;᜷ᄥ૿˧ґ᧓ᬶᄉஜ૵ᬶὋ

஠͇Տ;Ժ̾ᬣ਒ᡐὋʿॸᡱੇᄉʶಧǌ̼ᆉݟʽὙ 

import os 
tweet_filename = os.path.join(os.path.expanduser("~"), "Data", 
  "twitter", "replicable_python_tweets.json") 
labels_filename = os.path.join(os.path.expanduser("~"), "Data", 
  "twitter", "replicable_python_classes.json") 
replicable_dataset = os.path.join(os.path.expanduser("~"), 
  "Data", "twitter", "replicable_dataset.json")  

΍ၸJSON̯஠͇˖Ҫᣑ๖োᎃՁԢዜѾஜ૵ǌ 

import json 
with open(replicable_dataset) as inf: 
    tweet_ids = json.load(inf)  

γߚ੝థ๖োᄉዜѾॡࠓ௛ǌ᥅Ԋஜ૵ᬶὋઙԨᎃՁὋၸˏᛠ̼ᆉࡂᑞଽ߿὇੩ध஠͇֖γ

Ὃʼ൒᧓ᬶՐὋథ̎๖োᜁ᝹ݟՐᑞв൒ᖌԨҁ੝థ๖ো὇Β˧߿๖োὈǌཨᏪὋੇ͂௃กᆷߚ

Ꮅ˝ᬤሒὈὋځ൤ዜѾ֖๖োԺᑞࡂ௃กࠪःǌ 

˝˿ˠΒឬ௙Ὃੇ ፂ̯ጲʼ๖ࣂណ᧗तஜ૵ᬶὋԁԦဗథˏ్๖ো࠼᧓ᬶஜ૵Րᄉኃʶܸڙ

ܾ὇Ժᑞᜁၸਖ਼Ѻᬓ੊᝹Ꮅ˝ᬤሒὈǌځ൤ὋԵᣤѢੇ͂ࠃᬄᑞၸҁᄉዜѾࡂ௬३࠾˝᧗᜵ǌХ

ͳϡก௦ὋᯪЎὋѸतactual_labelsѴᛪߚϱੇ͂ᑞܴв൒̯TwitterᎩቢᖌԨҁᄉ๖োᄉዜ

ѾǌཨՐὋѸतߙЦὋ˝๖োᄉᎃՁ֖ዜѾतበᡐ௡࠰Сጆǌ 

̼ᆉݟʽὙ 

actual_labels = [] 
label_mapping = dict(tweet_ids) 

ଋʽ౎Ὃၸtwitterं಩૵๖োᎃՁ᧓ᬶ๖োǌᤇԺᑞ᜵ᔈཁௐᫍǌ࠭ Йґ᭦ၸ᣾ᄉtwitter

ंὋѸत૾ా̽ྠὋၸ߱౎ѹݼӐtwitterࠪ៵ǌ 

import twitter  
consumer_key = "<Your Consumer Key Here>" 
consumer_secret = "<Your Consumer Secret Here>" 
access_token = "<Your Access Token Here>" 
access_token_secret = "<Your Access Token Secret Here>" 
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authorization = twitter.OAuth(access_token, access_token_secret, 
  consumer_key, consumer_secret) 
t = twitter.Twitter(auth=authorization) 

᥅ԊࣲઙԨ੝థᄉ๖োᎃՁǌ 

all_ids = [tweet_id for tweet_id, label in tweet_ids] 

ཨՐὋ੩धᣤѢ஠͇Ὃγߚ๖োǌ 

with open(tweets_filename, 'a') as output_file: 

Twitter APIЉ᝴ੇ͂ʶ൒ԵᑞᖌԨ100్๖োǌځ൤Ὃඇ൒᥅Ԋ100్๖োǌ 

    for start_index in range(0, len(tweet_ids), 100): 

ઁᤇʶ੺൒ᄉ100˓ᎃՁၸ᤮Ձᤋଋᡐ౎ὋΦ̅ʽ᭦΍ၸTwitterᄉAPI಩૵ᎃՁಉ੼๖োǌ 

        id_string = ",".join(str(i) for i in  
          all_ids[start_index:start_index+100]) 

ଋᅋὋុၸTwitter߿˦ᄉstatuses/lookupழกὋ͛Йʶ੺๖োᎃՁ὇ࣂᣀ૰˝ߙቿ˘ὈὋ

̾᧓ᬶᤇ̎๖োǌ 

        search_results = t.statuses.lookup(_id=id_string) 

ੇ͂ઁᤄٿፆ౦˖ᄉඇʶ్๖োὋ૊ཱ˧ґ᧓ᬶஜ૵ᬶᄉϡกὋ͂߱࠱Ι൒γߚҁ஠͇˖ǌ 

        for tweet in search_results: 
            if 'text' in tweet:  
                output_file.write(json.dumps(tweet)) 
                output_file.write("\n\n") 

ణՐʶ൥὇̮ཨ࡚̅ifഴڰὈὋᤆᭉ᜵γॆߚґ᥅Ԋҁᄉ๖োᄉዜѾǌᖌԨ๖োዜѾ᜵ၸҁ

˧ґѸतᄉlabel_mappingߙЦὋ಩૵๖োᎃՁಉ੼ԀԺǌ̼ᆉݟʽὙ 

                actual_labels.append(label_mapping[tweet['id']]) 

ᤁᛠʼᤗ̼ᆉὋ᧓ᬶ੝థ๖োǌݟ౦;ᄉஜ૵ᬶॡܷὋᔈ᠟ௐᫍᄰःᣖܲ——Twitter͗ᬌ҃

ឯයᄉᮟ൒ǌణՐʶ൥Ὃγߚactual_labelsҁዜѾ஠͇Ŀ᧖ǌ 

with open(labels_filename, 'w') as outf: 
    json.dump(actual_labels, outf)  

6.2� ᮽᵢ䖢ᦘಞ 

ஜ૵ᬶѸतݝՐὋঞಧ߱ڙʼ᭦ஶࡘஜ૵્ଇᄉގҦփ὞ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ в൒ଡᧇʽ߱᧖᭦ߚஉᄉ௦ᑞܴв൒઄Ԩҁᄉ๖োᄉዜѾǌ——ដᏧซ 
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஠ఴஜ૵ᬶӉહڎ˹ǋ஠ብǋᎩቢǋ੣ሼǋ̼ᆉ̾ԢФ̴्यᄉ஠ఴǌੇ͂ᄫґ੝᜸᣾ᄉ੝

థኪกʿ௦ၸ౎ူܪஜϘࡂۋ௦ዜѾྱۋड़Ὃঞಧ੥ᑞઁ஠ఴᣀ૰੆ኪกԺ̾ူܪᄉ्य὞ 

ܲሗ฽᧙ழกᑞܴࣞʼ঄ǌඊݟὋࣰ Ա᫁Ժၸ౎ᮔ฽஠ఴᄉԺឳবǌᬓ൤˧ܰὋڨជࣰ֖᫁ڨ

ᤆథॡܲФ̴ዜۋᄉྱड़Ὃඊ͂ੇݟଋʽ౎᜵ၸҁᄉӬជ௦ՠѢဗ὇word occurrenceὈǌ 

6.2.1� 䈃㻁 

ʶሗణኤӬԁ᭣࣡ᰳ஌ᄉഴࡂۋ௦Եፑ᝟ஜ૵ᬶ˖ඇ˓ӬជᄉѢဗ൒ஜǌੇ ͂౎Ѹतʶ˓ᅽ

᫻Ὃඇʶᛠᛪᇧஜ૵ᬶ˖ᄉʶኼ஠ುὋඇʶѴ̼ᛪʶ˓ជǌᅽ᫻˖ᄉඇʶᮉ˝౼˓ជڙ஠ು˖ᄉ

Ѣဗ൒ஜǌ 

ʽ᭦ᤇൿ஠ߙᓫᤤᒬ੫࠶᧚὇J. R. R. TolkienὈᄉǑૈဖဌǒǌ 

Three Rings for the Elven-kings under the sky, 

Seven for the Dwarf-lords in halls of stone, 

Nine for Mortal Men, doomed to die, 

One for the Dark Lord on his dark throne 

In the Land of Mordor where the Shadows lie. 

One Ring to rule them all, One Ring to find them, 

One Ring to bring them all and in the darkness bind them. 

In the Land of Mordor where the Shadows lie. 

úJ.R.R. Tolkien’s epigraph to The Lord of The Rings 

Ӭជtheڙल஠˖Ѣဗ˿9൒ὋӬជinǋforǋto֖oneՉѢဗ˿4൒ǌӬជring֖ofՉѢဗ3൒ǌ 

̯˖ᤤԨіጷஜ૵ὋѸतʶ˓ኤӬᄉஜ૵ᬶǌ 

ঋ䈃 the  one ring to 

ೕْ 9 4 3 4 

Ժ̾ၸcounterழกፑ᝟Ѵᛪ˖Չߙቿ˘Ѣဗ൒ஜǌፑ᝟ӬជௐὋ᤯࣡࠱੝థߙආᣀ૰˝࠴

зὋځ൤ߙ˦߿ቿ˘ௐᮊΦઁ߱ᣀ૰˝࠴з्यǌ̼ᆉݟʽὙ 

s = """Three Rings for the Elven-kings under the sky, 
Seven for the Dwarf-lords in halls of stone, 
Nine for Mortal Men, doomed to die, 
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One for the Dark Lord on his dark throne 
In the Land of Mordor where the Shadows lie. 
One Ring to rule them all, One Ring to find them, 
One Ring to bring them all and in the darkness bind them. 
In the Land of Mordor where the Shadows lie. """.lower() 
words = s.split() 
from collections import Counter 
c = Counter(words) 

c.most_common(5)ᣤѢѢဗ൒ஜణܲᄉґ5˓ជὋቤཨథ4˓ជࣲѴኃ̃Ὃܲ ᣤѢі˓ࡂᑞ

ᄹѢជᮟᄉࢿऩ˿ǌ 

ជ᛺ഴۋ˞᜵ѫ˝̾ʽʻሗὙኃʶሗϷʼ᭦ᤇಧ΍ၸជឥࠃᬄѢဗ൒ஜͺ˝ជᮟǌᎤཁ௦ॆ

஠ು᫁ऎࢿऩ௙௬ௐὋជᮟࢿᡯ͗᭣ܷ࣡ǌኃ̃ሗ௦΍ၸॅʶӐՐᄉជᮟὋඇኼ஠ು˖੝థជឥ

ᄉជᮟ˧֖˝1ǌᤇሗϡก͕Ҹ௙௬Ὃ߱᜺ᥗ˿஠ು᫁ऎࠪជᮟᄉॕֽǌኃʻሗὋᄯଋ΍ၸ̃Ϙ

ྱड़౎ᛪᇧ——Ӭជڙ஠ು˖ѢဗϘ˝1ὋʿѢဗϘ˝0ǌఴብ΍ၸኃʻሗǌ 

Բܰʶሗ὇ఝὈ᤯ၸᄉ᜺ᔴӐழกԶͺជᮟ—ᤣ஠ುᮟညก὇term frequency-inverse document 
frequencyὋኤз˝tf-idfὈὋឞҪాழกၸជᮟ౎̼ఢជᄉѢဗ൒ஜὋཨՐвၸជᮟᬓ̾Ӊդឞជ

ᄉ஠ುᄉஜ᧙ǌኃ10ብ͗࠱ၸҁជᮟ—ᤣ஠ುᮟညกǌ 

Pythonథॡܲၸ̅ူܪ஠ఴᄉंǌੇ͂࠱΍ၸ˞ึᄉNLTKं὇Natural Language ToolKitὋᒬ

ཨឥᝒࢹူܪХᬶὈઙԨྱड़ǌscikit-learnଡΘᤈᛠዜͪူܪᄉCountVectorizerዜὋत

ᝫ;ᔈཁௐᫍ˿ᝌʽ὇ኃ9ብ͗࠱ၸҁὈǌཨᏪڙѫជழ᭦ὋNLTKଡΘఝܲᤤસǌݟ౦;੩ኪၸ

PythonϡᒬཨឥᝒူܪὋNLTK௦˓ʿᩱᄉᤤસǌ 

6.2.2� N  ⌊䈣ݹ

ඊᡐၸӬ˓ជͺྱड़Ὃ΍ၸNЊឥกᑞఝڠݝଠᤗ஠ುὋХͳ͕ҸሮՐ͗ᝮǌNЊឥก௦ૈ

ၿі˓ᤋ፝ᄉជጷ੆ᄉࣿߔѴǌૅ ੇ͂ᄉஜ૵ᬶ౎ᝮὋNЊឥกૈᄉ௦ඇ్๖ো᧖ʶጷᤋ፝ᄉជǌ 

NЊឥกᄉ᝟ኪழกᡱ᝟ኪӬ˓ជឥழกᄰՎὋੇ͂ઁౝ੆NЊឥกᄉі˓ជᄹ੆௦ជ᛺˖

ᄉʶ˓ជǌஜ૵ᬶĿ˖ඇʶᮉࡂԪ੆˿NЊឥกڙፋ߿஠ು˖ᄉជᮟǌ 

 

NЊឥก˖ᄉԟஜnὋࠪ̅ᔭឥᤇ᫂ឥᝒὋʶधݼԨ2ҁ5˧ᫍᄉϘࡂԺ̾Ὃ

థ̎ःၸԺᑞ᜵΍ၸఝᰳᄉϘ 

 

ˠ˓ΒߔաὋॆnԨ3ௐὋੇ̯͂ʽ᭦ल஠˖ઙԨґі˓NЊឥกǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ૈၸNЊឥกͺ˝ྱड़ᄉஜ૵ᬶǌ——ដᏧซ 
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Always look on the bright side of life. 

ኃʶ˓NЊឥก὇ʻЊὈ௦Always look onὋኃ̃˓௦look on theὋኃʻ˓௦on the brightǌ;

ԺᑞࣂፂԦဗὋі˓NЊឥกథ᧗ՋὋФ˖ʻ˓ជథʿՎርऎᄉ᧗ܬǌ 

NЊឥกඊᡐӬ˓ជథॡ͕ܲཁǌᤇ˓ኤӬᄉഏএʿၸ᤯᣾ܷ᧙ᄉ᝟ኪὋࡂଡΘ˿థү̅ူ

ᝌជឥၸกᄉʼʽ஠ζোǌ߱ᄉᎤཁ௦ྱड़ᅽ᫻Ԫ३ఝ˝ሩ႟——ʶ˓NЊឥกʿܹԺᑞѢဗˏ

൒὇࠾Ф௦ڙTwitter๖োԢФ̴ᆀ஠ఴ˖ὀὈǌ 

ࠪ̅ᇪ͗޴ͳ੝̖ၶᄉЮ̾ࠓԢФ̴ᆀ஠ುὋNЊឥกʿԺᑞѢဗܲڙኼʿՎᄉ஠ು˖Ὃᬓ

᭣௦ᣀԦǌཨᏪὋ᫁ڙ஠ು˖ὋNЊឥกࡂॡథ஌ǌ 

஠ುᄉԲܰʶሗNЊឥกСซᄉʿ௦ʶጷជᏪ௦ʶጷߙቿ὇ᙉཨߙቿNЊឥกĿథܲሗ᝟ኪழ

กὀὈǌߙቿNЊឥกథү̅ԦဗૂзᩱឧὋᬓ൤˧ܰὋᤆథФ̴ܪݝǌఴብԢኃ9ብᦏ࠱฽ណᤇ

ሗNЊឥกᄉ஌౦ǌ 

6.2.3� ެԌ⢯ᖷ 

ᬓ˿NЊឥกܰὋᤆԺ̾ઙԨॡܲФ̴ྱड़ὋФ˖ࡂӉહԱกྱड़Ὃඊ߿ྱݟជឥڙԱߔ˖

ᄉၸกǌࠪ̅ᭉ᜵ူᝌ஠ఴդ˦ᄉஜ૵્ଇःၸὋज़ज़͗ၸҁជবǌఴ˹ᬌ̅ኼࣧ࠱ʿ๗Ԣᤇ̎

ྱड़ǌݟ౦;ࠪ൤ਕТᡙὋ଍ᕚ;ᄹၿPacktѢྟᄉPython 3 Text Processing with NLTK 3 CookbookὋ
ͺᏧ˝Jacob Perkinsǌ 

6.3� ᵪ㍖䍓ਬᯥ 

ඒ௃Ⴀ᫇Ὃసገ᠄Հலഏညഴۋ௦̾ࠪ᠄Հலፑ᝟ழกᄉసገᝌ᧕˝۲ᆨǌࡉክڙߚసገᄉ

ʶ᭦Ὃᤇሗழกःၸ᭦ॡࣸ˄ᦏԨ३˿ʿᩱᄉ஌౦ǌྱ ड़ዜ्֖ۋयܲಧᄉஜ૵ᬶ˶Ժ̾ၸ߱ᤈ

ᛠѫዜὋఴብ᧗ཁᝮᝌݟʹၸ̃ϘӐՐᄉྱड़ጷ੆ᄉជ᛺ഴۋ౎ѫዜǌ 

6.3.1� 䍓ਬᯥᇐ⨼ 

ܷܲஜ̠ڙधߥݼ˷ፑ᝟ߥௐὋᦏ͗ᜁ༞ᣤ̯ᮟည᝶ᏧᝇऎѢԦᄹ᫇ᮤᄉধਆὋԀϛ߿ஜ૵

ᥕ̯౼ሗѫ࣊Ὃੇ ͂ᄉᄫಕ௦ᆷ߿ឞሗѫ࣊ᄉі˓ԟஜǌੇ ͂ϛ߿ԟஜ௦߿ڌᄉ὇˶ԺᑞʿൣᆷὈὋ

ཨՐၸᒬࣁᄉഴۋ౎ݒᤇ̎ஜ૵Ὃၴᒯ᤯᣾฽ណ౎᝼௙ஜ૵ˀੇ͂ᄉഴۋᄰկՋǌ 

ᄰԥὋ᠄Հலፑ᝟ࠃᬄʼ௦಩૵௾᤯̠὇᭣ፑ᝟ࠑߥὈࠃᬄᄉ଍ူழय౎तഴǌੇ͂ၸૅ

ҁᄉஜ૵Ὃ౎ఝளഴࠪۋ౼͇̂Ԁ࠱ԦၶᄉԺᑞবᄉᮔ฽ፆ౦ǌڙ᠄Հலፑ᝟ߥ˖Ὃੇ͂΍ၸ

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ᔭ஠˝Character N-gramǌ ——ដᏧซ 
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ஜ૵౎ଠᤗഴۋὋᏪʿ௦΍ၸഴۋ౎ଠᤗஜ૵Ὃၸஜ૵᝼ࠃતᑧၠ३Ѣᄉഴۋ௦Цۋᄉᮟည᝶

Ꮷᄉϡกǌ 

᠄Հலူ߿ைڙ᝟ኪP(A | B)ᄉϘὋ˶ࡂ௦ࣂڙᅻBԦၶᄉ్͇ʽὋAԦၶᄉഏည௦ܲ࠵ǌܷ

ܲஜৰхʽὋB௦ᜁ᜹͇ࠢ̂Ὃඊݟþ௤ܸʽᭀ˿ÿὋA˝ᮔ฽ፆ౦þ̬ܸ͗ʽᭀÿǌࠪஜ૵્ଇ

౎ឬὋB᤯࣡௦᜹ࠢಧఴ˓ͳὋA˝ᜁᮔ฽˓ͳ੝࡚ዜѾǌʽʶᓫڙʹݟ˷ߥ࠱ஜ૵્ଇᮖ۪΍

ၸ᠄Հலူ߿ǌ 

᠄Հலူ߿МयݟʽὙ 

( | ) ( )( | )
( )

P B A P AP A B
P B

  

ˠΒឬ௙Ὃੇ͂ਆ᝟ኪդథӬជdrugsᄉᥪ͇˝ڥۇᥪ͇ᄉഏည὇ൣ͂ੇݟᝢ˝դథឞជᄉ

Twitter๖োԺᑞ௦З׫ᕱֵᄉࣸڥۇնὈǌ 

ᥪ͇ÿǌĿੇ͂Ў౎᝟ኪP(A)Ὃ߱˶ᜁሥ˝Ўᰍζএ὇prior beliefὈǌڥۇ࠯ᤇ᧖ὋA˝þᤇ௦ڙ
᝟ኪழก௦Ὃፑ᝟ᝪጶᬶ˖ڥۇᥪ͇ᄉඊΒǌݟ౦ੇ͂ᄉஜ૵ᬶඇ100࠯ᥪ͇థ30ڥۇ࠯ᥪ͇Ὃ

P(A)˝30/100੊0.3ǌ 

Bᛪᇧþឞ࠯ᥪ͇դథӬជdrugsÿǌዜͪڠὋੇ͂Ժ̾᤯᣾᝟ኪஜ૵ᬶ˖դథӬជdrugsᄉᥪ

͇ஜ᧙३ҁP(B)ǌݟ౦ඇ100࠯ᥪ͇˖థ10࠯ᥪ͇ӉդӬជdrugsὋᥦ˥P(B)10/100˝ࡂ੊0.1ǌ᝟

ኪP(B)ௐὋੇ͂ʿСซᥪ͇௦ʿ௦ڥۇᥪ͇ǌ 

P(B|A)ૈᄉ௦ڥۇᥪ͇˖դథӬជdrugsᄉഏညὋ᝟ኪᡐ౎˶ॡࠓ௛Ὃፑ᝟ᝪጶᬶ˖੝థڥۇ

ᥪ͇ᄉஜ᧙̾ԢФ˖դథӬជdrugsᄉஜ᧙ǌ30ڥۇ࠯ᥪ͇˖Ὃݟ౦థ6࠯դథӬជdrugsὋᥦ˥

P(B|A)6/30˝ࡂ੊0.2ǌ 

ဗڙὋੇ͂಩૵᠄Հலࡂူ߿ᑞ᝟ኪѢP(A|B)Ὃ३ҁդథdrugsᄉᥪ͇˝ڥۇᥪ͇ᄉഏညǌઁ

ʼ᭦යѢ౎ᄉՉᮉ̼Йґ᭦ᄉ᠄ՀலМयὋ३ҁፆ౦0.6ǌᤇᛪ௙ݟ౦ᥪ͇˖դథdrugsᤇ˓ជὋ

ᥦ˥ឞᥪ͇˝ڥۇᥪ͇ᄉഏည˝60%ǌ 

ឯซ਒ʼᤗΒߔᄉࠃ᝼বྱཁ——ੇ͂΍ၸᄉፂᰍ੊᝼૵ᄯଋ౎ᒬ̅ஜ૵ᬶὋᏪʿ௦̂Ўϛ

ᄉ౼ሗѫ࣊ǌᄰඊ˧ʽὋᮟည᝶ழก͗᜵යੇ͂ᯪЎ˝ᝪጶᬶ˖ᄉӬជѢဗഏညѸत౼ሗѫݝ߿

्࣊यǌ 

6.3.2� ᵪ㍖䍓ਬᯥ㇍⌋ 

൤Ὃ߱Ժ̾ၸ౎ځዜѾᄉഏညǌ߿᣾ܿᄹʽ᠄ՀலМयὋੇ͂Ժ̾ၸ߱᝟ኪ˓ͳ̯࡚̅ፋٿ

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ԓ஠ᄯដ˝þA˝ᤇ௦ڥۇ࠯ᥪ͇ᄉഏညÿὋФࠃ൤ܪAᛪᇧᄉ௦͇̂ὋᏪʿ௦ഏညǌ——ដᏧซ 
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1 

2 

3 

4 

5 

12 

6 

7 

8 

9 

10 

11 

ѫዜǌ 

ੇ͂ၸCᛪᇧ౼ሗዜѾὋၸDᛪᇧஜ૵ᬶ˖ʶኼ஠ುὋ౎᝟ኪ᠄ՀலМय੝᜵ၸҁᄉՉሗፑ

᝟᧙Ὃࠪ̅ʿݝ᝟ኪᄉὋϡѢసገϛ᝹ὋኤӐ᝟ኪǌసገ᠄Հலѫዜኪก΍ၸ᠄Հலူ߿᝟ኪ˓

ͳ̯࡚̅౼ʶዜѾᄉഏညǌ 

P(C)˝౼ʶዜѾᄉഏညὋԺ̯̾ᝪጶᬶ˖᝟ኪ३ҁ὇ழกᡱʼ஠೜฽ڥۇᥪ͇Βߔ੝ၸҁᄉ

ʶᒰὈǌፑ᝟ᝪጶᬶ੝థ஠ು̯࡚̅ፋ߿ዜѾᄉᄇѫඊǌ 

P(D)˝౼ʶ஠ುᄉഏညὋ߱ྰ੶ҁՉሗྱड़Ὃ᝟ኪᡐ౎ॡڇᬱὋͭ௦ڙ᝟ኪ஠ು࡚̅ג˓ዜ

ѾௐὋࠪ̅੝థዜѾ౎ឬὋP(D)ᄰՎὋځ൤಩ఴࡂʿၸ᝟ኪ߱ǌሮՐੇ͂౎ᄹʽঞ˥ူܪǌ 

P(D|C)˝஠ುD࡚̅Cዜᄉഏညǌၿ̅DӉդܲ˓ྱड़Ὃ᝟ኪᡐ౎ԺᑞॡڇᬱὋᤇௐసገ᠄Հ

லኪกีࡂʼၸڣ˿ǌੇ͂సገڠϛ߿Չ˓ྱड़˧ᫍ௦ᄰ̈࿗በᄉὋѫѾ᝟ኪඇ˓ྱड़὇D1ǋ
D2ǋD3ኍὈڙፋ߿ዜѾѢဗᄉഏညὋвය߱͂ᄉሤǌ 

P(D|C) = P(D1|C) x P(D2|C).... x P(Dn|C) 

ʼयԾΞࠪ̅̃Ϙྱड़ᄰࠪඊᣖࠓ௛᝟ኪǌᄯଋڙஜ૵ᬶ˖ᤈᛠፑ᝟Ὃࡂᑞ३ҁ੝థྱड़ᄉ

ഏညϘǌ 

ᄰԥὋݟ౦ੇ͂ʿϡసገᄉϛ᝹Ὃࡂ᜵᝟ኪඇ˓ዜѾʿՎྱड़˧ᫍᄉᄰСবǌᤇ̎᝟ኪॡᬱ

߸੆Ὃݟ౦෤థܷ᧙ᄉஜ૵੊ᡛܴᄉឥᝒѫౡഴۋ˶ʿԺᑞ߸੆ǌ 

ҁᤇ᧖Ὃኪกࡂॡ௙ᆷ˿ǌࠪ̅ඇ˓ዜѾὋੇ͂ᦏ᜵᝟ኪP(C|D)Ὃ঒႔P(D)ᮉǌഏညᣖᰳᄉᥦ

˓ዜѾԀ˝ѫዜፆ౦ǌၿ̅P(D)ࠪඇ˓ዜѾ౎ឬᦏ௦ᄰኍὋԜ૿߱ࠪణጻᮔ฽ፆ౦෤థܷܲॕֽǌ 

6.3.3� ㇍⌋ᓊ⭞⽰ׁ 

ˠΒឬ௙ʽ᝟ኪ᣾ርὋϛݟஜ૵ᬶ˖థ̾ʽʶ్ၸ̃Ϙྱड़ᛪᇧᄉஜ૵Ὑ[1,  0, 0, 1]ǌ 

ᝪጶᬶ˖థ75%ᄉஜ૵࡚̅ዜѾ0Ὃ25%࡚̅ዜѾ1Ὃ˄ ඇ˓ྱड़࡚̅ඇ˓ዜѾᄉͪཨऎݟʽǌ 

ዜѾ0Ὑ[0.3,  0.4,  0.4,  0.7]  

ዜѾ1Ὑ[0.7,  0.3,  0.4,  0.9]  

ૅዜѾ0˖ྱड़1ᄉͪཨऎˠΒߔὋʼ᭦ᤇˏᛠஜ૵Ժ̾ᤇಧူᝌὙዜѾ0˖థ30%ᄉஜ૵Ὃ

ྱड़1ᄉϘ˝1ǌ 

ੇ͂౎᝟ኪʶʽᤇ్ஜ૵࡚̅ዜѾ0ᄉഏညǌዜѾ˝0ௐὋP(C=0) = 0.75ǌ 

సገ᠄ՀலኪกၸʿҁP(D)Ὃځ൤ੇ͂ʿၸ᝟ኪ߱ǌੇ͂౎ᄹʽ᝟ኪ᣾ርǌ 

P(D|C=0) = P(D1|C=0) x P(D2|C=0) x P(D3|C=0) x P(D4|C=0) 
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= 0.3 x 0.6 x 0.6 x 0.7 
= 0.0756 

 

ኃ̃ǋʻ˓Ϙ˝0.6Ὃ௦ڙ˝ځʼ᭦ੇ͂ፋѢᄉᥦ్ஜ૵὇[1,  0, 0, 1]Ὀ˖Ὃ

ᤇˏ˓ྱड़ᄉϘ˝0ǌᏪੇ͂ፋѢᄉͪཨऎᛪᇧྱड़ϘԨ1ௐὋڙՉዜѾᄉഏညǌ

 ൤Ὃྱड़Ϙ˝0ᄉഏည˝ὙP(0) = 1 – P(1) ǌځ

 
ဗڙὋੇ Ժ̾᝟ኪឞ్ஜ૵̯࡚̅ඇ˓ዜѾᄉഏညǌᭉ᜵ଡᧇᄉ௦Ὃੇࡂ͂ ͂෤థ᝟ኪP(D)Ὃ

࠴ᬄᄉഏညǌၿ̅ˏ൒ᦏʿ᝟ኪP(D)Ὃፆ౦ХథԺඊᣖবὋᑞܴӜѫѢܷࠃ൤Ὃ᝟ኪፆ౦ʿ௦ځ

 ᡛܴ˿ǌ౎ᄹʽ᝟ኪፆ౦ǌࡂ

P(C=0|D) = P(C=0) P(D|C=0) 
= 0.75 * 0.0756 
= 0.0567 

ଋᅋὋ᝟ኪዜѾ1ᄉഏညǌ 

P(C=1) = 0.25 

సገ᠄ՀலМयʿᭉ᜵᝟ኪP(D)ǌੇ͂౎ᄹʽ᝟ኪ᣾ርǌ 

P(D|C=1) = P(D1|C=1) x P(D2|C=1) x P(D3|C=1) x P(D4|C=1) 
= 0.7 x 0.7 x 0.6 x 0.9 
= 0.2646 
P(C=1|D) = P(C=1)P(D|C=1) 
= 0.25 * 0.2646 
= 0.06615 

 
᤯࣡ὋP(C=0|D) + P(C=1|D)ःឞኍ̅1ǌඋቤὋԵథᤇˏሗᤤસὀཨᏪὋੇ

͂ᤇ᧖̃Ꮷᄉ֖ʿ˝1Ὃڙ͂ੇ˝ځ᝟ኪௐᄴԜ˿Мय˖ᄉP(D)ᮉǌ 

 
ឞ్ஜ૵ःឞᜁѫҁዜѾ1˖ǌ᝟ኪ᣾ር˖Ὃ;Ժᑞࣂፂ࿮ҁፆ౦˿ǌᄹҁణጻፆ౦ˏ˓ዜ

Ѿᄉഏညݟ൤ଋᤂὋ;Ժᑞᤆ௦͗థཁ৲ᝲǌඋቤὋዜѾ˝0ௐὋP(D|C)ᄉഏညඊዜѾ˝1ௐᰳॡ

ܲǌᤇ௦ځ˝ੇ͂ፋѢᄉЎᰍഏညॡᰳὋԀܷᦉѫஜ૵ᦏ࡚̅ዜѾ0ǌ 

ʿՎǌϛ᝹P(C=0) ǋP(C=1) Չ˝0.5Ὃв᝟˝ܷ͗ࡂ౦ᝪጶᬶ˖ˏዜஜ૵ஜ᧙ᄰՎὋፆ౦ݟ

ኪʽፆ౦ᄹᄹǌ 

6.4� ᓊ⭞ 

ଋʽ౎ὋѸतึපጲὋଋஅʶ్๖োὋ̨ ಩૵๖োЮࠓὋѻற߱௦ՠˀᎃርឥᝒPythonᄰСǌ 
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ੇ͂΍ၸNLTKઙԨྱड़ǌNLTKଡΘ˿ܷ᧙ၸ̅ᒬཨឥᝒူܪᄉࢹХǌՐ፝ብᓫᤆ͗ፘ፝΍

ၸ߱ǌ 

 
ၸpip߶ᜈNLTKὙpip3 install nltk 

 ౦߶ᜈܾ᠋ὋឯԟᏥNLTK߶ᜈૈӮὙwww.nltk.org/install.htmlǌݟ

 
ଋʽ౎ὋѸतึපጲઙԨជឥྱड़Ὃࣲ΍ၸసገ᠄Հலኪกࠪ๖োᤈᛠѫዜǌึපጲӉહ̾

ʽ൥ᰠǌ 

(1) ၸNLTKᄉword_tokenizeѥஜὋ࠱ԓݼ஠ುᣀ૰˝ၿӬជԢФ௦ՠѢဗጷ੆ᄉߙЦǌ 
(2) ၸscikit-learn˖ᄉDictVectorizerᣀ૰ߙ࠱٧Цᣀ૰˝Փ᧙ᅽ᫻Ὃᤇಧసገ᠄Հ

லѫዜࡂ٧ᑞ΍ၸኃʶ൥˖ઙԨᄉྱड़ǌ 
 ґіብϡ᣾ᄉᥦಧὋᝪጶసገ᠄Հலѫዜ٧ǌݟൣ (3)
(4) ᤆᭉ᜵ளतʶ˓ቷ᝭ఴ஠͇ch6_classify_twitter὇ఴብణՐʶ˓ὈὋၸ̅ѫዜǌ 

6.4.1� ᣳ਌⢯ᖷ 

ੇ͂΍ၸNLTKઙԨӬជ௦ՠѢဗͺ˝ྱड़ǌੇ ͂ਆึڙපጲ˖΍ၸNLTKὋͭ ௦߱ᄉଋԯˀ

ᣀ૰٧ଋԯʿʶᒰǌځ൤Ὃᭉ᜵Ѹतʶ˓Ӊդfit֖transformழกᄉ۲ᆨᣀ૰٧ὋԵథᤇಧ੥

ᑞึڙපጲ˖΍ၸǌ 

ᯪЎὋѸतᣀ૰٧ዜǌᤇ˓ዜʿᭉ᜵ᤈᛠᮔူܪὋԵᭉ᜵ઙԨྱड़ǌځ൤Ὃfitѥஜʿϡ͉

ʹୱͺὋԵᤄ߱ٿᒬᢵ὇selfὈԀԺὋᣀ૰٧ࠪ៵᜵ၸҁ߱ǌ 

ᣀ૰٧ѥஜࡂథཁܬఽǌੇ͂᜵ၸ̯߱ඇኼ஠ು˖ઙԨӬជὋݟ౦ӬជѢဗὋ᝭˝Trueǌ

ซ਒ᤇ᧖΍ၸ̃Ϙྱड़ὋӬជڙ஠ು˖ѢဗὋϘ˝TrueὋԥ˧ὋϘ˝Falseǌݟ౦ੇ͂ਆ΍ၸជ

ᮟὋࡂ᜵Ѹतၸ౎ፑ᝟ӬជᮟညᄉߙЦὋґіብᝮ᣾ǌ 

౎ᄹʽ̼ᆉǌ 

from sklearn.base import TransformerMixin 
class NLTKBOW(TransformerMixin):  
    def fit(self, X, y=None): 
        return self 
    def transform(self, X): 
        return [{word: True for word in word_tokenize(document)} 
                 for document in X] 

ᤄٿፆ౦˝ʶ˓Њገ˝ߙЦᄉѴᛪὋኃʶ˓ߙЦᄉՉᮉ˝ኃʶ్๖ো˖ᄉ੝థជឥǌߙЦᄉ

ඇʶᮉၸӬជͺ˝᪃ὋϘ˝TrueὋᛪᇧឞជڙឞ్๖ো˖Ѣဗ᣾ǌߙЦ˖෤థѢဗᄉជὋᛪᇧ

ᤇ్๖ো᧖ʿӉդឞជǌॆཨὋੇ͂˶Ժ̾ၸϘFalse౎ᛪᇧ෤ڙ๖ো˖ᄉជὋͭ௦ᥦಧܹํ᠟
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 ϱቆᫍὋ˶෤థॸ᜵ǌߚ

6.4.2� ሼᆍޮ䖢ᦘѰ⸟䱫 

ᤇʶ൥௦࠱ʼ᭦३ҁᄉߙЦᣀ૰˝Ժ̾ၸѫዜ٧ᤈᛠူܪᄉᅽ᫻ǌڙDictVectorizerᄉࣞ

үʽὋᤇʶ൥Ԫ३᭣࣡ࠓ௛ǌ 

DictVectorizerዜଋԩЊገ˝ߙЦᄉѴᛪὋ࠱Фᣀ૰˝ᅽ᫻ǌᅽ᫻˖ᄉՉ˓ྱड़˝੝థߙ

Ц˖ᄉඇ˓᪃Ὃྱड़Ϙࡂ௦ྱड़ڙ஠ఴ˖௦ՠѢဗǌၸ̼ᆉၶ੆ߙЦॡࠓ௛Ὃͭ௦ࠃဗᄉॡܲஜ

૵્ଇኪกఝ؝൓ଋஅᅽ᫻ಪयᄉஜ૵Ὃ̅௦DictVectorizer௬३ಪܰథၸǌ 

ஜ૵ᬶ˖Ὃඇ˓ߙЦၸӬជͺ˝᪃ὋӬជԵథࠪڙःᄉ๖ো˖ѢဗὋᤇ˓Ӭជ੥͗Ѣဗ

ࡂ౦๖ো˖ѢဗឞӬជὋᥦ˥ᄰःᄉྱड़Ϙݟ൤Ὃᅽ᫻̾ඇ˓Ӭជͺ˝ྱड़ὋځЦ᧖ǌߙڙ

˝Trueǌ 

࠭ЙDictVectorizerՐὋࡂԺ̾΍ၸ߱ǌ 

from sklearn.feature_extraction import DictVectorizer 

6.4.3� 䇣㓹ᵪ㍖䍓ਬᯥ࠼㊱ಞ 

ణՐὋੇ͂ᭉ᜵ጷᜈѫዜ٧Ὃځ˝ఴብ΍ၸసገ᠄ՀலኪกὋஜ૵ᬶԵӉդ̃Ϙྱड़Ὃځ൤

ੇ͂΍ၸ˃᫂ၸ̅̃Ϙྱड़ѫዜᄉ BernoulliNBѫዜ٧Ὃ߱ၸᡐ౎ॡኤӬǌࡂϷ௦

DictVectorizerʶಧὋੇ͂Ў౎࠭Й߱Ὃઁ߱ຊҪҁึපጲ˖ǌ 

from sklearn.naive_bayes import BernoulliNB 

6.4.4� 㓺㻻䎭ᶛ 

ጻ̅ኍҁઁ੝థᦉ͇ጷᜈᡐ౎ᄉௐϊ˿ǌϷґ᭦ϡ᣾ᄉᥦಧὋڙቷ᝭ఴ஠͇˖Ὃૈݝ߿஠

͇ՏὋҪᣑஜ૵ᬶ֖ዜѾஜ૵ǌซ਒௦๖ো὇ʿ௦๖োᎃՁὈԢ߱͂ᄉዜѾ੝ڙᄉ஠͇ǌ̼ᆉ

 ʽὙݟ

import os  
input_filename = os.path.join(os.path.expanduser("~"), "Data", 
  "twitter", "python_tweets.json") 
labels_filename = os.path.join(os.path.expanduser("~"), "Data", 
  "twitter", "python_classes.json") 

Ҫᣑ๖োǌੇ͂Եࠪ๖োЮࠓਕТᡙὋځ൤ԵଡԨ֖ߚϱ߱͂ᄉtextϘǌ̼ᆉݟʽὙ 

tweets = [] 
with open(input_filename) as inf: 
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    for line in inf:  
        if len(line.strip()) == 0: 
            continue 
        tweets.append(json.loads(line)['text']) 

Ҫᣑ๖োᄉዜѾǌ 

with open(classes_filename) as inf: 
    labels = json.load(inf)  

ѸतึපጲὋઁ੝థᦉ͇ጷՋᡐ౎ǌึපጲӉդ̾ʽʻ˓ᦉѫǌ 

� ੇ͂ѸतᄉNLTKBOWᣀ૰٧ 
� DictVectorizerᣀ૰٧ 
� BernoulliNBѫዜ٧ 

ึපጲ̼ᆉݟʽὙ 

from sklearn.pipeline import Pipeline 
pipeline = Pipeline([('bag-of-words', NLTKBOW()), 
                     ('vectorizer', DictVectorizer()), 
                     ('naive-bayes', BernoulliNB())  
                     ]) 

ੇ͂і˪ဗࡂڙԺ̾ᤁᛠึපጲὋၸ˧ґܲ൒ၸ᣾ᄉcross_val_scoreழก౎᝟ኪൣᆷညǌ

ͭ௦ڙᤇ˧ґὋੇ͂᜵̭ፀʶሗඊൣᆷညఝݝᄉ᝿͈ૈಕǌੇ͂Ր᭦͗ᄹҁὋඇ˓ዜѾஜ૵᧙ʿ

ՎᄉৰхʽὋൣᆷညʿᡛ̾ឬ௙ኪกᄉ͕ҭǌ 

6.4.5� ⭞ F1  䇺զٲ

ᤤસ᝿͈ૈಕௐὋ˿ᝌ߱͂ᄉ᤟ၸᔴډॡ᧗᜵ǌൣᆷညःၸᔴډॡࣸὋူᝌᡐ౎ඊᣖࠓ௛Ὃ

᝟ኪᡐ౎˶ழΦǌͭ௦Ὃᤴϛॡࠓ௛ǌ૰ԱពឬὋ;ॡࠓ௛ࡂᑞࠃဗʶ˓ൣᆷညॡᰳὋͭࠃᬄၸ

 ʿܷᄉኪกǌܪ

ੇ͂ᄉ๖োஜ૵ᬶ὇;ᄉԺᑞˀ൤ʿՎὈ˖Ὃ50%ᄉ๖োˀᎃርឥᝒథСὋ50%ʿᄰСὋॡ

ܲஜ૵ᬶʿ͗ᤇ˥ڨӈ὇balancedὈǌ 

ΒݟὋࠪ̅ڥۇᥪ͇᣾໙٧ᏪᝒὋФ੝ူܪᄉᥪ͇ॡԺᑞ80%̾ʼᦏ௦ڥۇᥪ͇Ὃωᔩʶ˓

᣾໙٧ઁ੝థᥪ͇ᦏಕ˝ڥۇᥪ͇Ὃ߱෤థࠃᬄःၸ͈ϘὋͭ௦ൣᆷညԁᰳ᣹80%ὀ 

˝˿ᝌфᤇ˓᫇ᮤὋੇ͂΍ၸԲʶ˓ణ˝࣡ၸᄉ᝿͈ૈಕF1Ϙ὇˶ᜁሥ˝FϘǋF-measureὋ
੊ᏧФ̴ԪͳĿὈǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ඊݟF0.5ኍǌ——ដᏧซ 
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F1Ϙ௦̾ඇ˓ዜѾ˝۲ᆨᤈᛠ߿˦ᄉὋӉહˏܷഏএὙэᆷည὇precisionὈ֖ Էٿည὇recallὈǌ
эᆷည௦ૈᮔ฽ፆ౦࡚̅౼ʶዜᄉ˓ͳὋࠃᬄ࡚̅ឞዜᄉඊΒǌԷٿည௦ૈᜁൣᆷᮔ฽˝౼˓ዜ

Ѿᄉ˓ͳஜ᧙ˀஜ૵ᬶ˖ឞዜѾ˓ͳ঳᧙ᄉඊΒǌ 

ᤇ᧖ὋԺѫѾࠪˏ˓ዜѾ὇ᄰС֖ʿᄰСὈᄉѫዜৰх᝟ኪF1Ϙǌͭ௦Ὃੇ͂ԵСซ͂ੇڙ

ᄰСᤇʶዜஜ૵ᄉѫዜৰхǌځ൤Ὃэᆷည᝟ኪԪ˝̾ʽ᫇ᮤὙڙ੝థᜁᮔ฽˝ᄰСᄉ๖ো˖Ὃ

ᄽൣᄰСᄉӳඊܲ࠵὞ዜͪڠὋԷٿညࡂᣀӐ˝Ὑஜ૵ᬶ੝థᄰСᄉ๖ো˖Ὃథܲ࠵ᜁൣᆷᮔ฽

˝ᄰСᄉ὞ 

᝟ኪѢэᆷည֖ԷٿညՐὋࡂᑞ३ҁF1ϘὋ߱௦ˏᏧᄉុࣰ֖ڨஜǌ 

precision recallF1 2
precision recall

�
 �

�
�

˝ዜѾٿᤄ͗࠱ᑞ΍ၸscikit-learn˖ᄉF1ழกǌ᳭ᝢࡂscoringԟஜᄉϘ᝹Ꮅ˝F1Ὃ࠱

1ᄉF1Ϙǌ΍ၸ̾ʽ̼ᆉය३F1Ϙǌ 

scores = cross_val_score(pipeline, tweets, labels, scoring='f1') 

ᣤѢࣰڨϘǌ 

import numpy as np 
print("Score: {:.3f}".format(np.mean(scores))) 

ፆ౦˝0.798Ὃᤇᛪ௙ᮔ฽դథPythonᄉ๖োˀᎃርឥᝒథСᄉF1Ϙࢿʿܲ˝80%ǌᤇ௦΍

ၸӉդ200్๖োᄉஜ૵ᬶԨ३ᄉፆ౦ǌݟ౦᧓ᬶఝܲ๖োͺ˝ᝪጶஜ૵Ὃ;͗Ԧဗፆ౦ᤆ͗

ଡӣὀ 

 
ఝܲᄉஜ૵᤯࣡਒։ᅋఝݝᄉፆ౦Ὃͭ˶ʿʶ߿ὀ 

 

6.4.6� Ԅ⁗ශѣ㧭਌ᴪཐᴿ⭞Ⲻ⢯ᖷ 

;ԺᑞڙߚᤇಧᄉႠ᫇Ὑþ̣˥ྱड़੥௦ѻறʶ్๖ো௦ՠᄰСᄉణݝᄉྱड़὞ÿੇ͂Ժ̾

̯సገ᠄Հலഴۋ˖ઙԨឞζোὋ੼ҁసገ᠄Հலኪก੝ᝢ˝ᄉణݝᄉྱड़ǌ 

ᯪЎὋᝪጶ३ҁʶ˓ளഴۋǌ΍ၸcross_val_scoreڙ฽ណᬶʼ३ҁ̓ԡ೜ᰍፆ౦ʿᬱὋ

ͭ௦᜵३ҁഴۋఴᢵࡂʿࠓ௛˿ǌ˝˿३ҁഴۋὋੇ͂ԵݝၸึපጲᄉfitѥஜὋѸतளഴۋǌ

̼ᆉݟʽὙ 

model = pipeline.fit(tweets, labels) 



6.4� ःၸ� � 101 

 

1 

2 

3 

4 

5 

12 

6 

7 

8 

9 

10 

11 

 

ซ਒ੇ͂ʿ௦ڙ᝿͈ഴۋὋᝪጶ/฽ណᬶᄉѬѫࡂ෤ᥦ˥ːಪǌཨᏪὋڙ΍

ၸᤇ̎ྱड़˧ґὋःឞڙӬ࿗ᄉ฽ណᬶʼ᝿͈Фᛪဗǌ˝γ᝼ᝮᝌ३ຌഁ௙˿Ὃ

᡹᣾ᤇʶᦉѫǌ 

 
ύүึපጲᄉnamed_steps࡚ব֖൥ᰠՏ὇Ѹतึපጲࠪ៵ௐὋੇ͂ᒬ߿ࣁ˦ᄉὈὋࡂᑞ᝺

᫇ึපጲඇʶ˓൥ᰠǌΒݟὋԺ̾Ϸʽ᭦ᤇಧ᝺᫇సገ᠄Հலഴۋǌ 

nb = model.named_steps['naive-bayes'] 

̯ᤇ˓ഴۋ˖ὋԺ̾ઙԨඇ˓ӬជᄉࠪஜഏညὋඊݟlog(P(A|f))ὋФ˖f˝ፋྱ߿ड़ǌ 

˧੝̾΍ၸࠪஜഏညὋ௦ࠃ˝ځᬄϘ᭣࣡࠴ǌΒݟὋኃʶ˓Ϙ˝�3.486Ὃࠃᬄഏညጝ˝0.03ǌ
᝟ኪ˖๗Ԣॡ࠴ᄉഏညϘௐὋ࣡ ΍ၸࠪஜഏည౎᫸ൢஜϘʽຼὋځ˝᭣࣡࠴ᄉϘज़ज़͗ᜁጝኍ̅

0ǌ੝థഏညᤋ˱ὋФ˖ʶ˓Ϙ˝0Ὃణጻፆ౦0˝࠱ὀᏪࠃᬄʼԀ΍௦ॡ࠴ᄉϘὋܷ࠴ʿՎὋࠪ

ѫዜᄉ᠇࿸ည˶͗థ੝ࢿऩὋϘᡔܷᄉྱड़᠇࿸ညᡔܷǌ 

ઁ३ҁᄉࠪஜഏညஜጷ૊ཱᬋࣿଅѴὋ੼Ѣణథၸᄉྱड़ǌᬋࣿଅѴὋᭉ᜵ڙϘґҪ˓᠆Ձǌ

̼ᆉݟʽὙ 

top_features = np.argsort(-feature_probabilities[1])[:50] 

ʼ᭦̼ᆉԵ௦ፋѢྱड़ጉलϘᏪ෤థፋѢࠃᬄᄉྱड़ՏሥǌᤇಧᄹʿѢ̣˥ˋ᜴౎Ὃځ൤Ὃ

ᭉ᜵ઁྱड़ጉल֖ྱड़Տሥࠪःᡐ౎ǌึ පጲᄉDictVectorizerᤇʶ൥ॡС᪃Ὃ߱ ௦ၸ౎Ѹत

ᅽ᫻ᄉǌࣳᤁᄉ௦Ὃ߱˶᝭े˿ྱड़Տሥ֖ጉलϘᄉ௡࠰Сጆǌځ൤ὋԺ̯̾ึපጲᄉᤇʶᦉѫ

ઙԨྱड़ǌ 

dv = model.named_steps['vectorizer'] 

᤯᣾ڙDictVectorizerᄉfeature_names_࡚ব˖ᤈᛠಉ੼Ὃ੼ҁణ·ྱड़ᄉՏሥὋཨՐ

 ३ҁణ·ྱड़Ѵᛪǌ࠱ФᣤѢǌᣤЙʽ᭦̼ᆉὋᤁᛠՐ࠱

for i, feature_index in enumerate(top_features): 
    print(i, dv.feature_names_[feature_index],  
      np.exp(feature_probabilities[1][feature_index])) 

ґі˓ྱड़˝þ:ÿ þhttpÿ þ#ÿ þ@ÿǌፆՋ᧓ᬶᄉஜ૵౎ѻறὋੇ͂ᝢ˝ᤇ̎ॡԺᑞ

௦٩ᮂ὇ᙉཨгՁڙᎃርឥᝒ˧ܰᄉ஠ఴ˖΍ၸᄉᄰࠪᣖ࠵Ὀǌఝܲᄉᝪጶஜ૵Ὃథү̅ђ࠵ᤇ

̎٩ᮂࠪѫዜᄉॕֽǌଋᅋज़ʽᄹὋʽ᭦ᤇ̎ྱड़ఝϷ௦ˀᎃርឥᝒథСǌ 

7 for 0.188679245283 
11 with 0.141509433962 
28 installing 0.0660377358491 
29 Top 0.0660377358491 
34 Developer 0.0566037735849 
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35 library 0.0566037735849 
36 ] 0.0566037735849 
37 [ 0.0566037735849 
41 version 0.0471698113208 
43 error 0.0471698113208 

ᤆథʶ̎ྱड़௦ࢹڙͺဖܑ˖ଡԢPythonὋځ൤Ժᑞૈᄉ௦ᎃርឥᝒPythonǌ὇ᙉཨͺ˝ᒬၿ

ᐋˉᏧᄉᏫᙨ̠˶Ժᑞ΍ၸPythonᤇ˓ជὋͭ௦̴͂ᣖ࠵าᡣڙTwitterʼǌὈ 

22 jobs 0.0660377358491 
30 looking 0.0566037735849 
31 Job 0.0566037735849 
34 Developer 0.0566037735849 
38 Freelancer 0.0471698113208 
40 projects 0.0471698113208 
47 We're 0.0471698113208 

ʼ᭦ణՐʶ˓ྱड़᤯࣡ѢဗڙឰݟþWe’re looking for a candidate for this jobÿ὇ੇ͂ൣڙયᐏ

ቿՋឞᐋͮ᜵යᄉտࢹὈᤇಧᄉ๖ো˖ǌ 

ಉᄹᤇ̎ྱड़Ὃੇ͂அᖌʿ࠴Ὃథ˿ᤇ̎ྱड़Ὃੇ͂ᒬࣁፂ᣾ᝪጶ˶Ժ̾߸੆ѫዜ͉ҫὋࠬ

੼ᤇ̎ྱड़ᄉРՎཁ὇ˀ˞ᮤᄰСὈὋ੊ᏧԜᬓᝮʿ᤯ᄉྱड़ǌΒݟὋជþRTÿᙉཨଅՏඊᣖ᭤

ґὋཨᏪὋᤇ௦TwitterᎩቢᛪᇧᣀԦᄉၸឥǌፂᰍ˗ࠜᄉࢹͺ̠տࡂԺ̯̾ྱड़Ѵᛪ˖Ѻᬓᤇ˓

ជὋᬋͯၿ̅ஜ૵ᬶॡ࠴ᏪलЙᄉ٩ᮂࠪѫዜፆ౦ᄉॕֽǌ 

6.5� ቅ㔉 

ఴብᆐቂᄉ௦஠ఴ્ଇ——ྱड़ᄉઙԨǋःၸԢੰࡘழกὋХͳᆐቂ͉ҫ௦಩૵ឥܑ๖ᬓជ

ឥᄉ൧˦——Ԁʶ్๖ো˖ᄉPython௦ՠૈᎃርឥᝒǌੇ͂΍ၸTwitterଡΘᄉAPIʽᣑ๖োὋ΍

ၸڙቷ᝭ఴ஠͇˖तበᄉᛪӬ߸੆ឥ஧ಕซǌ 

ੇ͂ᤆᏥᘼ˿ࠃᰍፆ౦ᄉԺвဗবǌᙉཨTwitterʿЉ᝴;ઁᒬࣁ᧓ᬶᄉஜ૵ፋѾ̠΍ၸὋͭ

௦๖োᎃՁ௦Ժ̾Р̙ᄉǌੇ͂ᎃз̼ᆉὋγߚ๖োᎃՁὋвၸᤇ̎ᎃՁ౎᧗तЎґᄉஜ૵ᬶǌ

ၿ̅థ̎๖োᜁѺᬓ੊௦Ѣ̅Ф̴ԓځὋੇ͂௃กв൒ᖌԨ߱͂ǌ 

ੇ͂ၸసገ᠄Հலѫዜ٧ࠪ஠ఴᤈᛠѫዜὋឞѫዜ٧௦̾᠄Հல۲˝ူ߿ᆨὋ߱ ΍ၸஜ૵౎

ఝளഴۋὋᏪʿ௦Ϸᮟည᝶Ꮷᥦಧ̯ഴۋѢԦǌᤇథү̅ஞՋளஜ૵ҁഴۋ˖Ὃѽၸளஜ૵౎ఝ

ளഴ֖ۋ΍ၸЎᰍᅻខǌ൤ܰὋ۲̅Չྱड़ᄰ̈࿗በᄉసገϛ᝹ὋΦ̅᝟ኪՉྱड़Ѣဗڙፋ߿ዜ

ѾᄉഏညὋᏪʿၸᏥᘼՉྱड़˧ᫍܬఽᄉᄰСবǌ 

ੇ͂ၸជឥ௦ՠѢဗͺ˝ྱड़Ϙ——Ԁ๖ো௦ՠդథ౼˓ជὋᤇሗഴۋĿԶͺជ᛺ഴۋǌᙉ

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ઁ஠ುᄹ੆ၿʶ˓˓ߣበᄉǋ௃ґՐͮᎵСጆᄉӬជጷ੆ᄉǌ——ដᏧซ 
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ཨ߱ˎ૿˿ជឥڙԱߔ˖ᄉͮᎵኍζোὋͭ߱ڙॡܲஜ૵ᬶʼᛪဗʿїǌ 

సገ᠄Հலѫዜ٧ፆՋជ᛺ഴۋὋጷᜈ੆ᄉึපጲҩᑞुܷǌܷࠪ̅ܲஜ஠ఴ્ଇ͉ҫὋ߱

ᦏᑞԨ३ॡݝᄉ஌౦ǌ࠼ڙណఝᰳጞᄉഴۋ˧ґὋၸᤇಧᄉѫዜ٧Ԩ३ᄉѫዜፆ౦ͺ˝ԟᏥᄉ۲

эॡʿᩱǌԲܰʶ˓͕ཁ௦Ὃసገ᠄Հலѫዜ٧ʿᭉ᜵ុஞ͉ʹԟஜ὇ݟ౦;ਜ਒ઈᒐᄉពὋ˶

ᆷࠃథі˓Ὀǌ 

ʽʶብ̭࠱ፀঞಧ̯Բܰʶሗஜ૵ዜڎ——ۋ˖ઙԨྱड़Ὃ࠼ណᝌфՓᇪ͗޴ͳᎩቢၸਖ਼଍

ᕚਕТᡙᄉ̠ᤇʶ᫇ᮤǌ 
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⭞ഴ᥌᧎ᢴࡦ᝕ު䏙ⲺӰ 

 
ॡܲ̂ྫྷᦏԺၸڎ౎ᛪᇧὋܷஜ૵ǋᇪ̓Ꭹፎ֖ྫྷᐎᎩௐ̼࠾Фݟ൤ǌྱѾϘ३ʶଡᄉ௦Ὃ

ᇪ̓ᎩፎХథॡܷᄉ׷ˉ͈ϘὋϷFacebookᤇಧඇܸథ5̢าᡣၸਖ਼὇50%ᄉၸਖ਼ඇܸᦏ͗ᄅेὈ

ᄉᎩቢὋ᤯᣾߿Փઅஉࣸնᖌѽᮗ˗ǌঞಧ੥ᑞ੩ᤴʶ˓ᤇಧᄉᎩቢփ὞ࠪ̅ᎩቢᏪᝒὋ᜵ਆ႐

Ͱၸਖ਼Ὃ;३థၸਖ਼ਕТᡙᄉ̠੊Юࠓǌ 

ఴብ࠱ଉᝦᄰͪऎᤇ˓ഏএ̾Ԣݟʹ಩૵߱౎ѸतڎഴۋὋࣲ˄ଉᝦݟʹ΍ၸᤋ᤯ѫஂ

὇connected componentsὈઁܷڎѫ˝థ਒˦ᄉڎ࠴ǌఴብԀ̭࠱ፀᄉኪกलЙᐐዜѫౡഏএ——
಩૵ᄰͪऎὋઁܷஜ૵ᬶѲѫ˝і˓ᬶߔǌኃ10ብࠪ࠱ᐐዜѫౡϡఝҪຆЙᄉᝮᝌǌ 

ఴብ˞᜵ЮݟࠓʽὙ 

� ၸᇪ̓Ꭹፎஜ૵Ѹतڎ 
� Ҫᣑ֖γߚѸतᄉѫዜ٧ 
� NetworkXं 
 ҁᅽ᫻ᄉᣀ૰ڎ �
� ᡯሎ֖ᄰͪऎ 
� ಩૵੩ѫѥஜ͕Ӑԟஜ 
� ૮ܾѥஜ֖੩ѫѥஜ 

7.1� ࣖ䖳ᮦᦤ䳼 

ఴብᄉ͉ҫ௦಩૵ᇪ̓Ꭹፎၸਖ਼ᄉݝԣζোὋՓ̴͂଍ᕚݝԣǌ᤾ᣣ˝Ὑݟ౦ˏ˓ၸਖ਼థР

ՎᄉݝԣὋᥦ˥ᤇˏ˓̠ᄰͪऎॡᰳὋϘ३Փग़൤଍ᕚǌ 

ѽၸʼʶብ̭ፀᄉTwitter API౎ᖌԨஜ૵ὋѸतʶ˓࠴ᄉᇪ̓Ꭹፎڎǌࠬ੼؝൓Վʶ˓ពᮤ

὇ˀʼʶብᄰՎὋΙே௦ᎃርឥᝒPythonὈᄉၸਖ਼Ὃ̯˖ᤤʶᦉѫὋвᖌԨᤇ̠̎ᄉݝԣѴᛪ὇̴

͂Сซᄉ̠Ὀǌథ˿̾ʼஜ૵Ὃࡂᑞ಩૵ˏ˓ၸਖ਼РՎ઴థᄉݝԣஜ᧙Ὃ᝟ኪ̴͂ᄉᄰͪऎǌ 

ኃ �ብ

⼝
0



7.1� Ҫᣑஜ૵ᬶ� � 105 

 

1 

2 

3 

4 

5 

12 

6 

7 

8 

9 

10 

11 

 

ᬓ˿TwitterὋᤆథॡܲФ̴ᇪ̓Ꭹቢǌ˧੝̾΍ၸTwitterὋ௦ځ˝ФଡΘᄉ

APIॡࠓ௛ᖌԨ੝ᭉ᜵ᄉஜ૵ǌФ̴ᎩቢὋඊݟFacebookǋLinkedIn֖Instagram
ኍ˶धஉᤇ̎ஜ૵Ὃͭ௦ᖌԨᡐ౎ᬱऎఝܷ̎ǌ 

ဗڙ౎᧓ᬶஜ૵Ὃளतʶ˓IPython Notebookቷ᝭ఴ஠͇ὋѹݼӐtwitterᤋଋࠃΒὋழก

ˀʼʶብᄰՎǌԺ̾෸ၸʼʶብ੝ѸतᄉTwitterःၸᄉࠚᨄζোὋвѸतளᄉ˶Ժ̾Ὑ 

import twitter 
consumer_key = "<Your Consumer Key Here>" 
consumer_secret = "<Your Consumer Secret Here>" 
access_token = "<Your Access Token Here>" 
access_token_secret = "<Your Access Token Secret Here>" 
authorization = twitter.OAuth(access_token, access_token_secret, 
  consumer_key, consumer_secret)  
t = twitter.Twitter(auth=authorization, retry=True) 

 ᣤѢ஠͇ՏὙ߿ૈ

import os 
data_folder = os.path.join(os.path.expanduser("~"), "Data", 
  "twitter")  
output_filename = os.path.join(data_folder, "python_tweets.json") 

Ιཨၸjsonंγߚஜ૵Ὑ 

import json 

ଋʽ౎Ὃஅᬶʶጷၸਖ਼ζোǌϷʼʶብᥦಧ଼ጉ଍஠Ὃಉ੼ӉդӬជpythonᄉ๖োǌᯪЎὋѸत

ˏ˓ѴᛪὋၸ̅ߚϱ๖ো஠ఴЮࠓԢᄰःᄉၸਖ਼ζোǌሮՐ͗ၸҁၸਖ਼ᎃՁὋځ൤Ὃᭉ᜵Ѹत˓

 ʽὙݟၸਖ਼௩ሥ֖ᎃՁࠪःǌ̼ᆉ࠱ЦὋߙ

original_users = [] 
tweets = [] 
user_ids = {} 

଼ጉӉդpythonᄉ๖োὋ᥅Ԋ଼ጉፆ౦Ὑ 

search_results = t.search.tweets(q="python", 
  count=100)['statuses']  
for tweet in search_results: 

ੇ͂Եࠪ๖োਕТᡙὋࠪTwitterԺᑞᤄٿᄉФ̴ζোʿਕТᡙὋځ൤೜฽๖ো˖థ෤థtext
࡚বὙ 

    if 'text' in tweet: 

 ʽὙݟၸਖ਼௩ሥ֖ᎃՁСᐎᡐ౎ǌ̼ᆉ࠱˄౦థὋ᝭ेၸਖ਼௩ሥǋ๖োൣ஠Ὃࣲݟ
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        original_users.append(tweet['user']['screen_name']) 
        user_ids[tweet['user']['screen_name']] = 
          tweet['user']['id']  
        tweets.append(tweet['text']) 

ᤁᛠʼᤗ̼ᆉ͗࠱३ҁܷጝ100్๖োὋథௐԺᑞ͗̎࠵ǌͭ௦Ὃᤇ̎๖োࣲʿ௦Кᦏ֖ᎃ

ርឥᝒథСǌ 

7.1.1� ⭞⧦ᴿ⁗ශ䘑㺂࠼㊱ 

ʼʶብ੝ឬὋʿ௦੝థଡҁpythonᄉ๖োᦏˀᎃርឥᝒథСǌঞ˥੥ᑞ੼Ѣ੝ᭉ᜵ᄉ๖ݟൣ

ো὞ʼʶብၸ᣾ᄉѫዜࡂ٧ᑞีʼၸڣ˿ǌѫዜ٧ᙉʿ߸ᎾὋͭ΍ၸ߱ᤈᛠѫዜὋᑞܴ᣾໙૿଼

ጉፆ౦˖ᄰॆʶᦉѫ٩ᮂǌ 

ఴ಴Β˖ὋԵࠪៀ᝶Pythonᎃርឥᝒᄉၸਖ਼ਕТᡙǌ΍ၸʼʶብѸतᄉѫዜ٧੼Ѣˀᎃርڙ

ឥᝒPythonᄰСᄉ๖োǌԦᛪᤇዜ๖োᄉ̠௦ੇ͂ᄽൣਕТᡙᄉၸਖ਼ǌХͳϡกݟʽǌ 

ᯪЎὋᭉ᜵γߚసገ᠄Հலѫዜഴۋǌ੩धʼʶብѸतѫዜ٧ᄉIPythonቷ᝭ఴ஠͇ǌݟ౦ࣂ

ፂС᫆Ὃቷ᝭ఴʿ᝭३˧ґᄉୱͺὋᭉ᜵ᤁᛠ੝థᄉ̼ᆉྞൿὋழก௦ཁѣቷ᝭ఴᄉCellᖜӬὋ

ᤤસRun Allǌ 

ᤁᛠ߸ՐὋᤤસᮅ᭦ʽழᄉቆᄆಪߔǌݟ౦෤థὋᤤ˖ణՐʶ˓ಪߔὋཁѣInsertᖜӬὋᤤ

સInsert Cell Belowᤤᮉǌ 

 ǌۋҪᣑഴࣲߚ΍ၸjoblibंγ࠱͂ੇ

 
joblibӉդڙscikit-learnं˖ǌ 

ᯪЎὋ࠭ЙjoblibंὋ˝ഴ߿ૈۋᣤѢ஠͇Տ὇ᆷγᄫेڙߚὋՠѶ௃กѸतὈǌੇઁഴۋ

γੇڙߚᒬࣁѸतᄉModelsᄫेʽὋ;˶Ժ̾࠱ФγߚҁФ̴ڠழǌ̼ᆉݟʽὙ 

from sklearn.externals import joblib 
output_filename = os.path.join(os.path.expanduser("~"), "Models", 
  "twitter", "python_context.pkl")  

ଋᅋὋၸjoblibंᄉdumpѥஜὋˀjsonंᄉdumpѥஜҩᑞዜͪǌԟஜ˝ഴۋఴᢵ὇ঢ;

ঃ˿Ὃ૩ࣛଡʽὋഴۋՏሥ˝modelὈ֖ᣤѢ஠͇Տǌ 

joblib.dump(model, output_filename) 

ᤁᛠʼᤗ̼ᆉὋഴ͗࠱ۋγߚҁૈ߿஠͇˖ǌଋᅋὋٿҁʼ࠴ᓫѸतᄉቷ᝭ఴ஠͇ὋҪᣑ

ഴۋǌ 
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 ᄉ஠͇ՏὙۋഴ߿ґቷ᝭ఴ஠͇˖в൒ૈॆڙʽ᭦̼ᆉὋ҃ܬ

model_filename = os.path.join(os.path.expanduser("~"), "Models", 
  "twitter", "python_context.pkl")  

೜ಉʽᤇ᧖ᄉ஠͇Տ௦ՠˀγߚഴۋ੝ၸᄉ஠͇ՏᄰՎǌଋᅋὋᭉ᜵᧗तNLTKBOWዜὋځ˝

߱௦҃߿ᄉዜὋ௃กᄯଋၸjoblibҪᣑǌఝݝᄉူܪழกՐ፝ብᓫ͗ᝮǌဗڙὋԵᭉ̯ʼʶብ

ᄉ̼ᆉ˖҃ܬஞ˓NLTKBOWዜԢ߱੝ΙᠺᄉഴڰὙ 

from sklearn.base import TransformerMixin 
from nltk import word_tokenize 
 
class NLTKBOW(TransformerMixin):  
    def fit(self, X, y=None): 
        return self 
 
    def transform(self, X): 
        return [{word: True for word in word_tokenize(document)} 
                 for document in X] 

ဗڙὋԵᭉុၸjoblibᄉloadѥஜࡂᑞҪᣑഴۋὙ 

from sklearn.externals import joblib 
context_classifier = joblib.load(model_filename) 

context_classifierˀኃ6ብᄉmodelࠪ៵ҩᑞᄰՎὋ௦Pipelineࠪ៵ᄉࠃΒὋ߱ ᄉʻ˓

൥ᰠ˶ˀኃ6ብึපጲ὇NLTKBOWǋDictVectorizer֖BernoulliNBѫዜ٧ὈᄰՎǌ 

ុၸcontext_classifierഴۋᄉpredictѥஜὋᮔ฽๖ো௦ՠˀᎃርឥᝒᄰСǌ̼ᆉ

 ʽὙݟ

y_pred = context_classifier.predict(tweets) 

౦ኃi్๖োˀᎃርឥᝒథСὋᥦ˥y_pred˖ᄉኃiᮉ˝1ὋՠѶ˝0ǌ૵൤ὋԺ̾ᖌԨҁ੝ݟ

థˀᎃርឥᝒథСᄉ๖োԢၸਖ਼Ὑ 

relevant_tweets = [tweets[i] for i in range(len(tweets)) if y_pred[i] 
  == 1]  
relevant_users = [original_users[i] for i in range(len(tweets)) if 
  y_pred[i] == 1] 

ၸੇ᧓ᬶᄉஜ૵ὋР੼ҁ46ՏᄰСၸਖ਼ǌඊᡐ˧ґᄉ100్๖ো/ၸਖ਼௬३థཁ࠵Ὃͭᤆ௦Ժ

̾̾൤˝۲ᆨ౎ౝतᇪ̓Ꭹፎǌ 

7.1.2� 㧭਌ Twitter ླਁؗᚥ 

ଋʽ౎Ὃᭉ᜵ᖌ३̾ʼඇ˓ၸਖ਼ᄉݝԣǌᤇ᧖ݝԣᄉ߿˦௦Ὑၸਖ਼ൣڙСซᄉ̠ǌTwitter
ଡΘ˿ᄰःAPIὙfriends/idsὋ߱ ԣᄉᎃՁὋݝ˓ʶ൒ុၸణܲᑞᖌ३ᰳ᣹5000̅ڙழڠၸᄉݝ
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ʿݝᄉڠழ௦ඇ15ѫ᧾ణܲԵᑞុၸ15൒Ὃᤇ˶ࡂ਒։ᅋᖌԨඇ˓ၸਖ਼ᄉݝԣѴᛪᒯ࠵ᭉ᜵ʶѫ

 ԣஜ᧙ܲ̅5000Ὃᭉ᜵ఝܲௐᫍ὇ᤇሗৰхඊਆ៵˖ᄉఝ࣡᜸Ὀǌݝ౦ݟ——᧾

ཨᏪὋ̼ᆉᄰࠪඊᣖኤӬǌଋʽ౎ˏᓫᤆ᜵ၸҁᖌԨݝԣѴᛪᄉҩᑞὋ࣯ᑠઁ߱࠯ᜈ੆ʶ˓

ѥஜǌᯪЎὋܥ௙ឞѥஜὋଋஅˏ˓ԟஜὋʶ˓௦ၸ̅ᤋଋTwitterᄉࠪ៵ὋԲʶ˓௦ၸਖ਼ᎃՁǌ

ѥஜᤄٿၿኃ̃˓ԟஜૈ߿ᄉၸਖ਼ᄉ੝థݝԣὋѸतѴᛪfriends౎ߚϱݝԣ͂ᄉᎃՁǌၿ̅᜵

ၸҁௐᫍഴڰtimeὋᮊΦ࠭Й߱ǌڙፋѢ߸ஞᄉѥஜґὋ͗ᤩʶᝮᝌඇʶᦉѫ̼ᆉǌधݼᦉѫ

 ʽὙݟ

import time 
def get_friends(t, user_id): 
    friends = []  

եᡐ౎థ݈̎যὋॡܲTwitterၸਖ਼઴థ5000˓̾ʼᄉݝԣǌځ൤Ὃ᜵ၸҁTwitterᄉpagination
὇ѫᮅὈࠪ៵ǌTwitter΍ၸຣಕክူܲᮅஜ૵ǌॆՓTwitterឯයஜ૵ௐὋʿ̨ᤄٿ੝ᭉஜ૵Ὃᤆ

ᤄٿஜ૵ዜۋ˝ஞஜᄉຣಕὋTwitterၸຣಕᡱᢍඇʶ൒ឯයǌݟ౦෤థఝܲЮࠓὋຣಕ˝0὚ՠ

ѶὋԺ̾΍ၸຣಕᖌ३ʽʶᮅஜ૵ǌधઁݼຣಕ᝹Ꮅ˝�1Ὃᛪ௙௦ஜ૵ᄉधݼὙ 

    cursor = -1 

ଋʽ౎ὋԵ᜵ຣಕʿ˝0὇ॆ˝0ௐὋஜ૵ࣂ᧓ᬶ߸ὈὋࡂ૆፝੯ᛠʽ᭦ᄉ९ဖǌឯයၸਖ਼ᄉ

ԣᄉᎃՁຊҪҁfriendsѴᛪ˖ǌᤇ᧖ၸҁ˿tryឥԱὋឯය᣾ር˖Ժᑞݝᤇ̎࠱ԣஜ૵Ὃࣲݝ

͗᥄ҁ᫇ᮤὋ΍ၸtry̾Φ̅ူܪऩ࣡ǌresultsߙЦ˖᪃˝idsᄉᥦʶᮉγߚᄉ௦ݝԣᎃՁὋ

ԣᎃՁຊҪҁfriendsѴᛪ˖ǌཨՐὋఝளຣಕǌʽʶ൒ᤕ̼ௐὋຣಕ΍ၸѷఝள᣾ᄉϘǌݝ࠱

ణՐὋ೜ಉݝԣஜ᧙௦ՠᡓ᣾ʶʹὋݟ౦ᡓ᣾Ὃ᡹Ѣ९ဖǌ̼ᆉݟʽὙ 

    while cursor != 0: 
        try:  
            results = t.friends.ids(user_id= user_id, 
              cursor=cursor, count=5000) 
            friends.extend([friend for friend in results['ids']]) 
            cursor = results['next_cursor'] 
            if len(friends) >= 10000: 
                break 

 

 

ᤇ᧖థॸ᜵ଢЙ్᝜նζোǌ̯ ̈ᐎᎩ઄Ԩஜ૵ὋԺᑞ͗ௐʿௐ᥄ҁᤇಧᥦ

ಧ݈যᄉ̂ৰǌੇڙᎃзʼ᭦ᤇൿ̼ᆉௐ᥄ҁᄉʶ˓᫇ᮤ௦థ̎ၸਖ਼ݝԣऩ࣡

ܲǌ˝˿ःࠪᤇ˓᫇ᮤὋ̼ᆉ˖ܘҪ˿߶КᤝѢ఺҃Ὃၸਖ਼ݝԣвܲὋԵ᜵ᖌԨ

ҁ̴ᄉʶʹՏݝԣζোՐ҃ुࡂᤝѢǌݟ౦ਆ᧓ᬶၸਖ਼ᄉ੝థݝԣὋឯѺ૿ᤇˏ

ᛠὋͭ௦ឯซ਒ᇋࢻ᥄ҁݝԣྱѾܲᄉၸਖ਼Ὃ͗Ӵॡ᫁ௐᫍǌ 
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ଋᅋ˝Ժᑞ૬ᖌҁᄉऩ࣡ᎃзူܪழกǌణԺᑞ࿀ᄉᩱឧ௦ʿ࠴ॶ᣹ҁ˿API᝺᫇൒ஜᄉʼ

ᬌ὇ᙉཨsleepឥԱԺ̾ڙʶ߿ርऎʼᥗБᤇሗৰхὋͭ sleepឥԱፆోґὋ̟ڙ ൢ̼ᆉ੯ᛠՐὋ

ଋᅋڙԓఴःឞϢᮏᄉௐᫍ᧗ளᤁᛠ̼ᆉὋ͗ࡂѢဗᤇሗৰхὈǌᤇಧᄉពὋᤄٿፆ౦results

˝NoneὋ̼ᆉ͗ઊѢTypeError὇ዜۋᩱឧὈऩ࣡ǌ᥄ҁᤇሗৰхὋኍय़̊ѫ᧾Ὃв൒੯ᛠள

ʶᣂ९ဖὋ࣎భTwitterᑞܴ᧗ள᝟ኪௐᫍὋᤇಧڙଋʽ౎ᄉ15ѫ᧾ࡂԠᑞឯය15൒ஜ૵ǌᬓ൤˧

ܰὋԺᑞᤆథФ̴ԓځलԦᄉTypeErrorऩ࣡ǌࠪ̅ᤇሗऩ࣡Ὃᭉ᜵Ӭ࿗ူܪὋځ൤ᭉ᜵ᤄٿХ

ͳᩱឧζোὋழΦಉ੼ᩱឧᡐځǌ̼ᆉݟʽὙ 

        except TypeError as e:  
            if results is None: 
                print("You probably reached your API limit, 
                  waiting for 5 minutes") 
                sys.stdout.flush() 
                time.sleep(5*60) # 5 minute wait 
            else: 
                raise e 

ኃ̃ዜऩ࣡ԺᑞԦၶڙTwitterᤇʶቪὋඊݟಉ੼ᄉၸਖ਼ʿڙߚ੊௦Ф̴֖ஜ૵ᄰСᄉᩱឧǌ

ᤇௐὋʿ᜵в࠼ណፘ፝ᖌԨ࠭ᒰઐᩱᄉၸਖ਼ᄉݝԣஜ૵Ὃᤄࣂٿፂ३ҁᄉԀԺ὇ॡԺᑞ˝0Ὀǌ̼

ᆉݟʽὙ 

        except twitter.TwitterHTTPError as e: 
            break 

ଋᅋူܪAPIᬌ҃ǌTwitterԵЉ᝴ඇ15ѫ᧾ុၸ15൒ᖌԨၸਖ਼ݝԣஜ૵ᄉѥஜὋ15൒᣾ՐὋ

ᭉ᜵ኍʶѫ᧾вፘ፝ᤈᛠǌઁᤇൿ̼ᆉஉҁfinallyឥԱ˖Ὃ᥄ҁऩ࣡ՐὋ˶͗੯ᛠὙ 

        finally: 
            time.sleep(60) 

ѥஜణՐᤄٿ੝᧓ᬶҁᄉݝԣᎃՁὙ 

    return friends 

ʽ᭦௦߸ஞᄉѥஜὙ 

import time 
def get_friends(t, user_id): 
    friends = []  
    cursor = -1 
    while cursor != 0: 
        try: 
            results = t.friends.ids(user_id= user_id, 
              cursor=cursor, count=5000) 
            friends.extend([friend for friend in 
              results['ids']]) 
            cursor = results['next_cursor'] 
            if len(friends) >= 10000: 
                break 
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        except TypeError as e: 
            if results is None: 
                print("You probably reached your API limit, 
                  waiting for 5 minutes") 
                sys.stdout.flush() 
                time.sleep(5*60) # 5 minute wait 
            else: 
                raise e 
        except twitter.TwitterHTTPError as e: 
                break 
               finally: 
                   time.sleep(60) 
    return friends 

7.1.3� ᶺᔰ㖇㔒 

ဗڙᅋ੣ౝतᎩፎǌ̯ణѹᄉ46Տ὇;३ҁᄉஜ૵ᬶԺᑞˀੇᄉథࢿऩὈၸਖ਼ѢԦὋ੼ҁඇ

˓̠ᄉݝԣὋ࠱ФγߚҁߙЦ᧖὇̯user_idߙЦૅҁၸਖ਼ᎃՁὈὙ 

friends = {} 
for screen_name in relevant_users: 
    user_id = user_ids[screen_name]  
    friends[user_id] = get_friends(t, user_id) 

Ѻᬓ෤థݝԣᄉ̠ࠣࠑߣǌࠪ̅ᤇ̠̎Ὃ௃ก૊ཱ௄߿᤾ᣣՓ̴͂଍ᕚݝԣǌ˶᝴Ժ̴̯̾

͂Ԧᛪᄉ๖ো̾ԢСซ̴͂ᄉ̠ᥦ᧖ԦဗథၸጲጉǌਕТᡙᄉឳᏧԺᒬᛠᆐቂὋᬌ̅ኼࣧὋఴብ

ʿ᣾ܲ๗Ԣǌઁᤇ̠̎᣾໙૿ǌ̼ᆉݟʽὙ 

friends = {user_id:friends[user_id] for user_id in friends 
             if len(friends[user_id]) > 0}  

ᤇಧᑞқʽ30ҁ50˓ၸਖ਼ὋХͳஜ᧙ˀ;˧ґᄉ଼ጉፆ౦థСǌᤇ̎ʿܷܴၸὋ३ਆҨกв

઄Ԩ̎ஜ૵Ὃ΍঳ၸਖ਼ܘҪҁ150˓ǌʽ᭦ᄉ̼ᆉᤁᛠᡐ౎᜵᠟ཁௐᫍ——ၿ̅Twitter APIᄉᬌ

҃Ὃʶѫ᧾ԵᑞԨҁʶ˓ၸਖ਼ᄉݝԣஜ૵ǌʿၸኪ˶ᅻ᥊150˓ၸਖ਼ஜ૵Ὃᭉ᜵150ѫ᧾Ὃ˶ࡂ௦

 ԣஜ૵Ὃ३γ᝼ᤇ̎ၸਖ਼௦ਆ᜵ᄉ੥ᛠǌݝௐǌ௄ཨ᜵ᔈᤇ˥ܲௐᫍ౎᧓ᬶၸਖ਼ᄉ࠴˓2.5

ᥦ˥Ὃ̣˥ၸਖ਼੥௦ਆ᜵ᄉփ὞Ꮵᘼҁ᜵಩૵РՎᄉݝԣՓၸਖ਼଍ᕚ̴͂ԺᑞਕТᡙᄉ̠Ὃ

ԣὋ̯ݝԣᄉ̠ǌ੼ҁဗథၸਖ਼ᄉݝಉ੼థРՎࡂ൤ځ ̴͂˖ᫍ੼Ѣڙဗథၸਖ਼˖ᫍథఝܲݝԣ

ᄉ̠ǌځ൤Ὃᭉ᜵ፑ᝟ᤇ̎ၸਖ਼ᄉݝԣஜ᧙ὋԀѢဗࣂڙథၸਖ਼ᄉfriendsѴᛪ˖ᄉ൒ஜǌ̯̂

ஜ૵્ଇ͉ҫௐὋᆷ߿᧓ಧን႔ґὋᏥᘼݝःၸᄉࠃᬄᄫಕॡథॸ᜵ǌᤇ᧖Փᄰͪᄉၸਖ਼଍ᕚݝ

ԣఝԺᛠǌ 

Хͳϡก˝᥅Ԋ੝థၸਖ਼ᄉݝԣѴᛪὋፑ᝟ඇ˓ݝԣᄉѢဗ൒ஜὙ 

from collections import defaultdict  
def count_friends(friends): 
    friend_count = defaultdict(int) 
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    for friend_list in friends.values(): 
        for friend in friend_list: 
            friend_count[friend] += 1 
    return friend_count 

᝟ኪ߸੆ՐὋ಩૵ݝԣஜ᧙ࠪfriend_countߙЦᤈᛠଅࣿὋ੼ҁॆڙґၸਖ਼˖ὋСጆᎩణ

ܷǋణᬶࠚᄉ̠ǌ̼ᆉݟʽὙ 

friend_count 
reverse=True) = count_friends(friends) 
from operator import itemgetter  
best_friends = sorted(friend_count.items(), key=itemgetter(1), 

तበʶ९ဖὋѓܴ150˓ၸਖ਼ᄉݝԣஜ૵ՐὋឞ९ဖ͗ࡂፆోǌ᥅Ԋbest_friendsߙЦ὇૊

ԣѴᛪὋݝԣѴᛪᄉၸਖ਼ὋཨՐᖌԨ̴ᄉݝଅࣿὈὋ੼ҁᤆ෤థᖌԨ࠵ԣஜܲݝဗథၸਖ਼˖ᄉڙཱ

ఝளfriendsѴᛪǌణՐὋв൒ಉ੼ឹ௦ణԩ൓ᤀᄉĿὙ 

while len(friends) < 150:  
    for user_id, count in best_friends: 
        if user_id not in friends: 
            break 
        friends[user_id] = get_friends(t, user_id) 
    for friend in friends[user_id]: 
        friend_count[friend] += 1 
    best_friends = sorted(friend_count.items(), 
      key=itemgetter(1), reverse=True) 

ʼᤗ̼ᆉᤁᛠፆోՐὋࡂԺ̾३ҁ150Տၸਖ਼ᄉݝԣஜ૵ǌ 

 

;Ժᑞਆઁణܷ९ဖஜ᝹Ꮅ३࠴ʶཁὋඊ40ݟ੊50὇ၴᒯԺ̾Ў᡹᣾ᤇᦉѫ

̼ᆉὈǌЎ஝߸ఴብқͷ̼ᆉὋਕ᜿ʽ஌౦ݟʹǌвઁ९ဖஜ᝹Ꮅ˝150Ὃኍय़і

 ௐὋв౎ᄹʶʽፆ౦ǌ࠴˓

᧜̅ʼᤗ᧓ᬶஜ૵ᄉርܷࣿጝ᜵ᤁᛠˏ˓࠴ௐὋణઁݝ˖ᫍፆ౦γߚʽ౎Ὃځ˝థௐʿ३ʿ

С᫆᝟ኪ఺ǌ΍ၸjsonंὋࡂԺ̾ᣏౚઁݝԣߙЦγߚҁ஠͇᧖Ὑ 

import json 
friends_filename = os.path.join(data_folder, "python_friends.json") 
with open(friends_filename, 'w') as outf: 
    json.dump(friends, outf)  

΍ၸjson.loadѥஜὋ̯஠͇˖Ҫᣑஜ૵Ὑ 

with open(friends_filename) as inf: 
    friends = json.load(inf)  

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ friend_countߙЦఝளՐὋѷѷ੼ҁᄉݝԣζোࣂፂᜁӉહᤈ౎˿ǌ——ដᏧซ 
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7.1.4�  ᔰഴࡑ

ҁဗڙ˝ൢὋࣂፂૅҁ˿ၸਖ਼Ѵᛪ̴֖͂ᄉݝԣѴᛪ,ॡܲၸਖ਼௦Ф̴ၸਖ਼ᄉݝԣǌၸᤇ̎

 ԣСጆʿॸ௦ԤՓᄉὈǌݝ὇ᙉཨᤇ᧖ڎᑞౝतʶषࡂԣСጆᄉஜ૵ݝڙߚ

Ὃᮆཁ̼ᛪၸਖ਼ǌ᣷ᛪᇧၸਖ਼˖ߔᤇ˓Βڙ——៵ၿʶጷᮆཁ֖᣷ጷ੆ǌᮆཁ᤯࣡ᛪᇧࠪڎ

A௦ၸਖ਼Bᄉݝԣǌၿ̅ᮆཁᄉᮊࣿ௦థྱ൳դ˦ᄉὋឞڎሥ˝థՓڎὋځ˝ၸਖ਼A௦ၸਖ਼Bᄉݝ

ԣࣲʿ̼ᛪၸਖ਼B௦ၸਖ਼AᄉݝԣĿǌԺ̾ၸNetworkXंࠃဗڎСጆᄉԺ᜼Ӑǌ 

 
Ժ̾ၸpip߶ᜈNetworkXंὙpip3 install networkxǌ 

ᯪЎὋ΍ၸNetworkXѸतథՓڎǌ಩૵˷਄Ὃ࠭ЙNetworkXՐፋ߱ʶ˓ኤሥnx὇ᙉཨʿ

௦ॸᮋᤇ˥ϡὈǌ̼ᆉݟʽὙ 

import networkx as nx 
G = nx.DiGraph() 

ੇ͂Ե150࠱Տನॶၸਖ਼ग़൤ᫍᄉݝԣСጆፊ҃੆ڎϷŀὋФ̴ݝԣСጆၿ̅ஜ૵᧙ॡܷᬱ̾

Ժ᜼Ӑ὇੆ӡʼʹ˓ὋͺڎథᬱऎὈǌઁನॶၸਖ਼ͺ˝ᮆཁὋຊҪҁڎ˖ǌ̼ᆉݟʽὙ 

main_users = friends.keys() 
G.add_nodes_from(main_users) 

ଋᅋ᜵Ѹत᣷ǌݟ౦ኃ̃˓ၸਖ਼௦ኃʶ˓ၸਖ਼ᄉݝԣὋᥦ˥ڙࡂᤇˏ˓ᮆཁ˧ᫍतበʶ్᣷ǌ

᥅Ԋ੝థᄉನॶၸਖ਼Ὑ 

for user_id in friends: 
    for friend in friends[user_id]:  

ᆷγݝԣڙನॶၸਖ਼˧Ѵ὇ॆʽЎʿСซ᭣ನॶၸਖ਼ὈὋཨՐ˝ˏᏧ˧ᫍຊҪ᣷ǌ̼ᆉݟʽὙ 

        if friend in main_users: 
          G.add_edge(user_id, friend)  

ၸNetworkXᄉdrawѥஜ˝Ѹतݝᄉڎፊ҃ڎϷὋdrawѥஜ᜵ၸҁmatplotlibंǌॆڙґ

ቷ᝭ఴ஠͇˖ͺڎὋᭉ᜵΍ၸinlineѥஜǌ̼ᆉݟʽὙ 

%matplotlib inline 
nx.draw(G) 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ᤇ᧖ᄉþݝԣÿដ੆þСซᄉ̠ÿఝူݝᝌὋᛪᇧʶሗӬՓСጆǌФڙࠃဗࠃၶา˖Ὃ˶ڙߚᤇሗþӬᄰধÿᄉ

ৰхὋ;ઁ̴̠ॆ੆௦ణݝᄉధԣὋ̠ࠑలॸݟ൤ǌ——ដᏧซ 
ŀ ซ਒ᤇ᧖þڎϷÿ֖þڎÿᄉӜѾὋґᏧૈᄉ௦ፊႆǋԺ᜼Ӑ਒˦ʼཁǋጲ్ኍ्࿃ᄉጷՋǌՐᏧ௦ʶሗઙ៵ᄉ

ஜ૵ፆౝǌ஠˖þͺڎÿᛪᇧፊ҃ڎϷǌ——ដᏧซ 
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ၶ੆ᄉڎϷူᝌᡐ౎థཁڇᬱ὚థі˓ᮆཁ˧ᫍ᣷ᣖ࠵Ὃܷͭܲஜᮆཁ˧ᫍ᣷ᣖܲǌ 

 

Ժ̾ύүၸ̅ڎူܪϷၶ੆ᄉpyplotѥஜ᝹ᎵڎϷܷ࠴ǌ࠭ЙpyplotὋઁڎϷࠩࡆ᝹Ꮅ३

ܷʶཁὋុၸNetworkXᄉdrawѥஜ὇NetworkX΍ၸpyplotѥஜͺڎὈὙ 

from matplotlib import pyplot as plt 
plt.figure(3,figsize=(20,20)) 
nx.draw(G, alpha=0.1, edge_color='b') 

ၶ੆ᄉڎϷܹܷʶᮅஉʿʽὋͭ ௦ܷڎϷᄉܪݝ௦Ὑڎᄉᣂजᄹ३ఝຌഁǌੇڙѸतᄉڎ˖Ὃ

ʶᦉѫၸਖ਼̈˝ݝԣὋͭ௦Ф̴ፏܷᦉѫၸਖ਼˧ᫍʿݝڙߚԣСጆǌੇ࠱ʼᤗ̼ᆉ˖ᄉalpha᝹

Ꮅ३ॡ࠴Ὃᤇಧ᣷ᄉᮧᓣࡂ˝ᗯᓣὋ࠱ʼڎஉܷՐ̯˖ᫍͮᎵ੔Ԩ˿ʽ᭦ᤇषڎǌ 

 ὀࠚ੝᜸Ὃ˖ᫍͮᎵՉᮆཁ˧ᫍᤋଋథܲጊ;ݟ
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ᤇˀੇ͂ᤤસளၸਖ਼ᄉழกథС——ᤤસᥦ̎ࣂፂڎڙ˖థᅋ˗ࠜᤋଋᄉၸਖ਼Ὃځ൤̴͂Ժ

ᑞԵ͗ઁᤇ˓ࡘੰߔړ३ఝܷ̎ǌʶᓉᏪᝒὋʶ˓ᇪ̓Ꭹፎၸਖ਼੝઴థᄉᤋଋஜᥕ९ࣥ߿।ǌԵ

థ࠵ஜၸਖ਼઴థॡܲᤋଋஜὋܷ ᦉѫၸਖ਼Եథॡ࠵ᄉᤋଋஜὋଠᤗᤇሗСጆᄉѥஜڎϷյဗѢ᫁

 ԣǌݝథನॶၸਖ਼ᄉРՎࣂՐ౎ᄉನॶၸਖ਼̖ၶ̅˝ځ।Ὃ߿࿃ǌᤇ᧖ᄉஜ૵ᬶʿᥕ̯ឞ्ࣥࡊ

7.1.5�  ᔰ⭞ᡭ⴮ղᓜഴࡑ

ఴብᄉ͉ҫ௦Փ઴థРՎݝԣᄉၸਖ਼଍ᕚग़൤ǌв൒᧗ႁὋ᤾ᣣ௦Ὑݟ౦ˏ˓ၸਖ਼థРՎᄉ

 ԣὋᥦ˥ᤇˏ˓ၸਖ਼ᰳऎᄰͪǌᥦ˥ὋԺ̾Փ̴͂଍ᕚग़൤ǌݝ

˝Ὃᮆཁ̮ཨ௦ၸਖ਼Ὃ᣷᜵ӣጞ˖ڎǌளڎ὇᣷ᛪᇧСซСጆὈ۲ᆨʼѸतʶ˓ளڎဗథڙ

ࣛా᧗ᄉǌࣛా᧗ᄉ᣷ૈᄉ௦᣷థ˿ా᧗࡚বǌా᧗ᡔܷᛪ௙ˏᮆཁᄰͪऎᡔᰳǌͭ௦Ὃా᧗ˀ

ःၸڣ௿థСǌݟ౦ా᧗̼ᛪᡯሎὋᥦ˥ా᧗ᡔͯᛪᇧᄰͪऎᡔᰳǌ 

ࠪ̅ᤇ˓ःၸὋ᣷ᄉా᧗ᛪᇧၿឞ్᣷੝ᤋଋᄉˏ˓ၸਖ਼˧ᫍᄉᄰͪऎ὇̾РՎݝԣஜ᧙˝

۲ᆨὈǌளڎ˖ᄉ᣷෤థழՓবὋځ˝A֖B˧ᫍᄉᄰͪऎኍ̅B֖A˧ᫍᄉᄰͪऎǌ 

᝟ኪˏ˓Ѵᛪ˧ᫍᄉᄰͪऎథܲሗழกǌ͂ੇૅࡂᤇ᧖ᄉˏ˓ၸਖ਼౎ឬὋԺ̾ኤӬፑ᝟̴͂

ԣஜ᧙᤯࣡˶ఝܲǌݝԣఝܲᄉၸਖ਼ὋРՎݝԣஜ᧙ǌཨᏪὋᤇಧϡథ˓᫇ᮤὙݝԣѴᛪ˖РՎݝ

̅௦ὋԺ̾вᬓ̴̾͂઴థᄉʿՎݝԣᄉஜ᧙ࠃဗஜ૵ᄉ᜺ᔴӐὋ३ҁᄉൣ௦౔Ӵॳᄰͪጆஜ

὇Jaccard SimilarityὈǌ 

౔Ӵॳᄰͪጆஜ঳௦0ڙҁ1˧ᫍὋ̼ᛪˏᏧ᧗ՋᄉඊΒǌൣݟኃ2ብᝮҁᄉὋ᜺ᔴӐ௦ஜ૵

્ଇᄉʶ˓᧗᜵ழกὋ᜵ڱ૆΍ၸ὇ᬓ᭣థЌѫူၿʿᤇಧϡὈǌ 

ԣஜ૵Ὀ̓ᬶᄉЊገஜ᧙ᬓ̾ˏ˓ᬶՋࣲᬶݝ᝟ኪ౔ӴॳᄰͪጆஜௐὋᭉ᜵ၸˏ˓ᬶՋ὇ڙ

ᄉЊገஜ᧙ǌᤇ᧖᜵ၸҁᬶՋୱͺὋͭ௦ݝԣஜ૵ߚϱڙfriendsѴᛪ˖Ὃ੝̾ᯪЎ᜵ઁѴᛪᣀ

૰˝ᬶՋǌ̼ᆉݟʽὙ 

friends = {user: set(friends[user]) for user in friends} 

ѸतʶѥஜĿὋ᝟ኪˏ˓ݝԣᬶՋ˧ᫍᄉᄰͪऎὙ 

def compute_similarity(friends1, friends2): 
return len(friends1 & friends2) / len(friends1 | friends2) 

ဗࡂڙԺ̾ѸतҪాڎǌఴብՐ᭦͗ܲ൒ၸҁѸतڎᄉҩᑞὋځ൤࠱Ф࠯ᜈ੆ѥஜὋ႐਒ʽ

thresholdԟஜὙ 

def create_graph(followers, threshold=0): 
    G = nx.Graph()  

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ซ਒ѥஜͳreturnឥԱᭉ᜵᎕ᤈǌ——ដᏧซ 
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΍ၸݒࢥ९ဖ᥅Ԋၸਖ਼ஜ૵Ὃ᡹᣾ˏࡎ९ဖ˖ၸਖ਼ᄰՎᄉৰхὙ 

    for user1 in friends.keys(): 
        for user2 in friends.keys(): 
            if user1 == user2: 
                continue  

᝟ኪˏ˓ၸਖ਼˧ᫍ᣷ᄉా᧗Ὑ 

                weight = compute_similarity(friends[user1], 
    friends[user2]) 

Եథ᣷ᄉా᧗ܷ̅᫟ϘὋ੥͗γߚᤇ్᣷Ὃ̾ᆷγԵγ͂ੇߚᝢ˝᧗᜵ᄉ᣷——ΒݟὋా᧗

˝0ᄉ᣷ࡂ෤਒˦ǌ᫟Ϙ᳭ᝢ˝0Ὃځ൤͗ຊҪ੝థᄉ᣷ǌఴብሮՐвૈ߿ʶ˓Ջူᄉ᫟ϘὋЎᤇ

˥ၸᅋաǌ̼ᆉݟʽὙ 

            if weight >= threshold: 

 ຊҪὈὙܬὋʿ᜵᧗ڙߚፂࣂ౦ݟ὇˖ڎ౦ా᧗ܷ̅ኍ̅᫟ϘὋઁˏ˓ၸਖ਼ຊҪҁݟ

                G.add_node(user1) 
                G.add_node(user2) 

ཨՐ˝ᤇˏ˓ၸਖ਼˧ᫍຊҪ᣷Ὃઁా᧗᝹Ꮅ˝ѷ᝟ኪѢ౎ᄉᄰͪऎὙ 

                G.add_edge(user1, user2, weight=weight) 

९ဖፆోՐὋڎѸत߸උὋᤄٿឞڎὙ 

    return G 

ុၸʼᤗѥஜࡂᑞၶ੆ʶ˓ڎǌၿ̅෤థ᝹Ꮅ᫟ϘὋԀ΍ా᧗˝0ᄉ᣷Ὃ˶ᜁѸतѢ౎ǌ̼

ᆉݟʽὙ 

G = create_graph(friends) 

ੇ͂ѸतᄉڎՉᮆཁ˧ᫍᤋଋ३ॡጊࠚ——੝థᮆཁ˧ᫍᦏథ᣷Ὃᙉཨॡܲ᣷ᄉా᧗˝0ǌ
 ੝ၸጲ్ᄉዣጹ——ዣጲᛪᇧా᧗ܷǌ߿ௐὋԺ̾಩૵᣷ᄉా᧗౎ૈڎͺڙ

ၿ̅ᮆཁஜ᧙ᣖܲὋͺڎௐᏥᘼ᤟ॆܘҪڎϷࠩࡆὋᮆཁ˧ᫍᄉ᣷ᄹʼԜ͗ఝҪຌഁὙ 

plt.figure(figsize=(10,10)) 

ᮆཁ߿ζো౎фࡌಕэၸ࣊߿ፊ҃ࣛా᧗ᄉ᣷˧ґὋᭉ᜵ЎႆѢᮆཁǌNetworkX಩૵ྱڙ

֖᣷ᄉͮᎵǌፊ҃ᎩፎڎॡڇᬱὋྱѾ௦ᮆཁஜ᧙ᣖܲௐὋᙉཨథॡܲဗ੆ᄉ࣊ࡌழयὋͭ௦ՠ

ၸὋݝᄫᄉǌੇԦဗspring_layout᭣࣡ڎԢͺݝ؝̠˓ၸॡܷርऎʼԨф̅;ᄉஜ૵ᬶǋݝ

ᬓ൤˧ܰὋᤆథcircular_layout὇ݟ౦Ф̴ழयʿݝၸὋᤆԺ̾ណណᤇ˓Ὀǋrandom_layoutǋ

shell_layout֖spectral_layoutǌ 
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᝺᫇http://networkx.lanl.gov/reference/drawing.htmlὋ˿ ᝌఝܲNetworkX࣊ࡌ

ழกǌᙉཨၸdraw_graphvizᤤᮉ΍ܬఽርऎథ੝ܘҪὋͭ஌౦ॡݝὋݟ౦ᤜ

යఝݝᄉ᜼᜿஌౦ὋϘ३ᆐቂʶʽὋԺᏥᘼ࠱Фၸҁࠃᬄࢹͺ˖ǌ 

΍ၸspring_layout࣊ࡌழกὙ 

pos = nx.spring_layout(G) 

΍ၸpos࣊ࡌழกὋᆷ߿ᮆཁͮᎵὙ 

nx.draw_networkx_nodes(G, pos) 

ଋʽ౎Ὃፊ҃᣷ǌ᥅Ԋڎ˖ᄉඇ్᣷Ὃᖌ३Фా᧗Ὑ 

edgewidth = [ d['weight'] for (u,v,d) in G.edges(data=True)] 

ፊ҃Չ్᣷Ὑ 

nx.draw_networkx_edges(G, pos, width=edgewidth) 

ణጻڎϷХͳ̣᫁˥ಧԨф̅;ᄉஜ૵Ὃͭ ܷͳ्࿃ःឞˀੇᄉʶᒰὙڎ˖ܷ᧙ᮆཁ˧ᫍథ

ᣖܲᤋଋὋ࠵ஜᮆཁˀᎩፎФ̴ᮆཁ˧ᫍᤋଋᣖ࠵ǌ 

 

ˀఴብґʶ˓ڎᄉӜѾ̅ڙὙឞڎᮆཁ˧ᫍᄉ᣷ᛪᇧᄉ௦ᄰͪऎᏪʿв௦ݝԣСጆ὇ᙉཨᤇ

ˏᏧథᄰͪ˧ܪὈǌԺ̯̾ॆґᤇ˓ڎ˖ઙԨζোၸ̅ݝԣ଍ᕚǌ 
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7.2� ሱᢴᆆഴ 

ѽၸᄰͪऎѥஜයѢඇ˓ၸਖ਼ˀФ̴ၸਖ਼˧ᫍᄉᄰͪऎὋ಩૵ᄰͪऎᤈᛠଅࣿὋ੼Ѣˀॆґ

ၸਖ਼ణᄰͪᄉὋઁ̴଍ᕚፋॆґၸਖ਼——ˀ଍ᕚֵ̖ௐᄉϡกᄰՎǌཨᏪὋੇ͂˶Ժ̾੼Ѣ੺᧙

ᄰͪऎॡܷᄉၸਖ਼ǌԺ̾तᝫ࠱ᤇ̎ၸਖ਼ጷ੆ʶ˓ᏅὋՓ̴͂߿ՓઅஉࣸնὋ੊ᏧԀ΍Ե௦Փ̴

͂଍ᕚᏅЮᄉФ̴੆տϡݝԣǌ 

੼Ѣᤇ̎ᄰͪၸਖ਼Ꮕᄉ͉ҫԶͺᐐዜѫౡǌ߱ ᄉܬఽርऎʶᓉѫዜኪกඊʿ˿ὋԺ̾ឬХథ

ʶ߿ᬱऎǌΒݟὋ᝿͈ѫዜፆ౦ᄰࠪඊᣖࠓ௛——ඊᣖ΍ၸѫዜ٧३ҁᄉፆ౦ˀࠃᬄፆ౦὇ᝪጶ

ᬶὈࡂᑞᅻ᥊ൣᆷညǌͭ௦ᐐዜѫౡᎤ˫ᤇಧʶ˓̂ࠃಕэὋ᝿͈ፆ౦ௐὋԵݝ಩૵ፂᰍ౎ᄹѫ

ዌፆ౦௦ՠՋ˪ৰူǌᐐዜѫౡԲʶ˓ܬఽ˧̅ڙܪὋʿ ᑞၸ̂Ўಕซݝᄉஜ૵ᤈᛠᝪጶ——Ե

ஜ૵ѫ࠱ᄉ۲ᆨʼὋය३ᤂͪᄉѫጷፆ౦ὋᏪʿ௦૊ཱၸਖ਼੝యభᄉᥦಧۋഴߥ΍ၸᐐዜஜڙݝ

˝ʶ˓˓௙ᆷᄉዜѾǌ 

7.2.1� 䘔䙐࠼᭥ 

ʶሗణኤӬᄉᐐዜழกࡂ௦੼ҁڎ˖ᄉᤋ᤯ѫஂǌʶ˓ᤋ᤯ѫஂ௦ڎ˖ၿ᣷ᤋଋڙʶᡐᄉ

ʶጷᮆཁὋʿ᜵යᮆཁ˧ᫍॸᮋˏˏᤋଋǌͭ௦Ὃᤋ᤯ѫஂᄉ͉਒ˏ˓ᮆཁ˧ᫍὋᒯڙߚ࠵ʶ

్ᡸफ़ǌ 

 
ᤋ᤯ѫஂ᝟ኪௐʿᏥᘼ᣷ᄉా᧗὚Ե೜ಉ᣷௦ՠڙߚǌځ൤Ὃ̔ ᭦̼ᆉ࠱Ѻ

ᬓా᧗᣾ͯᄉ᣷ǌĿ 

NetworkXଡΘၸ̅᝟ኪᤋ᤯ѫஂᄉѥஜὋڎڙʼុၸԀԺǌᯪЎὋၸґ᭦߿˦ᄉ

create_graphѥஜѸतʶ˓ளڎὋͭᤇ൒ૈ߿᫟Ϙ˝0.1ὋԵγ႐ా᧗ᒯ0.1˝࠵ᄉ᣷ǌ 

G = create_graph(friends, 0.1) 

ଋᅋ΍ၸNetworkXଡΘᄉѥஜࠬ੼ڎ˖ᄉᤋ᤯ѫஂὙ 

sub_graphs = nx.connected_component_subgraphs(G) 

˝˿˿ᝌᤋ᤯ѫஂҁऄథܷܲὋ᥅Ԋ੼ҁᄉᤋ᤯ѫஂὋᣤѢФ۲ఴζোὙ 

for i, sub_graph in enumerate(sub_graphs): 
    n_nodes = len(sub_graph.nodes())  
    print("Subgraph {0} has {1} nodes".format(i, n_nodes)) 

̯ᣤѢፆ౦Ὃࡂᑞ˿ᝌҁඇ˓ᤋ᤯ѫஂథܷܲǌڙఴΒ˖Ὃܷᄉڎߔథ62˓ၸਖ਼Ὃॡܲߔ࠴

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ځ˝ʿ᝶ా᧗ᰳͯὋԵ᜵థ᣷ᤋଋᄉᮆཁ͗ࡂᜁኪҁᤋ᤯ѫஂ᧖ὋᏪʶ˓ᤋ᤯ѫஂᜁᄹͺ௦ʶዌХథᄰͪྱཁᄉ

ၸਖ਼Ὃ˝˿γ᝼ዌЮၸਖ਼ХథᣖᰳᄉᄰͪऎὋᭉ᜵̂Ўઁా᧗ͯᄉ᣷᣾໙૿ǌ——ដᏧซ 
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 ᄉၸਖ਼ǌ࠵ԵథӠі˓ၴᒯఝڎ

Ժ̾᤯᣾ុஞ᫟ϘὋ੼ѢʿՎᄉᤋ᤯ѫஂǌᤇ௦ځ˝᫟ϘᡔᰳὋᮆཁ˧ᫍᄉ᣷ᡔ࠵Ὃځ൤ᤋ

᤯ѫஂ᜺ഴఝ࠴Ὃஜ᧙ఝܲǌ᝹Ꮅఝᰳᄉ᫟ϘὋᄹᄹ஌౦Ὑ 

G = create_graph(friends, 0.25)  
sub_graphs = nx.connected_component_subgraphs(G) 
for i, sub_graph in enumerate(sub_graphs): 
    n_nodes = len(sub_graph.nodes()) 
    print("Subgraph {0} has {1} nodes".format(i, n_nodes)) 

ʼᤗ̼ᆉ੼ҁᄉᤋ᤯ѫஂஜ᧙ܲὋඇ˓ᤋ᤯ѫஂ੝Ӊդᄉᮆཁஜ᧙࠵ǌ˧ ґᥦ˓ణܷᄉڎߔ

ᒯ࠵ᜁઞ˝ʻ˓ᦉѫὋඇᦉѫᦏʿᡓ᣾10˓ၸਖ਼ǌʽڎ˝Ф˖ʶ˓ᤋ᤯ѫஂὋ᣷˶ႆѢ౎˿ǌځ

˝ᤇ௦ʶ˓ᤋ᤯ѫஂὋ੝̾߱᧖᭦ᄉᮆཁᡱܷڎ˖Ф̴ᮆཁ˧ᫍʿڙߚ᣷὇᫟Ϙᒯ0.25˝࠵Ὀǌ 

 

Ժ̾ၸʿՎᄉᮧᓣઁ੝థᤋ᤯ѫஂᦏႆѢ౎ǌځ˝Չᤋ᤯ѫஂ˧ᫍ෤థᤋଋὋځ൤෤ॸ᜵ઁ

߱͂ႆҁʶषڎ˖ǌᮆཁ֖ᤋ᤯ѫஂ෤థᆷͮ߿ᎵὋઁ ߱͂ႆҁʶषڎʼὋԥᏪ̠̖͗̽ၶឧᝌὋ

̾˝߱͂˧ᫍᄉͮᎵСጆ௦ᆷ߿ᄉǌ᧜̅൤Ὃੇ͂Ժ̾ઁ߱͂ႆҁʿՎᄉڎʼǌ 

 ளӬЊಪ˖Ὃᖌ३ᤋ᤯ѫஂԢ߱͂ᄉ঳ஜ᧙ǌڙ

sub_graphs = nx.connected_component_subgraphs(G) 
n_subgraphs = nx.number_connected_components(G) 

 

ʼᤗ̼ᆉ˖Ὃsub_graphs௦ၶ੆٧Ꮺʿ௦ᤋ᤯ѫஂѴᛪǌځ൤Ὃᭉ᜵ၸ

nx.number_connected_components੼Ѣᤋ᤯ѫஂᄉ঳ஜ὚ၿ̅NetworkX

ϱζোᄉழयඊᣖྱѾὋ௃ก΍ၸlenѥஜǌᤇൣ௦᧗ள᝟ኪᤋ᤯ѫஂᄉԓߚ

 ǌڙ੝ځ

᜵௬ᇧ੝థᄉᤋ᤯ѫஂὋڎϷ३ᡛܴܷǌڙၸpyplotፊ҃ڎϷௐὋᝧڎϷܷ࠴ᬣᅋᤋ᤯ѫ

ஂஜ᧙ᄉܘҪᏪܘҪὙ 

fig = plt.figure(figsize=(20, (n_subgraphs * 3))) 



7.2� ࠬ੼ڎߔ� � 119 

 

1 

2 

3 

4 

5 

12 

6 

7 

8 

9 

10 

11 

ଋʽ౎Ὃ᥅Ԋ੝థᄉᤋ᤯ѫஂὋ˝ඇʶ˓ᤋ᤯ѫஂͺڎǌadd_subplotᄉі˓ԟஜѫѾ˝

ណФ̴Ϙ὇᝭३Վௐνஇᛠ࠼ௐ΍ၸ˿ʻѴὋ;Ժ̾ڎᎵǌੇͺͮڙ੝ڎᄉѴஜԢڎᄉᛠஜǋڎ

ஜ֖ѴஜὈὙ 

for i, sub_graph in enumerate(sub_graphs):  
    ax = fig.add_subplot(int(n_subgraphs / 3), 3, i) 

pyplot᳭ᝢ௬ᇧڮಕᣈಕኣὋڙᤇ᧖෤థࠃᬄ਒˦ǌځ൤ઁᤇ˓ҩᑞС૿Ὑ 

    ax.get_xaxis().set_visible(False) 
    ax.get_yaxis().set_visible(False) 

ཨՐвፊ҃ᮆཁ֖᣷὇ၸaxԟஜፊ҃ᄰःᄉڎߔὈǌፊڎ˧ґᭉ᜵᝹Ꮅࡌ࣊ݝὙ 

    pos = nx.spring_layout(G) 
    nx.draw_networkx_nodes(G, pos, sub_graph.nodes(), ax=ax, 
      node_size=500)  
    nx.draw_networkx_edges(G, pos, sub_graph.edges(), ax=ax) 

 ᑞ˿ᝌҁՉᤋ᤯ѫஂᮆཁஜ᧙Ԣᤋଋழयǌࡂ˖Ϸڎ̯

 

7.2.2� Վौ৸ᮦ䘿਌ࡏ߼ 

ᤋ᤯ѫஂಉ੼ኪกΙᠺ̅᫟ϘԟஜὋၿФф߿௦ՠڎڙ˖ຊҪ᣷ǌ૰ԱពឬὋ᫟Ϙଌ҃ᅋ੼

ҁᄉᤋ᤯ѫஂஜ᧙֖ᤋ᤯ѫஂᄉܷ࠴ǌ௄ཨ᫟Ϙݟ൤С᪃Ὃ᫟Ϙܷܲ੥௦ణՋ᤟ᄉ὞ᤇ˓᫇ᮤ˞

᜹বॡुὋ෤థ௙ᆷᄉኔ಴ǌ߱௦͉ʹᐐዜѫౡ͉ҫᦏ᜵᭦ࠪᄉʶ˓˞᜵᫇ᮤǌ 



120� � ኃ 7 ብ� ၸ્ڎଇ੼ҁਕТᡙᄉ̠ 

 

ཨᏪὋੇ ͂Ժ̾̂Ўᆷ̣߿˥ಧᄉፆ౦੥௦̠̽໗਒ᄉὋв಩૵ူਆ˖ᄉፆ౦౎ࠬ੼ᤤԨԟ

ஜᄉэѶǌͺ˝ʶᓉব᜺ѶὋ߱ःឞᑞܴ΍३Ὑ 

� Վʶዌ὇ᤋ᤯ѫஂὈЮᄉ˓ͳࡉԺᑞᄰͪ 
� ʿՎዌЮᄉ˓ͳࡉԺᑞʿᄰͪ 

ᣂजጆஜ὇Silhouette CoefficientὈࡂ௦ʶሗࠪʼᤗˏཁᄉ᧙Ӑழกǌፋ߿ʶ˓˓ͳὋФᣂज

ጆஜݟ˦߿ʽὙ 

max( , )
b as
a b
�

  

Ф˖a˝ዌЮᡯሎὋᛪᇧˀዌЮФ̴˓ͳ˧ᫍᄉࣰڨᡯሎǌb˝ዌᫍᡯሎὋ˶ࡂ௦ˀణᤂዌЮՉ˓

˓ͳ˧ᫍᄉࣰڨᡯሎǌ 

঳ᣂजጆஜ˝ඇ˓˓ͳᣂजጆஜᄉڨϘǌ঳ᣂजጆஜଋᤂణܷϘ1ௐὋᛪᇧඇ˓ዌЮᄉ˓ͳ

ᄰͪऎॡᰳὋʿՎዌ˧ᫍᡯሎᣖᤉǌ঳ᣂजጆஜଋᤂ0ௐὋᛪᇧ੝థᄉዌ᧗ՋڙʶᡐὋՉዌ˧ᫍ

ᡯሎॡ࠴ǌ঳ᣂजጆஜଋᤂణ࠴Ϙ�1ௐὋᛪᇧ˓ͳѢဗڙᩱឧᄉዌЮὋઁ߱͂ѫҁФ̴ዌ஌౦Ժ

ᑞ͗ఝݝǌ 

ѽၸᤇሗᤤԨэѶὋ੼ҁʶሗᝌфழ಴὇੼ҁՋ᤟ᄉ᫟ϘὈὋ᤯᣾ុஞ᫟ϘὋ΍঳ᣂजጆஜ

᣹ҁణܷϘǌ˝൤ὋѸतʶѥஜὋଋஅ᫟ϘὋ᝟ኪ঳ᣂजጆஜǌ 

ཨՐὋઁ߱͛ፋSciPyᄉoptimizeഴڰᄉminimizeѥஜὋឞѥஜ᤯᣾ុஞԟஜϘὋ੼ҁѥ

ஜᄉణ࠴Ϙǌͭੇ͂ਆణܷӐ঳ᣂजጆஜὋԺSciPy෤థଡΘࠬ੼ణܷϘᄉѥஜǌځ൤Ὃࠪ঳ᣂ

जጆஜԨԥՐв੼ణ࠴Ϙ὇ˀᄯଋයణܷϘ௦ʶ̂ٿὈǌ 

scikit-learnंଡΘ᝟ኪᣂजጆஜᄉѥஜsklearn.metrics.silhouette_scoreὋͭ ௦

߱ˀSciPyᄉminimizeѥஜ੝᜵යᄉ्यʿʶᒰǌminimizeѥஜ᜵යԪ᧙ԟஜ὇᫟ϘὈڙФ̴

ԟஜᄉґ᭦ǌᤇࡂᭉ᜵ઁfriendsߙЦ͛ᤈԜ᝟ኪڎǌѥஜܥ௙ݟʽὙ 

def compute_silhouette(threshold, friends): 

΍ၸ᫟ϘԟஜѸतڎՐὋ೜ಉ߱௦ՠᒯ࠵థˏ˓ᮆཁὙ 

    G = create_graph(friends, threshold=threshold) 
    if len(G.nodes()) < 2: 

ᣂजጆஜᄉ߿˦᜵යᒯ࠵థˏ˓ᮆཁ὇੥ᑞ᝟ኪᡯሎὈǌݟ౦̅࠵ˏ˓ᮆཁὋᝢ˝ᤇ˓᫇ᮤ

௃஌Ὃ෤ก᝟ኪʽԜǌథіሗူܪழกὋణኤӬᄉ௦ᤄٿʶ˓ॡ࠴ᄉϘǌᣂजጆஜణ࠴Ϙ˝�1Ὃ
ᤄ�99ٿὋᛪ௙᫇ᮤ௃஌ǌ͉ʹథ஌ᄉϘᦏඊᤇ˓Ϙܷॡܲǌ̼ᆉݟʽὙ 

        return -99 
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ཨՐઙԨᤋ᤯ѫஂὙ 

    sub_graphs = nx.connected_component_subgraphs(G) 

ᣂजጆஜᄉ߿˦ᤆ᜵යᒯ࠵థˏ˓ᤋ᤯ѫஂ὇੥ᑞ᝟ኪʿՎዌ˧ᫍᄉᡯሎὈὋࣲ˄ᒯ࠵Ф˖

ʶ˓ᤋ᤯ѫஂథˏ˓ᮆཁ὇᝟ኪዌЮᡯሎὈǌ೜฽ᤇ్͇̎௦ՠ໗ᡛὋݟ౦ʿ໗ᡛὋᤄٿ௃஌Ϙǌ

̼ᆉݟʽὙ 

    if not (2 <= nx.number_connected_components() < len(G.nodes()) 
      - 1): 
        return -99  

ଋᅋὋᭉ᜵ᖌԨಕខᅋᮆཁᜁѫҁג˓ᤋ᤯ѫஂᄉಕኣǌ᥅Ԋ੝థᄉᤋ᤯ѫஂὋၸߙЦγߚ

ᮆཁԢФ੝࡚ᄉᤋ᤯ѫஂǌ̼ᆉݟʽὙ 

label_dict = {} 
for i, sub_graph in enumerate(sub_graphs): 
    for node in sub_graph.nodes(): 
        label_dict[node] = i  

᥅Ԋڎ˖੝థᮆཁὋΙ൒ᖌԨҁඇ˓ᮆཁᄉಕኣǌᭉ᜵ѫˏ൥౎ϡὋЎ૊ʶ߿ᮊࣿԨҁڎὋ

в᥅Ԋǌڎ˝ځ˖ᮆཁ෤థ௙ᆷᄉᮊࣿὋͭ ௦Ե᜵෤థஇҮڎὋᮆཁ͗፤૆ဗథᮊࣿǌᤇࡂᛪ௙Ὃ

Ե᜵෤థஇҮڎὋڎڙʼុၸ.nodes()ழกὋᤄٿᄉᮆཁᮊࣿ঳௦ʶᒰᄉǌ̼ᆉݟʽὙ 

labels = np.array([label_dict[node] for node in G.nodes()]) 

ซ਒Ὃᣂजጆஜѥஜଋஅᄉ௦ᡯሎᅽ᫻ὋᏪʿ௦ڎǌځ൤Ὃ᜵ਆҨกઁڎᣀ૰˝ᅽ᫻ὋՎಧ

ѫˏ൥౎ϡǌᯪЎὋ΍ၸNetworkXᄉto_scipy_sparse_matrixѥஜઁڎᣀ૰˝ᅽ᫻्यὙ 

X = nx.to_scipy_sparse_matrix(G).todense() 

зͺఴ˹ௐὋscikit-learnࠃဗᄉᣂजጆஜѥஜʿஂ૆ሩ႟ᅽ᫻ǌځ൤Ὃᭉ᜵ុၸ

todense()ѥஜǌॡ௬ཨὋᤇ௦˓ᯠ˞਒——᤯࣡ःឞၸሩ႟ᅽ᫻Ὃځ˝ஜ૵ᬶࠚᄉৰхॡᎫ᜸ǌ

ᤇ˓Βߔᤇ˥ၸ෤᫇ᮤὋځ˝ஜ૵ᬶᄰࠪᣖ࠴὚Ꮺвܷཁᄉஜ૵ᬶࡂʿ᜵ᤇ˥ϡ˿ǌ 

 

तᝫ;΍ၸV-MEASURE੊ុஞ̈ζো὇Adjusted  Mutual InformationὈ᝿͈

ሩ႟ஜ૵ᬶǌscikit-learnࠃဗ˿ᤇˏሗழกὋͭ ௦ˏᏧ੝ၸҁᄉԟஜࢿѾॡ

ܷǌ 

ឯซ਒Ὃڎ˖᣷ᄉా᧗ᛪᇧᄰͪऎᏪʿ௦ᡯሎǌࠪ̅ᡯሎᏪᝒὋϘᡔܷὋᄰͪऎᡔ࠴ǌԺ̾

ၸԺᑞᄉణܷᄰͪऎ὇1ὈђԜဗథᄰͪऎὋઁᄰͪऎᣀӐ˝ᡯሎὙ 

    X = 1 - X 

௄ཨࣂፂѸतݝᡯሎᅽ᫻֖ಕኣὋဗࡂڙԺ̾᝟ኪᣂजጆஜ˿ǌૈ߿metricԟஜϘ˝

precomputedὋՠѶXᅽ᫻࠱ᜁॆͺྱड़ᅽ᫻Ꮺʿ௦ᡯሎᅽ᫻὇scikit-learnі˪ҁܪᦏ᳭ᝢ
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΍ၸᄉྱड़ᅽ᫻ὈǌѥஜణՐᤄٿ᝟ኪ३ҁᄉᣂजጆஜὙ 

    return silhouette_score(X, labels, metric='precomputed') 

 

థˏܪၸҁԨԥୱͺǌኃʶܪ௦යᡯሎௐࠪᄰͪऎԨԥὋᤇॡథॸ᜵Ὃځ˝

scikit-learn᝟ኪᣂजጆஜᄉѥஜ΍ၸᡯሎᅽ᫻ͺ˝ԟஜǌኃ̃ܪ௦ࠪᣂजጆ

ஜԨԥὋᤇಧ੥ᑞၸSciPyᄉoptimizeഴڰǌ 

ᤆథ˓ᮤ᫇࠴෤థᝌфǌʼᤗѥஜᤄٿᄉᣂजጆஜᡔܷᡔݝὋᏪSciPyᄉoptimizeഴڰԵ߿

˦˿minimizeѥஜὋ߱௦ʶ˓૮ܾѥஜὋϘᡔ࠴ᡔݝǌᭉ᜵ࠪᣂजጆஜԨԥὋ߿˦ʶѥஜઁ੩

ѫѥஜᣀӐ˝૮ܾѥஜǌ 

def inverted_silhouette(threshold, friends): 
    return -compute_silhouette(threshold, friends)  

ʼᤗѥஜ˝ၸԓѥஜѸतᄉʶ˓ளѥஜǌளѥஜុၸௐὋ˝ԓѥஜ͛Йˀ˧ґᄰՎᄉԟஜὋ

Եʿ᣾ளѥஜڙణՐᤄٿϘௐᤈᛠԨԥୱͺǌ 

ဗڙὋࡂԺ̾ᤈᛠ͕Ӑୱͺ˿ǌុၸ minimizeѥஜὋઁၸ̅Ԩԥୱͺᄉѥஜ

inverted_silhouette͛ᤈ౎Ὑ 

result = minimize(inverted_silhouette, 0.1, args=(friends,)) 

ԟஜឬ௙ݟʽǌ 

� inverted_silhouetteὙࠪੇ͂᜵ణ࠴Ӑᄉѥஜcompute_silhouetteᤈᛠԨԥୱͺὋ

 ФԪ˝૮ܾѥஜǌ࠱

� 0.1Ὑੇ͂ʶधݼ࿮฽᫟Ϙ˝0.1ௐὋѥஜԨҁణ࠴Ϙǌ 
� options={'maxiter':10}ὙԵᤈᛠ10ᣂᤕ̼὇ܘҪᤕ̼൒ஜὋ஌౦ԺᑞఝݝὋͭᤁᛠ

ௐᫍ˶͗ᄰःܘҪὈǌ 
� method='nelder-mead'Ὑ΍ၸʽࡢӬጥ्ก὇Nelder-MeadὈ͕Ӑழก὇SciPyଡΘᄉ

͕ӐழกὈǌ 
� args=(friends,)ὙՓᜁ͕Ӑᄉѥஜ͛ЙfriendsߙЦԟஜǌ 

 

ʼᤗርࣿᤁᛠௐᫍᣖ᫁ǌѸतڎᄉѥஜʿ௦ॡঋὋ᝟ኪᣂजጆஜᄉѥஜ˶ʿ

ঋǌђ࠵maxiterᄉϘὋђ࠵ᤕ̼൒ஜὋᑞ᎕ᆀᤁᛠௐᫍὋͭᥦಧॡԺᑞ੼ҁᄉ

௦൒͕᫟Ϙǌ 

ᤁᛠ߸ʼᤗѥஜὋੇ३ҁᄉణ͕᫟Ϙ˝0.135Ὃᤇௐథ10˓ᤋ᤯ѫஂǌణ࠴ӐѥஜᤄٿᄉϘ

௦�0.192ὋཨᏪʿ᜵ঃ᝭ґ᭦ᤈᛠ˿ԨԥୱͺὋ੝̾ࠃᬄᄉᣂजጆஜ௦0.192ǌᤇ˓Ϙ˝ൣஜὋᛪ

௙Չዌඊᡐ᧗ՋఝϷ௦ѫ஘ᄉ὇̂ݝὈǌԺ̾ᤁᛠФ̴ഴۋὋᄹʽᣂजጆஜ௦ՠఝܷὋՉዌ௦ՠ
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ఝѫ஘ǌ 

Ժ̾ઁᤇ˓ፆ౦ၸҁၸਖ਼଍ᕚʼ——ݟ౦ၸਖ਼࡚̅ʶ˓ᤋ᤯ѫஂὋԺ̾Փ̴଍ᕚឞᤋ᤯ѫஂ

ᄉФ̴ၸਖ਼ǌኤ᜵ٿᮎʽ᧪ࠪၸਖ਼଍ᕚᄉᆐቂԊርὋЎ௦ၸ౔Ӵॳᄰͪጆஜࠬ੼ၸਖ਼ᫍᄉᄰͪऎὋ

вၸᤋ᤯ѫஂઁၸਖ਼ѫ੆ʿՎᄉዌὋཨՐ΍ၸణ͕Ӑழก੼ҁణݝᄉഴۋǌ 

ཨᏪὋܷ ᧙ၸਖ਼ԺᑞˀФ̴ၸਖ਼෤థॡݝᄉᐎጆὋځ൤ᭉ᜵ၸʿՎᄉኪก੼ҁ̴͂੝࡚ᄉዌǌ 

7.3� ቅ㔉 

ఴብଉᝦ˿ᇪ̓Ꭹፎ̾ڎԢݟʹࠪФᤈᛠᐐዜѫౡǌᤆଉᝦ˿ݟʹҪᣑ֖΍ၸڙኃ6ብѸत

ᄉѫዜഴۋǌ 

ၸ౎ᒬTwitterᄉஜ૵ὋѸत˿ݝԣСጆڎὋ಩૵ၸਖ਼ᄉݝԣὋ೜฽ၸਖ਼˧ᫍᄉᄰͪऎǌੇ͂

ᝢ˝РՎݝԣఝܲᄉၸਖ਼ఝᄰͪὋᏥᘼҁݝԣஜ᧙ԺᑞࢿѾॡܷὋࠪФᤈᛠ˿᜺ᔴӐူܪǌ಩૵

ၸਖ਼ᄉᄰͪऎᤈᛠ଍฽Ὃ௦ʶሗ࣡ၸᄉᅻខ὇ඊࣱݟᴓ੊ៀ᝶ᄉ˞ᮤὈ଍றழกǌఴብၸʽ᭦ᄉ

᤾ᣣՓၸਖ਼଍ᕚݝԣ——ݟ౦̴͂Сซၸਖ਼XὋၸਖ਼Y֖XᄰͪὋᥦ˥̴͂Ժᑞ؝൓ၸਖ਼Yǌᤇሗ

ழกˀґіብ̯̓௛ஜ૵˖્ଇᄰֵͪ׷థऩఛՎݫ˧ࢹǌ 

ੇ͂ᄉᄫಕ௦଍ᕚၸਖ਼Ὃ΍ၸᐐዜѫౡழกᑞܴ੼ҁʿՎᄉၸਖ਼ዌὋ˞ ᜵൥ᰠథ಩૵ᄰͪऎ

ѸतҪాڎὋ̯ڎ˖ࠬ੼ᤋ᤯ѫஂǌѸतڎௐၸҁ˿NetworkXंǌ 

ၸᣂजጆஜ᝿͈ᐐዜ஌౦ὋФԓѶ௦ዌЮᡯሎణ֖࠴ዌᫍᡯሎణܷǌᣂजጆஜᡔܷὋᐐዜ஌

౦ᡔݝǌࠬڙ੼ణՋ᤟ᄉ᫟ϘௐὋၸҁ˿SciPyᄉoptimizeഴڰǌ 

ఴብᤆඊᣖ˿іࠪ਒˦ᄰԥᄉഏএǌࠪ̅ˏᏧ˧ᫍᄉᄰͪऎᤇ˓ഏএὋϘᡔܷὋᛪ௙ˏᏧ˧

ᫍఝᄰϷǌᄰԥὋࠪ̅ᡯሎᏪᝒὋϘᡔ࠴ὋˏᏧఝᄰϷǌԲܰʶࠪ௦૮ܾѥஜ֖੩ѫѥஜǌࠪ̅

૮ܾѥஜὋϘᡔ࠴Ὃ஌౦ᡔݝ὇˶ࡂ௦૮ܾᡔ࠵ὈǌᏪࠪ̅੩ѫѥஜὋϘᡔܷὋ஌౦ᡔݝǌ 

ʽʶብ̭࠱ፀঞಧ̯Բܰʶሗஜ૵ዜڎ——ۋϷ˖ઙԨྱड़ǌଋʽ౎Ὃ࠱ᝦ᝶ݟʹၸᇷፂᎩ

ፎខѾڎϷ˖ᄉஜߙὋᎃзርࣿࠃဗᒬҮӐᆠᝌᰍ᝼ᆉǌ 
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⭞⾔㔅㖇㔒⹪䀙僂䇷⸷ 

 
ူᝌڎϷ˖ᄉζোʶᄯ௦ஜ૵્ଇᮖ۪ᄉʶ˓ᬱᮤὋᄯҁణᤂіࣱ੥धݼ३ҁᄽൣᝌфǌڎ

Ϸ೜฽֖ူᝌኪกࣂᄰॆ੆ཿὋіܷԇ׷΍ၸᤇ̎ኪกᆐ҃ᄉᄢ฽ጆፑࣂઅЙ׷ၸὋၸ౎ࠃူܪ

ᬄ᫇ᮤǌᤇ̎ጆፑᑞܴူᝌ֖ខѾ᜼ᮟႆ᭦˖ᄉ̠֖ྫྷͳǌ 

ϷᄉಕэᎃᆉӬЊ——Ϸገ——ଡΘᄉڎஜ૵ὋݼϷӉդܷ᧙ԓڎϷ˖ઙԨζোॡᬱǌڎ̯

ζো᧙ॡ࠵ǌڎϷ——ྱѾ௦ཱྞ——ԺᑞڙߚʶጆѴ᫇ᮤὋඊݟഴዹʿຌǋሎᄫಕܹᤂǋЏጲ

ॡఌ੊ܹ̜ǋඊΒܾᄽǋ൴ᎤǋੴఛኍὋᤇ͗ܘҪ᝟ኪ఺ጆፑઙԨథၸζোᄉᬱऎǌ 

ఴብ̭ፀݟʹၸᇷፂᎩፎខѾڎϷ˖ᄉߙආὋ̯ ᏪᒬҮខѾᰍ᝼ᆉǌᰍ᝼ᆉᄉ᝹᝟ѹᛱ௦Φ

̠̅ዜူᝌὋᏪʿ௛ᜁ᝟ኪ఺ខᆠǌᰍ᝼ᆉᄉᔭ஠ՏԶͺCAPTCHAὋ߱Ԩᒬ̾ʽᆀឥ˖і˓Ӭ

ជᄉᯪߙආþCompletely Automated Public Turing test to tell Computers and Humans ApartÿὋ਒ধ

௦ᑞܴӜѾ᝟ኪ఺֖̠ዜᄉКᒬҮᄉМРڎ༦฽ណǌॡܲᎩቢᦏڙซбǋ᝿᝶ጆፑ˖΍ၸᰍ᝼ᆉὋ

̾᫸ൢѾ̠ৎ਒ซбᘾϛ᠌Ձ੊Ԧ࣊ڥۇ᝿᝶ǌ 

ఴብ˞᜵̭ፀݟʽЮࠓǌ 

� ᇷፂᎩፎ 
� Ѹतᰍ᝼ᆉ֖ߙආஜ૵ᬶ  
� ၸscikit-imageंڎူܪϷஜ૵ 
� ᇷፂᎩፎंPyBrain 
 Ϸ˖ઙԨ۲ఴྱड़ڎ̯ �
� ΍ၸᇷፂᎩፎᤈᛠఝܷ᜺ഴᄉѫዜ͉ҫ 
� ၸՐူܪଡӣ஌౦ 

8.1� Ӱᐛ⾔㔅㖇㔒 

ᇷፂᎩፎኪกణѹ௦಩૵̠ዜܷᑧᄉࢹͺ఺҃᝹᝟ᄉǌཨᏪὋឞᮖ۪ᤂࣱ੝Ԩ३ᄉᤈࡘ˞᜵

३ᄝ̅ஜߥᏪʿ௦ၶྫྷߥǌᇷፂᎩፎၿʶጆѴᄰ̈ᤋଋᄉᇷፂЊጷ੆ǌඇ˓ᇷፂЊᦏ௦ʶ˓ኤӬ

ᄉѥஜὋଋஅʶ߿ᣤЙὋፋѢᄰःᣤѢǌ 

ኃ �ብ
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ᇷፂЊԺ̾΍ၸ͉ʹಕэѥஜ౎ူܪஜ૵ὋඊݟጲবѥஜὋᤇ̎ѥஜፑሥ˝༎าѥஜ

὇activation functionὈǌʶᓉ౎ឬὋᇷፂᎩፎߥ˷ኪก᜵ᑞൣ࣡ࢹͺὋ༎าѥஜःॆ௦Ժ࠭

὇derivableὈ֖ Џ໎ᄉǌ࣡ ၸᄉ༎าѥஜథ᤾ᣣல្ѥஜὋѥஜᛪ᣹यݟ ὇̔x˝ᇷፂЊᄉᣤЙὋkǋ
L᤯࣡˝1Ὃᤇௐѥஜ᣹ҁణܷϘὈǌ 

0( )( )
1 e k x x

Lf x � � 
�

 

ʽڎ˝xԨ�6ҁ6˧ᫍᄉѥஜڎϷǌ 

 

ˏ్ጙጲᄉ̓ཁᛪᇧx˝0ௐὋѥஜϘ˝0.5ǌ 

ඇ˓ᇷፂЊଋஅі˓ᣤЙὋ಩૵ᤇі˓ᣤЙĿὋ᝟ኪᣤѢǌᤇಧᄉʶ˓˓ᇷፂЊᤋଋڙʶᡐ

ጷ੆˿ᇷፂᎩፎὋࠪஜ૵્ଇःၸ౎ឬὋ߱᭣࣡ुܷǌᤇ̎ᇷፂЊጊࠚᤋଋὋࠚѬᦠՋὋᑞܴ᤯

᣾ߥ˷३ҁʶ˓ഴۋὋ΍३ᇷፂᎩፎ੆˝఺ߥ٧˷ᮖ۪ణुܷᄉഏএ˧ʶǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ࠪࣛా᧗ᄉᣤЙҪ঳ǌ——ដᏧซ 
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⾔㔅㖇㔒ㆶԁ 

ၸ̅ஜ૵્ଇःၸᄉᇷፂᎩፎὋᇷፂЊ૊ཱࡎጞᤈᛠଅѴǌኃʶࡎὋ˶ࡂ௦ᣤЙࡎὋଋஅ౎

ᒬஜ૵ᬶᄉᣤЙǌኃʶࡎ˖ᄉඇ˓ᇷፂЊࠪᣤЙᤈᛠ᝟ኪὋઁ३ҁᄉፆ౦͛ፋኃ̃ࡎᄉᇷፂЊǌ

ᤇሗԶͺґՓᇷፂᎩፎǌఴብఆ˄ઁ߱ኤሥ˝ᇷፂᎩፎǌ൤ܰὋᤆథіሗᇷፂᎩፎὋ᤟ၸ̅ʿՎ

ᄉःၸǌኃ11ብ͗ᝮҁԲܰʶሗዜۋᄉᇷፂᎩፎǌ 

ᇷፂᎩፎ˖ὋʼʶࡎᄉᣤѢͺ˝ʽʶࡎᄉᣤЙὋᄯҁҁ᣹ణՐʶࡎὙᣤѢࡎǌᣤѢፆ౦ᛪᇧ

ᄉ௦ᇷፂᎩፎѫዜ٧ፋѢᄉѫዜፆ౦ǌᣤЙ֖ࡎᣤѢࡎ˧ᫍᄉ੝థࡎᜁሥ˝ᬤդࡎὋڙ˝ځᤇ̎

ஜःၸ੝΍ၸܷ̬ܲݟὋᏪࡎథʻ࠵ὋФஜ૵ᛪဗழयὋ̠࣡ᬱ̾ူᝌǌܷܲஜᇷፂᎩፎᒯ˖ࡎ

ᄉᇷፂᎩፎࡎ൒ඊᤇܲ३ܲǌ 

 

ੇ͕͂ЎᏥᘼ΍ၸКᤋଋࡎὋԀʼʶࡎ˖ඇ˓ᇷፂЊᄉᣤѢᦏᣤЙҁʽʶࡎᄉ੝థᇷፂЊǌ

᣷ᄉஜ᧙ǌ࠵ђڠԦဗὋᝪጶ᣾ር˖Ὃॡܲా᧗ᦏ͗ᜁ᝹Ꮅ˝0Ὃథ஌͗ࡂᬄౝतᇷፂᎩፎௐὋࠃ

ඊᡐФ̴ᤋଋഴयὋКᤋଋᇷፂᎩፎఝኤӬὋ᝟ኪᡐ౎ఝঋ૸ǌ 

ᇷፂЊ༎าѥஜ᤯࣡΍ၸ᤾ᣣல្ѥஜὋඇࡎᇷፂЊ˧ᫍ˝КᤋଋὋѸत֖ᝪጶᇷፂᎩፎᤆ

ᭉ᜵ၸҁФ̴і˓ԟஜǌѸत᣾ርὋૈ߿ᇷፂᎩፎᄉ᜺ഴᭉ᜵ၸҁˏ˓ԟஜὙᇷፂᎩፎРథܲ࠵

 Ὀǌ߿ᇷፂЊஜ᧙᤯࣡ၿஜ૵ᬶ౎ࡎᣤѢ֖ࡎᇷፂЊ὇ᣤЙ˓࠵థܲࡎඇࡎὋᬤդࡎ

ᝪጶ᣾ርᤆ͗ၸҁʶ˓ԟஜὙᇷፂЊ˧ᫍ᣷ᄉా᧗ǌʶ˓ᇷፂЊᤋଋҁԲܰʶ˓ᇷፂЊὋˏ

Ꮷ˧ᫍᄉ᣷Хథʶ߿ᄉా᧗Ὃڙ᝟ኪᣤѢௐὋၸ᣷ᄉా᧗˱̾ζՁᄉܷ࠴὇signalὋኃʶ˓ᇷፂ

ЊᄉᣤѢὈǌݟ౦᣷ᄉా᧗˝0.8ὋᇷፂЊ༎าՐὋᣤѢϘ˝1Ὃᥦ˥ʽʶ˓ᇷፂЊ̯ґ᭦ᤇ˓ᇷ

ፂЊ३ҁᄉᣤЙࡂ௦0.8ǌݟ౦ኃʶ˓ᇷፂЊ෤థ༎าὋϘ˝0Ὃᥦ˥ᣤѢҁኃ̃˓ᇷፂЊᄉϘࡂ

௦0ǌ 

ᇷፂᎩፎܷ࠴Ջ᤟Ὃ˄ా᧗ፂ᣾ЌѫᝪጶὋ߱ᄉѫዜ஌౦੥ᑞዴᆷǌܷ࠴Ջ᤟ࣲʿ௦ᡔܷᡔ

 ௛Ѣဗ᣾઱ՋᝪጶᬶᄉৰхǌࠓᇷፂᎩፎ᣾ܷὋᝪጶௐᫍ͗ॡ᫁Ὃఝ˝ځὋݝ
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᤯࣡Ὃधݼௐ΍ၸᬣ఺ᤤԨᄉా᧗Ὃᝪጶ᣾ር˖вᤩ൥ఝளǌ 

᝹Ꮅݝኃʶ˓ԟஜ὇Ꭹፎᄉܷ࠴ὈὋв̯ᝪጶᬶ˖ᝪጶ३ҁ᣷ᄉా᧗ԟஜՐὋࡂᑞౝᤴѫዜ

٧ǌཨՐὋࡂԺ̾ၸ߱ᤈᛠѫዜὋᡱґіብၸҁᄉѫዜ٧ኪกॡϷǌͭ௦ὋᯪЎᭉ᜵эܫᝪጶᬶ

֖฽ណᬶǌ 

8.2�  ᔰᮦᦤ䳼ࡑ

ఴብὋੇ͂ੵ࠱໥ᰉࠆᤇ˓ᝇᓣὋੇ͂ਆᎃзᆠᝌᎩቢᰍ᝼ᆉᄉርࣿὋᤇಧੇ͂ࡂథᑞҦڙ

Ѿ̠ᎩቢʼԦ࣊ৎ਒ࣸնǌᭉ᜵ซ਒ᄉ௦Ὃੇ͂᜵ᆠᝌᄉᰍ᝼ᆉὋᬱऎඊʿʼဗڙᎩʼ࣡ၸᄉ὚

ᤆథࡂ௦Ԧᛪࣸڥۇնʿܹ᥊ॳǌ 

ੇ͂Ե΍ၸ᫁ऎ˝4˓ߙආᄉᔭ஠Ӭជͺ˝ᰍ᝼ᆉὋݟʽڎ੝ᇧǌ 

 

ੇ͂ᄉᄫಕ௦ᎃзርࣿᤆԓڎϷ˖ᄉӬជὋ൥ᰠݟʽǌ 

 Ϸǌڎ࠴ආᄉ4षߙ˓Ϸѫ੆ԵӉդʶڎܷઁ (1)
(2) ˝ඇ˓ߙආѫዜǌ 
 ආ᧗ளጷՋ˝Ӭជǌߙઁ (3)
(4) ၸជЦνൣӬជខѾᩱឧǌ 

ੇ͂ᄉᰍ᝼ᆉᆠᝌኪกϡѢ˿̾ʽі˓ϛ᝹ǌᯪЎὋᰍ᝼ᆉ˖ᄉӬជ௦ʶ˓߸ஞᄉǋథ஌ᄉ

ᔭ஠ӬជὋФ᫁ऎ˝4˓ߙආ὇ࠃᬄʼὋၶ੆֖ᆠᝌᰍ᝼ᆉὋੇ͂ᦏ΍ၸՎʶ˓ជЦὈǌФ൒ὋӬ

ជКᦉߙආڨ˝ܷз्यὋʿ΍ၸቿՁǋஜߙ੊ቆಪǌ˝˿ܘҪᬱऎὋڙၶ੆ڎϷௐࠪӬជ΍ၸ

ʿՎᄉᩱѬ὇shearὈԪӐ஌౦ǌ 

8.2.1� 㔎࡬僂䇷⸷ 

ଋʽ౎Ὃੇ͂ᎃзѸतᰍ᝼ᆉᄉѥஜὋᄫಕ௦ፊ҃ʶषդథӬជᄉڎϷὋࠪӬជ΍ၸᩱѬԪ

Ӑ஌౦ǌፊ҃ڎϷ᜵ၸҁPILंὋᩱѬԪӐᭉ᜵΍ၸscikit-imageंǌscikit-imageंᑞܴ

ଋஅPILं࠭ѢᄉnumpyஜጷಪयᄉڎϷஜ૵Ὃځ൤ᤇˏ˓ࢹХԺ̾ፆՋ΍ၸǌ 

1 ⼝
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PIL֖scikit-imageंᦏԺ̾ၸpip߶ᜈὙ 
pip install PIL 
pip install scikit-image 

ᯪЎὋ࠭ЙԀ࠱ၸҁᄉं֖ഴڰǌ࠭ЙnumpyὋ̯PIL˖࠭ЙImageኍፊڎѥஜǌ 

import numpy as np  
from PIL import Image, ImageDraw, ImageFont 
from skimage import transform as tf 

ଋᅋὋѸतၸ̅ၶ੆ᰍ᝼ᆉᄉ۲ᆨѥஜǌᤇ˓ѥஜଋஅʶ˓Ӭជ֖ᩱѬϘ὇᤯࣡0ڙҁ0.5˧
ᫍὈὋᤄٿၸnumpyஜጷಪयᛪᇧᄉڎϷǌឞѥஜᤆଡΘૈڎ߿Ϸܷ࠴ᄉԟஜὋځ˝Ր᭦ᤆ͗ၸ

߱ၶ੆ԵӉդӬ˓ߙආᄉ฽ណஜ૵ǌ̼ᆉݟʽὙ 

def create_captcha(text, shear=0, size=(100, 24)): 

ੇ͂΍ၸߙආL౎ၶ੆ʶषᳫᄆڎϷὋ˝ImageDrawዜѹݼӐʶ˓ࠃΒǌᤇಧὋੇ͂ࡂԺ̾

ၸPILፊڎǌ̼ᆉݟʽὙ 

    im = Image.new("L", size, "black") 
    draw = ImageDraw.Draw(im) 

ͳ஠͇Ὃʽ᭦̼ᆉ˖ᄉ஠͇Տ὇Coval.otfὈःߙͳǌᤇ᧖᜵ၸҁߙ੝΍ၸᄉߙᰍ᝼ᆉ஠߿ૈ

ឞૈՓ஠͇ߚஉͮᎵ὇ੇઁ߱உҁॆґቷ᝭ఴ੝ڙᄫेὈǌ 

    font = ImageFont.truetype(r"Coval.otf", 22) 
    draw.text((2, 2), text, fill=1, font=font) 

 
;Ժ̯̾धຸߙ ὇ंOpen Font LibraryὈ̔ ᣑ੝ᭉߙͳ஠͇Coval.otfὙhttp://open 

fontlibrary.org/en/font/bretanǌ 

ઁPILڎϷᣀ૰˝numpyஜጷὋ̾Φၸscikit-imageं˝ڎϷຊҪᩱѬԪӐ஌౦ǌ

scikit-imageܷᦉѫ᝟ኪᦏ΍ၸnumpyஜጷಪयǌ̼ᆉݟʽὙ 

    image = np.array(im) 

ཨՐὋःၸᩱѬԪӐ஌౦ὋᤄڎٿϷǌ 

    affine_tf = tf.AffineTransform(shear=shear) 
    image = tf.warp(image, affine_tf) 
    return image / image.max() 

ʼ᭦ణՐʶᛠ̼ᆉࠪڎϷྱड़ᤈᛠॅʶӐူܪὋᆷγྱड़Ϙᖿ0ڙҁ1˧ᫍǌॅ ʶӐူܪԺڙ

ஜ૵ᮔူܪǋѫዜ੊Ф̴᫼ൿᤈᛠǌ 

ဗڙὋੇ͂Ժ̾ᣏౚၶ੆ڎϷὋ΍ၸpyplotፊ҃ڎϷǌᯪЎ᝹߿᱑శழก%matplotlibὋ
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 ʽὙݟὋ࠭Йpyplotǌ̼ᆉڎґቷ᝭ఴͺॆڙ߿ૈ

%matplotlib inline 
from matplotlib import pyplot as plt 

ၶ੆ᰍ᝼ᆉڎϷࣲ௬ᇧ߱ǌ 

image = create_captcha("GENE", shear=0.5) 
plt.imshow(image, cmap='Greys') 

ၶ੆ᄉڎϷࡂ௦ఴᓫधܿ;᜸ҁᄉᥦषὋ஌౦ᤆʿᩱաǌ 

8.2.2� ሼഴ࠼࠽܅ѰঋѠⲺᆍ∃ 

ᙉཨੇ͂ᄉᰍ᝼ᆉ௦ӬជὋͭ ௦ੇ͂ʿ੩ኪౝᤴᑞܴខѾ੆ӡʼʹ˓Ӭជᄉѫዜ٧ὋᏪ௦ઁ

ܷ᫇ᮤᣀӐ˝ఝ࠴ᄉ᫇ᮤὙខѾߙආǌ 

ᰍ᝼ᆉខѾኪกᄉʽʶ൥௦ѫҞӬជὋ੼ҁФ˖ᄉߙආǌХͳϡก௦ὋѸतʶ˓ѥஜὋࠬ੼

௦ੇ͂᜵੼ࡂःឞὈ࠵Ϸ὇੊Ꮷᒯڎ࠴Ϸǌᤇ̎ڎ࠴Ϸ˖ᤋ፝ᄉᳫᓣϷገὋઙԨ߱͂ͺ˝ளᄉڎ

ᄉߙආǌ 

ᯪЎὋ࠭ЙڎϷѫҞѥஜ᜵ၸҁᄉlabelǋregionpropsѥஜǌ 

from skimage.measure import label, regionprops 

 ʽὙݟ௙ܥආὋѥஜߙ˓Ϸ˝Ӭជᄉʶڎ࠴ϷѴᛪὋඇषڎ࠴ٿϷὋᤄڎϷѫҞѥஜଋஅڎ

def segment_image(image): 

ੇ͂᜵ϡᄉኃʶ͇̂ࡂ௦೜฽ඇ˓ߙආᄉͮᎵὋᤇࡂ᜵ၸҁscikit-imageᄉlabelѥஜὋ

߱ᑞ੼ѢڎϷ˖ϷገϘᄰՎ˄ԠᤋଋڙʶᡐᄉϷገڰǌᤇథཁϷኃ7ብ˖ᄉᤋ᤯ѫஂǌ 

labelѥஜᄉԟஜ˝ڎϷஜጷὋᤄٿᡱᣤЙՎۋᄉஜጷǌڙᤄٿᄉஜጷ˖ὋڎϷᤋଋڙʶᡐ

ᄉӜ۪ၸʿՎᄉϘ౎ᛪᇧὋڙᤇ̎Ӝ۪̾ܰᄉϷገၸ0౎ᛪᇧǌ̼ᆉݟʽὙ 

    labeled_image = label(image > 0) 

ઙԨඇʶषڎ࠴ϷὋ͂߱࠱γߚҁʶ˓Ѵᛪ˖ǌ 

    subimages = [] 

scikit-imageंᤆଡΘઙԨᤋ፝Ӝ۪ᄉѥஜὙregionpropsǌ᥅Ԋᤇ̎Ӝ۪ὋѫѾࠪ߱͂

ᤈᛠူܪǌ 

    for region in regionprops(labeled_image): 

ᤇಧὋ᤯᣾regionࠪ៵ࡂᑞᖌԨҁॆґӜ۪ᄉᄰСζোǌੇ͂ᤇ᧖᜵ၸҁॆґӜ۪ᄉᡐݼ

֖ፆోͮᎵᄉڮಕǌ 
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        start_x, start_y, end_x, end_y = region.bbox 

ၸᤇˏጷڮಕͺ˝ጉलࡂᑞઙԨҁڎ࠴Ϸ὇imageࠪ៵˝numpyஜጷὋԺ̾ᄯଋၸጉलϘὈὋ

ཨՐὋઁ߱γߚҁsubimagesѴᛪ˖ǌ̼ᆉݟʽὙ 

        subimages.append(image[start_x:end_x,start_y:end_y]) 

ణՐ὇९ဖܰ᭦ὈὋᤄٿ੼ҁᄉڎ࠴ϷὋඇष὇࣎భݟ൤Ὀڎ࠴ϷӉդӬជᄉʶ˓ߙආӜ۪ǌ

෤థ੼ҁڎ࠴ϷᄉৰхὋᄯଋઁԓڎϷͺ˝ڎߔᤄٿǌ̼ᆉݟʽὙ 

    if len(subimages) == 0: 
        return [image,] 
    return subimages  

΍ၸѷ߿˦ᄉᤇ˓ѥஜὋࡂᑞ̯ґ᭦ၶ੆ᄉᰍ᝼ᆉ˖੼ҁڎ࠴Ϸǌ 

subimages = segment_image(image) 

ᤆԺ̾Ϸʽ᭦ᤇಧಉᄹඇषڎ࠴Ϸǌ 

f, axes = plt.subplots(1, len(subimages), figsize=(10, 3)) 
for i in range(len(subimages)):  
    axes[i].imshow(subimages[i], cmap="gray") 

ፆ౦ݟʽǌ 

 

 ආᄉʶᦉѫǌߙథᄰ᥵ࣛ࠵Ϸᦏܲڎ࠴ϷѬҞ஌౦ᤆʿᩱὋͭ௦;Ժᑞซ਒ҁὋඇषڎ

8.2.3�  ᔰ䇣㓹䳼ࡑ

΍ၸڎϷѬҞѥஜࡂᑞѸतߙආஜ૵ᬶὋФ˖ߙආ΍ၸ˿ʿՎᄉᩱѬ஌౦ǌཨՐὋࡂԺ̾ᝪ

ጶᇷፂᎩፎѫዜ٧౎ខѾڎϷ˖ᄉߙආǌ 

ᯪЎὋૈ ආѴᛪὋૈߙᬣ఺࿃খϘὋѸत߿ ὋnumpyᄉarangeࠓᩱѬϘǌᤇ᧖і˪෤థளЮ߿

ѥஜ;Ժᑞ෤ၸ᣾Ὃ߱ ᡱPythonᄉrangeѥஜዜͪ——Եʿ᣾arangeѥஜԺ֖̾numpyᄉஜጷʶ

ᡐၸὋ൥᫁Ժ̾΍ၸ๎ཁஜǌ̼ᆉݟʽὙ 

from sklearn.utils import check_random_state 
random_state = check_random_state(14) 
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letters = list("ABCDEFGHIJKLMNOPQRSTUVWXYZ") 
shear_values = np.arange(0, 0.5, 0.05) 

в౎Ѹतʶ˓ѥஜ὇ၸ౎ၶ੆ʶ్ᝪጶஜ૵ὈὋ̯ ੇ͂ଡΘᄉᤤᮉ˖ᬣ఺ᤤԨߙආ֖ᩱѬϘǌ

̼ᆉݟʽὙ 

def generate_sample(random_state=None): 
    random_state = check_random_state(random_state) 
    letter = random_state.choice(letters)  
    shear = random_state.choice(shear_values) 

ᤄߙٿආڎϷԢᛪᇧڎϷ˖ߙආ࡚̅ג˓ዜѾᄉஜϘǌߙආA˝ዜѾ0ὋB˝ዜѾ1ὋC˝ዜѾ

2Ὃ̾൤ዜ଍ǌ̼ᆉݟʽὙ 

    return create_captcha(letter, shear=shear, size=(20, 20)), 
      letters.index(letter)  

 Ϸǌڎʼᤗѥஜͳᄉܰ᭦ὋុၸឞѥஜὋၶ੆ʶ్ᝪጶஜ૵Ὃၸpyplot௬ᇧڙ

image, target = generate_sample(random_state) 
plt.imshow(image, cmap="Greys") 
print("The target for this image is: {0}".format(target)) 

ុၸіӡ൒ឞѥஜὋࡂᑞၶ੆ᡛܴᄉᝪጶஜ૵ǌઁᤇ̎ஜ૵͛Йҁnumpyᄉஜጷ᧖Ὃځ˝ஜ

ጷୱͺᡐ౎ඊѴᛪఝࠓ௛ǌ̼ᆉݟʽὙ 

dataset, targets = zip(*(generate_sample(random_state) for i in 
range(3000))) 
dataset = np.array(dataset, dtype='float') 
targets =  np.array(targets) 

ੇ͂Рథ26˓ዜѾὋඇ˓ዜѾ὇ߙආὈၸ̯0ҁ25˧ᫍᄉʶ˓ஞஜᛪᇧǌᇷፂᎩፎʶᓉʿஂ

૆ʶ˓ᇷፂЊᣤѢܲ˓ϘὋͭ௦ܲ˓ᇷፂЊࡂᑞథܲ˓ᣤѢὋඇ˓ᣤѢϘ0ڙҁ1˧ᫍǌځ൤Ὃੇ

͂ࠪዜѾ΍ၸʶͮథ஌ᆉᎃᆉழกὋᤇಧὋඇ్ஜ૵ࡂᑞ३ҁ26˓ᣤѢǌݟ౦ፆ౦Ϸ౼ߙආὋ΍

ၸᤂͪ̅1ᄉϘ὚ݟ౦ʿϷὋࡂၸᤂͪ̅0ᄉϘǌ̼ᆉݟʽὙ 

from sklearn.preprocessing import OneHotEncoder 
onehot = OneHotEncoder() 
y = onehot.fit_transform(targets.reshape(targets.shape[0],1)) 

ੇ͂ၸᄉंʿஂ૆ሩ႟ᅽ᫻Ὃځ൤Ὃᭉ᜵࠱ሩ႟ᅽ᫻ᣀ૰˝ᬶࠚᅽ᫻ǌ̼ᆉݟʽὙ 

y = y.todense() 

8.2.4� ṯᦤᣳ਌ᯯ⌋䈹᮪䇣㓹ᮦᦤ䳼 

३ҁᄉஜ૵ᬶᡱԀ࠱΍ၸᄉழกథᣖܷѢЙǌஜ૵ᬶඇ్ஜ૵ᦏ௦ʶ˓ৌ20˝ݝϷገ᜸ழᄉ

Ϸϟሎ˖ॶ੊ᏧलЙڎϷὋ΍ڎආὋᏪᤇԺᑞ͗૗Ԍߙආǌੇ͂੝΍ၸᄉழก௦̯Ӭជ˖ઙԨߙ
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Ф̴᫇ᮤǌ 

ူਆৰхʽὋᝪጶѫዜ٧੝΍ၸᄉஜ૵ःឞˀѫዜ٧Ԁူܪ࠱ᄉஜ૵ࡉԺᑞᄰͪǌͭ ᬄ˖Ὃࠃ

ፂ࣡థ੝ʿՎὋͭ௦ःࡉ᧙᎕࠴ˏᏧ˧ᫍᄉࢿѾǌ 

ࠪ̅ᰍ᝼ᆉខѾࠃᰍὋణူਆᄉৰх௦Ὃ̯ࠃᬄᄉᰍ᝼ᆉ˖ઙԨߙආὋࣲࠪ߱͂ᤈᛠಕซǌ

˝˿ᓫᄴௐᫍὋੇ͂ԵڙᝪጶᬶʼᤁᛠѫҞѥஜὋᤄٿѫҞՐ३ҁᄉߙආڎϷ ǌ 

ੇ͂ᭉ᜵ၸҁscikit-imageं˖ᄉresizeѥஜὋځ˝ੇ͂३ҁᄉڎ࠴Ϸࣲʿ঳௦20Ϸገ

᜸ழǌ̼ᆉݟʽὙ 

from skimage.transform import resize 

ဗڙὋࡂԺ̾ࠪඇ్ஜ૵ᤁᛠsegment_imageѥஜὋ࠱३ҁᄉڎ࠴Ϸុஞ˝20Ϸገ᜸ழǌ

̼ᆉݟʽὙ 

dataset = np.array([resize(segment_image(sample)[0], (20, 20)) for 
sample in dataset]) 

ణՐὋѸतੇ͂ᄉஜ૵ᬶǌdatasetஜጷ˝ʻ፤ᄉὋځ˝߱᧖᭦ߚϱᄉ௦̃፤ڎϷζোǌၿ

̅ѫዜ٧ଋஅᄉ௦̃፤ஜጷὋځ൤Ὃᭉ᜵࠱ణՐˏ፤ਫ਼ࣰӐǌ 

X = dataset.reshape((dataset.shape[0], dataset.shape[1] * dataset. 
shape[2])) 

΍ၸscikit-learn˖ᄉtrain_test_splitѥஜὋઁஜ૵ᬶѬѫ˝ᝪጶᬶ֖฽ណᬶǌ̼ᆉ

 ʽὙݟ

from sklearn.cross_validation import train_test_split 
X_train, X_test, y_train, y_test = \ 
    train_test_split(X, y, train_size=0.9)  

8.3� 䇣㓹ૂ࠼㊱ 

ଋʽ౎Ὃੇ͂ࡂ౎ౝᤴᇷፂᎩፎѫዜ٧ὋଋஅڎϷὋᮔ฽ڎϷ˖ᄉ὇Ӭ˓Ὀߙආ௦̣˥ǌ 

˓Ὃඇ࠴Ϸ˝20Ϸገܷڎආᝪጶᬶǌஜ૵ᬶఴᢵॡኤӬǌඇषߙ˓΍ၸ˧ґѸतᄉӬ࠱͂ੇ

Ϸገၸ1὇ᳫὈ੊0὇ᄆὈ౎ᛪᇧǌඇषڎϷథ400˓ྱड़Ὃ͂߱ઁ࠱ͺ˝ᇷፂᎩፎᄉᣤЙǌᣤѢ

ፆ౦˝26˓0ҁ1˧ᫍᄉϘǌϘᡔܷὋᛪᇧڎϷ˖ᄉߙආ˝ឞϘ੝ࠪःᄉߙආ὇ᣤѢᄉኃʶ˓Ϙࠪ

ःߙආAὋኃ̃˓ࠪःߙආBὋ̾൤ዜ଍ὈᄉԺᑞবᡔܷǌ 

ੇ͂ၸPyBrainं౎ౝतᇷፂᎩፎѫዜ٧ǌ 
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ᡱੇ͂˧ґ᜸ҁᄉ੝థंʶಧὋPyBrain˶Ժ̾ၸpip౎߶ᜈὙpip install 

pybrainǌ 

PyBrainं΍ၸᒬࣁᄉஜ૵ᬶಪयὋڙݝѸतᤇሗಪयᄉᝪጶᬶ֖฽ណᬶࣲʿܹᬱǌ̼ᆉ

 ʽὙݟ

from pybrain.datasets import SupervisedDataSet 

ᯪЎὋ᥅Ԋੇ͂ᄉᝪጶᬶὋઁඇ్ஜ૵ຊҪҁʶ˓ளᄉSupervisedDataSetࠃΒ˖ǌ̼ᆉ

 ʽὙݟ

training = SupervisedDataSet(X.shape[1], y.shape[1]) 
for i in range(X_train.shape[0]): 
    training.addSample(X_train[i], y_train[i])  

ཨՐὋ᥅Ԋ฽ណᬶὋՎಧઁඇ్ஜ૵ຊҪҁʶ˓ளᄉSupervisedDataSetࠃΒ˖ǌ̼ᆉ

 ʽὙݟ

testing = SupervisedDataSet(X.shape[1], y.shape[1]) 
for i in range(X_test.shape[0]): 
    testing.addSample(X_test[i], y_test[i])  

ဗࡂڙԺ̾ѸतᇷፂᎩፎ˿ǌੇ͂࠱Ѹतʶ˓ణ۲ᆨᄉǋХథʻࡎፆౝᄉᇷፂᎩፎὋ߱ၿᣤ

ЙࡎǋᣤѢ֖ࡎʶࡎᬤդࡎጷ੆ǌᣤЙ֖ࡎᣤѢࡎᄉᇷፂЊஜ᧙௦߿ڌᄉǌஜ૵ᬶథ400˓ྱड़Ὃ

ᥦ˥ኃʶࡂࡎᭉ᜵థ400˓ᇷፂЊὋᏪ26˓ԺᑞᄉዜѾᛪ௙ੇ͂ᭉ᜵26˓ၸ̅ᣤѢᄉᇷፂЊǌ 

ᆷ߿ᬤդࡎᄉᇷፂЊஜ᧙Ժᑞᄰॆڇᬱǌݟ౦ᇷፂЊஜ᧙᣾ܲὋᇷፂᎩፎյဗѢሩ႟ᄉྱཁὋ

ᤇௐ᜵ᝪጶᡛܴܲᄉᇷፂЊৌॆڠᛪᇧஜ૵ࡂథڇᬱὋᤇज़ज़͗࠭ᒰ᣾઱Ջᝪጶஜ૵ᄉ᫇ᮤǌᄰ

ԥὋݟ౦ᇷፂЊ᣾࠵Ὃඇ˓ࠪѫዜፆ౦ᄉ᠇࿸᣾ܷὋвҪʼᝪጶʿЌѫὋࡂॡԺᑞ̖ၶͯ઱Ջဗ

៵ǌੇԦဗʶधݼၸ໣஦्࿃ʿᩱὋԀᬤդࡎᇷፂЊஜ᧙̭̅ᣤЙ֖ᣤѢࡎ˧ᫍǌఴብὋᬤդࡎ

ၸ100˓ᇷፂЊὋ;Ժ̾࠼ណФ̴ϘὋᄹᄹᑞʿᑞԨ३ఝݝᄉ஌౦ǌ 

࠭ЙbuildNetworkѥஜὋૈ߿፤ऎὋѸतᇷፂᎩፎǌኃʶ˓ԟஜX.shape[1]˝ᣤЙࡎᇷ

ፂЊᄉஜ᧙Ὃ˶ࡂ௦ྱड़ஜ὇ஜ૵ᬶXᄉѴஜὈǌኃ̃˓ԟஜૈᬤդࡎᄉᇷፂЊஜ᧙Ὃᤇ᧖᝹Ꮅ

˝100ǌኃʻ˓ԟஜ˝ᣤѢࡎᇷፂЊஜ᧙ὋၿዜѾஜጷyᄉ्࿃౎ᆷ߿ǌణՐὋᬓԜᣤѢܰࡎὋੇ

͂ඇࡎ΍ၸʶ˓ʶᄯ̅ܪ༎า࿃খᄉϟᎵᇷፂЊ὇bias neuronὋ߱ ˀʽʶࡎᇷፂЊ˧ᫍథ᣷ᤋଋὋ

᣷ᄉా᧗ፂ᣾ᝪጶ३ҁὈǌ̼ᆉݟʽὙ 

from pybrain.tools.shortcuts import buildNetwork 
net = buildNetwork(X.shape[1], 100, y.shape[1], bias=True) 

ဗڙὋੇ͂ࡂԺ̾ᝪጶᇷፂᎩፎὋࠬ੼Ջ᤟ᄉా᧗Ϙǌͭ௦ݟʹᝪጶᇷፂᎩፎփ὞ 
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8.3.1� ਃੇՖ᫣㇍⌋ 

ԥՓ͛୦ኪก὇back propagationὋbackpropὈᄉࢹͺ఺҃˝ࠪᮔ฽ᩱឧᄉᇷፂЊஶ̾৿Ꭾǌ

̯ᣤѢࡎधݼὋՓʼࡎࡎಉ੼ᮔ฽ᩱឧᄉᇷፂЊὋॱុᤇ̎ᇷፂЊᣤЙϘᄉా᧗Ὃ̾᣹ҁνܬᣤ

Ѣᩱឧᄉᄫᄉǌ 

ᇷፂЊ˧੝̾ፋѢᩱឧᄉᮔ฽Ὃԓ߱̅ڙځґ᭦˝ФଡΘᣤЙᄉᇷፂЊὋఝᆷѬ౎ឬ௦ၿᤇ

ˏ˓ᇷፂЊ˧ᫍ᣷ᄉా᧗ԢᣤЙϘф߿ᄉǌੇ ͂Ժ̾࠼ណࠪా᧗ᤈᛠॱុǌඇ൒ុஞᄉࣧऎԨф

̅̾ʽˏ˓ழ᭦ὙᇷፂЊՉ᣷ా᧗ᄉឧࢿѥஜᄉϟ࠭ஜ֖ʶ˓Զͺߥ˷ᤳညᄉԟஜ὇᤯࣡΍ၸॡ

ǌߔፋѢΒ࠱ᤳညὋၸ঳ా᧗ђԜ३ҁᄉϘǌʽ᭦˷ߥ̾˱ᄉ೘ऎὋвࢿᄉϘὈǌ᝟ኪѢѥஜឧ࠴

೘ऎᄉቿՁၿឧࢿф߿Ὃඇ൒ࠪా᧗ᄉνൣᦏ௦మᅋፋѢൣᆷᄉᮔ฽ϘҰҦǌథௐϊὋνൣፆ౦

 Ὃͭ੝३ҁᄉՉా᧗ᤆʿ௦ణ͕ጷՋǌݝᦉణ͕὇local optimaὈὋඊᡐФ̴ా᧗ጷՋ᜵ࡌ˝

ԥՓ͛୦ኪก̯ᣤѢࡎधݼὋࡎࡎՓʼٿເҁᣤЙࡎǌҁ᣹ᣤЙࡎՐὋ੝థ᣷ᄉా᧗ఝள

߸උǌ 

PyBrainଡΘ˿backpropኪกᄉʶሗࠃဗὋڙᇷፂᎩፎʼុၸtrainerዜԀԺǌ̼ᆉݟʽὙ 

from pybrain.supervised.trainers import BackpropTrainer 
trainer = BackpropTrainer(net, training, learningrate=0.01, 
weightdecay=0.01) 

backpropኪกڙᝪጶᬶʼᤈᛠᤕ̼Ὃඇ൒ᦏࠪా᧗ᤈᛠॱុǌॆឧࢿђ࠴ᄉࣧऎॡ࠴ௐὋᛪ

௙ኪก௃กᤈʶ൥᎕࠴ឧࢿὋፘ፝ᝪጶࣂ௃਒˦ὋᤇௐࡂԺ̾Ϣൢኪกᤁᛠǌူ᝶ʼὋኍឧࢿʿ

в᎕࠴ௐὋвϢൢᤁᛠǌᤇ˓᣾ርԶͺኪกஅஔǌͭࠃᬄʼੇ͂ʿ͗ኍҁឧࢿϢൢ᎕࠴Ὃځ˝ᤇ

᤯࣡᜵ᔈॡ᫁ௐᫍ˄஌౦థᬌǌ 

൤ܰὋఝኤӬᄉϡก௦Ὃᤁᛠ̼ᆉ߿ڌᄉ൥ஜ὇epochὈǌඇʶ൥੝Ӊդᄉ൒ஜᡔܲὋ੝ၸௐ

὇ඇʶ൥ᄉଡӣ஌౦յʽᬋᡕҸὈǌੇ͂ᤇ᧖ᝪጶௐὋ΍ၸ˿20൥Ὃஜ᧙ݝᡔܲὋ஌౦ᡔࡂ˶ᫍ

вܲ̎Ὃ஌౦Ժᑞ͗థ੝இؒ὇˶᝴ࣧऎॡ࠴Ὀǌ̼ᆉݟʽὙ 

trainer.trainEpochs(epochs=20) 

ᤁᛠґ᭦ᄉ̼ᆉὋᤇԺᑞ᜵ᔈіѫ᧾ௐᫍὋ᫁ᆀԨф̅ᆵ͇ὋཨՐੇ͂ࡂᑞڙ฽ណᬶʼᤈᛠ

ᮔ฽ǌPyBrainଡΘ˿ᄰःѥஜὋԵ᜵ڙtrainerࠃΒʼុၸԀԺǌ 

predictions = trainer.testOnClassData(dataset=testing) 

३ҁᮔ฽ϘՐὋԺ̾ၸscikit-learn᝟ኪF1Ϙǌ 

from sklearn.metrics import f1_score 
print("F-score: {0:.2f}".format(f1_score(predictions, 
                                         y_test.argmax(axis=1) )))  

F1Ϙ˝0.97Ὃࠪ̅ᄰࠪᣖ࠴ᄉഴۋ౎ឬὋᤇ˓ፆ౦ॡ˿ʿᡐǌѾঃ˿ੇ͂ᄉྱड़ϘԵ௦ኤӬ

In

e.ee
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ᄉϷገϘὋᇷፂᎩፎቤཨᅻ᥊ঞ˥΍ၸ߱͂ǌ 

௄ཨౝतݝ˿Хథᰳዴऎᄉߙආѫዜ٧Ὃଋʽ౎ᄹʽঞ˥ၸ߱౎ខѾӬជὋࠃဗᰍ᝼ᆉᆠᝌ

ҩᑞǌ 

8.3.2� 人⎁ঋ䈃 

ੇ͂ਆѫѾខѾඇषڎ࠴Ϸ˖ᄉߙආὋཨՐઁ߱͂ૂ੆ӬជὋ߸੆ᰍ᝼ᆉខѾǌ 

ੇ͂౎߿˦ʶ˓ѥஜὋଋஅᰍ᝼ᆉὋၸᇷፂᎩፎᤈᛠᝪጶὋᤄٿӬជᮔ฽ፆ౦ǌ 

def predict_captcha(captcha_image, neural_network): 

΍ၸґ᭦߿˦ᄉڎϷѬҞѥஜsegment_imageઙԨڎ࠴Ϸǌ 

    subimages = segment_image(captcha_image) 

ణጻᄉᮔ฽ፆ౦——ӬជὋ࠱ၿڎ࠴Ϸ˖ᄉߙආጷ੆ǌᤇ̎ڎ࠴Ϸ಩૵ͮᎵᤈᛠଅࣿὋ̯Ꮺ

γ᝼ૂଋՐ३ҁᄉӬជ˖ՉߙආൣڙܪᆷᄉͮᎵʼǌ 

    predicted_word = "" 

᥅Ԋٽषڎ࠴Ϸǌ 

    for subimage in subimages: 

ඇषڎ࠴ϷʿܹԺᑞൣݝ௦20Ϸገ᜸ழǌុஞܷ࠴ՐὋ੥ᑞၸᇷፂᎩፎူܪǌ 

        subimage = resize(subimage, (20, 20)) 

ᇷፂᎩፎ˖ᤈᛠ͛୦Ὃڙ࠱Ὃ༎าᇷፂᎩፎǌᤇ̎ஜ૵ࡎϷஜ૵͛ЙᇷፂᎩፎᄉᣤЙڎ࠴ઁ

ᤄٿᣤѢፆ౦ǌᇷፂᎩፎڙґ᭦ࣂፂѸतݝ˿ὋဗڙԵᭉ༎า߱ǌ̼ᆉݟʽὙ 

        outputs = net.activate(subimage.flatten()) 

ᇷፂᎩፎᣤѢ26˓ϘὋඇ˓ϘᦏథጉलՁὋѫѾࠪःlettersѴᛪ˖థᅋᄰՎጉलᄉߙආὋ

ඇ˓Ϙᄉܷ࠴ᛪᇧˀࠪःߙආᄉᄰͪऎǌ˝˿ᖌ३ࠃᬄᄉᮔ฽ϘὋੇ͂ԨҁణܷϘᄉጉलὋв

᤯᣾lettersѴᛪ੼ҁࠪःᄉߙආǌΒݟὋݟ౦ኃ̊˓ϘణܷὋᥦ˥ᮔ฽ፆ౦ߙ˝ࡂආEǌ̼ᆉ

 ʽὙݟ

        prediction = np.argmax(outputs) 

ઁʼ᭦३ҁᄉߙආຊҪҁൣڙᮔ฽ᄉӬជ˖ǌ 

        predicted_word += letters[prediction] 

९ဖፆోՐὋੇ͂ࣂࡂፂ੼ҁ˿ӬជᄉՉ˓ߙආὋ࠱Фૂଋ੆ӬជὋణՐᤄٿᤇ˓Ӭជǌ 
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    return predicted_word 

Ժ̾΍ၸʽ᭦̼ᆉ౎ϡʽ฽ណǌ࠼ណʿՎᄉӬជὋᄹᄹԺᑞ͗᥄ҁ̣˥ᩱឧὋѾঃ˿ੇ͂ᄉ

ᇷፂᎩፎԵᑞܷူܪзߙආǌ 

word = "GENE" 
captcha = create_captcha(word, shear=0.2) 
print(predict_captcha(captcha, net)) 

ੇ͂Ժ̾ઁʼ᭦̼ᆉஞՋҁʶ˓ѥஜ᧖ὋΦ̅ᤈᛠܲ൒࠼ណǌᤇ᧖෸ၸ˧ґඇ˓ӬជԵӉդ

ආᄉϛ᝹Ὃᬋͯᮔ฽͉ҫᄉᬱऎǌѺᬓprediction = prediction[:4]ὋណណᄹԺᑞߙ˓ٽ

͗Ѣ̣˥ᩱឧǌ̼ᆉݟʽὙ 

def test_prediction(word, net, shear=0.2):  
    captcha = create_captcha(word, shear=shear) 
    prediction = predict_captcha(captcha, net) 
    prediction = prediction[:4] 
    return word == prediction, word, prediction 

ʼᤗѥஜᤄٿፆ౦Ι൒˝ᮔ฽ፆ౦௦ՠൣᆷǋᰍ᝼ᆉ˖ᄉӬជ֖ᮔ฽ፆ౦ᄉґߙ˓ٽቿǌ 

ʼ᭦̼ᆉᑞൣᆷខѾӬជGENEὋͭ௦Ф̴Ӭជ͗Ѣᩱǌൣᆷညݟʹ὞ੇ͂ύүNLTKഴڰѸ

तӬជஜ૵ᬶὋԵ΍ၸ᫁ऎ˝4ᄉӬជǌ̯NLTK˖࠭ЙwordsὋ̼ᆉݟʽὙ 

from nltk.corpus import words 

wordsࠃᬄʼ˝corpus὇ឥ஧ंὈࠪ៵Ὃុၸ߱ᄉwords()ழก੥ᑞԨҁ᧖᭦ᄉӬជǌʽ᭦

̼ᆉᤆҪ˿᫁ऎ˝4ᄉ᣾໙్͇ǌ̼ᆉݟʽὙ 

valid_words = [word.upper() for word in words.words() if len(word) == 
4] 

ខѾ३ҁᄉ੝థ᫁ऎ˝4ᄉӬជὋѫѾፑ᝟ខѾൣᆷ֖ᩱឧᄉஜ᧙ǌ 

num_correct = 0 
num_incorrect = 0 
for word in valid_words: 
    correct, word, prediction = test_prediction(word, net, 
                                                shear=0.2)  
if correct: 
        num_correct += 1 
    else: 
        num_incorrect += 1 
print("Number correct is {0}".format(num_correct)) 
print("Number incorrect is {0}".format(num_incorrect)) 

ൣᆷខѾ2832˓ӬជὋᩱឧខѾ2681˓Ὃൣᆷည̨˝51%ǌᏪߙආខѾည˝97%ὋˏᏧࢿᡯ

ܹܷǌҁऄঞ˥̂ٿ὞ 

ᯪЎὋ౎ᄹʽൣᆷညఴᢵǌФͷ్͇ᄰՎᄉৰхʽὋੇ͂థߙ˓ٽආὋඇ˓ߙආᄉൣᆷည˝
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97%Ὃߙ˓ٽආᦏൣᆷᄉពὋൣᆷညጝ˝88%὇ጝ˝0.974Ὀǌʶ˓ߙආѢᩱ࠭࠱ᒰஞ˓ӬជខѾ

ᩱឧǌ 

Ф൒ὋᩱѬϘࠪൣᆷညథॕֽǌᤇ൒Ѹतஜ૵ᬶௐὋᬣ఺̯0ҁ0.5˧ᫍᤤԨʶ˓ஜͺ˝ᩱѬ

ϘǌЎґ฽ណௐᩱѬϘ˝0.2ǌᩱѬϘ˝0ௐὋൣᆷည˝75%὚ᩱѬϘԨ0.5ௐὋൣᆷညԵథ2.5%ǌ

ᩱѬϘᡔܷὋൣᆷညᡔͯǌ 

Բܰʶ˓ԓ͂ੇ̅ڙځ˧ґᬣ఺ᤤԨߙආጷ੆ӬជὋᏪߙආڙӬជ˖ᄉѫ࣊ʿ௦ᬣ఺ᄉǌΒ

ආὋߙආ΍ၸᮟညఝᰳǌ΍ၸᮟऎᣖᰳὋͭԁ࣡࣡ᜁខѾᩱឧᄉߙඊQኍФ̴ࡂආE௬ཨߙὋݟ

˶͗࠭ᒰᩱឧညʼӣǌ 

ੇ͂Ժ̾ઁፂ࣡ខѾᩱឧᄉߙආፑ᝟Ѣ౎Ὃၸ̃፤ຈ๵ᅽ᫻౎ᛪᇧǌඇᛠ֖ඇѴڨ˝ʶ˓ዜ

Ѿ὇ߙආὈǌ 

ᅽ᫻ᄉඇʶᮉᛪᇧʶ˓ዜѾ὇ᛠࠪःᄉዜὈᜁᩱឧខѾ˝Բʶ˓ዜѾ὇ѴࠪःᄉዜὈᄉ൒ஜǌ

ΒݟὋ(4,2)ᤇʶᮉᄉϘ˝6ὋᛪᇧߙආDథ6൒ᜁᩱឧڠខѾ˝ߙආBǌ 

from sklearn.metrics import confusion_matrix 
cm = confusion_matrix(np.argmax(y_test, axis=1), predictions) 

ူਆৰхʽὋຈ๵ᅽ᫻ःឞԵథࠪ̅ܪᝇጲᄉᮉ(i,i)Ϙʿ˝ᭅὋФͷՉᮉᄉϘڨ˝ᭅὋՠ

Ѷࡂ௦ѫዜథឧǌ 

ၸpyplotϡ੆ڎὋߙ̎גආࠓ௛ຈ๵ࡂʶᄫ˿ཨὋ̼ᆉݟʽὙ 

plt.figure(figsize=(10, 10)) 
plt.imshow(cm) 

ʽ᭦̼ᆉ˖ᄉtick_marksᛪᇧ҈ऎὋڮڙಕᣈʼಕѢඇ˓ߙආὋΦ̅ူᝌǌ 

tick_marks = np.arange(len(letters)) 
plt.xticks(tick_marks, letters) 
plt.yticks(tick_marks, letters) 
plt.ylabel('Actual') 
plt.xlabel('Predicted') 
plt.show() 

ፆ౦ݟʽڎ੝ᇧǌ̯ڎ˖Ὃੇ͂ࡂᑞຌഁڠᄹҁ˞᜵ᄉᩱឧ̅ڙі˪௃ʶΒܰઁڠUខѾ˝

Hὀ 

ੇ͂ᄉជᛪ˖17%ᄉӬជդథߙආUὋᤇ̎Ӭជі˪ᦏ͗ᜁខѾᩱឧǌUᄉѢဗᮟည᜵ᰳ̅H
὇11%ᄉӬជὈὋੇ͂ʿሄਆҁ˿ʶ˓ଡӣൣᆷညᄉኤӬழก὇ԺᑞʿܴϣܤὈὙઁ੝థᮔ฽ፆ

౦˝HᄉὋᦏஇ˝Uǌ 

ʽᓫ࠱᧓ၸఝ˝ݫࢻᄉழกὋ̯ជЦ˖଼ጉᡱᮔ฽ፆ౦ᄰͪᄉӬជǌ 
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8.4� ⭞䈃ޮᨆॽ↙⺤⦽ 

ੇ͂ѷѷ௦ᄯଋᤄٿᮔ฽ፆ౦ὋФࠃᤄٿ˧ґԺ̾Ў೜ಉʶʽជЦ᧖௦ՠӉդឞជ్ǌݟ౦

ӬជڙជЦ᧖Ὃᥦ˥ࡂᤄٿᮔ฽ፆ౦Ὃݟ౦ʿڙὋੇ͂੼ҁ֖ᮔ฽ፆ౦ᄰͪᄉӬជὋвઁ߱ͺ˝

ఝள᣾ᄉᮔ฽ፆ౦ᤄٿǌซ਒Ὃឞழก௦۲̅੝థᰍ᝼ᆉ˖ᄉӬជᦏ௦ᔭឥӬជᄉϛ᝹Ὃځ൤Ὃ

ࠪ̅ᬣ఺ᤤԨߙආጷ੆ᄉᰍ᝼ᆉ౎ឬʿ᤟ၸǌФࠃᤇൣ௦ॡܲᰍ᝼ᆉʿ΍ၸӬជᄉԓځ˧ʶǌ 

ᤆథʶ˓᫇ᮤ᜵ᝌф——ݟʹ੼ҁణᄰᤂᄉӬជ὞ழกథॡܲǌΒݟὋඊᣖជ᫁ǌជ᫁ࢿʿ

ܲᄉˏ˓ӬជఝᄰͪǌཨᏪὋ᤯࣡ᝢ˝ὋڙᄰՎͮᎵథᄰՎߙආᄉˏ˓ӬជఝᄰͪὋᤇࡂ᜵ၸҁ

ᎃᣣᡯሎǌ 

8.4.1� ሱᢴᴶ⴮ղⲺঋ䈃 

Ѵ஠லںᎃᣣᡯሎ὇Levenshtein edit distanceὈ௦ʶሗ᤯᣾ඊᣖˏ˓ᆀߙቿ˘Ὃᆷ͂߱߿ᄰͪ

ऎᄉழกǌ߱ʿܹ᤟ՋੰࡘὋߙቿ˘ॡ᫁ௐ᤯࣡ʿၸᤇሗழกǌᎃᣣᡯሎᭉ᜵᝟ኪ̯ʶ˓ӬជԪ

˝Բʶ˓Ӭជ੝ᭉ᜵ᄉ൥ᰠஜǌ̾ʽୱͺᦏኪʶ൥ǌ 

 ආǌߙӬជᄉ͉਒ͮᎵଢЙʶ˓ளڙ (1)
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(2) ̯Ӭជ˖Ѻᬓ͉਒ʶ˓ߙආǌ 
(3) ઁʶ˓ߙආఢ૰˝Բܰʶ˓ߙආǌ 

ઁʶ˓ӬជᣀԪ˝Բܰʶ˓Ӭជ੝ᭉ൥ஜᡔ࠵Ὃᤇˏ˓ӬជᡔᄰͪὋԥ˧ὋࢿѾᡔܷǌ 

NLTKࠃဗ˿ᎃᣣᡯሎኪกὋԺ̾ᄯଋૅ౎ၸǌ࠭ЙՐὋૈ߿ˏ˓ӬជὋᄹʽ߱͂ᄉᎃᣣ

ᡯሎǌ 

from nltk.metrics import edit_distance 
steps = edit_distance("STEP", "STOP") 
print("The number of steps needed is: {0}".format(steps)) 

೜ಉૂзǋڙᄉፆ౦ᡱੇ͂ᄉᄯ᜿ॡᄰᤂǌᎃᣣᡯሎٿណʿՎᄉӬជὋ;͗Ԧဗᎃᣣᡯሎᤄ࠼

եзᩱឧ֖Տሥӛᦠ὇ඊݟMarc֖Markᄉૂз्यࡂ౜௛ᜁଽຈὈழ᭦ၸܪॡܷǌ 

ཨᏪὋੇ͂ᤇ᧖෤ᤇ˥ܬఽὋԵᭉ᜵ඊᣖˏ˓ӬជՎኍͮᎵʼᄉߙආ௦ՠʶᒰԀԺὋʿ๗Ԣ

ආʿՎᄉஜ᧙ǌ̼ߙ௦ፑ᝟ՎኍͮᎵʼࡂ˶౎ᎃзᡯሎऎ᧙ѥஜὋࣁ൤Ὃੇ͂ᒬځආᄉሧҮǌߙ

ᆉݟʽὙ 

def compute_distance(prediction, word):  
    return len(prediction) - sum(prediction[i] == word[i] for i in 
range(len(prediction))) 

ၸជ᫁὇4ὈђԜՎኍͮᎵʼᄰՎᄉߙආᄉஜ᧙Ὃ३ҁᄉϘᡔ࠴ᛪᇧˏ˓ជᄰͪऎᡔᰳǌ 

8.4.2� 㓺㻻䎭ᶛ 

ੇ͂ဗࡂڙ౎฽ណஇᤈᄉᮔ฽ѥஜὋ̼ᆉᡱ˧ґᄰͪǌᯪЎὋ߿˦ᮔ฽ѥஜὋᤇ൒ઁӬជѴ

ᛪ˶͛ᤈԜǌ 

from operator import itemgetter  
def improved_prediction(word, net, dictionary, shear=0.2): 
    captcha = create_captcha(word, shear=shear) 
    prediction = predict_captcha(captcha, net) 
    prediction = prediction[:4] 

ҁᄫґ˝ൢὋ̼ᆉᡱ˧ґᄉᮔ฽ѥஜʶᒰὋᤆ௦Ԩҁᮔ฽ፆ౦ᄉґߙ˓ٽආǌཨᏪὋᤇ൒ᤆ

᜵೜฽Ӭជ௦ՠڙជЦ᧖ǌݟ౦ڙὋઁӬជͺ˝ᮔ฽ፆ౦ᤄٿ὚ݟ౦ʿڙὋ੼ҁణᄰͪᄉӬជᤄ

 ʽὙݟǌ̼ᆉٿ

    if prediction not in dictionary: 

᝟ኪᮔ฽ፆ౦֖ជЦ˖ඇ˓ӬជᄉᡯሎὋ૊ཱᡯሎၿ࠴ҁܷᤈᛠଅࣿǌ̼ᆉݟʽὙ 

        distances = sorted([(word, compute_distance(prediction, word)) 
                            for word in dictionary], 
key=itemgetter(1))  
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੼ҁణ˝ӛᦠᄉӬជ——˶ࡂ௦ᡯሎణ࠴ᄉӬជ——ᬣՐઁᤇ˓Ӭជͺ˝ᮔ฽ፆ౦ᤄٿǌ 

        best_word = distances[0] 
        prediction = best_word[0] 

ѥஜᤄٿፆ౦ᡱ˧ґᄰՎὙᮔ฽ፆ౦௦ՠൣᆷὋᰍ᝼ᆉ˖ᄉӬជ֖ᮔ฽ፆ౦ǌ 

    return word == prediction, word, prediction 

฽ណ̼ᆉ˖ᭉ᜵ԪҮᄉڠழၸዣͳᛪᇧǌ 

num_correct = 0  
num_incorrect = 0 
for word in valid_words: 
    correct, word, prediction = improved_prediction(word, net, valid_ 
words, shear=0.2) 
    if correct: 
        num_correct += 1 
    else: 
        num_incorrect += 1 
print("Number correct is {0}".format(num_correct)) 
print("Number incorrect is {0}".format(num_incorrect)) 

ʼᤗ̼ᆉᤁᛠௐᫍሮ᫁὇᝟ኪᮔ฽ፆ౦ᡱជЦ˖ඇ˓Ӭជ˧ᫍᄉᡯሎ᜵Ᏹ᠟ʶ߿ௐᫍὈὋణ

ጻൣᆷខѾ3037˓ӬជὋᩱឧខѾ2476˓Ὃൣᆷညᣖ˧ґథ4˓ᄇѫཁᄉଡӣὋ᣹ҁ55%ǌၿ̅

ᮔ฽ፆ౦ᡱជЦ˖ॡܲӬជᄉᄰͪऎʶᒰὋኪกᬣ఺̯ʶጷణᄰͪᄉӬជ˖ᤤસణ·ᄉὋ੝̾ኪ

ก஌౦ଡӣॡథᬌǌΒݟὋជЦ˖ኃʶ˓ӬជAANI὇۟Ԣᇷព˖࿐ܿ࿿࿺ὈὋᡱФ̴44˓Ӭជ

ᡯሎᄰՎǌᤤ˖ᄉіညࡂԵథ1/44ǌ 

ኪ௦ൣᆷᄉពὋᥦ˥ᮔ฽ፆࡂ˓౦ੇ͂ͺभὋᮔ฽ፆ౦Ե᜵̯ణᄰͪᄉʶጷជ˖ᬣ఺ૌʶݟ

౦ൣᆷညᰳ࠱᣹78%὇̼ᆉឯ᜸ఴ˹ᦠݒᄉ̼ᆉӉὈǌ 

᜵ᤈʶ൥ଡӣൣᆷညὋ३இԪᡯሎ฽᧙ழกὋᄹᑞʿᑞѽၸ˧ґ३ҁᄉຈ๵ᅽ᫻Ὃ੼ҁፂ࣡

ᜁຈ๵ᄉߙආ੊Ф̴థၸζোǌᤩ൥இᤈ஌౦Ὃ௦ॡܲஜ૵્ଇኪกᄉʶ˓ྱཁὋᤇᡱመࠃߥᰍ

ழก௦ʶᑡᄰ੽ᄉ——̖ၶਆกὋϡࠃᰍὋѫౡፆ౦Ὃв಩૵ፆ౦ϡᤈʶ൥ᄉஇᤈǌ 

8.5� ቅ㔉 

ఴብᄉ͉ҫ௦಩૵ᰍ᝼ᆉڎϷᄉϷገϘខѾ᧖᭦ᄉӬជǌॆཨὋ˝˿ኤӐᬱऎὋᰍ᝼ᆉ΍ၸ

ၿߙ˓ٽආጷ੆ᄉᔭឥӬជǌᎩቢʼࠃᬄ΍ၸᄉᰍ᝼ᆉ᜵ඊᤇܬఽ३ܲ——˶ःឞᤇಧὀͭ௦Ὃ

Ե᜵ࠪʼ᭦੝ᝮᄉኪกᤈᛠஇᤈὋࡂᑞ᤯᣾ᇷፂᎩፎὋ΍ၸᡱᤇ᧖ዜͪᄉழกᆠᝌఝ˝ܬఽᄉᰍ

᝼ᆉǌscikit-imageंଡΘܷ᧙ڎϷࢹူܪХὋඊڎ̯ݟϷ˖ઙԨʿՎ्࿃ᄉڎ࠴Ϸ֖இؒڎ

Ϸࠪඊऎᄉழกኍǌᤇ̎ழกథү̅ᆠᝌᰍ᝼ᆉǌ 

ੇ͂ઁខѾӬជᄉᬱᮤᣀӐ˝ខѾߙආᄉᮤ᫇࠴ὋѸतґՓᇷፂᎩፎខѾڎϷ˖ᄉߙආὋԨ
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३˿97%ᄉэᆷညǌ 

ᇷፂᎩፎၿʶጷጷᇷፂЊᤋଋᏪ੆ὋᇷፂЊ˝۲ఴᄉ᝟ኪӬЊὋඇ˓ᇷፂЊᦏԵӉդʶ˓ѥ

ஜǌཨᏪὋ੝థᄉᇷፂӬЊᤋଋڙʶᡐࡂᑞᝌфܬఽርऎॡᰳᄉ᫇ᮤǌᇷፂᎩፎ௦ຆऎߥ˷ᄉ۲

ᆨὋՐᏧԺ௦ॆ̬ஜ૵્ଇᮖ۪ణԩСซᄉழՓ˧ʶǌ 

ᤇৌࠃథॡܲὋФځආൣᆷညॡᰳὋͭ௦ӬជខѾൣᆷညᬑཨᬋᒯ50%ܲཁǌԓߙክខѾࡉ

 ᬱǌڇဖܑ͗᥄ҁՉሗՉಧᄉࠃᰍဖܑୂҁᄽࠃឬ௙ઁኪก̯ݝ

΍ၸជЦὋࠬ੼ణӛᦠᄉӬជὋᑞܴଡӣൣᆷညǌੇ͂Ꮵᘼ΍ၸ࣡ၸᄉᎃᣣᡯሎᛪᇧӬជᫍ

ᄉᄰͪऎ὚ͭ௦ੇ͂ԵСซߙආᩱឧᏪʿຆቂˀ̎גᎃᣣ൥ᰠ὇ଢЙǋѺᬓὈᄰСὋځ൤ኤӐ˿

ᡯሎ᝟ኪழกǌణጻൣᆷညథ੝ଡӣὋͭ௦ᤆథॡܲ᜵இᤈᄉڠழǌ 

ʽʶብ࠱ፘ፝ᆐቂߙቿ˘ඊᣖὋ࠼ណ੼Ѣ஠ುᄉ˞̠὇̯ܲՏԺᑞᄉͺᏧ˖Ὀ——Ե಩૵஠

ುЮࠓᏪʿ΍ၸФ̴ζোὀ 
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֒㘻ᖈኔ䰤从 

 
஠ఴ્ଇ͉ҫͺᏧѫౡ὇authorship analysisὈᄉᄫಕ௦Ե಩૵ͺֵЮࠓ੼ѢͺᏧ࿗థᄉྱཁὋ

ඊࣱݟᴓǋবѾ੊ᐿ௿ǌͺᏧॅ࡚὇authorship attributionὈ௦ͺᏧѫౡᄉʶ˓ጹѫᮖ۪Ὃᆐቂᄫ

ಕ௦̯ʶጷԺᑞᄉͺᏧ˖੼ҁ஠ುᄽൣᄉ˞̠ǌᤇ௦ʶሗЦۋᄉѫዜ͉ҫǌͅ Ꮷѫౡ͉ҫʶᓉ᧓

ၸಕэᄉஜ૵્ଇழกὋඊ̓ݟԡ೜ᰍǋྱड़ઙԨ֖ѫዜኪกኍǌ 

ఴብઁ࠱ґіብߥҁᄉஜ૵્ଇழกஞՋᡐ౎ὋᝌфͺᏧॅ࡚᫇ᮤὋ̯ Ꮺଁଦஜ૵્ଇஞ˓

᣾ርǌੇ͂ႌᮤ᫇߿Ὃᝦ᝶ᄰСᐿ௿֖ᅻខὋઙԨྱड़ὋѸतึපጲࠃဗѫዜǌੇ͂࠱ඊᣖˏዜ

ྱड़ᄉ஌౦Ὑҩᑞជ֖NЊឥกǌణՐὋຆЙѫౡፆ౦ǌஜ૵ᬶ͗ၸҁˏሗὋʶधݼ΍ၸڎ˹Ὃ

ཨՐܘҪᬱऎὋ΍ၸ٩ᮂᣖܲᄉᄽߔႂࠃᥪ͇ឥ஧ǌ 

ఴብ˞᜵̭ፀݟʽЮࠓǌ 

� ྱड़ࢹር֖ݟʹ಩૵ःၸᤤસྱड़ 
� ࣛᅋள᫇ᮤὋ᧗ளٿᮎជ᛺ഴۋ 
� ྱड़ዜߙ֖ۋቿNЊឥกഴۋ 
� ஂ૆Փ᧙఺ 
� ஜ૵ᬶຌร 

9.1� Ѱ֒૷ᢴ֒㘻 

ͺᏧѫౡԺ̯̾஠ͳߥ὇stylometryὈ˖੼ҁ߱ᄉʶࣝ˧ڠὋ஠ͳߥѫౡᆐቂᄉ௦ͺᏧᄉз

ͺ᮲ಪὋ੝Ι૵ᄉူএ௦ඇ˓̠ڙឥᝒଁଦʼథॱࢿ࠴ऩὋᤇ͗ԥ௡ҁзͺ˖Ὃ᤯᣾ѫౡͺֵ˧

ᫍᄉጹॱࢿѾὋࡂԺ̾ઁͺᏧӜѫध౎ǌ 

᣾Ԝʶᄯ᭤̠ࢹፑ᝟ǋѫౡ౎ᝌфͺᏧѫౡ᫇ᮤὋᏪᤇ̎ࢹͺৌݝ௦᝟ኪ఺੝୰᫁ᄉὋᤇᛪ

௙Ժ̾ύүஜ૵્ଇ੾శ౎ࠃဗᒬҮӐǌ̬ݟͺᏧѫౡᄉᆐቂࢹͺі˪ᦏ௦ၸஜ૵્ଇழก౎ᝌ

фὋ̮ͭథʿ࠵ᆐቂϟ᧗̠̅ࢹѫౡͺֵឥᝒ᮲ಪǌ 

ͺᏧѫౡ᫇ᮤᛡၶѢॡܲఝጹᄉ᫇ᮤὋ˞᜵థ̾ʽі˓ǌ 

� ͺᏧႆϷὙ಩૵ͺֵႌ߿ͺᏧᄉࣱᴓǋবѾ੊Ф̴ྱবǌΒݟὋ᤯᣾᜹ࠢʶ˓̠ᝮᔭឥ

ኃ �ብ
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ᄉழयὋѻறᔭឥ௦ՠ˝̴ᄉආឥǌ 
� ͺᏧᰍ᝼Ὑ಩૵ͺᏧࣂథͺֵὋ଍றФ̴ͺֵ௦ՠ˶௦̴зᄉǌૅกऐற಴ڣ௿౎ᝮఝ

 Ҿጉζ௦ʿ௦̴зᄉǌ߿ழ᭦ὈὋ̾ᆷࠓ࿀ᄉзͺ᮲ಪ὇Ю߀ὋѫౡݟᝌὋΒူݝ
� ͺᏧᐐዜὙͺᏧᰍ᝼᫇ᮤᄉढͨὋၸᐐዜѫౡழกઁͺֵ૊ཱͺᏧᤈᛠѫዜǌ 

ཨᏪὋͅ Ꮷѫౡᆐቂᮖ۪ణ࣡᜸ᄉᤆ௦ͺᏧॅ࡚᫇ᮤὋԀݟʹ̯ʶᏅͺᏧ˖੼ҁͺֵᄉᄽൣ

˞̠ǌ 

9.1.1� ⴮ީᓊ⭞ૂֵ⭞൰Ქ 

ͺᏧѫౡథॡܲःၸڣ௿Ὃඊݟ᝼ࠃͺᏧ௦ឹὋ᝼ࠃіఴ˹థᄰՎᄉͺᏧὋ੊Ꮷࠬ੼ᇪ͗޴

ͳ᠌Ձᄉ˞̠ǌ 

̯ԊԽ਒˦ʼ౎ឬὋͅ ᏧѫౡԺၸ౎ನࠃ౼̎஠ು௦ՠᄽၿМᝢᄉͺᏧ੝зǌథ̎ͺֵᄉͺ

Ꮷ́ڙߚࡂᝫὋඊݟᕺܢඊ̍ᄉіᦉ੅ҚὋᎾڍतڍௐయᄉᐎᥧЖ̠஠ᬶኍǌ 

ӬњͺᏧѫౡ௃กᆷ߿ͺᏧҁऄ௦ឹὋͭ ௦ᑞܴଡΘஂ૆੊ԥ᯶౼ʶ᜹ཁᄉΙ૵ǌΒݟὋڙ೜

ᰍʶᯪӠٽᛠថ௦ՠ௦ᕺܢඊ̍੝зґὋੇ͂Ժ̾Ўѫౡ̴ᄉᔩ࣯ᦉҚͺὋफຌഁ̴ᄉзͺ᮲ಪǌ 

ͺᏧѫౡ᫇ᮤణᤂіࣱ˶ᜁၸ౎ᆷ߿ᇪ͗޴ͳ᠌Ձҁऄ௦ឹڙ΍ၸǌΒݟὋʁ ˓ৎ਒ၸਖ਼Ժ

ᑞڙʿՎᇪࣰ̓ԻѸतܲ˓᠌Ձǌઁ߱͂Сᐎᡐ౎ՐὋΦ̅ᄢክᦉ᫂ᡱᢍ࣪Րᄉᳫ੣——ΒݟὋ

ॆ੷˼Ф̴ၸਖ਼ௐǌ 

ˠ˓ᬇேཁᄉΒߔὋกऐʼ᜼ͺᏧѫౡ˝ನॶ੾శὋ˞ ᜵᭤߱౎ଡΘ஠ು௦ՠѢᒬ߀࿀˧੣

ᄉ᝼૵ǌΒݟὋ߀Ⴀ࿀Ժᑞځ˝Ԧᰖ੷ᥪ͇ᏪᜁᡐឃǌͺᏧѫౡࡂᑞᆷ߿ᥪ͇௦ՠ௦߀࿀੝зǌ

Բʶ˓ڙกऐ˖ᄉ΍ၸڣ௿௦Ὃᝌфͺֵॅ࡚጗ጬǌඊݟὋ᥄ҁˏ˓̠ࡂʶఴ˹ҁऄ௦ឹзᄉᏪ

጗ᎌʿࣂᄉৰхὋกऐࡂԺ̾ύүͺᏧѫౡ੾శ੼ҁͺᏧԺᑞ௦ឹᄉ᝼૵ǌ 

ͺᏧѫౡ˶ࣲʿ௦ፏࠪԺ᭤ᄉǌణᤂᆐቂԦဗὋԀ΍෤థፂ᣾˃ˉᝪጶᄉ̠Ὃᝧ̴͂ᬤᘨᒬ

˶ᄉзͺ᮲ಪὋࣁ ͗ᝧͺᏧॅ࡚᫇ᮤԪ३ڇᬱ௃ඊǌᆐቂ̠տᤆଉᝦ˿ഴ͋Ѿ̠зͺ᮲ಪᄉ᫇ᮤὋ

ፆ౦Ԧဗ̠͂ഴ͋३ॡϷὋͺᏧѫౡᄉፆ౦௦ᤇ̎͡ͺѢᒬᜁഴ̠͋˧੣ǌ 

ӠѫథၸὋ߱௦ʶ˓᭣࣡థ਒ধᄉǋࠃᡔ౎ᡔܲᄉᮖ۪ᜁ᝼ڙॡܲ᫇ᮤὋͺᏧѫౡڙߚክࡉ

Ϙ३ᆐቂᄉஜ૵્ଇ᫇ᮤǌ 

9.1.2� ֒㘻ᖈኔ 

ͺᏧॅ࡚Ժ̾ᄹͺ௦ʶሗѫዜ᫇ᮤὋࣂᅻʶᦉѫͺᏧὋஜ૵ᬶ˝ܲ˓ͺᏧᄉͺֵ὇ᝪጶᬶὈὋ

ᄫಕ௦ᆷ߿ʶጷͺᏧʿសᄉͺֵ὇฽ណᬶὈ௦ឹзᄉǌݟ౦ͺᏧৌݝ௦ࣂᅻᄉͺᏧ᧖᭦ᄉὋᤇሗ

᫇ᮤԶͺᮤ᫇᫆࠯ǌ 
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Զͺधஉ᫇ᮤǌʿࡂ᧖᭦Ὃᤇሗ᫇ᮤڙ౦ͺᏧԺᑞʿݟ Ե௦ͺᏧॅ࡚᫇ᮤԺ̾ᤇಧӜѫ——
͉ʹஜ૵્ଇःၸὋԵ᜵ࠃᬄᄉዜѾԺᑞʿڙᝪጶᬶ˖ᄉᦏԶͺधஉ᫇ᮤὋࠪ ̅ᤇዜ᫇ᮤᤈᛠ્

ଇὋణጻᄫಕѫˏሗৰхὋݟ౦ڙᝪጶᬶ˖Ὃࡂᤄٿ੼ҁᄉዜѾὋݟ౦ʿڙὋ᜵ፋѢʿ࡚͉̅ʹ

ဗథዜѾᄉଡᇧǌ 

 

ὋᏪʿᑞ΍ၸзͺࠓᤈᛠͺᏧॅ࡚ᆐቂௐὋʶᓉ͗ԩҁˏ˓ᬌ҃ǌʶ௦Եᑞ΍ၸͺֵᄉЮڙ

ௐᫍǋӾ्҄यǋቷᤛኍζোǌॆཨ˶థᤇಧᄉϡกὋઁᤇ̎ζোஞՋҁഴۋ˖Ὃͭʶᓉ౎ឬᤇ

 ʿ௦ͺᏧॅ࡚ᏪఝϷ௦ஜ૵ᚷՋ᫇ᮤǌࡂ

ኃ̃˓ᬌ҃௦ʿᏥᘼͺֵᄉ˞ᮤ὚ᄰԥὋСซӬជၸกǋಕཁ֖Ф̴஠ఴྱड़ǌԓ̅ڙځὋ

ʶ˓̠ݟ౦௦ܲ᭦੣ὋԺ̾зܲ˓˞ᮤᄉЮࠓὋͺֵᄉ˞ᮤࡂʿᑞԥ௡ͺᏧᄉࠃᬄзͺ᮲ಪǌС

ซ˞ᮤС᪃ߙԺᑞ͗࠭ᒰ᣾ऎ઱Ջᝪጶᬶ——ഴۋԺᑞԵ௦ၸՎʶ˓ͺᏧᄉՎʶ˓˞ᮤᄉͺֵ

ᤈᛠᝪጶǌΒݟὋ಩૵ੇзᄉᤇఴ˹˝ੇᄉзͺ᮲ಪतഴὋԺᑞ͗३Ѣþஜ૵્ଇÿᤇ˓ជᑞ̼

ᛪੇᄉ᮲ಪᤇಧᄉፆ᝶ὋᏪ̂ࠃʼὋੇᤆзʶ̎Ф̴˞ᮤᄉЮࠓǌ 

ଋʽ౎Ὃၸ̅ͺᏧॅ࡚᫇ᮤᄉึපጲᡱኃ6ብ੝ၸᄉॡᄰͪǌᯪЎὋ̯஠ఴ˖ઙԨྱड़὚ཨ

ՐὋࠪઙҁᄉྱड़ϡᤈʶ൥ၭᤤ὚ణՐὋᝪጶኪกѫዜ٧Ὃᮔ฽஠ುᄉዜѾ὇ͺᏧὈǌ 

ॆཨథ̎൥ᰠᡱኃ6ብᤆ௦ڙߚʶ̎ࢿѾὋ˞᜵ᬶ˖ྱڙड़ᤤԨழ᭦ὋՐ᭦͗សጹᝮǌੇ͂

ᤆ௦Ў౎Ѳ߿य़ᝌф᫇ᮤᄉᔴډǌ 

9.1.3� 㧭਌ᮦᦤ 

ఴብ੝ၸᄉڎ˹ஜ૵ᬶ౎ᒬ̅԰ᒐۿ᝟ѲᎩቢ὇www.gutenberg.orgὈὋឞᎩቢஅᬶ˿ܷ᧙ྟ

ాܾ஌ᄉМྟ஠ߥͺֵǌࠃᰍၸҁ̾ʽͺࠑᄉᔩ࣯ͺֵǌ 
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 ᧚ᮏ὇Booth TarkingtonὋ22ኼὈ܈ �
� ࿊ఝல὇Charles DickensὋ44ኼὈ 
� ͎ᤓலeЮலඊྱ὇Edith NesbitὋ10ኼὈ 
� ᬀ၌eಌӮe᥊࠶὇Arthur Conan DoyleὋ51ኼὈ 
� ᯰАeՒຝ὇Mark TwainὋ29ኼὈ 
� ူಉॳeळబ᜴லeͣᮏྖܢ὇Sir Richard Francis BurtonὋ11ኼὈ 
� ۟ዚ࠶eҪӯ᧖ݗ὇Emile GaboriauὋ10ኼὈ 

̾ʼ঳Р௦7ͮͺࠑᄉ177ኼͺֵὋ஠ఴஜ᧙ᤆ௦ᄰॆԺ᜹ᄉǌͺֵՏሥѴᛪǋʽᣑᩖଋ̾Ԣ

ᒬҮʽᣑڎ˹ᄉ̼ᆉឯ᜸ఴ˹ᦠݒᄉ̼ᆉӉǌ 

ၸrequestsंʽᣑͺֵ஠͇ҁஜ૵஠͇݂੝ڙᄉᄫेǌᯪЎὋڙDataᄫेʽѸत஠͇݂ߚ

உᤇ̎ͺֵǌซ਒Ὃʽ᭦̼ᆉૈ߿ᄉ஠͇ᄫेᡱ;ࠃᬄѸतᄉ஠͇݂ᄫेγ૆ʶᒰǌ 

import os 
import sys 
data_folder = os.path.join(os.path.expanduser("~"), "Data", "books") 

ଋᅋὋࡂԺ̾΍ၸ̼ᆉӉ˖ੇзݝᄉ̼ᆉὋ̯԰ᒐۿ᝟ѲᄉᎩቢʽᣑڎ˹ǌʽᣑ߸Ր࠱Фγ

 ҁੇ͂ʼ᭦Ѹतᄉᄫे˖ǌߚ

̯̼ᆉӉChapter 9஠͇݂˖੼ҁgetdata.pyὋγߚҁቷ᝭ఴ஠͇੝ڙᄫेʽὋڙளಪߔ˖ᣤЙ

̾ʽ̼ᆉǌ 

!load getdata.py 

ǌཨՐв൒ཁѣ̼˖ߔҪᣑҁಪ͗࠱ᄉ̼ᆉǌ̼ᆉߔቷ᝭ఴ˖Ὃ૊ʽShift+Enterᤁᛠឞಪڙ

ᆉὋ૊ʽShift+EnterᤁᛠҪᣑᄉ̼ᆉǌ̼ᆉ᜵ᤁᛠʶൿௐᫍὋᤁᛠ߸උՐ͗ଡᇧ;ǌ 

ܷͳᏡᄹʶʽʽᣑᄉͺֵὋ;͗ԦဗܷᦉѫᦏӉդॡܲ٩ᮂ——̯ஜ૵ѫౡᄉᝇऎᄹᒯ࠵௦

ᤇಧᄉǌඇኼͺֵґᦏథܷൿᄉܥ௙஠ߙὋधݼஜ૵ѫౡ˧ґὋ३Ўઁ߱͂Ѻ૿ǌ 

ੇ͂Ժ̾ᄯଋ̯஠͇᧖࠱ᤇ̎Б᠉ܥ௙ѺᬓὋͭ ௦ˎܾஜ૵ঞ˥Ҩ὞ੇ͂Ժᑞ͗ˎܾЎґϡ

᣾ᄉஇҮὋ̯Ꮺ࠭ᒰࠃᰍፆ౦௃ก᧗ဗὋځ൤ὋʿڙݟҪᣑ஠͇ௐ᡹᣾ᤇᦉѫ——ᤇಧв൒ၸᤇ

̎஠͇ϡࠃᰍௐὋ˶ᑞ३ҁՎಧᄉፆ౦὇Ե᜵ԓ஠͇෤ԪὈǌ̼ᆉݟʽὙ 

def clean_book(document): 

ඇኼͺֵґՐՉథʶᛠ஠ߙὋಕខͺֵᄉध֖ܿፆࡊὋͺֵґՐ˝԰ᒐۿᮉᄫᄉឬ௙ǌ௄ཨ

ੇ͂ᑞ಩૵ᤇˏᛠ੼ҁͺֵЮࠓὋځ൤Ὃࡂ૊ᛠ౎Ѭѫǌ 

    lines = document.split("\n") 

᥅Ԋ஠ುᄉඇʶᛠὋࠬ੼ͺֵᄉध֖ܿፆࡊὋ˖ᫍᦉѫࡂ௦ͺֵЮࠓǌ̼ᆉݟʽὙ 
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    start = 0  
    end = len(lines) 
    for i in range(len(lines)): 
        line = lines[i] 
        if line.startswith("*** START OF THIS PROJECT GUTENBERG"): 
            start = i + 1 
        elif line.startswith("*** END OF THIS PROJECT GUTENBERG"): 
            end = i - 1 

ѥஜణՐὋၸ૰ᛠቿઁ੝థᛠвᤋଋᡐ౎Ὃ३ҁͺֵЮࠓǌ 

    return "\n".join(lines[start:end]) 

ဗڙὋੇ͂Ժ̾Ѹतʶ˓ѥஜὋҪᣑ੝థڎ˹ὋᤈᛠʼᤗᮔူܪୱͺὋᤄٿ˹ᄉЮ̾ࠓԢͺ

 ՁĿǌЎ౎࠭Йnumpyǌࣿࠑ

import numpy as np 

ߔՏᄉ֐ߙᄫेbooksὋឞᄫेʽ௦ʶጆѴ̾ͺᏧՏڙ੝˹ڎ˝ᄉѥஜὋԟஜ˹ڎ௙Ҫᣑܥ

஠͇݂Ὃڎ˹஠͇ڙࡂᤇ̎ߔ஠͇݂˖ǌ̼ᆉݟʽὙ 

def load_books_data(folder=data_folder): 

Ѹतˏ˓ѴᛪὋѫѾၸ౎ߚϱ஠ು֖ͺᏧǌ 

    documents = [] 
    authors = [] 

ᖌԨҁbooksᄫेʽ੝థᄉߔ஠͇݂ǌ̼ᆉݟʽὙ 

    subfolders = [subfolder for subfolder in os.listdir(folder) 
                  if os.path.isdir(os.path.join(folder, 
                     subfolder))]  

᥅Ԋᤇ̎ߔ஠͇݂Ὃ΍ၸenumerateѥஜ˝ᤇ̎ߔ஠͇݂ૈ߿ጉलǌ 

    for author_number, subfolder in enumerate(subfolders): 

ᖌԨҁߔ஠͇݂ᄉፏࠪᡸफ़Ὃಉ੼᧖᭦ᄉ੝థڎ˹஠͇ǌ 

        full_subfolder_path = os.path.join(folder, subfolder) 
        for document_name in os.listdir(full_subfolder_path): 

ࠪ̅੼ҁᄉඇʶ˓ڎ˹஠͇Ὃ੩धՐឳԨ᧖᭦ᄉЮࠓὋࠪЮࠓᤈᛠᮔူܪՐὋ࠱ФຊҪҁ

documentsѴᛪ˖ǌ̼ᆉݟʽὙ 

            with open(os.path.join(full_subfolder_path, 
              document_name)) as inf:  
                documents.append(clean_book(inf.read())) 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ၸጉल౎ᛪᇧὋស᜸ʽ஠ǌ——ដᏧซ 
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ઁѫᦠፋͺࠑᄉጉलՁຊҪҁauthorsѴᛪ˖ὋФࠃauthorsࡂ௦ዜѾѴᛪǌ 

                authors.append(author_number) 

ѥஜణՐᤄٿ஠ು֖ዜѾ὇ઁዜѾѴᛪᣀ૰˝numpyஜጷὈǌ 

    return documents, np.array(authors, dtype='int') 

ុၸʼ᭦߿˦ᄉҪᣑڎ˹ѥஜὋࡂᑞᖌ३ڎ˹஠ುԢФ߱͂ᄉዜѾǌ 

documents, classes = load_books_data(data_folder) 

 

ઁᤇ̎ஜ૵ҪᣑҁЮߚ෤థ᫇ᮤὋځ൤Ὃੇ ͂Ժ̾በԀҪᣑǌݟ౦ஜ૵ᬶܹ

ܷὋЮߚᜈʿʽὋᣖݝᄉழก௦ඇ൒Ե̯ʶኼ὇੊іኼὈ஠ು˖ઙԨྱड़Ὃઁᤇ

̎ྱड़γߚҁ஠͇੊ͮ̅Юߚᄉᅽ᫻˖ǌ 

9.2� ࣕ㜳䈃 

ҩᑞជ௦ͺᏧѫౡ᫇ᮤణ௉΍ၸᄉʶዜྱड़Ὃҁဗڙ౎ᄹὋڙជ᛺ഴۋ˖΍ၸҩᑞជϡྱड़

஌౦Ιཨʿᩱǌҩᑞជૈᄉ௦ఴᢵХథॡ࠵դ˦Ὃԁ௦ጷ੆὇ᔭឥὈԱߔॸʿԺ࠵ᄉ੆ѫǌΒݟὋ

Ӭជthis֖whichᄉ਒ধʿ௦ၿ߱͂ఴᢵᄉդ˦੝ф߿ὋᏪ௦ၿ߱͂ڙԱߔ˖Ќॆᄉᝇᓣ౎ф߿ǌ

ˀҩᑞជᄰࠪᄉ௦ࠃជὋඊݟtigerࡂథ௙ᆷᄉդ˦Ὃॆ̠͂ڙԱߔ˖ᄹҁᤇ˓ӬជௐὋᑧ๑˖ࡂ

͗๎ဗѢܷۋ࿶መҮྫྷᏤᘹᄉಧߔǌ 

థ̎ҩᑞជᄉၸกࣲʿ঳௦ຌఀǋ௙ᆷᄉǌځ൤Ὃ̯ፂᰍ౎ᄹὋᤤၸ΍ၸᮟညᣖᰳᄉҩᑞជ

ϡྱड़ඊᣖݝ὇ڙ੝థ஠ು˖΍ၸᮟညᰳὋᏪʿ̨௦ڙӬ˓ͺᏧᄉͺֵ˖Ὀǌ᤯࣡ᏪᝒὋ΍ၸᡔ

ᮟጒᄉӬជὋࠪ̅ͺᏧѫౡᑞଡΘఝܲథ͈ϘᄉζোǌᄰԥὋ΍ၸᮟညᣖͯᄉӬជὋఝ᤟Ջၸ౎

ϡ۲̅Юࠓᄉ஠ఴ્ଇὋΒݟʽብ᜵ᝮᄉ஠ು˞ᮤѲѫǌ 

 

ҩᑞជᄉ΍ၸ᤯࣡ʿ௦ၿ஠ುЮࠓᏪ௦ၿͺᏧᄉ΍ၸ˷਄੝ф߿Ὃځ൤Ժ̾ၸ߱͂౎Ӝѫʿ

ՎᄉͺᏧǌΒݟὋॡܲᎾ̠ڍඊᣖڙ਒Ӝѫthat֖whichڙԱߔ˖ᄉၸกὋ་ܷѽ̍ኍࠑڍᄉ̠ࡂ

ʿܹڙ਒ǌڙ΍ၸᤇˏ˓ជᄉڠழὋథ̎་ܷѽ̠̍᜵˥і˪௃ʶΒܰڠᦏၸthatὋ᜵˥௦which
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ၸ३ܲʶཁǌᤇಧᄉʿՎཁὋвҪʼ੆ӡʼʹ˓Ф̴ᄉॱࢿ࠴ѾὋ्ࡂ੆˿ၸ̅ͺᏧѫౡᄉഴۋǌ 

9.2.1� 㔕䇗ࣕ㜳䈃 

ੇ͂Ժ̾΍ၸኃ6ብ੝ၸҁᄉCountVectorizerፑ᝟ҩᑞជǌੇ ͂ઁӉդ੝థ᜵ಉ੼ᄉӬជ

ᄉជ඼ᛪ὇vocabularyὈ͛ᤫᤈԜὋݟ౦෤థ͛ជ඼ᛪ὇ኃ6ብࡂ෤థὈὋ̯߱͗ஜ૵ᬶ˖ߥ˷ǌ

੝థӬជᦏڙᝪጶᬶ˖὇Ԩф̅Ф̴ԟஜὈǌ 

ᯪЎὋѸतҩᑞជជ඼ᛪὋၸѴᛪߚϱǌᒯ̅ᆷѬ౎ឬ̎ג௦ҩᑞជὋ̎גʿ௦Ὃథय़׷ഡǌ

 Ԧᛪᄉᆐቂ੆౦˖੼ҁʽ᭦ᤇ̎ҩᑞជὋ߱͂ᤆ௦ඊᣖԺ᭤ᄉǌࣂ̯ੇ

function_words = ["a", "able", "aboard", "about", "above", "absent", 
"according" , "accordingly", "across", "after", "against", 
"ahead", "albeit", "all", "along", "alongside", "although", 
"am", "amid", "amidst", "among", "amongst", "amount", "an", 
"and", "another", "anti", "any", "anybody", "anyone", 
"anything", "are", "around", "as", "aside", "astraddle", 
"astride", "at", "away", "bar", "barring", "be", "because", 
"been", "before", "behind", "being", "below", "beneath", 
"beside", "besides", "better", "between", "beyond", "bit", 
"both", "but", "by", "can", "certain", "circa", "close", 
"concerning", "consequently", "considering", "could", 
"couple", "dare", "deal", "despite", "down", "due", "during", 
"each", "eight", "eighth", "either", "enough", "every", 
"everybody", "everyone", "everything", "except", "excepting", 
"excluding", "failing", "few", "fewer", "fifth", "first", 
"five", "following", "for", "four", "fourth", "from", "front", 
"given", "good", "great", "had", "half", "have", "he", 
"heaps", "hence", "her", "hers", "herself", "him", "himself", 
"his", "however", "i", "if", "in", "including", "inside", 
"instead", "into", "is", "it", "its", "itself", "keeping", 
"lack", "less", "like", "little", "loads", "lots", "majority", 
"many", "masses", "may", "me", "might", "mine", "minority", 
"minus", "more", "most", "much", "must", "my", "myself", 
"near", "need", "neither", "nevertheless", "next", "nine", 
"ninth", "no", "nobody", "none", "nor", "nothing", 
"notwithstanding", "number", "numbers", "of", "off", "on", 
"once", "one", "onto", "opposite", "or", "other", "ought", 
"our", "ours", "ourselves", "out", "outside", "over", "part", 
"past", "pending", "per", "pertaining", "place", "plenty", 
"plethora", "plus", "quantities", "quantity", "quarter", 
"regarding", "remainder", "respecting", "rest", "round", 
"save", "saving", "second", "seven", "seventh", "several", 
"shall", "she", "should", "similar", "since", "six", "sixth", 
"so", "some", "somebody", "someone", "something", "spite", 
"such", "ten", "tenth", "than", "thanks", "that", "the", 
"their", "theirs", "them", "themselves", "then", "thence", 
"therefore", "these", "they", "third", "this", "those", 
"though", "three", "through", "throughout", "thru", "thus", 
"till", "time", "to", "tons", "top", "toward", "towards", 
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"two", "under", "underneath", "unless", "unlike", "until", 
"unto", "up", "upon", "us", "used", "various", "versus", 
"via", "view", "wanting", "was", "we", "were", "what", 
"whatever", "when", "whenever", "where", "whereas", 
"wherever", "whether", "which", "whichever", "while", 
"whilst", "who", "whoever", "whole", "whom", "whomever", 
"whose", "will", "with", "within", "without", "would", "yet", 
"you", "your", "yours", "yourself", "yourselves"] 

௄ཨథ˿ҩᑞជѴᛪὋੇ͂ࡂ౎Ѹतҩᑞជፑ᝟ࢹХǌՐ᭦Ὃ͗ઁ߱Ҫҁึපጲ˖ǌ 

from sklearn.feature_extraction.text import CountVectorizer 
extractor = CountVectorizer(vocabulary=function_words) 

9.2.2� ⭞ࣕ㜳䈃䘑㺂࠼㊱ 

ଋʽ౎Ὃ࠭Й੝ᭉᄉі˓ዜὋ׬ʶᄉளЮஂࠓ૆Փ᧙఺ڙʽᓫ͗ᝮ὇ဗ߱ઁڙᄹͺ௦ಕэᄉ

ѫዜኪกԀԺὈǌ࠭Йၸஂ૆Փ᧙఺ኪกᤈᛠѫዜᄉSVCዜὋ̾ԢФ̴ʶ̎ੇ͂ၸ᣾ᄉಕэࢹͺ

 Хǌࢹึ

from sklearn.svm import SVC 
from sklearn.cross_validation import cross_val_score 
from sklearn.pipeline import Pipeline 
from sklearn import grid_search 

ஂ૆Փ᧙఺ଋஅʶጆѴԟஜǌဗ᫼ൿཱੇ᝹Ꮅᄉԟஜ౎ࡂᛠὋʽᓫвຆЙଉᝦԟஜϘᤤસǌ

ੇ͂ၸߙЦፆౝ౎ጷጺԟஜǌԟஜkernel΍ၸlinear֖rbfǌCᄉϘԨ1੊10὇ԟஜឬ௙ឯ᜸ʽ

ᓫὈǌଋᅋၸᎩፎ଼ጉกࠬ੼ణ͕ԟஜϘǌ 

parameters = {'kernel':('linear', 'rbf'), 'C':[1, 10]} 
svr = SVC() 
grid = grid_search.GridSearchCV(svr, parameters) 

 

ᰳலЮನ὇ΒݟrbfὈԵ᤟ၸ̅ஜ૵ᬶᄰࠪᣖ࠴ᄉৰхὋඊྱݟड़ஜ̅࠵ 
10 000ǌ 

ଋᅋὋѸतึපጲὋઁྱड़ઙԨ֖ԟஜ଼ጉˏ˓൥ᰠҪЙҁึපጲ˖Ὃྱड़὇̨ҩᑞជὈઙ

Ԩ΍ၸCountVectorizerዜὋԟஜ଼ጉ΍ၸSVMǌ̼ᆉݟʽὙ 

pipeline1 = Pipeline([('feature_extraction', extractor), 
                     ('clf', grid) 
                     ])  

ཨՐὋ΍ၸcross_val_scoreࠪឞึපጲᄉፆ౦ᤈᛠ̓ԡ೜ᰍὋൣᆷည˝0.811Ὃܷጝ80%
ᄉᮔ฽ፆ౦ൣᆷǌࠪ̅Եథ7˓ͺᏧ౎ឬὋᤇ˓ፆ౦ॡݝὀ 
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9.3� ᭥ᤷੇ䠅ᵰ 

ஂ૆Փ᧙఺὇SVMὈѫዜኪกᐿՐᄉধਆॡኤӬὋ߱௦ʶሗ̃ዜѫዜ٧὇ੰࡘՐԺၸ౎ࠪܲ

˓ዜѾᤈᛠѫዜὈǌϛ͂ੇݟథˏ˓ዜѾᄉஜ૵ὋᏪᤇˏ˓ዜѾৌݝᑞᜁʶ్ጲѫधὋጲʼ੝థ

ཁ˝ʶዜὋጲʽ੝థཁ࡚̅ԲʶዜǌSVM᜵ϡᄉࡂ௦੼ҁᤇ్ጲὋၸ߱౎ϡᮔ฽Ὃᡱጲবॅٿԓ

ူॡϷǌԵ௦SVM᜵੼Ѣణ·ᄉѫҞጲǌʽڎ˖థʻ్ጲὋѫѾ˝ᗯᓣǋᳫᓣ֖፮ᓣጲὋᦏᑞઁ

ˏዜஜ૵Ӝѫध౎ǌ;ឬ్גѫዜ஌౦ఝݝփ὞ 

 

њᄯ᜿Ὃ̠͂ज़ज़͗ᤤસ̯ࢺʽҁԾʼᄉᤇ్ጲĿὋ߱ઁˏዜஜ૵ఝڠݝѫध˿ǌ˶ࡂ௦ឬὋ

ஜ૵ᬶ˖ᄉඇ˓ཁҁᤇ్ጲᄉᡯሎᦏ௦ణᤉᄉǌ 

੼ҁᤇಧᄉʶ్ጲФࠃ௦ణ͕Ӑ᫇ᮤὋ˶ࡂ௦᜵ᝧՉཁҁѫҞጲ˧ᫍᄉᡯሎణܷӐǌ 

 

ᙉཨణ͕Ӑ᫇ᮤᄉМय଍࠭ʿڙఴ˹ᝮᤗᔴډ˧ѴὋੇ ᤆ௦तᝫਕТᡙᄉឳ

Ꮷᒬᛠಉᄹhttp://en.wikibooks.org/wiki/Support_Vector_MachinesὋ˿ ᝌសጹ൥ᰠǌ

൤ܰὋ;ᤆԺ̾᝺᫇http://docs.opencv.org/doc/tutorials/ml/introduction_to_svm/ 
introduction_to_svm.htmlὋ˿ᝌஂ૆Փ᧙఺ᄰСЮࠓǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ݟ౦;ಉᄹԓ˹PDF஠͇ᄉពὋᤇ్ጲૈᄉ௦ڎ˖ᄉᗯጲǌPDF஠͇ᖌԨழกឯ᜸ґᝒᦉѫǌतᝫឳᏧʽᣑಉᄹǌ

ॐᓣڎඋቤඊᳫᄆ्ڎ៵ǌ——ដᏧซ 
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9.3.1� ⭞ SVM  ㊱࠼

ഴۋᝪጶ߸උὋࡂᑞ੼ҁ΍३ˏዜ˧ᫍᫍᬥణܷᄉʶ్ጲǌளஜ૵ཁѫዜ᫇ᮤࡂኤӐ˝Ὑஜ

૵ཁڙጲʼᤆ௦ጲʽ὞ݟ౦ڙጲʼὋࡂᜁѫҁጲʼᥦʶዜ὚ݟ౦ͮ̅ጲʽὋᒬཨ࡚̅ጲʽᥦʶዜǌ 

ࠪ̅ܲሗዜѾᄉѫዜ᫇ᮤὋੇ ͂Ѹतܲ˓SVMѫዜ٧——ඇ˓ᤆ௦̃ዜѫዜ٧ǌᤋଋܲ˓ѫ

ዜ٧థʿ࠵ழกὋ̯˖͉ᤤʶሗԀԺǌణኤӬᄉழก௦˝ඇ˓ዜѾѸतʶࠪܲ὇one-versus-allὈ
ѫዜ٧Ὃઁ ᝪጶஜ૵ѫ˝ˏ˓ዜѾ——࡚̅ྱ߿ዜѾᄉஜ૵֖Ф̴੝థዜѾஜ૵ǌࠪ ளஜ૵ᤈᛠ

ѫዜௐὋ̯ᤇ̎ዜѾ˖੼ѢణӛᦠᄉǌܷܲஜSVMܲዜѫዜ٧ᦏᑞᒬҮ߸੆ʼᤗ᣾ርǌ 

ґ᭦̼ᆉ˖థˏ˓ԟஜὙC֖kernelǌkernelԟஜʽᓫᝮὋCԟஜࠪ̅ᝪጶSVM౎ឬॡ᧗᜵Ὃ

ੇ͂ဗڙ౎ᝮʽǌCԟஜˀѫዜ٧ൣᆷѫዜඊΒᄰСὋͭԺᑞࣛ౎᣾઱Ջᄉ᮲ᬖǌCϘᡔᰳὋᫍᬥ

ᡔ࠴Ὃᛪᇧ᜵ࡉԺᑞઁ੝థஜ૵ൣᆷѫዜǌCϘᡔ࠴Ὃᫍᬥᡔܷ——థ̎ஜ૵࠱௃กൣᆷѫዜǌC

ϘͯὋ᣾઱Ջᝪጶஜ૵ᄉԺᑞবͯࡂὋͭ௦ѫዜ஌౦Ժᑞ͗ᄰࠪᣖࢿǌ 

SVM὇۲ᆨ्यὈࡌᬌব˧ʶࡂ௦Եᑞၸ౎ࠪጲবԺѫᄉஜ૵ᤈᛠѫዜǌݟ౦ጲবʿԺѫ

փ὞ᤇௐੇ͂ࡂ᜵ၸҁЮನѥஜǌ 

9.3.2�  Ṯ޻

ФᎵЙఝᰳ፤ᄉቆᫍ˖ὋҪЙఝܲ͡ྱड़ᄯҁஜ૵ጲবԺѫ࠱ᭉ᜵ࡂ౦ஜ૵ጲবʿԺѫὋݟ

὇ݟ౦;ҪЙᡛܴܲৌॆᄉྱड़Ὃ঳ᑞઁஜ૵ѫधὈǌ 

ࠬ੼ణ·ѫᬥጲௐज़ज़ᭉ᜵᝟ኪ˓ͳ˧ᫍᄉЮሤĿǌࠪ̅΍ၸཁሤ὇dot productὈᄉѥஜὋੇ

͂Ժ̾Ѹतளྱड़Ꮺ௃ᭉࠃᬄ߿˦ᤇ̎ྱड़ǌځ˝ੇ͂ʿᅻ᥊ᤇ̎ྱड़ҁऄ௦̣˥ಧߔὋ੝̾ၸ

ཁሤॡழΦǌੇ͂ઁЮನѥஜ߿˦˝ஜ૵ᬶ˖ˏ˓˓ͳѥஜᄉཁሤὋᏪʿ௦΍ၸ˓ͳᒬᢵ὇Ԣౝ

ᤴᄉྱड़Ὀǌ 

ଋʽ౎ࡂԺ̾᝟ኪཁሤ὇੊ᤂͪϘὈὋཨՐࡂᑞ΍ၸ߱ǌ 

࣡ၸᄉЮನѥஜథіሗǌጲবЮನణኤӬὋ߱௃ܰ˪ˏ˓˓ͳᄉྱड़Փ᧙ᄉཁሤǋࣛా᧗ᄉ

ྱड़֖ϟᎵᮉǌܲᮉयЮನଡᰳཁሤᄉ᫼ஜ὇ඊ2ݟὈǌ൤ܰὋᤆథᰳலЮನ὇rbfὈǋSigmoind
Юನǌґ᭦Βߔ˖Ὃੇ͂ඊᣖ˿ጲবЮನ֖rbfЮನᄉ஌౦ǌ 

ᤇ̎Юನᑞܴథ஌ڠᆷ߿ˏዜஜ૵˧ᫍᄉᡯሎὋSVMԺ̾૵൤ࠪளஜ૵ᤈᛠѫዜǌူ ᝶ʼᝮὋ

͉ʹᡯሎऎ᧙ழกᦏԺ̾ၸὋͭ௦ڙᝪጶSVMௐὋణ͕Ӑ᫇ᮤᄉܬఽርऎ͗థ੝ʿՎǌ 

scikit-learnࠃဗᄉSVMὋԺ̾᤯᣾kernelԟஜૈ߿ЮನѥஜὋൣڙ͂ੇݟґ᭦Βߔ˖

᜸᣾ᄉǌ 
ĂĂĂĂĂĂĂĂĂĂ 

Ŀ inner productὋ˶ሥͺཁሤǌ——ដᏧซ 
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9.4� ᆍㅜ N  ⌊䈣ݹ

ੇ͂ґ᭦ᆐቂᄉ௦ݟʹၸҩᑞជϡྱड़ᮔ฽஠ುᄉͺᏧǌଋʽ౎ᄹʽߙቿNЊឥกྱड़ǌN
ЊឥกၿʶጆѴᄉN˓˝ʶጷᄉࠪ៵ጷ੆ǌN˝ඇጷࠪ៵ᄉ˓ஜ὇ࠪ̅஠ఴ౎ឬὋN᤯࣡Ԩ2ҁ6
˧ᫍᄉϘὈǌ۲̅ӬជᄉNЊឥกᜁࣸคၸڙ᤯࣡ˀ஠ು˞ᮤᄰСᄉՉᮉᆐቂ˖ǌཨᏪὋ۲̅ߙ

ቿᄉNЊឥกᜁ᝼௙ڙͺᏧॅ࡚᫇ᮤʼ஌౦ॡݝǌ 

ੇ͂Ժ̾ઁ஠ುᄹ੆௦ၿʶጆѴߙቿጷ੆ᄉὋ̯᧖᭦ઙԨNЊឥกὋᝪጶ३ҁഴۋǌ࣡ၸഴ

 ॡᄰͪǌۋᡱੇ͂˧ґၸҁᄉជ᛺ഴۋథі˓ὋФ˖ಕэഴۋ

ѫѾ˝ᝪጶឥ஧˖Չ˓ʿՎᄉNЊឥกѸतʶ˓ྱड़ǌΒݟὋၿߙආeǋቆಪ֖ߙආtጷ੆ᄉN
Њឥก<e t>὇࠸હՁಕខNЊឥกᄉ᣷ႌὋʿ௦NЊឥกᄉЮࠓὈǌཨՐὋੇ͂΍ၸNЊឥกڙ

ᝪጶᬶ˖ᄉᮟညᝪጶഴۋὋвၸၶ੆ᄉྱड़ᅽ᫻ᝪጶѫዜ٧ǌ 

 
Ὃథ̎ःၸԵᤤԨӬជЮݟழกǌඊ˦߿ቿᄉNЊឥกథіሗʿՎᄉߙ۲̅

ᄉߙቿὋ঒႔ቆಪ֖ಕཁǌͭథ̎ࡂ΍ၸᤇ̎ζো὇ඊ͂ੇݟᤇʶብὈǌ 

С̅۲̅ߙቿᄉNЊឥก˝̣˥஌౦ඊᣖݝὋࣸ˝ଋԩᄉူ᝶௦Ὃ̠͂ڙзͺௐὋज़ज़ᤤԨ

ᥦ̴̎͂ᝮᡐ౎ॡࠓ௛ᄉӬជὋᏪߙቿNЊഴۋ὇ᒯ࠵NԨ 2ҁ6˧ᫍௐὈᡱᤇ̎ᮂገХథॡݝᄉ

ᄰͪСጆ——ᮂገૈᄉ௦ੇ͂ᝮពௐὋጷ੆ӬជԦᮂᄉᥦ̎ܥᮂǌ̯ᤇሗ਒˦ʼᝮὋၸߙቿNЊ

ഴۋԺ̾ॡڠݝഴ઱ᝮពௐፂ࣡ၸҁᄉӬជὋᏪᤇ̎Ӭជ्੆˿зͺ᮲ಪǌᤇ௦Ѹतளྱड़ᄉ᤯

ၸഴयὙЎ੼ҁ̎גഏএॕֽణጻፆ౦὇зͺ᮲ಪὈᄉူ᝶Ι૵ὋཨՐѸतᡱᤇ̎ഏএᄰᤂ੊௦

ᑞܴ᧙Ӑᤇ̎ഏএᄉྱड़ǌ 

ҪὋሩ႟ርऎᤩຑҪܷὋ˄ᤳܘቿNЊឥกᅽ᫻ᄉʶ˓˞᜵ྱཁ௦ஜ૵ሩ႟ὋᬣᅋNϘᄉߙ

ऎॡঋǌNԨ2ௐὋੇ͂ᄉྱड़ᅽ᫻˖ܷጝ75%ᄉᮉᦏ௦0ὋNԨ5ௐὋ93%̾ʼᄉᮉ˝0ǌඊᡐ۲̅

ជឥᄉNЊឥกᅽ᫻౎ឬὋሩ႟ርऎ᜵ͯʶ̎Ὃځ൤Ὃ᤟ၸ̅Ӭជѫዜᄉѫዜူܪ٧ஜ૵Ὃʿ͗

థܹܷ᫇ᮤǌ 

ᣳ਌ᆍㅜ N  ⌊䈣ݹ

ੇ͂ଋʽ౎ၸCountVectorizerዜ౎ઙԨNЊឥกὋᭉ᜵᝹ᎵanalyzerԟஜὋૈ  NᄉϘǌ߿

scikit-learnᄉNЊឥกઙԨࢹХଡΘ˿rangeԟஜὋЉ᝴ၸਖ਼ՎௐઙԨʿՎ᫁ऎᄉNЊឥ

กǌੇ͂ᤇ᧖ၸʿҁὋԵઙԨᄰՎ᫁ऎԀԺὋrangeԟஜᄉˏ˓Ϙ΍ၸᄰՎϘԀԺǌ᜵ઙԨ᫁ऎ

˝3ᄉNЊឥกὋrangeᄉϘᭉ᜵᝹Ꮅ˝(3, 3)ǌ 

ੇ͂Ժ̾᧗ၸґ᭦Ꭹಪ଼ጉ̼ᆉὋͭ௦ᭉ᜵ڙளึපጲ˖ૈ߿ளᄉྱड़ઙԨ٧ǌ 
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pipeline = Pipeline([('feature_extraction', CountVectorizer(analyzer=' 
char', ngram_range=(3, 3))),  
                     ('classifier', grid) 
                     ]) 
scores = cross_val_score(pipeline, documents, classes, scoring='f1') 
print("Score: {:.3f}".format(np.mean(scores))) 

 

ҩᑞជ֖ߙቿNЊഴܷڙߚᫍ˧ۋ᧙ᬤय᧗ՋὋߙ˝ځቿࣿѴఝԺᑞѢဗڙ

ҩᑞជ˖ǌཨᏪὋࠃᬄʼˏᏧࢿѾॡܷὋߙቿNЊഴۋᑞܴ૬ᖌಕཁᄉ΍ၸྱཁὋ

ҩᑞជᒬཨϡʿҁǌΒݟὋߙቿNЊឥกᑞܴӉդԱՁὋᏪ۲̅ҩᑞជᄉழกࡂ

Եᑞ΍ၸԱՁґᄉӬជǌ 

9.5� ֵ⭞ᆿ❬ޢਮᮦᦤ䳼 

߶ཨМՂ὇EnronὈ௦20ˆጡ90ࣱ̼ళయˆႌʼణܷᄉᑞຸМՂ˧ʶὋࣱஅЙᰳ᣹1000̢Ꮎ

Њǌ2000ࣱௐὋ઴థ20 000ͷՏտࢹὋᄹʿѢМՂథ̣˥ː᧗᫇ᮤǌ 

2001ࣱὋ߶ཨ˂᫔ԦၶὋុಉ̠տԦဗ߶ཨ˝ែԨ఑ѽὋڙКМՂᔴډЮ᠌ҫڙߚጆፑবᤴ

ϛဗ៵ǌ˂᫔ᜁପԦՐὋ߶ཨМՂᄉᐦ͈̯2000ࣱᄉ90ܲᎾЊʶʽߔᡧҁ˿2001ࣱᄉ1ᎾЊǌ߶

ཨᬣԀႁឯᆠ̖γએὋ႐ʽᄉ൴ࡌὋࣱ̊ܲ̾Ր੥அૄ࣯ыǌ 

ͺ˝ࠪ߶ཨМՂុಉᄉʶᦉѫὋᎾڍᐎᥧᑞຸᎷМध˿60ܲʹߔႂ࠯ᥪ͇ǌ̯ᥦௐᡐὋᤇ

̎ஜ૵ࡂᜁࣸคःၸ̅ᇪ͗޴ͳѫౡǋ൚គѫౡኍ͔ܲ᫇ᮤᄉᆐቂǌᤇ̎ஜ૵ၸ̅ͺᏧॅ࡚᫇

ᮤᆐቂ˶ʿᩱὋځ˝ੇ͂ᑞᖌ३Ԧ͇̠Ԣ̴͂зᄉᥪ͇Ὃឥ஧᜺ഴඊ˧ґ᜸᣾ᄉॡܲஜ૵ᬶᦏ

᜵ܷ३ܲǌ 

9.5.1� 㧭਌ᆿ❬ᮦᦤ䳼 

߶ཨМՂᄉᥪ͇Ժ̯̾ӴЮ۲೎ᬟܷߥᄉᎩቢʽᣑὙhttps://www.cs.cmu.edu/~./enron/ǌ 

 
ஞ˓ஜ૵ᬶ˝423MBὋԌ᎕ಪय˝gzipǌݟ౦;ၸᄉʿ௦LinuxጆፑὋԺ̾

΍ၸБ᠟ᄉ7-zip὇(http://www.7-zip.org/Ὀኍᣃ͇౎ᝌԌǌ 

ʽᣑႂߔᥪ͇ឥ஧Ὃ࠱ФᝌԌҁDataᄫेʽǌᝌԌՐᄉᄫे᳭ᝢ˝enron_mail_20110402ǌ 

൤Ὃಉᄹඇͮၸਖ਼ځ᜵ϡͺᏧॅ࡚ѫౡὋੇ͂Եᭉ᜵ᥦ̎௙ᆷᅻ᥊Ԧ͇̠௦ឹᄉᥪ͇ǌ˝ځ

ᄉԦ͇݂——ᥦ᧖᭦ߚஉᄉ௦̴͂੝Ԧᄉᥪ͇ǌ 

 ᄉͮᎵǌڙཨஜ૵ᬶ੝߶߿ቷ᝭ఴ˖Ὃૈڙ
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enron_data_folder = os.path.join(os.path.expanduser("~"), "Data", 
  "enron_mail_20110402", "maildir")  

9.5.2�  ᔰᮦᦤ䳼ࣖ䖳ᐛޭࡑ

ੇ͂ဗࡂڙ౎Ѹतʶ˓ѥஜὋ߱ଋஅі˓Ԧ͇̠ͺ˝ԟஜὋᤄ̴͂ٿ੝Ԧᤞᄉᥪ͇ǌੇ͂ᭉ

᜵ᄉథ஌ζো௦ᥪ͇ЮࠓᏪʿ௦ᥪ͇ఴᢵǌځ൤Ὃᤆᭉ᜵ᥪ͇ᝌౡ٧ǌ̼ᆉݟʽὙ 

from email.parser import Parser 
p = Parser() 

ੇ͂Ր᭦͗ၸҁឞᝌౡ٧̯ᥪ͇˖ઙԨᥪ͇Юࠓǌ 

 ᰍፆ౦Ὃੇ͂᝹Ꮅᬣ఺࿃খǌࠃ௦ᬣ఺ᤤԨஅ͇̠Ὃ˝˿᧗ဗ˝ځ

from sklearn.utils import check_random_state 

ஜ૵ҪᣑѥஜଡΘі˓ԟஜὋܷ ᦉѫ௦˝˿ᆷγ३ҁᄉஜ૵ᬶዜѾѫ࣊ᄰࠪඊᣖڨᛥǌథ̎

ၸਖ਼Ԧ˿੆ӡʼʹ࠯ᥪ͇ὋᏪథᄉၸਖ਼ԵԦ˿іӠ࠯ǌੇ͂ၸmin_docs_authorԟஜૈ߿ඇ˓

Ԧ͇̠ᒯ࠵Ԧ᣾10࠯ᥪ͇Ὃၸmax_docs_authorԟஜૈ߿ణ̯ܲʶ˓ၸਖ਼ᥦ᧖ઙԨ100࠯ᥪ͇ǌ

ੇ͂ᤆၸnum_authorsᬌ߿˿அ͇̠ஜ᧙——᳭ᝢ˝10ǌ̼ᆉݟʽὙ 

def get_enron_corpus(num_authors=10, data_folder=data_folder, 
                     min_docs_author=10, max_docs_author=100,  
                     random_state=None): 
    random_state = check_random_state(random_state) 

ଋʽ౎ὋᖌԨҁ߶ཨМՂտࢹᄉᥪ኷Ὃᥪ኷Фࡂࠃ௦data_folder஠͇݂˖Չߔ஠͇݂ᄉՏሥǌ

ᬣ఺ࠪ३ҁᄉᥪ኷ѴᛪᤈᛠଅࣿǌԵ᜵ᬣ఺࿃খᄰՎὋࠃᰍፆ౦ࡂԺ̾᧗ဗǌ 

    email_addresses = sorted(os.listdir(data_folder)) 
    random_state.shuffle(email_addresses) 

 

;Ժᑞॡ͂ੇ݈ݝ௄ཨՐ᭦ଋᅋ᜵ᬣ఺ុஞᮊࣿὋᥦ˝̣˥ᤆ᜵̂Ўᤈᛠଅ

ࣿǌځ˝os.listdirѥஜඇ൒ᤄٿፆ౦ʿʶ߿ᄰՎὋڙ΍ၸឞѥஜґЎଅࣿὋ

̯Ꮺγ૆ᤄٿፆ౦ᄉʶᒰবǌཨՐੇ͂ၸᬣ఺࿃খᄉshuffleѥஜᬣ఺ᤤԨʶጷ

அ͇̠ǌݟ౦ᭉ᜵ᄉពὋᬣ఺࿃খѥஜԺ̾ᤄٿᡱ˧ґᄰՎᄉፆ౦ǌ 

ཨՐὋੇ͂Ѹत஠ುѴᛪǋዜѾѴᛪὋauthor_numૈᄉ௦ඇ˓ளԦ͇̠ᄉዜѾᎃՁǌᤇ൒

ੇ͂ʿၸenumerateѥஜὋځ˝థ̎Ԧ͇̠ੇ͂ၸʿҁǌΒݟὋԦ᣾ʿܴ10࠯ᥪ͇ᄉὋࡂʿ͗ၸǌ

̼ᆉݟʽὙ 

    documents = [] 
    classes = [] 
    author_num = 0 
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ੇ͂ᤆᭉ᜵᝭ेੇ͂੝ၸҁᄉஅ͇̠Ԣ̴͂ᄉᎃՁǌஜ૵્ଇ᣾ርၸʿҁὋͭ ௦ڙԺ᜼Ӑௐ

ᑞၸҁὋΦ̅ੇ͂ᆷ߿அ͇̠ǌauthorsߙЦၸ̅࠱ၸਖ਼Տ֖ዜѾСᐎᡐ౎ǌ̼ᆉݟʽὙ 

    authors = {} 

ଋʽ౎Ὃ᥅Ԋᥪ኷஠͇݂Ὃಉ੼߱ʽ᭦Տߙ˖դథ“sent”ᄉᛪᇧԦ͇኷ᄉߔ஠͇݂ǌ̼ᆉ

 ʽὙݟ

    for user in email_addresses:  
      users_email_folder = os.path.join(data_folder, user) 
      mail_folders = [os.path.join(users_email_folder, 
        subfolder) for subfolder in os.listdir(users_email_folder) 
                        if "sent" in subfolder] 

ᖌ३ߔ஠͇݂˖ᄉඇʶ࠯ᥪ͇ǌੇ͂ၸҁ˿try-exceptឥԱὋځ˝థ̎ၸਖ਼ᄉԦ͇኷ᄫे

ᤆథߔᄫेǌ᜵ᖌԨᄫेࡎ൒ఝຆᄉᥪ͇Ὃੇ͂ᄉ̼ᆉᤆᭉ᜵ϡ̎இᤈὋဗ͂ੇڙЎ᡹᣾ᤇ̎ၸ

ਖ਼ǌ̼ᆉݟʽὙ 

        try:  
          authored_emails = [open(os.path.join(mail_folder, 
            email_filename), encoding='cp1252').read() 
          for mail_folder in mail_folders 
          for email_filename in os.listdir(mail_folder)] 
        except IsADirectoryError: 
            continue 

ଋʽ౎Ὃ೜฽௦ՠᖌԨҁ˿ᒯ࠯10࠵ᥪ͇὇੊min_docs_authorૈ߿ᄉФ̴ϘὈǌ 

        if len(authored_emails) < min_docs_author: 
            continue 

ʽʶ൥Ὃݟ౦Ԧ͇̠Ԧ˿ܷ᧙ᥪ͇ὋԵԨґ100࠯὇Хͳஜ᧙ၿmax_docs_authorૈ߿Ὀǌ 

        if len(authored_emails) > max_docs_author: 
            authored_emails = authored_emails[:max_docs_author]  

ᝌౡᥪ͇ὋᖌԨᥪ͇Юࠓǌੇ͂ࠪᥪ͇ܿᦉʿਕТᡙ——Ԧ͇̠੝ᑞஇҮᄉЮࠓඊᣖ࠵Ὃځ

൤ࠪͺᏧѫౡ෤థܷܲၸܪǌཨՐઁᥪ͇ЮࠓຊҪҁஜ૵ᬶ˖ǌ 

        contents = [p.parsestr(email)._payload for email in 
          authored_emails] 
        documents.extend(contents) 

ઁឞԦ͇̠ຊҪҁዜѾѴᛪ˖Ὃඇʶ࠯ᥪ͇ຊҪʶ൒ǌ 

        classes.extend([author_num] * len(authored_emails)) 

᝭ेឞஅ͇̠ᄉᎃՁὋвઁᎃՁҪ1Ὃ̾Φʽʶ˓அ͇̠΍ၸǌ 

        authors[user] = author_num 
        author_num += 1 
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೜฽அ͇̠ஜ᧙௦ՠ᣹ҁੇ͂᝹ᎵᄉϘὋݟ౦௦Ὃ᡹Ѣ९ဖὋᤄٿஜ૵ᬶǌ 

        if author_num >= num_authors or author_num >= 
          len(email_addresses): 
            break 

ᤄٿᥪ͇ஜ૵ᬶ֖ዜѾ̾Ԣஅ͇̠ߙЦǌ 

    return documents, np.array(classes), authors 

ʼᤗѥஜᄉܰ᭦Ὃុڙ ၸᤇ˓ѥஜὋੇ ᑞ३ҁஜ૵ᬶǌੇࡂ͂ ͂΍ၸᬣ఺࿃খ14὇К˹ᦏ௦ὈὋ

ͭ௦;Ժ̾࠼ណФ̴Ϙ੊Ꮷ࠱Ф᝹Ꮅ˝noneὋᤇಧඇ൒ុၸᤇ˓ѥஜௐ࠱ᬣ఺ᖌԨʶጷஜ૵ǌ 

documents, classes, authors = get_enron_corpus(data_folder=enron_data_ 
folder, random_state=14) 

٩ᮂὋͭణ࠵ǌஜ૵ᬶథʿူܪԦဗᤆᭉ᜵ϡᤈʶ൥ᄉᮔ͗ࡂ;౦;ᄹʽဗథᄉஜ૵ᬶὋݟ

ᒰ֐ᄉ᫇ᮤ὇̯ஜ૵ѫౡᝇऎᄹὈ௦Ὃ߱ᤆӉդФ̴ၸਖ਼੝зᄉЮࠓὋܬٿᥪ͇ௐ͗ࣛʼѾ̠˧

ґзᄉᥪ͇ǌੇ͂౎ᄹʽᥪ͇documents[100]Ὑ 

 

 Ὃᤇሗৰхॡ࣡᜸ǌኃʶᦉѫ௦౎ᒬMarkܬٿᤇኼ஠ು˖Ὃʼ᭦ᄉᥪ͇௦ࠪʽ᭦ᥪ͇ᄉڙ
HaedickeὋᏪʽ᭦ᄉᥪ͇௦Mark GreenbergзፋMark HaedickeǌԵథґ᭦ᄉЮࠓ὇ኃʶܪ

þ-----Original Message-----ÿ˧ґὈ௦Ԧ͇̠੝зὋᤇ੥௦ੇ͂੝Сซᄉǌ 

ઙԨᤇ̎ζোʿࠓ௛ǌᥪ͇෤థፑʶᄉಪयǌʿՎᄉᥪ͇నҫଡΘ׷΍ၸʿՎᄉܿᦉὋࠪ̅

ᥪ͇ᤆᜁࣸߔᤇಧᄉဖܑ˖Ὃႂڙ௦ࡂ௦þ˝੝ൗ˝ÿĿǌࡂयὋኤᄯ्˦߿థʿՎᄉࠓЮܬٿ

ค΍ၸὋኤᄯࡂ௦ʶ˓݈ᤛǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ឳҁ൤ܪὋʿሄਆᡐՉሗเ᜾٧ᄉጬ́ǌ——ដᏧซ 
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ॆཨᤆ௦థ̎РၸᄉഴयԺ̾ၸǌੇ͂Ժ̾ၸquotequailӉ౎ಉ੼ᥪ͇˖ᄉளЮࠓὋઊप

ᜁܬٿᄉᥪ͇ԢФ̴ʿᄰ࣯ζোǌ 

 
;Ժ̾΍ၸpip߶ᜈquotequailὙpip3 install quotequailǌ 

ੇ͂ᎃзʶ˓ኤӬᄉѥஜ࠯ᜈquotequailᄉҩᑞὋழΦុၸ߱ူܪ੝థᄉ஠ುǌᯪЎ࠭Й

quotequailὋܥ௙ѥஜǌ 

import quotequail 
def remove_replies(email_contents): 

ଋᅋၸquotequailઁᥪ͇ᝌౡ˝і˓ᦉѫὋᤄߙٿЦፆౝǌ̼ᆉݟʽὙ 

    r = quotequail.unwrap(email_contents) 

థௐϊὋrԺᑞ˝noneὋඊݟᥪ͇Ѣ̅ᤇಧᥦಧᄉԓځᝌౡܾ᠋ǌ᥄ҁᤇሗৰхὋᥪ͇ԓಧ

ᤄٿǌူܪڙᄽࠃஜ૵ᬶௐὋፂ࣡ᭉ᜵೜฽Ԫ᧙Ϙ௦ՠ˝ቆǌ̼ᆉݟʽὙ 

    if r is None:  
        return email_contents 

quotequailᄉᤄٿፆ౦˖Ὃੇ͂ᄽൣᭉ᜵ᄉ௦text_topᤇᦉѫǌݟ౦ߙЦr˖ڙߚ

text_topὋᤄ߱ٿᄉϘǌ 

    if 'text_top' in r: 
        return r['text_top'] 

textᄉٿ௦quotequail෤ᑞ੼ҁឞ᪃ǌ߱˶Ժᑞ੼ҁ˿text᪃Ὃᥦᤄࡂ˶Ὃڙߚ౦ʿݟ

Ϙǌ̼ᆉݟʽὙ 

    elif 'text' in r: 
        return r['text']  

ణՐὋݟ౦ᤇˏ˓᪃ᦏ෤థ੼ҁὋᤄٿᥪ͇КᦉЮࠓὋ࣎భܲࠪ͗࠵ஜ૵ѫౡథཁၸܪǌ 

    return email_contents 

ࠪஜ૵ᬶ˖ᄉඇʶ࠯ᥪ͇ὋᤁᛠʼᤗѥஜὋϡʶ᥅ᮔူܪǌ 

documents = [remove_replies(document) for document in documents] 

ੇ͂˧ґᄹ᣾ᄉᥦ࠯դథᜁܬٿᥪ͇ᄉ஠ುὋፂ᣾ူܪՐὋԵӉդMark Greenberg੝Ԧᄉ

Юࠓǌ 

I am disappointed on the timing but I understand. Thanks. Mark 
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9.5.3� 㓺㻻䎭ᶛ 

ੇ͂Ժ̾΍ၸґ᭦ࠃᰍ੝ၸҁᄉԟஜቆ֖ᫍѫዜڙ——٧ளஜ૵ᬶʼᤈᛠᝪጶǌ᳭ᝢৰх

ʽὋscikit-learn͗᧗ளᤈᛠᝪጶ——Ր፝ុၸfit()ѥஜ͗࠱ˎ૿˧ґᄉζোǌ 

 

ᤆథʶዜኪกԶͺጲʼߥ˷Ὃ߱ ͂΍ၸளஜ૵ఝளᝪጶፆ౦Ὃͭ ʿ௦ඇ൒ᦏ

᧗ளᤈᛠᝪጶǌՐ፝ብᓫӉહኃ10ብள᫔ឥ஧ѫዜὋੇ ᤇ˷ߥᬄၸҁጲʼࠃ͗͂

ዜኪกǌ 

ᡱґ᭦ʶಧὋੇ͂΍ၸcross_val_score᝟ኪൣᆷညࣲᣤѢፆ౦ǌ̼ᆉݟʽὙ 

scores = cross_val_score(pipeline, documents, classes, scoring='f1') 
print("Score: {:.3f}".format(np.mean(scores))) 

F1Ϙ˝0.523Ὃࠪ̅Ӊդᤇ˥ܲ٩ᮂᄉஜ૵ᬶ౎ឬὋፆ౦ᤆኪԺ̾ǌຊҪఝܲஜ૵὇ඊܘݟ

Ҫmax_docs_authorᄉϘὈःឞ͗ଡӣ஌౦ǌ 

9.5.4� 䇺զ 

ʶᓉ౎ឬὋԵњύʶ˓ஜߙ౎᝿ͤ஌౦ʿ௦˓ݝ˞਒ὋԺᑞ͗঒႔ॡܲˋ᜴ǌૅFϘ౎ឬὋ

߱ᏥࠢᄉཁࡂඊᣖК᭦Ὃᥦ̎ѫዜፆ౦ݝὋԁ෤థࠃᬄၸܪᄉᬾᙁ࠴੾˶ࡂʿᑞᗛຈ᣾Сǌґ᭦

ܲ൒΍ၸᄉൣᆷညࡂథᆠ፬Ὃඊݟᥪ͇᣾໙٧ઁ੝థᥪ͇ॅ˝ڥۇᥪ͇Ὃ˶ ᑞ᣹ҁ80%ᄉൣᆷညὋ

ͭ௦ᤇሗழกԁ෤థࠃᬄၸܪǌѢ̅ᤇ˓ԓځὋੇ͂ᤆ᜵ࠪ᝿ͤፆ౦ᤈᛠຆЙଉᝦǌ 

ੇ͂Ў౎ᄹʽຈ๵ᅽ᫻Ὃኃ8ብၸᇷፂᎩፎᆠᝌᰍ᝼ᆉడፂၸ᣾ǌᯪЎὋࠪ฽ណᬶஜ૵ᤈᛠ

ᮔ฽ǌґ᭦̼ᆉ΍ၸcross_val_scoreὋࣲ෤థፋѢԺၸᄉᝪጶഴۋὋځ൤ੇ͂ᭉ᜵᧗ளᝪጶ

ʶ˓ഴۋǌੇ͂Ў౎ઁឥ஧Ѭѫ˝ᝪጶᬶ֖฽ណᬶǌ 

from sklearn.cross_validation import train_test_split 
training_documents, testing_documents, y_train, y_test = 
train_test_split(documents, classes, random_state=14) 

ଋᅋὋઁᝪጶᬶ͛ЙึපጲὋᤈᛠᝪጶὋଋᅋࠪ฽ណᬶᤈᛠᮔ฽ǌ 

pipeline.fit(training_documents, y_train) 
y_pred = pipeline.predict(testing_documents) 

;Ժᑞਆᅻ᥊ణݝᄉԟஜጷՋ௦̣˥ǌੇ͂Ժ̾ழΦ̯ڠᎩಪ଼ጉࠪ៵὇ึපጲ

classifierᤇʶ൥Ὀ˖ᖌԨҁᤇ̎ԟஜጷՋǌ 

print(pipeline.named_steps['classifier'].best_params_) 

ʼᤗ̼ᆉᣤѢѫዜ٧ᄉ੝థԟஜǌཨᏪܷᦉѫԟஜᦏ΍ၸ᳭ᝢϘǌԵథC֖kernelˏ˓ԟஜὋ

ੇ͂΍ၸᎩಪ଼ጉࠬ੼Ջ᤟ᄉϘὋ߱͂ѫѾᜁ᝹Ꮅ˝1֖linearǌ 
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Ѹतຈ๵ᅽ᫻Ὑ 

from sklearn.metrics import confusion_matrix 
cm = confusion_matrix(y_pred, y_test) 
cm = cm / cm.astype(np.float).sum(axis=1) 

ੇ͂ଋʽ౎ͺڎ᜵ၸҁ҈ऎὋځ൤ᭉ᜵ԨҁԦ͇̠ǌᤆݝὋҪᣑஜ૵ᬶௐὋੇ͂ၸߙЦ౎γ

 ʽὙݟԦ͇̠ԢФᎃՁǌ̼ᆉ˿ߚ

sorted_authors = sorted(authors.keys(), key=lambda x:authors[x]) 

ణՐὋ΍ၸmatplotlibፊ҃ຈ๵ᅽ᫻ǌ̼ᆉᡱʼብܷՎ࠴ऩὋʿՎᄉڠழၸዣͳᛪᇧὋԵ௦ઁ

 ಕᣈ҈ऎஇ˝Ԧ͇̠ǌڮ

%matplotlib inline 
from matplotlib import pyplot as plt 
plt.figure(figsize=(10,10)) 
plt.imshow(cm, cmap='Blues') 
tick_marks = np.arange(len(sorted_authors)) 
plt.xticks(tick_marks, sorted_authors) 
plt.yticks(tick_marks, sorted_authors) 
plt.ylabel('Actual') 
plt.xlabel('Predicted') 
plt.show() 

 ʽǌݟϷڎ
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ੇ͂Ժ̾ᄹҁ̎גԦ͇̠ܷܲڙஜৰхʽᦏᑞൣᆷᮔ฽——ൣᆷညᰳᄉ्੆˿ʶ్ຌఀᄉ

ࠪᝇጲǌੇ͂ᤆᑞᄹѢ̎גԦ͇̠ᄉᥪ͇ፂ࣡ᜁफຈ὇ᮧᓣᡔຆὋफຈᄉ൒ஜᡔܲὈὙΒݟὋ

baughman-dᄉᥪ͇ፂ࣡ᜁॆͺ௦reitmeyer-jԦᄉǌ 

9.6� ቅ㔉 

ఴብᆐቂᄉ௦஠ఴ્ଇᮖ۪˖ᄉͺᏧॅ࡚᫇ᮤὋੇ ͂ѫౡ˿ˏዜྱड़ᄉ஌౦Ὑҩᑞជ֖ߙቿ

NЊឥกǌੇ͂ڙជ᛺ഴۋ˖΍ၸҩᑞជ——ଡґᤤݝᄉʶጷជὋ᝟ኪѢᤇ̎ជᄉជᮟǌߙቿN
Њឥกᄉึူܪርᡱ۲̅ӬជᄉNЊឥกॡᄰͪὋͭ௦ѫౡ٧ᣀᏪСซߙቿᏪʿ௦Ӭជǌ൤ܰὋ

NЊឥกၿʶጆѴߙቿጷ੆ǌӬជNЊឥกၿ̅Ժ̾ଡΘӬជᄉឥܑᏪ෤థܘҪܲ࠵᝟ኪ᧙Ὃڙ

౼̎ःၸ˖˶Ϙ३ʶណǌ 

ੇ͂ၸSVM౎ᤈᛠѫዜὋ߱ ᤯᣾੼Ѣ΍३ˏ˓ዜѾ˧ᫍᫍᬥణܷᄉጲᤈᛠѫዜǌጲʼᄉ࡚̅

ʶዜὋጲʽᄉ࡚̅ԲܰʶዜǌᡱФ̴ѫዜ͉ҫʶಧὋੇ͂˶ᭉ᜵థஜ૵ᬶ὇ᥪ͇Ὀǌ 

ੇ͂΍ၸ߶ཨМՂᄉᥪ͇ͺ˝ஜ૵ᬶὋ߱Ӊդॡܲ٩ᮂὋඊݟӉդᜁܬٿᄉᥪ͇ኍǌ੝̾ѫ

ዜ஌౦ඊᡐڎ˹ஜ૵ᬶ᜵ࢿʿ࠵ǌཨᏪὋڙథ10˓Ԧ͇̠ᄉৰхʽὋӦஜ̾ʼᥪ͇ᄉԦ͇̠ᦏᑞ

ᮔ฽ൣᆷǌ 

ʽʶብὋੇ͂᜵ᆐቂᄉ᫇ᮤ௦෤థᄫಕዜѾᄉৰхʽὋঞ˥ࠪஜ૵ᤈᛠѫዜǌᤇሗԶͺ௃ᄢ

ᅕߥ˷Ὃඊᡐᮔ฽ఝϷ௦ଉጉব᫇ᮤǌੇ͂᜵΍ၸᄉΙཨ௦Ќ໗٩ᮂᄉ஠ఴஜ૵ᬶǌэݝܫଋԩ

ૌੌ˿՘὞ 
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᯦䰱䈣ᯏ࠼㊱ 

 
ґ᭦ܷᦉѫብᓫࠪڙஜ૵ᤈᛠ્ଇґὋளஜ૵੝࡚ᄉᄫಕዜѾᔴډ௦ࣂᅻᄉǌڙᝪጶ᣾ር˖Ὃ

ੇ͂ᑞܴ˿ᝌҁԪ᧙ᡱዜѾ˧ᫍڙߚঞಧᄉСጆǌᤇሗࣂᅻᄫಕዜѾᄉߥ˷͉ҫὋԶͺథᄢᅕߥ

˷ǌఴብᆐቂᄉ௦ڙʿᅻ᥊ዜѾᄉৰхʽݟʹᤈᛠஜ૵્ଇǌᤇԶͺ௃ᄢᅕߥ˷Ὃ߱ ϟ᧗̅ଉጉǋ

Ԧဗᬤᘨڙஜ૵᧖ᄉζোὋᏪʿ௦ၸഴۋ౎ѫዜὋФଉጉবఝुǌ 

ఴብ̭࠱ፀݟʹࠪள᫔ឥ஧ᤈᛠᐐዜὋ̾ ԦဗФ˖ᄉᡕҸ֖˞ᮤǌఴብᤆ࠱ᝦ᝶ঞಧ̯ᩖଋ

ᐐՋᎩቢઙԨள᫔ឥ஧ǌ 

ఴብ˞᜵̭ፀݟʽі˓ഏএǌ 

� ̯͉਒ள᫔ᎩቢᖌԨ஠ఴЮࠓ 
� ΍ၸredditᎩቢAPI᧓ᬶథᡙᄉள᫔ઐ᥊ 
� ΍ၸᐐዜѫౡᤈᛠ௃ᄢᅕᄉஜ૵્ଇ 
� ઙԨ஠ು˞ᮤ 
� ၸጲʼߥ˷ழก௃ᭉв൒ᝪጶԀԺఝளഴۋ 
� ጷՋʿՎᄉഴۋᤈᛠᐐዜ 

10.1� 㧭਌᯦䰱ᮽㄖ 

ఴብ࠱ౝतʶ˓૊ཱ˞ᮤ˝ణளᄉள᫔ઐ᥊ѫጷᄉጆፑǌ;Ժ̾ᤁᛠіֆ὇੊ఝ᫁ௐᫍὈ̾

˿ᝌᤇൿௐᫍள᫔ᡕҸᄉԪӐǌ 

ጆፑᯪЎ̯ึᛠᄉᩖଋᐐՋᎩቢredditĿࠬ੼ள᫔ઐ᥊ᄉᩖଋǌredditߚϱ˿ܷ᧙Ф̴Ꭹቢᄉᩖ

ଋὋᤆଡΘᝦ᝶ӜǌᎩቢஅᬶᄉᩖଋ૊ཱዜѾᤈᛠѫዜὋᤇ̎ዜѾᜁፑሥ˝subredditὋඊݟథႂ

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ Y Combinator߬Ӑᄉᮉᄫǌణѹ΍ၸLispឥᝒधԦὋՐஇၸPythonὋᎩቢधஉຸ̼ᆉὋԺ̯̾Githubʼ੼ҁǌѸݼ

̠Steve HuffmanڙUdacityʼध᝹˿ʶ᫂ᝮᝌWebधԦᄉាርὋាርᎃՁ˝CS253ǌSteveӭ૿redditՐὋѸበ˿˃ซ

̅஺ຣ଼ጉᄉHipmunkᎩቢǌ2015ࣱвऎٿҁredditὋѢ͉CEOǌweb.pyᄉͺᏧAaron Swartz˶௦redditᄉᐎՋѸݼ

̠ǌ——ដᏧซ 

ኃ ��ብ
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᜼ᓫᄫǋᡙ։ྞڎኍዜѾǌఴብСซᄉ௦ள᫔ᤇʶዜᩖଋǌఴብ΍ၸ/r/worldnewsዜѾᄉᩖଋὋ

ͭ௦ੇ͂੝ᎃзᄉ̼ᆉ˶Ժ̾ၸ౎઄ԨФ̴ዜѾᄉឥ஧ǌ 

ఴብᄉᄫಕ௦ʽᣑܷࠑ੝Сซᄉள᫔ઐ᥊Ὃࠪ ФᤈᛠᐐዜѫౡὋࠬ ੼Ф˖ᄉ˞ᮤ੊˞᜵ഏএὋ

௃ᭉ̠ࢹѫౡ੆ᄇʼӡኼள᫔ઐ᥊Ὃࡂᑞว̠ࠢ͂Сซᄉཤཁǌ 

10.1.1� ֵ⭞ Web API 㧭਌ᮦᦤ 

ґ᭦థіብᦏ௦΍ၸWeb API̯ᎩቢઙԨஜ૵ǌΒݟὋኃ7ብࡂၸҁTwitterᎩቢᄉAPIǌ᧓ᬶ

ஜ૵௦ஜ૵્ଇึපጲᒯС᧗᜵ᄉʶ˓ဖᓫǌWeb API௦᧓ᬶܲ˓˞ᮤஜ૵ᄉፏ·ࢹХǌ 

΍ၸWeb API᧓ᬶஜ૵Ὃథʻ˓ซ਒̂ᮉὙ૾ాழกǋឯයᮟညᬌ֖҃APIቪཁ὇endpointsὈǌ 

૾ాழก௦ஜ૵ଡΘழၸ౎ክူஜ૵᧓ᬶழᄉǌஜ૵ଡΘழ̾൤˿ᝌឹൣڙ᧓ᬶஜ૵Ὃᆷγ

᧓ᬶழ઄Ԩஜ૵ᄉᮟည෤థᡓѢʼᬌὋՎௐࠪ᧓ᬶழᦏ᧓ᬶ˿̎גஜ૵˶ϡҁॶ˖థஜǌࠪ ܷ̅

ܲஜᎩቢὋ௾᤯ᄉ˓̠ၸਖ਼᠌Ձࡂᑞၸ౎᧓ᬶஜ૵Ὃͭ ˶థᦉѫᎩቢ᜵ය᧓ᬶழ΍ၸൣयᄉधԦ

Ꮷ᠌Ձǌ 

᧓ᬶᮟညᬌ҃᜺߿˿᧓ᬶழڙጝ߿ௐᫍЮᄉణܷឯය൒ஜὋ࠾Ф௦᧪ࠪБ᠟ଡΘᄉనҫǌڙ

΍ၸஜ૵ᖌԨଋԯௐὋʶ߿᜵˿ᝌຌഁὋʿՎᄉᎩቢॡԺᑞథᅋʿՎᄉ᜺߿ǌTwitterᄉAPI᜵ය

ඇ15ѫ᧾὇᜼ុၸᄉAPIᏪ߿Ὀ˧Юణܲឯය180൒ஜ૵ǌreddit᜺߿ඇѫ᧾ᒯܲԦᡐ30൒ឯයὋ

ʽ᭦ੇ͂ᤆ͗ᝮҁǌФ̴థ̎Ꭹቢ͗ᬌ҃ඇܸᄉឯය൒ஜὋॆཨ˶థᬌ҃ҁሙጞѾᄉǌԀ΍Վʶ

˓ᎩቢὋʿՎᄉAPIុၸὋ˶థᅋ੔ཨʿՎᄉ᧓ᬶᮟညᬌ҃ǌΒݟὋ៭ൠࠪڎڠඇሗᠪຸAPIᄉ
ុၸᬌ҃Ὃˀ૊࠴ௐឯයࡂథᅋʿՎ᜺߿ὋࠪґᏧᬌ҃ఝ˝ːಪǌ 

 
ᰍᭉ᜵Ԧᡐఝܲᄉឯය֖ఝঋᄉֽःὋᡓѢ˿Б᠟API੝ࠃ౦;ᄉःၸ੊ݟ

ᑞଡΘᄉὋ;Ժ̾ࠬයˀAPIଡΘ׷ᤈᛠ׷ˉՋͺǌ 

 
APIቪཁૈᄉ௦ၸ౎ઙԨζোᄉࠃᬄᎩڦǌʿՎᎩቢଡΘʿՎᄉଋԯὋܷᦉѫWeb APIଡΘ

RESTfulଋԯ὇Representational State TransferὋᛪᤗব࿃খᣀሧὈǌRESTfulଋԯ᤯࣡ˀHTTPӨᝫ

΍ၸᄰՎᄉୱͺὙGETǋPOSTǋDELETE௦ణ࣡ၸᄉǌΒݟὋ΍ၸʽᤗAPIቪཁ೜ጉ౼ʶᠪຸᄉ

ᄰСζোὙwww.dataprovider.com/api/resource_type/resource_id/ǌ 

ᖌԨζোὋԵᭉ᜵ԦᤞHTTP GETឯයҁૈ߿ᄉᎩڦǌనҫ٧ᤄٿᠪຸζোǋζোዜ֖ۋIDǌ

ܷܲஜAPIᦏ௦૊ཱᤇሗፆౝᤈᛠ࠯ᜈᄉὋᙉཨڙХͳࠃဗʼ͗థ੝ࢿऩǌܷܲஜଡΘAPIᄉᎩ

ቢὋᦏ͗ፋѢសጹᄉ஠ುὋѴѢ੝థधஉ΍ၸᄉAPIᄉХͳԟஜǌ 

ੇ͂౎ᄹʽᖌԨζোᄉХͳ൥ᰠǌᯪЎὋ᝹ᎵᤋଋredditᎩቢ੝ၸҁᄉԟஜὋᤇ᧖ᭉ᜵ၸҁ

redditधԦᏧࠚᨄǌ̯ https://www.reddit.com/loginᄅेredditᎩቢὋ੩धhttps://www.reddit.com/prefs/ 
appsǌཁѣþare you a developer? create an app…ÿὋ܌зᛪӬὋᤤસscriptዜۋǌ;ࡂᑞ३ҁၸ
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ਖ਼ID֖ࠚᨄὋளतʶ˓ቷ᝭ఴ஠͇ὋᣤЙ̾ʽ̼ᆉǌ 

CLIENT_ID = "<Enter your Client ID here>" 
CLIENT_SECRET = "<Enter your Client Secret here>" 

redditᤆ᜵ය;ڙ΍ၸ̴͂ᄉAPIௐὋ᝹Ꮅ׬ʶᄉၸਖ਼̼ူ὇user agentὈߙቿ˘ǌڙ᝹Ꮅၸਖ਼

̼ူௐὋซ਒ઁᒬࣁᄉredditၸਖ਼Տ˶зʼὋ̾Ѹत׬ʶಕខ;ःၸᄉၸਖ਼̼ူߙቿ˘ǌੇᄉၸ

ਖ਼̼ူߙቿ˘˖Ӊդఴ˹ᄉᔭ஠ՏǋብᓫᎃՁþchapter 10ÿԢྟఴՁþ0.1ÿὋ;Ժ̾΍ၸФ̴Ю

 ԩҁॡܷᬌ҃ǌ࠱Ὃ;ᄉឯයᮟညܬ౦;ᄉၸਖ਼̼ူᡱѾ̠᧗ݟǌࠓ

USER_AGENT = "python:<your unique user agent> (by /u/<your reddit 
username>)" 

൤ܰὋ;ᭉ᜵΍ၸᒬࣁᄉၸਖ਼Տ֖ࠚᆉᄅेredditǌݟ౦;ᤆ෤థ᠌ՁὋឯซбʶ˓὇Б᠟

˄௃ᭉᰍ᝼˓̠ζোὈǌ 

 

ʽʶ൥͗ၸҁ;ᄉࠚᆉὋઁ ̼ᆉѫ̙ፋѾ̠˧ґὋ᝭३Ѻᬓ߱ǌݟ౦;ʿ੩

ኪ̼ڙᆉ˖зЙࠚᆉὋઁ ᆉԀԺǌͭࠚᆉ᝹Ꮅ˝noneὋᤇಧඇ൒ᤁᛠௐᣤЙࠚ ௦Ὃ

;ᭉ᜵ڙըҮቷ᝭ఴ஠͇ᄉጻቪᣤЙὋᏪʿ௦ڙቷ᝭ఴ஠͇᧖ᣤЙὋᤇ௦ၿቷ᝭

ఴ஠͇ᄉࢹͺழयф߿ᄉǌݟ౦;௃กڙጻቪᣤЙὋឯᄯଋ̼ڙᆉ᧖᝹Ꮅࠚݝᆉǌ

IPythonᄉधԦ̠տൣڙᎃзνܬᤇ˓᫇ᮤᄉଢ͇Ὃͭ௦зͺఴ˹ௐὋଢ͇ᤆ෤

зݝǌ 

 ʽὙݟᆉὋ̼ᆉࠚၸਖ਼Տ֖߿ૈ

USERNAME = "<your reddit username>" 
PASSWORD = "<your reddit password>" 

ଋᅋὋѸतᄅेѥஜὋ΍ၸ̾ʼζোᤈᛠᄅेǌredditᄉᄅेଋԯ͗࠱ᤄٿᤈʶ൥ᤋଋ੝ᭉ

᜵ᄉ̽ྠὋᤇ˶ࡂ௦ᄅेѥஜᄉᤄٿፆ౦ǌѥஜܥ௙ݟʽὙ 

def login(username, password): 

ᯪЎὋݟ౦;ʿਆઁࠚᆉзҁ̼ᆉ᧖Ὃઁ߱᝹Ꮅ˝noneὋͭ௦;ᭉ᜵̽֐ڙᛠᣤЙὋґ᭦ࣂ

ፂឬ᣾ǌ̼ᆉݟʽὙ 

    if password is None:  
        password = getpass.getpass("Enter reddit password for user {}: 
".format(username)) 

΍ၸ࿗ʶ௃̃ᄉၸਖ਼̼ူॡ᧗᜵ὋՠѶ;ᄉᤋଋ࠱ː᧗ԩᬌǌ̼ᆉݟʽὙ 

    headers = {"User-Agent": USER_AGENT} 

ଋᅋὋѸतHTTP૾ాࠪ៵Ὃ̾ᄅेredditనҫ٧ǌ 
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    client_auth = requests.auth.HTTPBasicAuth(CLIENT_ID, CLIENT_ 
SECRET)  

ԦᡐPOSTឯයҁaccess_tokenቪཁ̾ࠃဗᄅेὋPOSTᄉஜ૵థၸਖ਼Տࠚǋ ᆉǋ૾ ాዜۋǌ

ఴΒ˖૾ాዜۋ˝΍ၸࠚᆉᤈᛠᄅेǌ 

    post_data = {"grant_type": "password", "username": username, 
"password": password}  

ణՐὋѥஜ΍ၸrequestsंԦᡐᄅेឯය὇᤯᣾HTTP POSTឯයࠃဗὈὋPOSTឯයᤄٿᄉ

ፆ౦˝ߙЦዜۋǌФ˖థʶᮉࡂ௦ᤈʶ൥ឯය੝ᭉᄉ̽ྠǌ̼ᆉݟʽὙ 

    response = requests.post("https://www.reddit.com/api/v1/access_ 
token", auth=client_auth, data=post_data, headers=headers) 
    return response.json()  

ុၸʼᤗᄅेѥஜὋᖌԨ̽ྠǌ 

token = login(USERNAME, PASSWORD) 

̽ྠࠪ៵˝ʶߙЦፆౝὋФ˖ᄉaccess_token᪃ࠪःᄉϘࡂ௦ᤈʶ൥ឯය੝ᭉᄉ̽ྠǌឞ

ࠪ៵ᤆӉդ̽ྠᄉ΍ၸᔴډ὇КࡌὈ֖᣾యௐᫍǌΒݟὙ 

{'access_token': '<semi-random string>',  'expires_in': 3600, 
'scope': '*',  'token_type': 'bearer'} 

10.1.2� ᮦᦤ䍺Ⓠᇓᓉ reddit 

ᩖଋᐐՋᎩቢreddit὇www.reddit.comὈ઴థі̢ၸਖ਼Ὃᙉཨᔭ஠ྟ˞᜵᭦ՓᎾڍǌඇ˓ၸਖ਼

ᦏԺ̾Ԧ̴࣊͂ਕТᡙᄉᎩቢᄉᩖଋὋՎௐ˝ឞᩖଋૈ߿ಕᮤǌФ̴ၸਖ਼ࠪФཁᡁὋᛪᇧ̴͂؝

൓ᤇ˓ᩖଋᄉЮࠓὋ˶Ժ̾અԥࠪᇽὋᛪᇧʿ؝൓ǌཁᡁణᰳᄉᩖଋ࠱ᜁሧҁᎩᮅᄉణʼ᭦Ὃ෤

థܲ؝̠࠵൓ᄉ࠱ʿ͗௬ᇧǌᬣᅋௐᫍᄉ଍ሧὋЎґԦᛪᄉᩖଋ˶࠱ʿв௬ᇧ὇಩૵؝൓ஜ౎߿Ὀǌ

ѫ̙ᄉᩖଋᜁཁᡁՐὋၸਖ਼͗࠱ᖌ३ԶͺkarmaĿᄉሤѫὋᤇ˶௦˝˿༎Ҵၸਖ਼Եѫ̙ݝ஋̂ǌ 

redditၸਖ਼˶Ժ̾Ԧᛪᩖଋ˧ܰᄉФ̴ЮࠓὋᤇ̎ЮࠓԶͺᒬࣁᄉࣸ୦ŀὋ߱ၿၸਖ਼ᣤЙᄉಕ

ᮤ֖ൣ஠ጷ੆Ὃ᤯࣡௦˝˿ଡ᫇੊௦लԦᝦ᝶Ὃʿ Юǌఴብ̨Сซᩖଋዜࣸ୦Ὃ˧ډሤѫᠽԨᔴڙ

ʿСซ᝿᝶ዜᄉǌ 

Ꭹቢᄉ੝థࣸ୦ᜁѫҁԶͺsubredditᄉʿՎಜᄫὋඇ˓ಜᄫӉդʶጆѴˀ˧ᄰСᄉࣸ୦ǌၸ

ਖ਼Ԧ࣊ࣸ୦ௐὋᭉ᜵ᤤસࣸ୦੝࡚ᄉಜᄫǌඇ˓ಜᄫᦏథᒬࣁᄉክူտ֖Юࠓክူ᜺ѶὋၸਖ਼ʿ

ᑞԦᛪˀಜᄫ௃СᄉЮࠓǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ karmaὋૈځ౦ઐःǌredditᎩቢ΍ၸឞជὋः௦ԨФؒథؒઐ˧਒ǌ——ដᏧซ 
ŀ ࣸ୦ࠪःᔭ஠ӬជpostὋૈᄉ௦ၸਖ਼Ԧᛪᄉʶ్Юࠓǌ——ដᏧซ 
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1 
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3 
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5 

12 
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8 

9 

10 

11 

ࣸ୦᳭ᝢ಩૵བऎ὇HotὈᤈᛠଅࣿὋʶ్ࣸ୦ᄉབऎၿФڙߚᄉௐᫍǋ؝൓ஜǋʿ؝൓ᄉ

൒ஜ౎ф߿ǌᬓ˿བऎܰὋᤆథణளԦᛪᄉ὇NewὈ֖ʶ߿ௐᫍЮణԩ൓ᤀᄉ὇TopὈˏሗଅࣿ

ழกὋణளࣸ୦ԺᑞӉդܷ᧙ᄉڥۇζোǌఴብ࠱૊ཱབऎ౎ᤤԨࣸ୦Ὃᤇ̎ࣸ୦ඊᣖளὋЮࠓ

᠎᧙˶ඊᣖᰳ὇Ӭጥ಩૵ௐᫍଅࣿὋ३ҁᄉᩖଋథॡܲ௦ᩖڥۇଋὈǌ 

΍ၸੇ͂ґ᭦ᖌԨҁᄉ̽ྠὋࡂԺ̾ᖌԨʶ˓ಜᄫᄉʶጆѴᩖଋǌ/r/<subredditname> 

APIቪཁ᳭ᝢᤄٿ੝ૈ߿ಜᄫᄉབ᫂஠ብǌੇ͂ઁಜᄫૈ߿˝ˆႌள᫔/r/worldnewsǌ 

subreddit = "worldnews" 

ੇ͂΍ၸߙቿ˘ಪयӐழกὋၸѷૈ߿ᄉಜᄫ౎Ѹत߸ஞᄉURLǌ 

url = "https://oauth.reddit.com/r/{}".format(subreddit) 

ଋʽ౎Ὃᭉ᜵᝹ᎵܿᦉὋᤇಧ੥ᑞૈྠ̽ా૾߿Ὃ᝹Ꮅ࿗ʶ௃̃ᄉၸਖ਼̼ူὋ́Ԩʿ͗ᜁ᣾

ѫᬌ҃ឯය൒ஜǌ̼ᆉݟʽὙ 

headers = {"Authorization": "bearer {}".format(token['access_token']), 
           "User-Agent": USER_AGENT}  

ཨՐὋᡱ˧ґʶಧὋ΍ၸrequestsंԦᡐឯයὋѾঃ˿ૈܿ߿ᦉǌ 

response = requests.get(url, headers=headers) 

ុၸresponseᄉjsonழกὋ͗࠱३ҁӉդredditᤄٿζোᄉʶ˓PythonߙЦǌ߱Ӊդፋ߿ಜᄫ

ᄉ25్ࣸ୦Ὃࠪ߱͂ᤈᛠ᥅ԊὋᣤѢඇ్ࣸ୦ᄉಕᮤǌࣸ୦ᄉᄰСЮߚࠓϱߙڙЦ᪃˝dataᄉᥦ

ʶᮉ˖ǌ̼ᆉݟʽὙ 

for story in result['data']['children']: 
    print(story['data']['title'])  

10.1.3� 㧭਌ᮦᦤ 

ੇ͂ஜ૵ᬶᄉඇ్ࣸ୦ᦏ౎ᒬ/r/worldnewsಜᄫᄉབऎѴᛪǌʼᓫᝮᝌ˿ᤋଋredditᎩቢ

֖ઙԨࣸ୦Юࠓᄉழกǌੇ͂౎Ѹतʶ˓ѥஜὋઁᤇˏ˓൥ᰠஞՋᡐ౎ὋઙԨૈ߿ಜᄫඇ్ࣸ୦

ᄉಕᮤǋᩖଋ֖؝൓ஜǌ 

ੇ͂᥅Ԋˆႌள᫔ಜᄫὋణܲʶ൒ᖌԨ100ኼள᫔ઐ᥊ǌੇ͂ᤆԺ̾΍ၸѫᮅὋredditణܲЉ

᝴ੇ͂ឳܲ࠵ᮅὋੇ͂ࡂឳܲ࠵ᮅǌͭ௦ੇ͂ᤇ᧖ణܲឳ5ᮅǌ 

ᄉ᧓ᬶᮟညᬌ҃Ὃੇ͂Ժ̾߿ၸՎʶ˓APIὋ˝˿᫸ൢᡓѢᎩቢ੝᜺ុܬᆉ͗᧗̼͂ੇ˝ځ

΍ၸsleepѥஜὋЎ౎࠭Й߱ǌ 

from time import sleep 
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ଋʽ౎᜵߿˦ᄉᤇ˓ѥஜଋஅʻ˓ԟஜὋѫѾ˝ಜᄫՏሥǋ૾ా̽ྠ֖ឳԨᄉᮅஜὋ᳭ᝢϘ

˝5ǌ 

def get_links(subreddit, token, n_pages=5): 

ѸतѴᛪὋߚϱள᫔ઐ᥊ǌ 

    stories = [] 

˓ʶٿፆ౦ௐὋՎௐᤄٿᤄڙTwitterᄉAPI˖΍ၸѫᮅҩᑞǌTwitterڙʹݟኃ7ብ᜸᣾ڙ͂ੇ

ຣಕὋុၸଋԯௐὋвʶࣲ͛ᤫຣಕὋTwitterвѽၸ൤ຣಕᖌԨॆґፆ౦ᄉʽʶᮅǌredditᄉAPI
ຣಕၸกі˪֖TwitterʶᒰὋԵʿ᣾߱΍ၸafterԟஜǌᖌԨኃʶᮅஜ૵ௐၸʿҁᤇ˓ԟஜὋ࠱

ФᎵ˝noneὋᖌԨҁኃʶᮅՐὋвፋ߱͛ʶ˓థ਒˦ᄉϘǌ̼ᆉݟʽὙ 

    after = None 

᥅Ԋੇ͂ਆ३ҁᄉᥦ̎ᮅǌ 

    for page_number in range(n_pages): 

 ᦉ֖URLὋழกᡱ˧ґʶಧǌܿݝʼᤗ९ဖ˖Ὃ᝹Ꮅڙ

        headers = {"Authorization": "bearer 
        {}".format(token['access_token']),  
            "User-Agent": USER_AGENT} 
        url = "https://oauth.reddit.com/r/{}?limit=100". 
            format(subreddit) 

̯ኃ̃൒९ဖधݼὋੇ͂ᭉ᜵᝹Ꮅafterԟஜ὇ՠѶᤄٿፆ౦ᦏʶಧὈǌʽʶ൒९ဖ੝ၸҁ

ᄉafterᄉϘڙґʶ൒९ဖ˖᝹Ꮅǌݟ౦afterϘʿ˝noneὋઁ߱ຊҪҁURLᄉళࡊὋնឃreddit
ੇ͂ଋʽ౎᜵ᖌԨגᮅᄉஜ૵ǌ̼ᆉݟʽὙ 

        if after:  
            url += "&after={}".format(after) 

ʽ᭦ᡱ˧ґʶಧὋ΍ၸrequestsंԦᡐឯයὋڙᤄٿፆ౦ʼុၸjson()ழกὋ३ҁPython
 Цǌߙ

        response = requests.get(url, headers=headers) 
        result = response.json() 

ᤄٿፆ౦˖Ӊդʽʶᣂᤕ̼੝ᭉᄉafterϘὋၸ߱౎ఝளafterԟஜǌ 

        after = result['data']['after'] 

ఆϢˏሙ᧾Ὃ᫸ൢᡓѢAPI΍ၸᮟညᬌ҃ǌ 

        sleep(2) 

ፆ౦˖ᖌԨҁඇኼઐ᥊Ὃઁ߱͂ຊҪҁstoriesѴᛪ˖ǌٿ९ဖͳᄉణՐὋ̯redditᄉᤄڙ
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ੇ̨͂ᭉ᜵ಕᮤǋURL֖؝൓ஜᤇʻᮉஜ૵ǌ̼ᆉݟʽὙ 

        stories.extend([(story['data']['title'], story['data']['url'], 
story['data']['score'])  
                       for story in result['data']['children']]) 

ణՐ὇९ဖͳܰ᭦ὈὋᤄٿ੼ҁᄉ੝థள᫔ઐ᥊ǌ 

    return stories 

ុၸget_linksѥஜௐ͛ЙಜᄫՏሥ֖૾ా̽ྠԀԺǌ 

stories = get_links("worldnews", token) 

ᤄٿፆ౦Ӊդ500ኼள᫔ઐ᥊ᄉಕᮤǋURLኍὋੇ͂ଋʽ౎ࡂԺ̾ᖌԨҁᤇ̎URL੝ૈՓᮅ

᭦ᄉ஠ఴЮࠓǌ 

10.2� ԄԱᝅ㖇ㄏᣳ਌ᮽᵢ 

ੇ̯͂redditஅᬶҁᄉᎩڦ੝ૈՓᄉᎩቢѫ࡚ʿՎᄉᎩቢጷጺǌᤇ̎Ꭹቢᄉᄫಕၸਖ਼௦௾Ꭼ

ܷ͔Ꮺʿ௦᝟ኪ఺ርࣿǌॆੇ͂࠼ណၸርࣿᖌԨ᧖᭦ᄉࠃᬄЮࠓௐὋԺᑞ͗᥄ҁሗሗڇᬱὋځ˝

ڙՐԻᤁᛠὙុၸJavaScriptंὋःၸಧयᛪὋၸAJAXҪᣑࣸնὋڙᄉᎩቢὋథॡܲ᤾ᣣ௦̬ݟ

Ξ᣷ಜܘҪॡܲЮࠓኍὋᤇ̎ҩᑞܘҪ˿Ꭹቢᄉܬఽርऎǌᤇ̎੾శᄉःၸ΍३ॆ̬ᄉWebᄹᡐ

౎ᱤาǋၶҮǋ˗ࠜܲॐὋԁܘҪ˿ᒬҮ᧓ᬶζোᄉᬱऎǌ 

10.2.1� ሱᢴԱᝅ㖇ㄏ㖇享ѣⲺѱ㾷޻ᇯ 

ੇ͂ᯪЎᭉ᜵᝺᫇ඇ˓ᩖଋὋʽᣑՉ˓ᎩᮅὋ͂߱࠱γߚҁData஠͇݂˖̂Ўतݝᄉၸ̅ߚ

உԓݼᎩᮅᄉ஠͇݂rawǌՐ᭦Ὃੇ͂ࡂ᜵̯ᤇ̎ԓݼᎩᮅ˖ᖌԨథၸᄉζোǌЎઁКᦉᎩᮅᦏ

γߚʽ౎ὋඊᡐՐ᭦ௐʿௐڠʽᣑᎩᮅழΦܲ˿ǌᯪЎὋૈߚ߿உԓݼᎩᮅᄉᄫेǌ 

import os 
data_folder = os.path.join(os.path.expanduser("~"), "Data", 
"websites", "raw") 

Ր᭦ੇ͂᜵ၸMD5஘Ѵኪก˝ඇኼઐ᥊Ѹतʶ˓׬ʶᄉ஠͇ՏὋ੝̾Ў࠭Йhashlibǌ஘Ѵ

ѥஜ࠱ᣤЙ὇Ӊդள᫔ઐ᥊Տሥᄉߙቿ˘Ὀᣀ૰˝ʶ˓ᄹʼԜϷ௦ᬣ఺̖ၶᄉߙቿ˘ǌࠪ̅ᄰՎ

ᄉᣤЙὋ஘ѴѥஜᤄٿᄰՎᄉፆ౦Ὃͭ ௦ʿՎᣤЙ˧ᫍᄉॱࢿ࠴Ѿ࠭͗࠱ᒰ੔ཨʿՎᄉᣤѢፆ౦ǌ

ࣲ˄Ὃ஘Ѵѥஜ˝ӬՓѥஜὋ಩૵஘ѴϘ௃ก३ҁԓ౎ᄉϘǌ࠭ЙhashlibὋ̼ᆉݟʽὙ 

import hashlib 

ࠪ̅Ꭹᮅʽᣑܾ᠋ᄉᎩቢὋੇ͂ᄯଋ᡹᣾ǌ˝˿ᥗБᩱ᣾ܹܲᎩᮅὋੇ͂፤એʶ˓᝟ஜ٧Ὃ

ፑ᝟ʽᣑܾ᠋ᄉ൒ஜǌݟ౦௦ጆፑఴᢵᄉ᫇ᮤ᫽ൢʽᣑὋᥦੇ͂ࡂ᜵ᝌфᤇ̎᫇ᮤǌݟ౦ܾ᠋൒
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ஜ᣾ܲὋੇ͂ࡂ᜵੼Ѣҁऄ௦̣˥ˋ᜴ڙͺযὋ࠼ណԜᝌф᫇ᮤǌΒݟὋݟ౦᝟ኪ఺෤థᐎᎩὋ

੝థᄉ500൒ʽᣑᦏܾ͗᠋Ὃ;३ЎᝌфᐎᎩ᫇ᮤὋ੥ᑞвधࡘʽ᭦ᄉࢹͺὀ 

 ౦੝థᎩᮅᦏᑞ੆ҩʽᣑὋ᝟ஜ٧ᣤѢϘःឞ˝0ǌݟ

number_errors = 0 

ଋʽ౎Ὃ᥅Ԋඇʶኼள᫔ઐ᥊ǌ 

for title, url, score in stories: 

ࠪઐ᥊ᄉಕᮤᤈᛠ஘ѴୱͺὋͺ˝ᣤѢ஠͇ՏὋ̾γ᝼׬ʶবǌځ˝redditᎩቢʿ᜵ය஠ብಕ

ᮤХథ׬ʶবὋځ൤ˏኼઐ᥊Ժᑞ΍ၸᄰՎᄉಕᮤὋᤇ࠭͗ࡂᒰஜ૵ᬶ˖ˏ్ஜ૵˧ᫍᄉу቉ǌ

ੇ͂΍ၸMD5ኪกࠪઐ᥊ᄉURLᤈᛠ஘Ѵୱͺǌဗ̠͂ڙԦဗMD5˶ʿ௦ፏࠪԺ᭤ᄉὋͭ௦ੇࡂ

͂ᤇ˥࠴ᄉஜ૵᜺ഴ౎ឬʿܹԺᑞѢ᫇ ὇ᮤѢဗᇋୢৰхὈὋԀ΍Ѣဗᤇಧᄉ᫇ᮤὋ˶ ʿၸܹઝॶǌ 

    output_filename = hashlib.md5(url.encode()).hexdigest() 
    fullpath = os.path.join(data_folder, output_filename + ".txt") 

ଋʽ౎ʽᣑᎩᮅὋγߚҁᣤѢ஠͇݂˖ǌ 

    try:  
        response = requests.get(url) 
        data = response.text 
        with open(fullpath, 'w') as outf: 
            outf.write(data) 

౦ʽᣑᎩᮅௐѢဗ᫇ᮤὋ᡹᣾᫇ᮤᎩቢὋፘ፝ʽᣑʽʶ˓ᎩቢᄉᎩᮅǌʼᤗ̼ᆉᑞܴ߸੆ݟ

ੇ͂அᬶҁᄉ95%ᄉᎩቢʽᣑ͉ҫὋࠪఴብᄉःၸ౎ឬᡛܴ˿Ὃځ˝ੇ͂ࠬ੼ᄉ௦ܷͳᡕҸᏪʿ

௦ϡዴэᆐቂǌథௐੇ͂ॸᮋʽᣑҁ੝థᎩቢᄉЮࠓὋᤇௐࡂ३ុஞ̼ᆉὋ̾ူܪՉሗԺᑞᄉᩱ

ឧǌ઄Ԩܾ᠋ᄉ5%ᾝ10%ᄉᎩቢὋᭉ᜵ᎃзఝ˝ܬఽᄉ̼ᆉ੥ᑞᤈᛠူܪǌੇ ͂౎૬ᖌѢဗᄉᩱ

ឧ὇ᤇԺ௦ྱځᎩὋ͗థॡܲ਒ਆʿҁᄉᩱឧὈὋܘҪ᝟ஜ٧᝟ஜὋፘ፝ʽᣑʽ˓ᎩቢᄉᎩᮅǌ 

    except Exception as e: 
        number_errors += 1  
        print(e) 

 ౦ᩱឧॡܲὋઁʼ᭦print(e)ᥦʶᛠஇ˝raiseὋុၸऩ࣡˖ற఺҃Ὃ̾Φνஇ᫇ᮤǌݟ

ဗڙὋੇ͂ԓݼᎩᮅ஠͇݂raw˖థॡܲᎩᮅὋಉᄹᤇ̎Ꭹᮅ὇ၸ஠ఴᎃᣣ٧੩धὈὋ;͗Ԧ

ဗள᫔ઐ᥊ᄉЮࠓະ෤ڙHTMLǋJavaScriptǋCSS̾ԢФ̴Юࠓ˧˖ǌځ˝ੇ͂Եࠪઐ᥊ఴᢵਕ

ТᡙὋࡂᭉ᜵ʶሗ̯ʿՎᎩቢᄉᎩᮅ˖ઙԨЮࠓᄉழกǌ 

10.2.2� 㓺㻻䎭ᶛ 

ᖌ३ԓݼᎩᮅՐὋੇ ͂ᭉ᜵੼Ѣඇ˓Ꭹᮅ˖ᄉள᫔ઐ᥊Юࠓǌథʶ̎ڙጲᠪຸ΍ၸஜ૵્ଇ
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ழก౎ᝌфᤇ˓᫇ᮤὋᠪຸѴᛪឯ᜸ᬃेǌʶᓉ౎ឬὋॡ࠵ᭉ᜵ၸҁᤇ̎ܬఽᄉኪกὋॆཨ΍ၸ

߱͂ᑞ३ҁఝ˝ዴᆷᄉፆ౦ǌᤇ˶௦ஜ૵્ଇᓧశᄉʶᦉѫ——ᅻ᥊̣˥ௐϊၸὋ̣ ˥ௐϊʿၸǌ 

ᯪЎὋᖌԨҁraw஠͇݂˖ᄉ੝థ஠͇Տǌ 

filenames = [os.path.join(data_folder, filename) 
             for filename in os.listdir(data_folder)]  

ଋᅋὋѸतᣤѢ஠͇݂Ὃள᫔ઐ᥊ЮࠓઙԨѢ౎ՐὋ࠱γߚҁឞ஠͇݂ʽǌ 

text_output_folder = os.path.join(os.path.expanduser("~"), "Data", 
                                  "websites", "textonly")  

ଋᅋὋᎃз̯Ꭹᮅ˖ઙԨ஠ఴᄉ̼ᆉǌੇ͂࠱΍ၸlxmlӉᝌౡHTML஠͇ὋlxmlᄉHTML
ᝌౡࠓ٧ᩱᑞҦुὋԺ̾ူܪʿ᜺ᔴᄉHTML̼ᆉǌ࠭ЙឥԱݟʽ੝ᇧὙ 

from lxml import etree 

஠ఴઙԨѫ˝̾ʽʻ൥ὙᯪЎὋ᥅ԊHTML஠͇ᄉඇʶ˓ᓫཁὋઙԨФ˖ᄉ஠ఴЮࠓǌФ൒Ὃ

᡹᣾JavaScriptǋಧय֖ซ᧕ᓫཁὋᤇ̎ᓫཁʿܹԺᑞӉդࠪੇ͂థ͈ϘᄉζোǌణՐὋᆷγ஠ఴ

Ю᫁ࠓऎᒯߙ˓100˝࠵ቿǌѫౡ஠ብ˞ᮤὋ100˓ߙቿܴࡂၸὋͭ௦᜵ਆ३ҁఝэᆷᄉፆ౦Ὃ஠

ብ᫁ऎథय़ܘҪǌ 

ґ᭦ឬ᣾Ὃੇ͂ࠪᑭఴǋಧय੊ซ᧕ʿਕТᡙǌځ൤ὋѸतѴᛪὋߚஉᤇ̎ʿԺᑞӉդள᫔

ઐ᥊Юࠓᄉᓫཁǌ̼ᆉݟʽὙ 

skip_node_types = ["script", "head", "style", etree.Comment] 

ੇ͂Ѹतʶ˓ѥஜὋઁHTML஠͇ᝌౡ੆lxml etreeࠪ៵ὋཨՐѸतԲܰʶ˓ѥஜὋᝌౡ

ґ᭦३ҁᄉಝὋࠬ੼஠ఴǌኃʶ˓ѥஜኤӬ௛਴Ὑ੩धᎩᮅ஠͇Ὃၸlxmlंᄉparseழกᝌౡ

HTML஠͇ǌ̼ᆉݟʽὙ 

def get_text_from_file(filename):  
    with open(filename) as inf: 
        html_tree = lxml.html.parse(inf) 
    return get_text_from_node(html_tree.getroot()) 

ʼᤗѥஜᄉణՐʶᛠὋុၸgetroot()ѥஜὋᖌԨҁಝᄉ಩ᓫཁὋᏪʿ௦ஞ೪ಝetreeὋᤇ

ಧ஠ఴઙԨѥஜget_text_from_node̾ᓫཁͺ˝ԟஜὋ߱ᑞူܪӉહ಩ᓫཁڙЮᄉ੝థᓫཁὋ

Φ̅ᤫॅុၸǌ 

஠ఴઙԨѥஜߔʹ͉ڙ࠱ᓫཁʼុၸᒬࣁὋ̾ ઙԨߔᓫཁ˖ᄉ஠ఴЮࠓὋణՐᤄૂٿଋڙʶ

ᡐᄉ੝థߔᓫཁᄉ஠ఴǌ 

౦ឞᓫཁʿӉդ͉ݟǌࠓឞᓫཁᄉ஠ఴЮٿᓫཁὋ஠ఴઙԨѥஜᤄߔʹ౦ʶ˓ᓫཁ෤థ͉ݟ

ʹЮࠓὋࡂᤄٿቆߙቿ˘ǌឯซ਒Ὃᤆᭉ᜵੯ᛠʼ᭦ଡҁᄉ஠ఴઙԨᄉኃʻ൥——೜ಉ஠ఴ᫁ऎ
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௦ՠ᣹ҁ100˓ߙቿǌ̼ᆉݟʽὙ 

def get_text_from_node(node): 
    if len(node) == 0: 
        # No children, just return text from this item 
        if node.text and len(node.text) > 100: 
            return node.text 
        else: 
            return ""  

௙ᆷᓫཁథߔᓫཁ˧ՐὋࠪࡂඇʶ˓ߔᓫཁᤫॅុၸ஠ఴઙԨѥஜὋઁ ᤄٿᄉ஠ఴЮૂࠓଋ

 ʽὙݟʶᡐǌ̼ᆉڙ

    results = (get_text_from_node(child) for child in node 
                     if child.tag not in skip_node_types)  
    return "\n".join(r for r in results if len(r) > 1) 

ʼ᭦returnឥԱ˖ᄉifឥԱ௦˝˿᫸ൢᤄٿቆᛠ὇ΒݟὋథᄉᓫཁ෤థߔᓫཁ֖஠ఴЮࠓὈǌ 

᥅Ԋ੝థᄉԓݼᎩᮅὋ̯஠͇᧖ઙԨ஠ఴὋઁፆ౦γߚҁጥ஠ఴ஠͇Ŀ݂˖ǌ 

for filename in os.listdir(data_folder):  
    text = get_text_from_file(os.path.join(data_folder, filename)) 
    with open(os.path.join(text_output_folder, filename), 'w') 
      as outf: 
        outf.write(text) 

੩धጥ஠ఴ஠͇݂˖ᄉ஠͇Ὃಉᄹ߱͂௦ՠథЮࠓǌݟ౦ॡܲᦏʿӉդள᫔ઐ᥊ЮࠓὋଡӣ

ణߙ࠵ቿᬌ҃Ὃੇ͂ѷ੥ၸᄉ௦100ǌݟ౦᝹Ꮅ˝ఝᰳᄉϘὋ̮ʿᡐͺၸὋ੊Ꮷ;ᄉःၸࠪઙԨ

஠ఴЮࠓథఝᰳᄉ᜵යὋឯ࠼ណ΍ၸᬃे̭ፀᄉఝ˝ܬఽᄉழกǌ 

10.3� ᯦䰱䈣ᯏ㚐㊱ 

ఴብᄉᄫᄉ௦᤯᣾ᐐዜԦဗள᫔ឥ஧˖໷ᘨᄉᡕҸǌੇ ߥ΍ၸភၶ̅1957ࣱᄉፂЦ఺٧࠱͂

˷ኪกk-means὇kڨϘὈǌ 

ᐐዜ࡚̅௃ᄢᅕߥ˷Ὃੇ ͂΍ၸᐐዜኪกଉጉᬤᘨڙஜ૵᧖ᄉݗማǌੇ ͂ᄉஜ૵ᬶၿܷጝ500
ኼள᫔ઐ᥊ጷ੆Ὃ̠ࢹಉᄹᤇ̎஠ብᄉ˞ᮤ᠟ௐ᠟ҦǌԀ΍΍ၸഏહፑ᝟ழก˶ʿࠓ௛Ὃࠪᤇሗ

ழกᏪᝒஜ૵ᤆ௦ᄰॆܲǌᏪᐐዜѫౡѶԺ̾૊ཱ˞ᮤઁ߱͂ѫ੆ʿՎᄉዌὋཨՐࡂԺ̾૊ዌᆐ

ቂ߱͂ᄉ˞ᮤǌ 

෤థ௙ᆷᄉዜѾᄉৰхʽ͗΍ၸᐐዜழกǌ̯ڙ͂ੇ ᤇ˓਒˦ʼ౎ᝮὋᐐዜኪกߥ˷ௐ෤థ

௙ᆷᄉழՓবὋ߱͂಩૵ᄫಕѥஜᏪʿ௦ஜ૵໷ڙᄉդ˦౎ߥ˷ǌځ൤Ὃᤤસᐐዜ஌౦ݝᄉྱड़

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ૈԜᬓ૿Ꭹᮅ̼ᆉՐқʽᄉ஠ఴЮࠓǌ——ដᏧซ 
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ॡథॸ᜵ǌࠪࡂ ̅థᄢᅕߥ˷ὋԀ΍;ᤤၸ˿஌౦ᣖࢿᄉྱड़Ὃߥ˷ኪกԺ̾ᤤસʿၸᤇ̎ྱड़ǌ

ΒݟὋஂ૆Փ᧙఺˝ࠪѫዜၸܪʿܷᄉྱड़ѫᦠॡ࠴ᄉా᧗ǌཨᏪὋᐐዜኪก͗፫Ջ੝థྱड़ፋ

ѢణՐፆ౦——Ԁ΍ᥦ̎ʿ͗ଡΘፋੇ͂ኔ಴ᄉྱड़ǌ 

ǌۋड़᤟ၸ̅ॆґ͉ҫǌఴብ΍ၸជ᛺ഴྱ̎גᝌ˿ݝᄉஜ૵ᤈᛠᐐዜѫౡґὋణࠃᄽࠪڙ

ੇ͂ࠬ੼ᄉ௦˞ᮤᄰСᄉዌὋځ൤΍ၸ˞ᮤᄰСᄉྱड़˝ஜ૵तഴǌੇ ͂˧੝̾ᅻ᥊ᤇ̎ྱड़Ժ

ၸ౎ᐐዜὋ௦ځ˝Ѿ̠ၸథᄢᅕழกᝌфዜͪ᫇ᮤௐၸ᣾ᤇ̎ྱड़ǌࠪඊ౎ឬὋݟ౦᜵૊ཱͺᏧ

ઁͺֵѫጷὋੇ͂ࡂ᜵΍ၸዜͪኃ9ብၸҁᄉྱड़ǌ 

10.3.1� k-means ㇍⌋ 

k-meansᐐዜኪกᤕ̼ࠬ੼ణᑞܴ̼ᛪஜ૵ᄉᐐዜ᠎ॶཁǌኪกधݼௐ΍ၸ̯ᝪጶஜ૵˖ᬣ

఺ᤤԨᄉі˓ஜ૵ཁͺ˝᠎ॶཁǌk-means˖ᄉkᛪᇧࠬ੼ܲ࠵˓᠎ॶཁὋՎௐ˶௦ኪก͗࠱੼ҁ

ᄉዌᄉஜ᧙ǌΒݟὋઁk᝹Ꮅ˝3Ὃஜ૵ᬶ੝థஜ૵͗࠱ᜁѫ੆3˓ዌǌ 

k-meansኪกѫ˝ˏ˓൥ᰠὙ˝ඇʶ˓ஜ૵ཁĿѫᦠዌಕኣὋఝளՉዌᄉ᠎ॶཁǌ 

ѫዌᤇʶ൥˖Ὃੇ͂˝ஜ૵ᬶᄉඇ˓˓ͳ᝹Ꮅʶ˓ಕኣὋઁ֖߱ణᤂᄉ᠎ॶཁᐎጆᡐ౎ǌࠪ

̅ᡯሎ᠎ॶཁ1ణᤂᄉ˓ͳὋੇ͂˝߱͂ѫᦠಕኣ1Ὃᡯሎ᠎ॶཁ2ణᤂᄉ˓ͳὋѫᦠಕኣ2Ὃ̾൤

ዜ଍ǌಕኣᄰՎᄉ˓ͳ࡚̅Վʶ˓ዌὋ੝థࣛథಕኣ1ᄉஜ૵ཁ࡚̅ዌ1὇Ե௦ఆௐᄉὋஜ૵ཁ੝

࡚ᄉዌ͗ᬣᅋኪกᄉᤁᛠԦၶԪӐὈǌ 

ఝளဖᓫὋ᝟ኪՉዌЮ੝థஜ૵ཁᄉڨϘὋఝள᠎ॶཁǌ 

k-meansኪก͗᧗ܬʼᤗˏ˓൥ᰠ὚ඇ൒ఝள᠎ॶཁௐὋ੝థ᠎ॶཁ࠴͗࠱ᔴډሧҮǌᤇ͗

ᣏॱஇԪඇ˓ஜ૵ཁڙዌЮᄉͮᎵὋ̯ ᏪलԦʽʶ൒ᤕ̼ௐ᠎ॶཁᄉԪҮǌᤇ˓᣾ር͗᧗ܬ੯ᛠ

ᄯҁ్͇ʿв໗ᡛௐ˝ൢǌ᤯࣡௦ڙᤕ̼ʶ߿൒ஜՐὋ੊Ꮷॆ᠎ॶཁᄉஞͳሧҮ᧙ॡ࠴ௐὋࡂԺ

̾ጻൢኪกᄉᤁᛠǌథௐԺ̾ኍኪกᒬᛠጻൢᤁᛠὋᤇᛪ௙ዌࣂፂᄰॆሶ߿——ஜ૵ཁ੝࡚ᄉዌ

ʿвԪҮὋ᠎ॶཁ˶ʿвஇԪௐǌ 

ʽڎᛪᇧᄉ௦ࠪᬣ఺Ѹतᄉஜ૵ᬶ੯ᛠk-meansኪกὋஜ૵ᬶӉդʻ˓ዌǌڎ˖ᄉʻᮣ̊ᝇ

௠ᛪᇧణѹᬣ఺̯ஜ૵ᬶ˖ᤤԨᄉʻ˓᠎ॶཁǌk-meansኪกፂ᣾5ᣂᤕ̼ՐὋ᠎ॶཁԦၶ˿இԪὋ

ХͳͮᎵၸʻᝇ्౎ᛪᇧǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ʶ˓ஜ૵ཁࠪःஜ૵ᬶ˖ʶ్ஜ૵Ὃઁஜ૵ᬶᄹ੆ಧఴὋʶ్ஜ૵ԀԺᜁሥͺ௦ʶ˓˓ͳǌ——ដᏧซ 
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k-meansኪก߱ځ੝΍ၸᄉஜߥழก֖ˣፂᏥᰍᏪЌ໗᱊ҦǌឞኪกԵథ὇ܷͳʼԺ̾ᤇ˥

ឬὈʁ ˓ԟஜὋᙉཨᡯ߱ଡѢᒯ̬ࣂ᣾˿Ӧ˓ܲˆጡὋͭ ၿ̅߱ڙॡܲஜ૵્ଇ᫇ᮤʼ஌౦ॡݝὋ

̮ᜁᮟጒ΍ၸǌ 

scikit-learnࠃဗ˿k-meansኪกὋᄯଋ̯clusterഴ࠭ڰЙԀԺǌ 

from sklearn.cluster import KMeans 

ੇ͂ᮊΦઁCountVectorizerዜᄉݝЋशTfidfVectorizer࠭ᤈ౎ǌᤇ˓Փ᧙ӐࢹХ಩૵

ជឥѢဗ࠵ܲڙኼ஠ು˖Ὃࠪជឥ᝟ஜᤈᛠҪాǌѢဗڙᣖܲ஠ು˖ᄉជឥా᧗ᣖͯ὇ၸ஠ುᬶ

ஜ᧙ᬓ̾ជឥѢဗڙᄉ஠ುᄉஜ᧙ὋཨՐԨࠪஜὈǌࠪ̅ॡܲ஠ఴ્ଇःၸὋ΍ၸឞሗా᧗᝟ኪ

ழกὋᑞܴథ஌ଡӣ஌౦ǌ̼ᆉݟʽὙ 

from sklearn.feature_extraction.text import TfidfVectorizer 

Ѹतஜ૵ѫౡึපጲὋึපጲѫˏ൥Ὃኃʶ൥௦ྱड़ઙԨὋኃ̃൥௦ុၸk-meansኪกǌ̼

ᆉݟʽὙ 

from sklearn.pipeline import Pipeline  
n_clusters = 10 
pipeline = Pipeline([('feature_extraction', TfidfVectorizer(max_ 
df=0.4)), 
                     ('clusterer', KMeans(n_clusters=n_clusters)) 
                     ]) 
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ੇ͂˝ԟஜmax_df᝹Ꮅ˿ʶ˓ॡͯᄉϘ0.4Ὃᛪᇧ঒႔Ѣဗ40ڙ%Ԣ̾ʼᄉ஠ು˖ᄉជឥǌ

ᤇ˓ԟஜԺၸ౎Ҕᬓఴᢵʿդథ˞ᮤᄰСդ˦ᄉជឥǌ 

 
Ѻᬓ40ڙ%Ԣ̾ʼ஠ು˖Ѣဗᄉជឥ͗࠱ѺᬓҩᑞជὋᤇሗᮔ̅ࠪူܪኃ9

ብ࠱థࠎ௃ᄝǌ 

ᯪЎᝪጶኪกὋཨՐвၸ߱౎ϡᮔ฽ǌґіብᄉѫዜ͉ҫᦏ௦૊ཱᤇˏ˓൥ᰠࠃஶὋͭ௦ᤇ

᧖థʶཁʿՎ——ੇ͂෤థ˝fitѥஜૈ߿ᄫಕዜѾǌᤇ˶ൣ௦௃ᄢᅕߥ˷͉ҫᄉդ˦੝ڙὀ̼

ᆉݟʽὙ 

pipeline.fit(documents) 
labels = pipeline.predict(documents) 

Ԫ᧙labelsӉդඇ˓ஜ૵ཁᄉዌಕኣǌಕኣᄰՎᄉஜ૵ཁ࡚̅Վʶ˓ዌǌᭉ᜵ૈѢᄉ௦ዌ

ಕኣఴᢵ෤థդ˦Ὑʿᑞឬዌ1֖ዌ2ඊዌ1֖ዌ3ఝᄰͪǌ 

ੇ͂Ժ̾΍ၸCounterዜ౎ಉᄹඇ˓ዌథܲ࠵ஜ૵ཁǌ 

from collections import Counter 
c = Counter(labels)  
for cluster_number in range(n_clusters): 
    print("Cluster {} contains {} samples".format(cluster_number, 
c[cluster_number])) 

ᐐዜ᫇ᮤᄉፆ౦὇ซ਒;ᄉஜ૵ᬶԺᑞᡱੇᄉʿՎὈज़ज़௦ʶ˓ዌॡܷὋӉդ˿ܷܲஜ˓ͳὋ

вథі˓˖ኍ᜺ഴᄉዌὋణՐᤆథі˓ԵӉդʶˏ˓˓ͳᄉॡ࠴ᄉዌὋᤇሗʿࣰᛥবॡ࣡᜸ǌ 

10.3.2� 䇺զ㔉᷒ 

ᐐዜѫౡ˞᜵௦ଉጉবѫౡὋځ൤ॡᬱథ஌ڠ᝿ͤᐐዜኪกፆ౦ᄉڭݝǌ᝿ͤኪกፆ౦ణᄯ

ଋᄉழय௦಩૵߱᜵ߥ˷ᄉಕэࠪФᤈᛠ᝿͈ǌ 

 
౦;థ฽ណᬶὋ;Ժ̾ࠪФᤈᛠᐐዜѫౡ౎᝿͈஌౦ǌఝܲጹᓫឯ᜸ݟ

http://nlp.stanford.edu/IR-book/html/htmledition/evaluation-of-clustering-1.htmlǌ 

ࠪ̅k-meansኪกὋࠬ੼ள᠎ॶཁᄉಕэ௦Ὃణ࠴Ӑඇ˓ஜ૵ཁҁణᤂ᠎ॶཁᄉᡯሎǌᤇԶ

ͺኪกᄉ਄বా᧗὇inertiaὈὋ͉ʹፂ᣾ᝪጶᄉKMeansࠃΒᦏథឞ࡚বǌ 

pipeline.named_steps['clusterer'].inertia_ 

ᣤѢፆ౦˝343.94Ὃʿ᣾ᤇ˓Ϙఴᢵ෤థ਒˦Ὃͭ௦Ժ̾ၸ߱౎ᆷ߿ѫ˝ܲ࠵ዌՋ᤟ǌґ᭦

ᄉΒߔὋn_clustersᄉϘᜁ᝹Ꮅ˝10Ὃͭᤇ௦ణ·Ϙ՘὞ʽ᭦̼ᆉn_clustersΙ൒Ԩ2ҁ20˧
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ᫍᄉϘὋඇԨʶ˓ϘὋk-meansኪกᤁᛠ10൒ǌඇ൒ᤁᛠኪกᦏ᝭े਄বా᧗ǌ 

ࠪ̅n_clustersԪ᧙ᄉඇ˓ԨϘὋ̨ᝪጶXᅽ᫻ʶ൒Ὃ̾὇౜ܷὈଡӣ̼ᆉᤁᛠᤳऎǌ 

inertia_scores = []  
n_cluster_values = list(range(2, 20)) 
for n_clusters in n_cluster_values: 
    cur_inertia_scores = [] 
    X = TfidfVectorizer(max_df=0.4).fit_transform(documents) 
    for i in range(10): 
        km = KMeans(n_clusters=n_clusters).fit(X) 
        cur_inertia_scores.append(km.inertia_) 
    inertia_scores.append(cur_inertia_scores) 

Ԫ᧙inertia_scoresߚϱ˿n_clustersԨ2ҁ20ඇ˓Ϙௐ੝ࠪःᄉ਄বా᧗ǌੇ͂ઁ਄

বా᧗֖ዌᄉஜ᧙ϡ੆ڎὋ̾Φ˿ᝌ߱͂˧ᫍᄉСጆǌ 

 

ஞͳᏪᝒὋᬣᅋዌஜ᧙ᄉܘҪὋ᠎ॶཁ֖Ф̴ஜ૵ཁͮᎵᄉុஞᤩຑђ࠵Ὃ਄বా᧗ःឞᤩ

ຑᬋͯὋᤇ௦ॡࠓ௛ࡂᑞ̯ʼڎ३ҁᄉፆ᝶ǌ̯6ዌᤈʶ൥ѫ˝7ዌௐὋ᠎ॶཁ௦ᬣ఺ᤤԨᄉὋᤇ

൤ὋஞͳᄉᡕҸ὇;ᄉፆ౦Ժᑞ͗థ੝ʿՎὈ௦ዌஜ᧙˝6ௐὋݟክࡉᄯଋॕֽҁణጻፆ౦ǌ͗࠱

਄বా᧗ᤈᛠ˿ణՐʶ൒ܷᄉុஞǌ 

ᬣՐ਄বా᧗இԪॡ࠴Ὃᙉཨ෤థ௙ᆷᄉಕэԺᝒǌᤇಧᄉௐ҈ᜁሥͺ௦દཁ὇elbowὈὋၸ

Ϸ௦ᐟᦉǌథ̎ஜ૵ᬶદཁॡ௙௬Ὃͭ௦థᄉஜ૵ᬶԺᑞ෤ࡂ௦ఛጲᄉᮆཁὋᄹᡐ౎ࡂ౎ᛪᇧڎ

థદཁ὇߱͂ᄉڎϷᄹᡐ౎ॡࣰ໎Ὀǌ 

಩૵ʼᤗѫౡὋઁn_clustersᄉϘ᝹Ꮅ˝6Ὃ᧗ளᤁᛠኪกǌ 

n_clusters = 6 
pipeline = Pipeline([('feature_extraction', 
  TfidfVectorizer(max_df=0.4)), 
                     ('clusterer', KMeans(n_clusters=n_clusters)) 
                     ])  
pipeline.fit(documents) 
labels = pipeline.predict(documents) 
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10.3.3� Ԅ㈽ѣᣳ਌ѱ从ؗᚥ 

ဗઁ͂ੇڙСซཁஉҁՉዌʼὋ࠼ណ̯˖੼ҁඇ˓ዌᄉ˞ᮤǌᯪЎὋ̯ྱड़ଡԨᤇʶ൥ઙԨ

ជᛪǌ 

terms = pipeline.named_steps['feature_extraction'].get_feature_names() 

᝟ኪඇዌ੝Ӊդᄉ˓ͳஜ᧙ǌ 

c = Counter(labels) 

᥅Ԋ੝థᄉዌὋᣤѢඇዌ੝Ӊդᄉ˓ͳஜ᧙ǌ᝿ͤፆ౦ௐὋ᜵ઁዌᄉܷ࠴ᏥᘼᤈԜ——థᄉ

ዌԺᑞԵథʶ˓˓ͳὋځ൤ʿᑞ̼ᛪள᫔ᡕҸǌ̼ᆉݟʽὙ 

for cluster_number in range(n_clusters):  
    print("Cluster {} contains {} samples".format(cluster_number, 
c[cluster_number])) 

ଋʽ౎὇ڙ९ဖͳЮᦉὈὋ᥅Ԋឞዌణ᧗᜵ᄉជឥǌᯪЎὋ̯᠎ॶཁ੼Ѣྱड़Ϙణܷᄉ5˓ྱ

ड़ǌ̼ᆉݟʽὙ 

    print("  Most important terms")  
    centroid = pipeline.named_steps['clusterer'].cluster_centers_ 
[cluster_number] 
    most_important = centroid.argsort() 

Ι൒ᣤѢᤇ5˓ྱड़ǌ 

    for i in range(5): 

ࠪiԨԥὋځ˝most_importantஜጷ˖ᄉణ࠴Ϙଅڙణґ᭦ǌ 

        term_index = most_important[-(i+1)] 

ཨՐᣤѢࣿՁǋជឥ֖३ѫǌ 

        print("  {0}) {1} (score: {2:.4f})".format(i+1, terms[term_ 
index], centroid[term_index]))  

ፆ౦ᑞᣖڠݝԥ௡ॆௐ̠͂Сซᄉཤཁǌੇ३ҁᄉፆ౦὇2015ࣱ3తὈ˖Ὃі˓ዌᄉ˞ᮤ˝

ϣऔ᫇ᮤǋ̟ ˋጊषࡌҸǋమᱤӦࡳጊषࡌҸ֖ΨᎬலᄰС᫇ᮤǌᤇ̎Ќ஭ᅋॆௐᄉள᫔్ܿ——
ᙉཨॡࣱܲ̾౎ࡂʶᄯᤇಧὀ 

10.3.4� ⭞㚐㊱㇍⌋ڐ䖢ᦘಞ 

ԲܰଡʶʽὋk-meansኪก὇̾ԢФ̴ᐐዜኪกὈᤆథඊᣖథᡙᄉʶ˓ྱཁὋࡂ௦Ժ̾ၸ౎

ኤӐྱड़ǌྱड़ኤӐᄉழกథॡܲሗὋඊݟ˞᜵੆ѫѫౡ὇Principle Component AnalysisὈǋ໷ڙ

ឥ˦ጉल὇Latent Semantic IndexingὈኍὋᤇ̎ழกᤆᑞၸ౎Ѹतளྱड़Ὃͭ௦߱͂᤯࣡ࠪ᝟ኪ
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ᑞҦ᜵යॡᰳǌ 

ὋជᛪРథ14 000˓ជ్——ᤇ˓ஜ૵ᬶॡܷǌੇ͂ᄉᐐዜኪกઁ̨߱͂ॅ˖ߔґ᭦ᄉΒڙ

˝6˓ዌǌੇ ͂Ժ̾΍ၸஜ૵ཁҁ᠎ॶཁᄉᡯሎͺ˝ྱड़Ѹतʶ˓ྱड़ஜᣖ˧ґ࠵३ܲᄉஜ૵ᬶǌ 

ʼ᭦߱ڙ൤Ժ̾ځΒὋࠃපጲణՐʶ൥௦k-meansึ˝ځΒʼុၸᣀ૰ѥஜǌࠃk-meansڙ

ុၸᣀ૰ѥஜǌ 

X = pipeline.transform(documents) 

ʼ᭦̼ᆉึڙපጲణՐʶ൥ᄉk-meansࠃΒʼុၸᣀ૰ழกǌ३ҁᄉᅽ᫻థН˓ྱड़Ὃஜ૵

᧙ᡱ஠ುᄉ᫁ऎᄰՎǌ 

;Ժ̾ࠪ३ҁᄉᅽ᫻ᤈᛠ̃൒ᐐዜὋݟ౦థᄫಕዜѾᄉពὋ˶Ժ̾ၸ౎ѫዜǌܷᒰᄉึር௦

΍ၸಕซݝᄉஜ૵ᤤԨྱड़Ὃၸᐐዜழกઁྱड़ஜђ࠵ҁఝࠓ௛ୱͺᄉᔴډЮὋвၸSVMኍኪก

ࠪґ᭦ူܪ᣾ᄉஜ૵ᬶᤈᛠѫዜǌ 

10.4� 㚐㊱㷃ਾ 

ኃ3ብᆐቂ˿ݟʹઁі೪஌౦ᄰࠪᣖࢿᄉфንಝѫዜ٧ஞՋڙʶᡐ्੆ᬣ఺೧ౣὋၸ౎ူܪ

ѫዜ͉ҫǌᐐዜኪก˶Ժ̾ᤈᛠᚷՋὋᤇಧϡᄉ˞᜵ԓځ௦ὋᚷՋՐ३ҁᄉኪกᑞࣰܴ໎ኪกܲ

൒ᤁᛠ੝३ҁᄉʿՎፆ౦ǌൣ͂ੇݟ˧ґ੝ឬὋܲ൒ᤁᛠk-meansኪก३ҁᄉፆ౦ځణѹᤤસᄉ

᠎ॶཁʿՎᏪʿՎǌܲ൒ᤁᛠኪกὋ፫ՋᏥᘼ੝३ҁᄉܲ˓ፆ౦ὋԺ̾ђ࠵จҮǌ 

ᐐዜᚷՋழกᤆԺ̾ᬋͯԟஜᤤસࠪణጻፆ౦ᄉॕֽǌܷܲஜᐐዜኪกࠪԟஜᤤસॡஏਕ,
ԟஜሮథʿՎࣛ࠱౎ʿՎᄉᐐዜፆ౦ǌ 

10.4.1� 䇷ᦤ㍥〥 

ణ۲ఴᄉᚷՋழก௦ࠪஜ૵ᤈᛠܲ൒ᐐዜὋඇ൒ᦏ᝭ेՉ˓ஜ૵ཁᄉዌಕኣǌཨՐ᝟ኪඇˏ

˓ஜ૵ཁᜁѫҁՎʶ˓ዌᄉ൒ஜǌᤇࡂ௦᝼૵ጌሤኪก὇Evidence Accumulation ClusteringὋEACὈ

ᄉዴᰲǌ 

᝼૵ጌሤኪกˏܷ൥ᰠݟʽὙኃʶ൥Ὃ΍ၸk-meansኍͯපࣰᄉᐐዜኪกࠪஜ૵ᬶᤈᛠܲ൒

ᐐዜὋ᝭ेඇʶ൒ᤕ̼ˏ˓ஜ૵ཁѢဗڙՎʶዌᄉᮟညὋ࠱ፆ౦γߚҁРӨᅽ᫻὇coassociationὈ
˖ǌኃ̃൥Ὃ΍ၸԲܰʶሗᐐዜኪกúúѫጞᐐዜࠪኃʶ൥३ҁᄉРӨᅽ᫻ᤈᛠᐐዜѫౡǌѫ

ጞᐐዜʶ˓ඊᣖథᡙᄉྱব௦Ὃ߱ኍ͈̅ࠬ੼ʶ೪ઁ੝థᓫཁᤋଋҁʶᡐᄉಝὋࣲઁా᧗ͯᄉ

᣷Ԝ૿ǌ 

᥅Ԋ੝థಕኣὋ᝭ेХథᄰՎಕኣᄉˏ˓ஜ૵ཁᄉͮᎵὋѸतРӨᅽ᫻ǌੇ ͂ᭉ᜵ၸҁSciPy
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ᄉሩ႟ᅽ᫻csr_matrixǌ 

from scipy.sparse import csr_matrix 

ซ਒ѥஜܥ௙˖ᄉԟஜ˝੝థஜ૵ཁᄉಕኣǌ 

def create_coassociation_matrix(labels): 

᝭ेХథᄰՎಕኣᄉˏ˓ஜ૵ཁᄉᛠՁ֖ѴՁὋઁ߱͂ѫѾߚϱҁrows֖colsѴᛪ˖ǌሩ

႟ᅽ᫻᤯࣡ၿʶጆѴ᝭े᭣ᭅϘͮᎵᄉѴᛪጷ੆Ὃcsr_matrixࡂ௦ᤇሗዜۋᄉǌ 

    rows = [] 
    cols = [] 

ಕኣԜ᧗ՐὋвᤈᛠ᥅Ԋǌ 

    unique_labels = set(labels) 
    for label in unique_labels: 

ಉ੼Хథ౼ʶಕኣᄉ੝థஜ૵ཁǌ 

        indices = np.where(labels == label)[0] 

ࠪ̅ඇጷಕኣᄰՎᄉஜ૵ཁὋ᝭े߱͂ᄉͮᎵǌ̼ᆉݟʽὙ 

        for index1 in indices:  
            for index2 in indices: 
                rows.append(index1) 
                cols.append(index2) 

࠵੝థ९ဖᄉܰ᭦Ѹतஜ૵ᬶὋˏ˓ஜ૵ཁಕኣᄰՎௐὋஜ૵ᬶ˖ឞͮᎵᄉϘ˝1ǌథܲڙ

ጷஜ૵ཁಕኣᄰՎὋஜ૵ᬶ˖ࡂథܲ࠵˓Њገ˝1ǌ̼ᆉݟʽὙ 

    data = np.ones((len(rows),)) 
    return csr_matrix((data, (rows, cols)), dtype='float') 

ុၸʼᤗѥஜὋ͛Й੝థᄉஜ૵ཁಕኣὋࡂᑞ३ҁРӨᅽ᫻ǌ 

C = create_coassociation_matrix(labels) 

ဗ͂ੇڙԺ̾ઁᤇ̎ᅽ᫻ᄉܲ˓ࠃΒஞՋᡐ౎Ὃܲ൒ᤁᛠk-meansኪกὋઁፆ౦ፆՋᡐ౎ᄹǌ

ᤁᛠC὇ڙ᝭̂ఴளಪߔ᧖ᣤЙCὋࣲᤁᛠὈὋಉᄹథܲ࠵˓᭣ᭅϘǌ̯३ҁᄉፆ౦౎ᄹὋᅽ᫻˖

ܷጝӦஜᄉᮉథϘὋੇᄉᐐዜፆ౦థʶ˓ܷᄉዌ὇Չዌᄉܷ࠴ᡔڨӈὋ᭣ᭅϘஜ᧙ᡔ࠵Ὀǌ 

ʽʶ൥ࠪРӨᅽ᫻ᤈᛠѫጞᐐዜǌੇ ͂ᭉ᜵੼ҁឞᅽ᫻ᄉణ࠴ၶ੆ಝὋѺᬓా᧗ͯ̅᫟Ϙᄉ

᣷ǌ 

 ၶ੆ಝ὇Minimum Spanning࠴ǌణڎᄉူ᝶ᝇऎᄹὋၶ੆ಝ˝੝థᓫཁᦏᤋଋҁʶᡐᄉڎ̯
TreeὋMSTὈԀ঳ా᧗ణͯᄉၶ੆ಝǌፆՋੇ͂ᄉःၸ౎ᝮὋڎ˖ᄉᓫཁࠪःஜ૵ᬶ˖ᄉ˓ͳὋ
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᣷ᄉా᧗ࠪःˏ˓ᮆཁᜁѫҁՎʶዌᄉ൒ஜ——˶ࡂ௦РӨᅽ᫻੝᝭ेᄉϘǌ 

ʽڎᄉMSTథ6˓ᓫཁǌڎ˖ᄉᓫཁԺ̾ڙMST˖ܲ൒΍ၸὋ׬ʶᄉ᜵ය௦੝థᄉᓫཁःឞ

ᤋଋڙʶᡐǌ 

 

ੇ͂΍ၸSciPy sparseӉᄉminimum_spanning_treeѥஜ᝟ኪMSTǌ 

from scipy.sparse.csgraph import minimum_spanning_tree 

Ժ̾ᄯଋڙcoassociationѥஜᤄٿᄉሩ႟ᅽ᫻ʼុၸmstѥஜǌ 

mst = minimum_spanning_tree(C) 

ཨᏪὋᅽ᫻C˖ὋϘᡔᰳᛪᇧʶጷஜ૵ཁᜁѫҁՎʶዌᄉ൒ஜᡔܲ——ᤇ˓Ϙᛪᇧᄰͪऎǌ

ᄰԥὋminimum_spanning_treeѥஜᄉᣤЙ˝ᡯሎὋᰳᄉϘԥᏪᛪᇧᄰͪऎᡔ࠴ǌځ൤Ὃੇ͂

ࠪCԨԥв᝟ኪణ࠴ၶ੆ಝǌ 

mst = minimum_spanning_tree(-C) 

ʼᤗѥஜᤄٿፆ౦˝ʶ˓ᅽ᫻Ὃܷ ᡱCᄰՎ὇ᛠѴஜѫѾᡱஜ૵ᬶಧఴஜ᧙֖ྱड़ஜᄰՎὈὋ࠴

Եʿ᣾γ႐˿ణ࠴ၶ੆ಝ˖ᄉ᣷ὋФ̴ᦏᜁѺᬓ˿ǌ 

ཨՐੇ͂ѺᬓФ᣷ᄉా᧗̅࠴᫟Ϙᄉᓫཁǌழก௦Ὃ᥅ԊMSTᅽ᫻˖ᄉඇʶ్᣷ὋѺᬓͯ̅

᜺߿Ϙᄉ᣷ǌ̨ࠪРӨᅽ᫻὇Ϙ˝1੊0Ὃ෤థ̣˥ԺူܪᄉὈᤈᛠʶ൒᥅Ԋ௃ก߸੆ʼᤗ͉ҫǌ

 ʽὙݟ൤Ὃੇ͂౎ѸतᮨܰᄉಕኣὋѸतʶ˓ளРӨᅽ᫻ὋཨՐઁᤇˏ˓ᅽ᫻ᄰҪǌ̼ᆉځ

pipeline.fit(documents) 
labels2 = pipeline.predict(documents) 
C2 = create_coassociation_matrix(labels2) 
C_sum = (C + C2) / 2 
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ཨՐв᝟ኪMSTὋѺᬓڙᤇˏ˓ᅽ᫻˖ᦏ෤థѢဗᄉ᣷ǌ 

mst = minimum_spanning_tree(-C_sum) 
mst.data[mst.data > -1] = 0 

ੇ͂ᭉ᜵ሧᬓڙC1֖C2ᦏ෤థѢဗᄉ᣷——˶ࡂ௦Ϙ˝1ᄉǌཨᏪੇ͂ѷ੥ڙ᝟ኪௐὋࠪ

C_sumԨԥὋځ൤Ὃ᫟Ϙ˶ःឞ΍ၸᄰԥஜǌ 

ణՐὋੇ͂੼ҁ੝థᄉᤋ᤯ѫஂὋ˶ࡂ௦ࠬ੼ሧᬓͯా᧗ᄉ᣷̾Ր̮ཨᤋଋڙʶᡐᄉᓫཁǌ

ᤄٿᄉኃʶ˓Ϙ˝ᤋ᤯ѫஂᄉஜ᧙὇˶ࡂ௦థܲ࠵˓ዌὈὋኃ̃˓Ϙ˝ඇ˓ஜ૵ཁᄉಕኣǌ̼ᆉ

 ʽὙݟ

from scipy.sparse.csgraph import connected_components 
number_of_clusters, labels = connected_components(mst) 

ੇᄉஜ૵ᬶణጻ੼ҁ˿8˓ዌὋඇ˓ዌᦏᡱ˧ґࢿʿܲǌᤇʿᡛ˝݈Ὃځ˝ੇ̨͂ᤈᛠ˿ˏ

ᣂ k-meansᤕ̼Ὃఝܲᄉᤕ̼὇ឯ᜸ʽᓫὈፆ౦ࢿऩ͗ఝ௙௬ǌ 

10.4.2� ᐛ֒৕⨼ 

k-meansኪกʿᏥᘼྱड़ᄉా᧗Ὃࠃᬄʼ߱ϛ߿੝థᄉྱड़ԨϘᔴډᄰՎǌੇ͂ڙኃ2ብଉᝦ

᣾΍ၸԨϘᔴډʿՎᄉྱड़੝ࣛ౎ᄉ᫇ᮤǌk-meansኪกࠬ੼ᄉ௦्ڒዌ὇circular clustersὈὋݟ

ʽڎ੝ᇧǌ 

 

̯ʼڎ˖Ὃੇ͂Ժ̾ᄹҁʿ௦੝థᄉዌᦏ௦्ڒǌࢺΞᄉዌյ्ڒὋᤇ˶௦k-meansኪกॡ

୰᫁ူܪᄉǌ˖ᫍ˝೸्ڒὋ᤯᣾ྱड़᜺ᔴӐ὇feature scalingὈὋk-meansኪกԺ̾ူܪឞሗᐐዜ

᫇ᮤǌణՐʶࣧၴڎᒯʿ௦Ѡ्ᄉ——ᤇሗ्࿃ॡ݈যὋၸk-meansኪก౎ူܪᐐዜፆ౦˝ᤇሗ

्࿃ᄉஜ૵ᬶథᬱऎǌ 

᝼૵ጌሤኪกᄉࢹͺԓူ˝᧗ளઁྱड़௡࠰ҁளቆᫍὋʼᓫᝮҁၸk-means౎ϡྱड़ኤӐὋ

ఴ᠎ʼὋ᝼૵ጌሤኪก΍ၸˀФᄰͪᄉԓѶὋඇ൒ᤁᛠk-meansኪกᦏᄰॆ̅΍ၸᣀ૰٧ࠪྱड़

ᤈᛠʶ൒ᣀ૰ǌͭ ௦ੇ͂ᤇ᧖̨΍ၸࠃᬄᄉಕኣᏪʿ௦ҁඇ˓᠎ॶཁᄉᡯሎǌੇ ͂΍ၸߚϱڙР
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Өᅽ᫻˖ᄉஜ૵ǌ 

᝼૵ጌሤኪกԵСॶஜ૵ཁ˧ᫍᄉᡯሎᏪʿ௦߱͂ڙԓ౎ྱड़ቆᫍᄉͮᎵǌࠪ ̅෤థ᜺ᔴӐ

᣾ᄉྱड़Ὃ̮ཨᮤ᫇ڙߚǌځ൤Ὃྱड़᜺ᔴॡ᧗᜵Ὃ௃᝶ݟʹᦏ᜵ϡ὇ੇ͂ၸtf-idf᜺ᔴྱड़

ϘὋ̯Ꮺ΍ྱड़ХథᄰՎᄉϘ۪Ὀǌ 

ఽஜ૵ᬶௐܬူܪڙኃ9ብ᜸᣾΍ၸSVMЮನϡዜͪᄉᣀ૰ǌᤇ̎ᣀ૰ழกॡुܷὋڙ͂ੇ

᝭३΍ၸǌ 

10.4.3� ᇔ⧦ 

ဗ͂ੇڙ౎ઁґ᭦ᤇ̎ஞՋᡐ౎ὋѸतଋԯᡱscikit-learnࠪ३ʼᄉኤ௛ᐐዜኪกὋࠃဗ

᝼૵ጌሤᄉˏ˓൥ᰠǌᯪЎὋ΍ၸscikit-learnᄉClusterMixinѸत᝼૵ጌሤኪกዜǌ 

from sklearn.base import BaseEstimator, ClusterMixin 
class EAC(BaseEstimator, ClusterMixin): 

ԟஜѫѾ˝ኃʶ൥k-meansኪกᤁᛠ൒ஜ὇ѸतРӨᅽ᫻ὈὋၸ౎Ѻᬓ᣷ᄉ᫟Ϙ֖ඇ൒ᤁᛠ

k-meansኪก᜵੼ҁᄉዌᄉஜ᧙ǌૈ߿n_clustersᄉԨϘᔴډὋඇ൒ᤁᛠk-meansኪกᦏᑞ३ҁ

ʿՎᄉᐐዜፆ౦ǌʶᓉᏪᝒὋ̯ᚷՋᄉᝇऎᄹὋඇ൒ፆ౦థ੝ʿՎ௦͇̂ݝǌՠѶὋᚷՋܲ൒ኪ

กᡱԵᤁᛠʶ൒ኪก஌౦ᄰՎ὇ͭ௦і˓ᐐዜፆ౦˧ᫍࢿᡯᣖܷ˶ʿᑞᛪ௙ᚷՋՐ஌౦ݝ͗ࡂὈǌ

̼ᆉݟʽὙ 

    def __init__(self, n_clusterings=10, cut_threshold=0.5, n_  
clusters_range=(3, 10)): 
        self.n_clusterings = n_clusterings 
        self.cut_threshold = cut_threshold 
        self.n_clusters_range = n_clusters_range 

˝EACዜ߿˦fitѥஜǌ 

    def fit(self, X, y=None): 

ଋᅋὋ΍ၸk-meansኪกᤈᛠͯපࣰᐐዜὋઁඇʶ൒ᤕ̼३ҁᄉРӨᅽ᫻Ҫᡐ౎ǌ˝˿ᓫᄴ

ЮߚὋੇ͂΍ၸၶ੆٧Ὃ̨ڙᭉ᜵ௐѸतРӨᅽ᫻ǌၶ੆٧ඇᤕ̼ʶ൒Ὃڙࡂஜ૵ᬶʼᡪʶ˓

ளᄉk-meansࠃΒὋཨՐѸतʶ˓РӨᅽ᫻ǌв΍ၸsumழกઁ३ҁᄉܲ˓РӨᅽ᫻Ҫᡐ౎ǌ̼

ᆉݟʽὙ 

        C = sum((create_coassociation_matrix(self._single_ 
clustering(X)) 
                 for i in range(self.n_clusterings)))  

ᡱґ᭦ʶಧὋੇ͂ѸतMSTὋѺᬓͯ̅᫟Ϙᄉ᣷὇ซ਒΍ၸᄰԥஜὈὋ੼ҁᤋ᤯ѫஂǌᡱ

scikit-learnФ̴fitѥஜʶಧὋੇ͂ᦏᭉ᜵ᤄٿselfὋ̾Φึපጲᄉʽʶ˓൥ᰠ΍ၸǌ̼ᆉ

 ʽὙݟ
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        mst = minimum_spanning_tree(-C) 
        mst.data[mst.data > -self.cut_threshold] = 0 
        self.n_components, self.labels_ = connected_components(mst) 
        return self 

ଋᅋὋᎃз᤯᣾ʶᣂᤕ̼ᤈᛠᐐዜᄉѥஜǌХͳழก௦Ὃ΍ၸnumpyᄉrandintѥஜᬣ఺ᤤ

Ԩі˓ዌὋၸԟஜn_clusters_rangeૈ߿ᬣ఺ᤤԨᄉᔴډǌཨՐ΍ၸk-meansኪกᤈᛠᐐዜ֖

ᮔ฽ஜ૵ᬶ࡚̅ג˓ዌǌణՐᤄٿၿk-means᝟ኪ३ҁᄉዌಕኣǌ̼ᆉݟʽὙ 

    def _single_clustering(self, X):  
        n_clusters = np.random.randint(*self.n_clusters_range) 
        km = KMeans(n_clusters=n_clusters) 
        return km.fit_predict(X) 

Ϸ˧ґᥦಧѸतึපጲὋԵʿ᣾ึڙපጲణՐʶ൥Ὃ΍ၸ᝼૵ጌሤኪกᏪʿ௦˧ґᄉk-means
ኪกࠃΒὋᤁᛠ̼ᆉǌ̼ᆉݟʽǌ 

pipeline = Pipeline([('feature_extraction', TfidfVectorizer(max_ 
df=0.4)),  
                     ('clusterer', EAC()) 
                     ]) 

10.5� 㓵рᆜҖ 

థௐὋڙधߥݼ˷˧ґὋੇ͂෤థᡛܴᄉஜ૵ၸ౎ᤈᛠᝪጶǌథௐὋஜ૵᧙ܹܷὋЮߚᜈʿ

ʽὋ੊ʶௐૅʿҁஜ૵Ὃ੊߸੆ᮔ฽ՐὋੇ͂Ԡૅҁ˿ளஜ૵ǌ̾ʼৰхࡂԺ̾΍ၸጲʼߥ˷ழ

กὋڙᭉ᜵ௐԢௐᝪጶഴۋǌ 

10.5.1� 㓵рᆜҖㆶԁ 

ጲʼߥ˷௦ૈၸளஜ૵ܘ᧙ڠஇᤈഴۋǌஂ ૆ጲʼߥ˷ᄉኪกԺ̾Ўၸʶ్੊࠵᧙ஜ૵ᤈᛠ

ᝪጶὋᬣᅋఝܲளஜ૵ᄉຊҪὋఝளഴۋǌᄰඊ˧ʽὋʿஂ૆ጲʼߥ˷ᄉኪกڙधݼᝪጶ˧ґᭉ

᜵ʶ൒বૅҁ੝థஜ૵ǌಕэᄉk-meansኪก̾Ԣґіብᄉፏܷᦉѫኪกᦏʿஂ૆ጲʼߥ˷ǌ 

ጲʼߥ˷ኪกڙԵథі్ளஜ૵ᄉৰхʽࡂᑞϡҁᦉѫఝளࣂథഴۋǌᇷፂᎩፎኪก௦ஂ૆

ጲʼߥ˷ᄉಕэΒߔǌᬣᅋʶ్ளஜ૵ᣤЙҁᇷፂᎩፎՐὋᎩፎ˖ᄉా᧗಩૵ߥ˷ᤳညᤈᛠఝளὋ

ᄉԪҮ὇࣎భ࠴౎ॡࣛۋ0.01ǌᤇᛪ௙ʶ్ளஜ૵ԵᑞࠪഴݟᄉϘὋඊ࠴ᤳည᤯࣡˝ʶ˓ॡ˷ߥ

௦இᤈὈǌ 

ᇷፂᎩፎᤆԺ̾૊ཱ੺ഴय౎ᝪጶὋඇ൒Եၸʶጷஜ૵ᤈᛠᝪጶǌ੺ഴयὋኪกᤁᛠᤳऎঋὋ

ͭ௦ᏱЮߚᣖܲǌ 

ՎူὋੇ͂Ժ̾ၸʶ˓ஜ૵ཁ੊࠵᧙ஜ૵ཁ౎ᣏॱఝளk-means˖ᄉ᠎ॶཁǌХͳϡก௦Ὃ
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ᤳညǌੇ˷ߥk-meansኪกఝள᠎ॶཁᤇʶ൥ҪЙڙ ͂ϛ߿ᤇ̎ளஜ૵ཁ௦̯঳ͳ˖ᬣ఺ᤤԨᄉὋ

᠎ॶཁःឞమ߱͂ڙԓ౎ಕэǋሎጲᄉk-meansኪก˖ᄉͮᎵሧҮǌ 

ጲʼߥ˷ˀึयߥ˷὇streaming-based learningὈథСὋͭథі˓᧗᜵ᄉʿՎཁǌጲʼߥ˷ᑞ

ܴ᧗ள᝿ͤЎґѸतഴۋௐ੝ၸҁᄉஜ૵ὋᏪࠪ̅ՐᏧὋ੝థஜ૵ᦏԵ΍ၸʶ൒ǌ 

10.5.2� ᇔ⧦ 

scikit-learnଡΘ˿MiniBatchKMeansኪกὋԺ̾ၸ߱౎ࠃဗጲʼߥ˷ҩᑞǌᤇ˓ዜࠃ

ဗ˿partial_fitѥஜὋଋஅʶጷஜ૵ὋఝளഴۋǌᄰԥὋុ ၸfit()͗࠱Ѻᬓ˧ґᄉᝪጶፆ౦Ὃ

᧗ள಩૵ளஜ૵ᤈᛠᝪጶǌ 

MiniBatchKMeansᐐዜ᣾ርᡱscikit-learn˖Ф̴ᐐዜኪกʶᒰὋ੝̾Ѹत֖΍ၸ˝ځ

ழกᡱФ̴ኪกᄰՎǌ 

 ʽὙݟ൤Ὃੇ͂Ժ̾΍ၸTfIDFVectorizer̯ஜ૵ᬶ˖ઙԨྱड़ὋѸतᅽ᫻Xǌ̼ᆉځ

vec = TfidfVectorizer(max_df=0.4) 
X = vec.fit_transform(documents) 

в౎࠭ЙMiniBatchKMeansὋѹݼӐʶ˓ࠃΒǌ 

from sklearn.cluster import MiniBatchKMeans 
mbkm = MiniBatchKMeans(random_state=14, n_clusters=3) 

ଋᅋὋᬣ఺̯Xᅽ᫻˖ᤤસஜ૵Ὃഴ઱౎ᒬܰᦉᄉளஜ૵ǌඇ൒Ԩʶ̎ஜ૵Ὃఝளഴۋǌ 

batch_size = 10  
for iteration in range(int(X.shape[0] / batch_size)): 
    start = batch_size * iteration 
    end = batch_size * (iteration + 1) 
    mbkm.partial_fit(X[start:end]) 

 ஜ૵ᬶᄉᐐዜፆ౦ǌݼΒʼុၸpredict()ழกὋᖌ३ԓࠃڙ

labels  = mbkm.predict(X) 

ཨᏪᄫґ᫼ൿὋੇ͂௃กึڙපጲ˖΍ၸTfIDFVectorizerὋځ˝߱ʿ௦ڙጲኪกǌ˝˿

ᝌфᤇ˓᫇ᮤὋੇ͂΍ၸHashingVectorizerዜὋ߱ڠݫࢻ΍ၸ஘Ѵኪก౜ܷڠᬋͯ˿᝟ኪជ

᛺ഴۋ੝ᭉᄉЮߚधᩘǌੇ͂ʿ௦᝭ेྱड़ՏߙὋඊݟ஠ು˖ᄉជὋᏪ௦̨᝭ेᤇ̎Տߙᄉ஘Ѵ

ϘǌᤇಧὋ͂ੇڙಉᄹஜ૵ᬶ˧ґὋࡂᑞᅻ᥊੝థᄉྱड़Ὃࣂ͂ੇ˝ځፂૅҁ˿੝థྱड़ᄉ஘Ѵ

Ϙǌܷጝథ218˓஘ѴϘὋஜ૵᧙ॡܷὋͭ௦΍ၸሩ႟ᅽ᫻Ὃߚϱ֖᝟ኪᦏॡࠓ௛Ὃځ˝ᅽ᫻˖ॡ

ܲᮉᄉϘᦏ˝0ǌ 

зͺఴ˹ௐὋsickit-learnᄉPipelineዜ௃กၸ̅ጲʼߥ˷ǌʿՎᄉःၸథᅋጹॱࢿѾὋ
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ᤇ˶ࡂᛪ௙ʿڙߚʹК˧ንὋ˶ࡂ௃ก࠯ᜈʶ˓᤯ၸᄉึපጲዜǌᄰԥὋੇ͂Ժ̾Ѹतᒬࣁᄉᑞ

ܴஂ૆ጲʼߥ˷ᄉึපጲߔዜǌੇ͂ᤇ˓ዜፘ੽ᒬscikit-learnᄉPipelineዜǌ 

class PartialFitPipeline(Pipeline): 

Ѹतpartial_fitѥஜὋଋஅᣤЙᅽ᫻ǋԺᤤᄉዜѾ὇ᤇ᧖ၸʿҁὈǌ 

    def partial_fit(self, X, y=None): 

ੇ͂˧ґᝮ᣾ὋึපጲၿʶጆѴᣀ૰൥ᰠጷ੆Ὃґʶ൥ᄉᣤѢ˝ʽʶ൥ᄉᣤЙǌੇ͂ઁኃʶ

˓ᣤЙ᝹Ꮅ˝Xᅽ᫻ὋଋᅋὋၸඇʶ˓ᣀ૰٧ࠪᣤЙᤈᛠᣀ૰ǌ 

        Xt = X 
        for name, transform in self.steps[:-1]: 

ཨՐὋᣀ૰ࣂథᄉஜ૵ᬶὋፘ፝ᤕ̼Ὃᄯҁ᣹ҁణՐʶ൥὇ੇ͂ᤇ᧖˝ᐐዜኪกὈǌ 

            Xt = transform.transform(Xt) 

ଋᅋὋڙణՐʶ൥ុၸpartial_fitѥஜὋᤄٿፆ౦ǌ 

        return self.steps[-1][1].partial_fit(Xt, y=y) 

ੇ͂ဗࡂڙԺ̾ѸतึපጲὋڙጲʼߥ˷᣾ር΍ၸMiniBatchKMeans֖Hashing- 

Vectorizerǌᬓ˿ளዜPartialFitPipeline֖HashingVectorizerܰὋ΍ၸጲʼߥ˷ᤈᛠ

ᐐዜѫౡὋФஞ˓᣾ርᡱఴብФ̴ᦉѫܷՎ࠴ऩὋԵʿ᣾ඇ൒΍ၸᄉஜ૵᧙ܲ࠵˿ǌ 

pipeline = PartialFitPipeline([('feature_extraction', 
HashingVectorizer()),  
                             ('clusterer', MiniBatchKMeans(random_ 
state=14, n_clusters=3)) 
                             ]) 
batch_size = 10 
for iteration in range(int(len(documents) / batch_size)): 
    start = batch_size * iteration 
    end = batch_size * (iteration + 1) 
    pipeline.partial_fit(documents[start:end]) 
labels = pipeline.predict(documents) 

ॆཨᤇሗழก˶థʿᡛ˧ܪǌඊݟὋੇ͂ॡᬱᅻ᥊ࠪ̅ඇ˓ዌ౎ឬ̎גជణ˝᧗᜵ǌݟ౦ਆ

ᅻ᥊ᄉពὋᤇࡂ᜵ၸҁԲܰʶሗྱड़ઙԨࢹХCountVectorizerὋЎԨҁඇ˓ជᄉ஘ѴϘὋཨ

Ր᤯᣾஘ѴϘᏪʿ௦ជఴᢵಉ੼ជᄉ᧗᜵বǌᤇಧϡథཁ᳣ཐὋࣲ˄ક๖˿ੇ͂΍ၸ

HashingVectorizerᓫᄴʽ౎ᄉЮߚǌࣲ ˄Ὃੇ͂˶௃ก΍ၸ˧ґၸ᣾ᄉmax_dfԟஜὋځ˝߱

ᭉ᜵ᅻ᥊ྱड़௦̣˥ࣲʶᄯፑ᝟߱͂ǌ 

൤ܰὋੇ͂௃กڙጲʼߥ˷˖΍ၸtf-idfా᧗ǌᙉཨੇ͂Ժ̾ͤ᝟ࣲ΍ၸా᧗Ὃͭ௦˶ॡ

᳣ཐǌHashingVectorizerኪก᭣࣡థၸὋ௦஘Ѵኪกᄉዴॐःၸǌ 
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10.6� ቅ㔉 

ఴብᆐቂ˿ʶሗ௃ᄢᅕߥ˷ழก——ᐐዜǌ௃ᄢᅕߥ˷ၸ౎ଉጉஜ૵Ꮺʿ௦ѫዜ੊ᮔ฽ǌੇ

̯͂redditᎩቢ᧓ᬶҁᄉஜ૵෤థዜѾὋ੝̾௃กࠪФᤈᛠѫዜǌੇ͂΍ၸk-meansኪกઁள᫔ઐ

᥊ѫ੆ጷὋ̾੼ҁஜ૵˖ᬤᘨᄉ˞ᮤ֖ᡕҸǌ 

̯redditᎩቢ᧓ᬶᎩڦஜ૵ՐὋੇ͂Ԧဗ߱͂ૈՓʿՎᄉᎩቢὋځ൤Ὃᭉ᜵ᆐ҃ʶሗ᤟ၸᔴ

ழ˷ߥᄉ஠ఴὋᏪ෤థ΍ၸ੆ཿᄉ఺٧ڰઙԨழกǌઙԨஜ૵ௐὋੇ͂Եࠬ੼ܷࠓᄉᎩᮅЮࣸډ

กǌథʶ̎థᡙᄉ఺ߥ٧˷ழกԺ̾இؒ஠ఴઙԨ஌౦Ὃស᜸ᬃेᦉѫఴብᄉᛩЌЮࠓǌੇᬃڙ

े˖Ὃ᧪ࠪඇʶብᦏፋѢ˿Ր፝ߥ˷ழՓԢࠃᰍ஌౦இؒழกὋᤆፋѢ˿ԟᏥᠪ஧Ὃࣲ̭ፀ˿ឳ

ᏧԺᑞਕТᡙᄉᬱऎఝܷᄉःၸǌ 

ఴብᤆଉᝦ˿ʶሗॡᄯ᜹ᄉᚷՋኪก——᝼૵ጌሤኪกǌᚷՋኪกԺၸ౎ူܪፆ౦˧ᫍᄉࢿ

ऩὋ࠾Ф௦;ʿᅻ᥊ঞ˥ᤤԨݝᄉԟஜௐ὇ԟஜᤤԨࠪ̅ᐐዜ౎ឬྱࡂѾᬱὈǌ 

ణՐὋੇ̭͂ፀ˿ጲʼߥ˷ǌᤇ௦᤯ՓӉહܷஜ૵ڙЮᄉܷۋ఺ߥ٧˷ኪกᄉЙԯὋଋʽ౎

ˏብ͗ᝮܷஜ૵ǌՐˏብᄉࠃᰍ᜺ഴॡܷὋߥڙ˷ഴۋᄉՎௐὋᤆ᜵ය͗ߥክူஜ૵ǌ 

ʽʶብ̯࠱௃ᄢᅕߥ˷вऎٿҁѫዜǌੇ ఽᇷፂᎩፎ˝۲ᆨᄉѫዜழก——ຆܬᆐቂ̾࠱͂

ऎߥ˷ǌ 
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⭞␧ᓜᆜҖᯯ⌋Ѱഴ܅ѣⲺ

⢟։䘑㺂࠼㊱ 

 
ኃ8ብၸҁ˿ణ۲ᆨᄉᇷፂᎩፎǌణᤂіࣱὋឞᮖ۪Тᡐᄉᆐቂབ໼˝Фࣛ౎˿ʶጆѴ᫁ᡛ

ᄉᤈ൥ǌ̬ݟὋᇷፂᎩፎᄉᆐቂѸᤴѢ˿ʶ̎ణ˝Ўᤈ֖ዴᆷᄉѫዜኪกὋڙॡܲᮖ۪ࡘ᭚ᩣᓴǌ 

᝟ኪ఺বᑞᄉଡӣ΍३ᝪጶఝܷǋఝܬఽᄉᇷፂᎩፎ੆˝ԺᑞὋͭ ឞᮖ۪˧੝̾ᑞܴԨ३ᤈ

൥Ὃ˞᜵ʿ௦ځ˝᝟ኪবᑞᄉଡӣὋᏪ௦ځ˝᧓ၸ˿ளᄉኪก֖ᇷፂᎩፎࡎǌ 

ఴብᆐቂݟʹᆷڎ߿Ϸ˖ᄉྫྷͳὋੇ ͂΍ၸϷገϘͺ˝ᇷፂᎩፎᄉᣤЙϘὋᒬҮ੼ҁథၸᄉ

ϷገጷՋὋ्੆ఝᰳࡎጞᄉྱड़ὋཨՐ࠱Фၸ̅ࠃᬄᄉѫዜǌఴብ˞᜵ЮݟࠓʽὙ 

 Ϸ˖ྫྷͳѫዜڎ˝ �
� ʿՎዜۋᄉຆऎᇷፂᎩፎ 
� TheanoǋLasagne֖NolearnὙၸ̅Ѹत֖ᝪጶᇷፂᎩፎᄉं 
� ၸGPUଡӣኪกᤳऎ 

11.1� ⢟։࠼㊱ 

᝟ኪ఺᜼᜿ᤩຑ੆˝መ੾ᮖ۪ᄉ௙௅˧௠ǌల౎ࣱ̊Ὃੇ͂˶᝴ࡂᑞڮʼᒬҮᰁ᯹ීᢻ὇ၴ

ᒯԺᑞඊᤇᤆ᜵ଡґὋݟ౦ึ͛ᄉ๖ো௦ԺζᄉὈǌ᜵ᝧ᝟ኪ఺౎धᢻὋ߱३ᑞᄹຌֆډᄉဖܑὙ

ᬩᆽྫྷǋФ̴ᢻᣙ֖ܸච࿃хኍǌ 

ᙉཨ᝟ኪ఺ύүᭆ᣹ኍ੾శॡࠓ௛ࡂᑞ೜฽ҁ௦ՠథᬩᆽྫྷὋͭ ᤇᤆʿܴὋ߱ ᤆᭉ᜵ᅻ᥊ᬩ

ᆽྫྷ௦̣˥ǌϛݟ௦ҮྫྷὋ߱͂Ժᑞॡঋ͗ࡂᡪधὋͭݟ౦௦तኒྫྷὋᥦ᳣ࡂཐ˿Ὃ᝟ኪ఺ᭉ᜵

ଌ҃ᢻᣙᢸधǌ 

11.2� ᓊ⭞൰Ქૂⴤḽ 

ఴብ࠱ౝतʶ˓ጆፑὋ߱ଋஅڎϷὋፋѢڎϷ᧖᭦௦̣˥ྫྷͳǌឞጆፑݝࡂඊ௦ᒬҮᰁ᯹ී

ኃ ��ብ
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ᢻᄉ᜼᜿ጆፑὋ߱ᑞԦဗ᥊ᡸԢˏΞᄉ͉ʹᬩᆽྫྷǌੇ͂΍ၸݟʽ्यᄉڎϷǌ 

 

ϷὋඇ˓ϷገᦏథʶڎϷஜ૵౎ᒬ̅ᗂՏᄉCIFAR-10ஜ૵ᬶὋ߱դథ6ʹष32Ϸገ᜸ழᄉڎ

˓ጙú፮úᗯ὇RGBὈϘǌᤇ˓ஜ૵ᬶࣂፂѫ˝ᝪጶᬶ֖฽ណᬶˏᦉѫὋੇ͂ڙᝪጶፆోՐ੥͗ၸ

ҁ฽ណᬶὋᤇ᧖Ўଡʶʽǌ 

 
CIFAR-10ஜ૵ᬶᄉʽᣑڦڠ˝http://www.cs.toronto.edu/~kriz/cifarǌឯʽᣑ

PythonྟఴὋ੝థڎϷࣂፂᣀ૰˝numpyஜጷǌ 

ੇ͂౎ᄹʽᤇ̎ڎϷஜ૵̣᫁˥ಧὋ੩धʶ˓IPython Notebookቷ᝭ఴ஠͇Ὃ᝹Ꮅݝ஠͇Տǌ

ੇ͂धݼԵၸኃʶ੺஠͇ὋҁՐ᭦вܘҪஜ᧙΍ၸКᦉஜ૵ᬶǌ 

import os 
data_folder = os.path.join(os.path.expanduser("~"), "Data", "cifar-10- 
batches-py") 
batch1_filename = os.path.join(data_folder, "data_batch_1") 

ଋᅋὋѸतʶ˓ѥஜὋឳԨኃʶ੺ڎϷ஠͇ஜ૵ǌᤇ̎ڎϷஜ૵஠͇ಪय˝pickleὋpickle௦
Pythonၸ౎γࠪߚ៵ᄉʶ˓ंǌ᤯࣡ڙpickle஠͇ʼុၸpickle.loadழกࡂᑞԨ३γڙߚ᧖᭦

ᄉஜ૵ǌͭᤇ᧖థ˓ᮤ᫇࠴Ὑᤇ̎pickle஠͇௦Python 2ၶ੆ᄉὋᏪੇ͂᜵ၸPython3੩धǌ੝̾

 ᓫഴय੩धὈǌߙ੩धௐᭉ᜵ઁᎃᆉ᝹Ꮅ੆latin὇ᙉཨੇ͂௦̾ڙ
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import pickle  
# Bigfix thanks to: http://stackoverflow.com/questions/11305790/ 
pickle-incompatability-of-numpy-arrays-between-python-2-and-3 
def unpickle(filename): 
    with open(filename, 'rb') as fo: 
        return pickle.load(fo, encoding='latin1') 

΍ၸʼᤗѥஜҪᣑஜ૵ᬶǌ 

batch1 = unpickle(batch1_filename) 

ᤇʶ੺ڎϷ஠͇ឳᤈ౎Ր˝ʶ˓ߙЦፆౝὋӉդnumpyஜጷ्यᄉڎϷஜ૵ǋڎϷዜѾǋ஠

͇Տ̾Ԣឞ੺஠͇ᄉኤᆀឬ௙὇ΒݟὋtraining batch 1 of 5ᛪᇧᝪጶᬶР̊੺Ὃᤇ௦ኃʶ੺Ὀǌ 

̾dataͺ˝᪃Ὃ̯ߙЦbatch1˖Ԩҁߚϱᤇʶ੺ڎϷஜ૵ᄉѴᛪՐὋвၸڎϷጉलՁࡂᑞԨ

ҁФ˖ʶषڎϷᄉஜ૵ǌ 

image_index = 100 
image = batch1['data'][image_index] 

ඇʶषڎϷஜ૵˝ʶ˓numpyஜጷὋஜጷРథ3072ᮉὋඇʶᮉ˝0ҁ255˧ᫍᄉʶ˓Ϙǌඇ˓

Ϙ̼ᛪڎϷ౼ʶͮᎵᄉጙǋ፮੊ᗯᓣᄉᮧᓣुऎǌ 

ϷґὋᭉ᜵ڎ൤Ὃၸ߱౎௬ᇧځϷὈ੝΍ၸᄉథ੝ʿՎὋڎϷஜ૵ಪयˀmatplotlib὇ፊ҃ڎ

இԪஜጷᄉ्࿃Ὃࠪᅽ᫻ᤈᛠᣀ૰ǌᤇሗஜ૵ಪयʿ͗ॕֽᇷፂᎩፎᝪጶ὇ੇ͂߿˦Ꭹፎௐ͗Ꮵ

ᘼஂ૆ᤇሗஜ૵ಪयὈὋͭ௦᜵ၸmatplotlibፊ҃ڎϷὋࡂᭉ᜵ࠪஜ૵ಪयᤈᛠᣀ૰ǌ 

image = image.reshape((32,32, 3), order='F') 
import numpy as np 
image = np.rot90(image, -1) 

ཨՐὋࡂԺ̾ၸmatplotlibፊ҃ڎϷǌ 

%matplotlib inline 
 
from matplotlib import pyplot as plt 
plt.imshow(image) 

ᤇ௦षᣂᓔڎϷǌ 
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௦ʶᓜᓔǌੇ͂˖ڎ൤Ὃܷᦉѫ̠ᤆ௦ᑞᄹѢݟክࡉϷѫᣱညॡͯ——Եథ32Ϸገ᜸ழǌڎ

ᑞᝧ᝟ኪ఺ᣱᝢѢ౎՘὞ 

;Ժ̾νஇڎϷጉलಉᄹФ̴ڎϷὋ˿ᝌʽஜ૵ᬶᄉྱཁǌ 

ఴብᮉᄫᄉᄫಕ௦ѸतѫዜጆፑὋᮔ฽Ϸʼ᭦ᤇಧᄉڎϷᄉዜѾǌ 

ֵ⭞൰Ქ 

᝟ኪ఺᜼᜿੾శःၸᔴډॡࣸǌ 

΍ၸ᝟ኪ఺᜼᜿੾శὋᒬҮ˝ᛣ௿˖ᄉ̠ᑴຊҪഴዹ஌౦Ὃࡂڎڠ៭ൠݟᎩቢὋඊڎڠጲڙ

̾γએᜁત୉ҁᄉ̠͂ᄉᬤሒǌᬓ൤˧ܰὋᤆథѾᄉၸ᤬ǌ 

̠ᑴខѾ੾శڙॡܲᛠˉᦏథ੝ःၸǌ̬ݟὋཱ ᄰ఺ᦏᑞᒬҮខѾ̠ᑴὋ̾ ଡӣત୉᠎᧙὇ત

ཱௐၸਖ਼ज़ज़ઁᄰ఺ᐐཤҁᑴᦉὈǌ̠ᑴខѾ੾శᤆԺ̾ၸ౎ខѾཱྞ˖ᄉ̠ᑴǌFacebookࡂ΍

ၸ˿ᤇᮉ੾శὋழΦၸਖ਼ಕ᝭ధԣǌ 

ੇ͂ґ᭦˶ឬ᣾ὋᒬҮᰁ᯹ීᢻᰳऎΙᠺ᝟ኪ఺᜼᜿౎ខѾ᥊ᡸὋᢸᥗᬩᆽྫྷǌ᝟ኪ఺᜼᜿

௦ॡܲᛠˉǋःၸᦏڙҰҦᝌфᄉʶ˓᫇ᮤὋʿԵ௦˝˿ᆐ҃ᒬҮᰁ᯹ීᢻὋ˶ʿԵ௦˝˿໗ᡛ

๖᠟ᏧᄉᭉයὋ᧓ᆇˉኍᛠˉ˶ࠬڙයஈА᝟ኪ఺᜼᜿੾శᬱС˧ᡸǌ 

ᬓ൤˧ܰὋФ̴ᛠˉ˶ڙ΍ၸ᝟ኪ఺᜼᜿੾శὋඊ̱ݟϱˉᒬҮ೜฽ʿՋಪֵ̖ࡂၸҁឞᮉ

੾శǌ 

ᓇܸࢹˉ΍ၸ᝟ኪ఺᜼᜿੾శࠃဗஜ૵᧓ᬶᄉᒬҮӐǌᤇࠪ̅థ஌΍ၸᓇܸ٧౎ឬᒯС᧗

᜵Ὃီڠ̯˝ځʼԦᤞζՁҁ༡௠ʼᄉଉ฽ᢻ᜵ᔈ᠟ॡ᫁ௐᫍὋథௐᤆ͗௃กᤞ᣹὇ΒݟὋီڠ

֖༡௠ʿ௦᭦ࠪ᭦ௐὈǌ̠ ͂ᡱܹቆଉ฽٧੩̓᥊ᡔ౎ᡔܲὋᏪ̯ᥐᤉᄉီڠଌ҃߱͂ॡʿழΦὋ

 ௬३ॡథॸ᜵ǌࡂᄉᒬ˞বܫҪᤇ̎᝹ܘ

ʽڎ˝Ꮎࠑڍڍᓇቆ֖ᓇܸࡌ὇NASAὈ᝹᝟ᄉ༡௠ᢻὋܷ߱᧙ःၸ˿᝟ኪ఺᜼᜿੾శǌ 
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11.3� ␧ᓜ⾔㔅㖇㔒 

̯ူ᝶ᝇऎᄹὋኃ8ብ੝΍ၸᄉᇷፂᎩፎథі˓௬ᗂᄉྱཁǌΒݟὋԵᭉ᜵ʶࡎᬤդࡎ౎ߥ

˷͉ʹዜۋᄉ௡࠰὇ᙉཨᬤդࡎԺᑞ᜺ഴॡܷὈǌᇷፂᎩፎ20ڙˆጡʸЛӠࣱ̼ॡ༡ὋͭᬣՐ̠

͂ʿв΍ၸ߱͂Ὃ࠾Ф௦ᡱஂ૆Փ᧙఺ኍФ̴ѫዜኪกᄰඊὋᇷፂᎩፎᜁчᖿ˿ǌᯪ᜵᫇ᮤ௦Ὃ

ᤁᛠܲ˓ᇷፂᎩፎඊФ̴ኪกࠪ᝟ኪᑞҦథఝᰳᄉ᜵යὋᡓѢ˿ॆௐ᝟ኪ఺ᄉᑞҦᔴډǌ 

Ф൒௦ᝪጶᇷፂᎩፎ੝ᭉࢹͺ᧙ॡܷǌᙉཨᥦௐԥՓ͛୦ኪกࣂፂᆐ҃Ѣ౎Ὃۋܷူܪᇷፂ

Ꭹፎ̮ᮤ᫇ڙߚὋᭉ᜵ܷ᧙ᄉᝪጶ੥ᑞᆷా߿᧗ǌ 

ᤇˏ˓᫇ᮤڙᤂࣱ̎ᦏ३ҁ˿ᝌфὋᇷፂᎩፎᤀ౎˿Ԡʶ˓௢ܸǌ᝟ኪᑞҦඊᡐ30ࣱґఝࠓ

௛ᖌ३Ὃᝪጶኪกᄉஇᤈ΍३ڙဗథ᝟ኪᑞҦᄉৰхʽὋᑞܴᮊѽ߸੆ܷۋᇷፂᎩፎᄉᝪጶǌ 

11.3.1� ⴪㿸᝕਍ 

ຆऎᇷፂᎩፎ֖ኃ8ብ˖ᄉ۲ఴᇷፂᎩፎᄉࢿѾ̅ڙ᜺ഴܷ࠴ǌᒯ࠵Ӊդˏࡎᬤդࡎᄉᇷፂ

Ꭹፎᜁሥ˝ຆऎᇷፂᎩፎǌࠃᬄࢹͺ˖᥄ҁᄉຆऎᇷፂᎩፎ᤯࣡᜺ഴॡܷὋඇࡎᇷፂЊஜ᧙֖ࡎ

൒ᦏ᭣࣡ܲǌ2000ࣱࣱ˖ᄉʶ̎ᆐቂὋСซᄉ௦ࡎ൒ஜ᧙ܲᄉຆऎᇷፂᎩፎὋᏪఝݫࢻᄉኪกᑞ

ܴђࠃ࠵ᬄ੝ᭉ᜵ᄉࡎஜǌ 

ᇷፂᎩፎଋஅॡ۲ᆨᄉྱड़ͺ˝ᣤЙ——ࡂ᝟ኪ఺᜼᜿ᏪᝒὋᣤЙ˝ኤӬᄉϷገϘǌ ᇷፂ

Ꭹፎኪกઁᤇ̎ஜ૵ஞՋᡐ౎ՓᎩፎ˖͛ᣤὋڙᤇ˓᣾ር˖Ὃ۲ఴᄉྱड़ጷՋ੆ܬఽᄉྱड़ǌథ

ௐὋᤇ̎ጷՋྱड़ࠪੇ͂౎ឬ෤థ̣˥դ˦Ὃͭ௦߱͂ᛪᇧ˓ͳ౼̎ழ᭦ᄉྱड़Ὃ᝟ኪ఺Ι᭤߱

͂ᤈᛠѫዜǌ 

11.3.2� ᇔ⧦ 

ၿ̅ຆऎᇷፂᎩፎ᜺ഴॡܷὋࠃဗᡐ౎ॡథૌੌǌࠃဗʿݝὋᤁᛠௐᫍ͗ॡ᫁Ὃၴᒯᤆ͗Ѣ

ဗၿ̅ЮߚʿᡛὋణՐ௃กᤁᛠᄉৰхǌ 

ᇷፂᎩፎᄉ۲ఴࠃဗԺ̯̾ѸतᇷፂЊዜधݼὋܲ ˓ᇷፂЊጷ੆ࡎዜὋඇʶࡎᄉᇷፂЊ΍ၸ

᣷ᤇ˓ዜᄉʶ˓ࠃΒᤋଋҁԲʶࡎᇷፂЊǌᤇሗ۲̅ዜᄉࠃဗὋథү̅௬ᇧᎩፎᄉࢹͺழयὋͭ

௦ࠪ̅ѸतܷۋᎩፎὋ஌ညᣖͯǌ 

ᇷፂᎩፎᄉನॶФࡂࠃ௦ʶጆѴᅽ᫻ᤁኪǌˏ ˓Ꭹፎ˧ᫍᤋଋᄉా᧗Ժ̾ၸᅽ᫻౎ᛪᇧὋФ

˖ᛠᛪᇧኃʶࡎᄉᇷፂЊὋѴᛪᇧኃ̃ࡎᇷፂЊ὇థௐ͗ၸҁឞᅽ᫻ᄉᣀᎵᅽ᫻Ὀǌᅽ᫻ᄉඇʶ

˓Њገᛪᇧͮ̅ʿՎࡎᄉˏ˓ᇷፂЊ˧ᫍᤋଋᄉా᧗ǌʁ ˓ᇷፂᎩፎࡂԺ̾ၸʶጷᤇಧᄉᅽ᫻౎

ᛪᇧǌᬓ˿ᇷፂЊܰὋඇܘࡎҪʶ˓ϟᎵᮉὋ߱௦ʶ˓ྱ൳ᄉᇷፂЊὋබᤉ̅ܪ༎า࿃খὋࣲ˄

ᡱʽʶࡎᄉඇʶ˓ᇷፂЊᦏథᤋଋǌ 



190� � ኃ 11 ብ� ၸຆऎߥ˷ழก˝ڎϷ˖ᄉྫྷͳᤈᛠѫዜ 

 

ࠪᇷፂᎩፎథ˿ʼᤗᤇᓉຆЙူᝌὋੇ͂ࡂԺ̾΍ၸஜߥᤁኪѸतǋᝪጶ֖΍ၸᇷፂᎩፎὋ

ඊᡐґ᭦ၸዜ౎ࠃဗὋ஌ည᜵ఝᰳǌࡂᅽ᫻ᤁኪᏪᝒὋథॡܲ᭣࣡ݝၸᄉंὋФ̼ᆉፂ᣾Ќѫ͕

ӐὋύү߱͂Ժ̾ᰳ஌߸੆ᅽ᫻ᤁኪǌ 

ኃ8ብ΍ၸᄉPyBrainᤆࠃဗ˿ᇷፂᎩፎᄉԃሤࡎǌͭ௦ੇ͂ᤇ᧖᜵ၸҁᄉʶ̎ҩᑞὋ߱෤

థଡΘǌࠪ̅᜺ഴఝܷὋ҃߿ӐርऎఝᰳᄉᇷፂᎩፎὋੇ͂ᭉ᜵ఝुܷᄉंǌځ൤Ὃੇ͂ᤤၸ

Lasagne֖nolearnˏ˓ंǌᤇˏ˓ंΙᠺ̅୰᫁ူܪஜߥᛪ᣹यᄉTheanoंǌ 

ఴብᯪЎ᤯᣾ၸLasagneࠃဗʶ˓۲ᆨᄉᇷፂᎩፎὋ౎̭ፀᄰСഏএǌཨՐὋ΍ၸnolearn

ं᧗ளϡኃ8ብ˖ᄉߙආខѾࠃᰍǌణՐὋ΍ၸఝ˝ܬఽᄉԃሤᇷፂᎩፎࠪCIFARஜ૵ᬶᤈᛠڎ

ϷѫዜὋ˝˿ଡӣবᑞੇ͂΍ၸGPUᏪʿ௦CPUᤁᛠኪกǌ 

11.3.3� Theano ㆶԁ 

Theano௦ၸ౎Ѹत֖ᤁᛠஜߥᛪ᣹यᄉࢹХǌ߱ၸᡐ౎˩ʶᄹᡱᎃзርࣿ෤థࢿѾὋͭ௦

ᑞ̾ణ·ᄉழयࠪᛪ᣹यᤈࡂѥஜ᜵ϡ̣˥Ꮺʿ௦ঞ˥ϡὋᤇಧTheano˦߿Theano˖Ὃੇ͂ڙ

ᛠයϘὋᤆԺ̾ᤈᛠढᤌ᝟ኪ——Եڙᭉ᜵ௐὋࠪᛪ᣹यයϘὋᏪʿ௦߿˦ௐǌ 

ܲஜርࣿտʿ͗ඇܸᦏ΍ၸᤇሗዜۋᄉᎃርᔴयὋͭ ௦̴͂і˪ܸܸଋᝎ΍ၸᤇሗᎃርᔴय

ᄉጆፑǌСጆۋஜ૵ंὋ࠾Ф௦SQLዜὋࡂၸҁ˿Զͺܥ௙ۋᔴय὇declarative paradigmὈᄉഏ

এǌඊݟርࣿտ߿˦˿դథWHEREߔԱᄉSELECTಉលឥԱǌஜ૵ंᝌ᧕ಉលឥԱὋࣲ಩૵ʶጆ

ѴځገѸत͕Ӑ᣾ᄉಉលឥԱὋஜ૵ं᜵ᏥᘼᄉځገథWHEREߔԱ௦ՠतበڙ˞᪃˧ʼǋஜ૵ߚ

ϱಪयኍǌርࣿտф̴͂߿᜵̣˥Ὃጆፑф߿ঞ˥ϡǌ 

 
;Ժ̾΍ၸpip߶ᜈTheanoὙpip3 install Theanoǌ 

ੇ͂Ժ̾ၸTheano౎߿˦ѥஜὋူܪಕ᧙὇scalarsὈǋஜጷ֖ᅽ᫻ԢФ̴ஜߥᛪ᣹यǌΒݟὋ

ੇ͂Ժ̾Ѹत᝟ኪᄯᝇʻᝇ्ன᣷᫁ऎᄉѥஜǌ 

import theano 
from theano import tensor as T 

ᯪЎὋ߿˦ˏ˓ᣤЙa֖bὋ߱͂˝ኤӬᄉஜϘዜۋὋځ൤΍ၸಕ᧙ǌ 

a = T.dscalar() 
b = T.dscalar() 

ଋᅋὋ߿˦ᣤѢcὋ߱˝ၿa֖bౝ੆ᄉʶ˓ᛪ᣹यǌ 

c = T.sqrt(a ** 2 + b ** 2) 

ซ਒Ὃʼᤗc௄ʿ௦ѥஜὋ˶ʿ௦ʶ˓ஜϘ——߱௦ၿa֖bጷ੆ᄉᛪ᣹यǌa֖bʿ௦ʶ˓ᆷ

ѬᄉϘ——ᤇ௦ʶ˓̼ஜयὋణጻፆ౦ʿᆷ߿ǌ˝˿᝟ኪᤇ˓ᛪ᣹यὋੇ͂౎߿˦ʶ˓ѥஜǌ 
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f = theano.function([a,b], c) 

ʼᤗឥԱնឃTheanoѸतʶ˓ѥஜὋᤇ˓ѥஜଋஅaǋbὋᤄٿፂ᣾᝟ኪ३ҁᄉፆ౦Ὃ˶ࡂ

௦ᣤѢϘcǌΒݟὋf(3, 4)Ὃᤄ5ٿǌ 

ᙉཨʼᤗΒߔᄹᡐ౎ԺᑞʿඊPython௾᤯ѥஜुܷܲ࠵Ὃͭ ௦ੇ͂ဗ̼ڙࡂڙᆉФ̴ᦉѫ֖

Ր᭦ᄉ௡࠰Сጆ˖΍ၸੇ͂ᄉѥஜ੊ஜߥᛪ᣹यcǌ൤ܰὋᙉཨੇ͂ڙѸतѥஜ˧ґὋ߿ࡂ˦˿

ᛪ᣹यὋФࠃᄯҁុၸѥஜௐὋ੥͗ࠪᛪ᣹यᤈᛠ᝟ኪǌ 

11.3.4� Lasagne ㆶԁ 

Theanoंʿ௦ၸ౎ѸतᇷፂᎩፎᄉὋݝࡂඊnumpyंʿ௦ၸ౎੯ᛠ఺ߥ٧˷͉ҫᄉὋᏪ௦ᜁ

Ѿᄉं΍ၸὋ౎ѢӭᔪҦᄉǌLasagneं௦˃᫂ၸ౎ౝतᇷፂᎩፎᄉὋ߱΍ၸTheanoᤈᛠ᝟ኪǌ 

Lasagneࠃဗ˿іሗඊᣖளᄉᇷፂᎩፎ֖ࡎጷ੆ᤇ̎ࡎᄉഴڰὋХͳ̭ፀݟʽǌ 

� ЮᎵᎩፎࡎ὇Network-in-network layersὈὙᤇ̎࠴ᇷፂᎩፎඊ͛ፑᄉᇷፂᎩፎࡎఝࠓ௛

ᝌ᧕ǌ 
� Ѻᬓࡎ὇Dropout layersὈὙᝪጶ᣾ርᬣ఺ѺᬓᇷፂЊὋ᫸ൢ̖ၶᇷፂᎩፎ࣡᜸ᄉ᣾઱Ջ

᫇ᮤǌ 
� ٩ᮂࡎ὇Noise layersὈὙ˝ᇷፂЊलЙ٩ᮂὋ˶௦˝˿ᝌф᣾઱Ջ᫇ᮤǌ 

ఴብ΍ၸԃሤࡎ὇convolution layersὋࡎጞፆౝഴ઱̠ዜ᜼᜿ࢹͺԓူὈǌԃሤࡎ΍ၸ࠵᧙ᄰ

̈ᤋଋᄉᇷፂЊὋѫౡʶᦉѫᣤЙϘ὇ඊ͂ੇݟᤇ᧖ᄉʶषڎϷὈὋΦ̅ᇷፂᎩፎࠃဗࠪஜ૵ᄉ

ಕэᣀ૰ὋඊڎࠪݟϷஜ૵ᄉᣀ૰ǌ᜼᜿ѫౡࠃᰍὋࡂ௦ၸԃሤڎࠪࡎϷᤈᛠᣀ૰Ŀǌ 

ඊᣖᏪᝒὋ͛ ፑᄉᇷፂᎩፎЮᦉᤋଋӠѫጊࠚ——ʶࡎᄉ੝థᇷፂЊКᦏᤋଋҁʽʶࡎ੝థ

ᇷፂЊǌ 

lasagne.layers.Conv1DLayer֖lasagne.layers.Conv2DLayer classesˏ˓ዜࠃ

ဗ˿ԃሤᎩፎǌ 

 

зͺఴ˹ௐὋLasagneᤆ෤థൣयྟὋᠪຸ෤థʼ͛ҁpipቢཁὋځ൤௃ก

ၸpip߶ᜈǌͭ௦Ժ̯̾github߶ᜈǌઁLasagne̼ᆉ̱ंАᬟҁఴڠளतᄉ

஠͇݂˖Ὑgit clone https://github.com/Lasagne/Lasagne.gitǌᤈ

ЙҁLasagne஠͇݂Ὃ΍ၸʽ᭦̽֐߶ᜈὙ 

sudo python3 setup.py install 

߶ᜈૈӮឯ᜸http://lasagne.readthedocs.org/en/latest/user/installation.htmlǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ԓ஠˝translating the imageǌ——ដᏧซ 
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ᇷፂᎩፎ΍ၸԃሤࡎ὇ʶᓉᏪᝒὋ̨ԃሤᇷፂᎩፎӉդឞࡎὈ֖෈Ӑࡎ὇pooling layerὈὋ෈

Ӑࡎଋஅ౼˓Ӝ۪ణܷᣤѢϘὋԺ̾ᬋͯڎϷ˖ᄉॱ࠴ԪҮࣛ౎ᄉ٩ᮂὋђ࠵὇down-sampleὋ
ᬋ᧓ಧὈζো᧙ὋᤇಧՐ፝Չࡎ੝ᭉࢹͺ᧙˶͗ᄰःђ࠵ǌ 

Lasagneᤆࠃဗ˿෈Ӑࡎ——ඊݟlasagne.layers.MaxPool2DLayerዜǌвҪʼґ᭦ᄉ

ԃሤࡎὋဗ͂ੇڙэݝܫ˿ѸतԃሤᇷፂᎩፎ੝ᭉᄉКᦉᦉ͇ǌ 

ဗʶ˓ኤӬᄉԃሤᇷፂࠃ௛ǌੇ͂᤯᣾ࠓLasagne˖ѸतᇷፂᎩፎඊᡐԵၸTheanoఝҪڙ

ᎩፎὋ̭ ፀᄰС᜺Ѷǌੇ ͂в൒΍ၸኃ1ብ੝ၸҁᄉIrisஜ૵ᬶὋឞஜ૵ᬶॡ᤟Ջၸ౎฽ណளኪกὋ

Ԁ΍௦ܬఽᄉຆऎᇷፂᎩፎ˶෤᫇ᮤǌ 

ᯪЎὋ੩धʶ˓ளᄉቷ᝭ఴ஠͇ǌґ᭦ҪᣑCIFARஜ૵ᬶ੝΍ၸᄉቷ᝭ఴ஠͇ὋЎଲʶ᣷Ὃ

Ր᭦ᤆ͗ၸǌ 

ҪᣑIrisஜ૵ᬶǌ 

from sklearn.datasets import load_iris 
iris = load_iris() 
X = iris.data.astype(np.float32) 
y_true = iris.target.astype(np.int32) 

Lasagneࠪஜ૵ዜۋథྱ൳᜵යὋځ൤Ὃᭉ᜵ઁዜѾϘᣀ૰˝int32ዜۋ὇ڙԓݼஜ૵ᬶ˖

ၸint64ዜߚۋϱὈǌ 

ઁஜ૵ᬶѫ˝ᝪጶᬶ֖฽ណᬶˏᦉѫǌ 

from sklearn.cross_validation import train_test_split 
X_train, X_test, y_train, y_test = train_test_split(X, y_true, random_ 
state=14) 

ଋᅋὋѫѾѸतԃሤᇷፂᎩፎՉࡎǌੇ͂ᄉஜ૵ᬶథٽ˓ྱड़ǋʻ˓ዜѾὋᤇಧኃʶ֖ࡎణ

ՐʶࡎᇷፂЊஜ᧙ࡂᆷ߿˿Ὃͭ௦˖ܷᫍܲࡎփ὞˖ᫍ࠴ܷࡎʿՎὋణጻፆ౦˶͗ʿՎὋ࠼ណ΍

ၸʿՎᄉϘὋᄹᄹፆ౦͗థঞಧᄉԪӐǌ 

ᯪЎὋѸतᣤЙࡎὋФᇷፂЊஜ᧙ᡱஜ૵ᬶྱड़ஜ᧙ᄰՎǌԺ̾ૈ߿ඇʶ੺ᣤЙᄉஜ᧙὇᝹

Ꮅ˝10ὈὋᤇಧLasagneԺ̾ڙᝪጶ᫼ൿϡ͕̎Ӑǌ 

import lasagne 
input_layer = lasagne.layers.InputLayer(shape=(10, X.shape[1])) 

ଋᅋὋѸतᬤդࡎǌឞ̯ࡎᣤЙࡎଋஅᣤЙ὇ၿኃʶ˓ԟஜૈ߿ὈὋឞࡎРథ12˓ᇷፂЊὋ

΍ၸ᭣ጲবᄉsigmoidѥஜὋੇ͂ڙኃ8ብడፂ̭ፀ᣾ǌ 

hidden_layer = lasagne.layers.DenseLayer(input_layer, num_units=12, 
nonlinearity=lasagne.nonlinearities.sigmoid) 
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ଋʽ౎ὋѸतᣤѢࡎὋ߱ଋஅ౎ᒬᬤդࡎᄉᣤЙὋᣤѢࡎРథʻ˓ᇷፂЊ὇ᡱዜѾᄉஜ᧙ʶ

ᒰὈὋ΍ၸ᭣ጲবᄉsoftmaxѥஜὋឞѥஜ˞᜵ၸ̅ᇷፂᎩፎᄉణՐʶࡎǌ 

output_layer = lasagne.layers.DenseLayer(hidden_layer, num_units=3, 
                                    nonlinearity=lasagne. 
nonlinearities.softmax)  

ΙཱLasagneᄉ˷਄ၸกὋᣤѢࡎ˝ੇ͂ᄉᇷፂᎩፎǌॆੇ͂ᣤЙʶ్ஜ૵ҁᇷፂᎩፎௐὋ

߱ಉᄹᣤѢࡎὋՓʼٿເ੼ҁՓᣤѢࡎଡΘᣤЙᄉᥦʶࡎ὇ኃʶ˓ԟஜὈǌᤇ˓᣾ር᧗ܬᤈᛠᄯ

ҁҁ᣹ᣤЙࡎὋځ˝ᣤЙࡎ෤థʼʶࡎὋ੝̾ઁࡂ᜵ူܪᄉஜ૵̓ፋᣤЙူܪࡎǌᣤЙࡎᄉ༎า

ѥஜઁଋஅҁᄉஜ૵ူܪՐᣤѢፋុၸ߱ᄉࡎ὇ੇ͂ᤇ᧖௦ᬤդࡎὈὋཨՐвʶ൥൥ڙᎩፎ˖͛

୦ᄯҁᣤѢࡎǌ 

˝˿ᝪጶѷѸतᄉᎩፎὋੇ͂ᭉ᜵߿˦і˓Theanoᝪጶѥஜǌڙᤇ˧ґὋᭉ᜵߿˦ʶ˓

Theanoᛪ᣹य֖ѥஜǌੇ͂Ў౎˝ᇷፂᎩፎᄉᣤЙஜ૵ǋᣤѢፆ౦֖ࠃᬄᣤѢፆ౦ܥ௙Ԫ᧙ǌ 

import theano.tensor as T 
net_input = T.matrix('net_input') 
net_output = output_layer.get_output(net_input) 
true_output = T.ivector('true_output') 

ଋᅋὋ߿˦૮ܾѥஜὋᝪጶѥஜݟʹଡӣᎩፎ஌౦ᭉ᜵ԟᏥ߱ᄉᤄٿϘ——ᝪጶᇷፂᎩፎௐὋ

̾ణ࠴Ӑ૮ܾѥஜᄉᤄٿϘ˝ґଡǌੇ͂ၸዜѾ̓ԡ྄὇categorical cross entropyὈᛪᇧ૮ܾὋᤇ

௦ʶሗᛥ᧙ѫዜஜ૵὇categorical dataὈѫዜ஌౦ڭݝᄉಕэǌ૮ܾѥஜᛪᇧᄉ௦Ꭹፎᄉయభᣤ

Ѣ֖ࠃᬄᣤѢˏᏧ˧ᫍᄉࢿᡯǌ 

loss = T.mean(T.nnet.categorical_crossentropy(net_output, 
  true_output))  

ଋᅋὋ߿˦νஇᎩፎా᧗ᄉѥஜǌੇ ͂ᭉ᜵ᖌԨҁᎩፎᄉ੝థԟஜὋѸतុஞా᧗ᄉѥஜ὇΍

ၸLasagneଡΘᄉࢹХὈὋ΍३૮ܾᬋҁణ࠴ǌ 

all_params = lasagne.layers.get_all_params(output_layer) 
updates = lasagne.updates.sgd(loss, all_params, learning_rate=0.1) 

ణՐὋѸतˏ˓TheanoѥஜὋЎ௦ᝪጶᎩፎὋཨՐᖌԨᎩፎᄉᣤѢὋ̾ၸ̅Ր፝฽ណǌ 

import theano 
train = theano.function([net_input, true_output], loss, 
updates=updates) 
get_output = theano.function([net_input], net_output) 

ཨՐុၸᝪጶѥஜὋڙᝪጶᬶʼᤈᛠʶᣂᤕ̼Ὃଋஅᝪጶஜ૵Ὃᮔ฽ዜѾὋˀፋ߿ዜѾͺඊ

ᣖὋఝளྱड़ా᧗Ὃ̾ణ࠴Ӑ૮ܾǌཨՐвᤈᛠ1000൒ᤕ̼ὋᤩຑஇᤈᇷፂᎩፎǌ 

for n in range(1000): 
    train(X_train, y_train)  
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ଋᅋὋࠪᣤѢ᝟ኪFϘὋ̾᝿ͤѫዜ஌౦ǌᯪЎᖌԨҁ੝థᣤѢǌ 

y_output = get_output(X_test) 

 
ซ਒Ὃget_output˝TheanoѥஜὋ௦ੇ̯͂ᇷፂᎩፎ˖ᖌԨҁᄉὋځ൤Ὃ

ʼᤗ̼ᆉʿၸвઁᇷፂᎩፎͺ˝ԟஜ͛ᤈԜǌ 

y_output˝ᣤѢࡎඇ˓ᇷፂЊᄉ༎Ҵͺၸ὇activationὈܷ࠴ǌ੼Ѣ༎ҴͺၸణᰳᄉᇷፂЊὋ

 ᑞ३ҁᮔ฽ፆ౦ǌࡂ

import numpy as np 
y_pred = np.argmax(y_output, axis=1) 

ஜጷy_pred˝ᮔ฽ፆ౦ஜጷὋᡱੇ͂ڙґ᭦ѫዜ͉ҫ˖ၸҁᄉᄰՎǌཨՐὋੇ͂ࡂԺ̾᝟

ኪF1Ϙǌ 

from sklearn.metrics import f1_score 
print(f1_score(y_test, y_pred)) 

ፆ౦ऩ࣡߸Ꮎ——1.0ὀᤇᛪ௙ੇ͂ᄉኪก˝฽ណᬶ˖੝థஜ૵ൣᆷѫዜὋᤇ˓ፆ౦ܹೡ˿

὇ᙉཨஜ૵ᬶథཁ࠴Ὀǌ 

̯ʼ᭦ੇ͂Ժ̾ᄹҁὋ̨ၸLasagneं˶ᑞѸतǋᝪጶʶ˓ᇷፂᎩፎὋͭ௦థཁ᳣ཐǌੇ͂

Ժ̾΍ၸnolearnंὋࠪ ʼᤗ᣾ርϡᤈʶ൥࠯ᜈὋ΍߱ॡࠓ௛ࡂᑞˀscikit-learnଋԯࠪ३ʼǌ 

11.3.5� ⭞ nolearn ᇔ⧦⾔㔅㖇㔒 

nolearnࠪLasagneᤈᛠ˿࠯ᜈὋᙉཨඊᡐၸLasagneѸतᇷፂᎩፎὋ΍ၸnolearn௃กࠪ

ʶ̎ጹᓫᤈᛠុஞὋͭ௦̼ᆉԺឳবఝुὋ˶ఝࠓ௛ክူǌ 

nolearnࠃဗ˿іሗ࣡᜸ᄉܬఽርऎॡᰳᄉᇷፂᎩፎὋःឞᑞܴ໗ᡛ;ᄉᭉයǌݟ౦;ਆ઴

థఝܲᄉଌ҃ాὋԺ̾ܿٿፘ፝΍ၸLasagneὋͭ௦Ѹत֖ᝪጶ᣾ርᭉ᜵;ܲᔈཁॶধǌ 

˝˿ঋᤳ˿ᝌnolearnὋੇ͂в൒౎ࠃဗኃ8ብ˖ខѾڎϷ˖ߙආᄉࠃᰍǌੇ͂᧗तڙኃ8
ብ੝ѸतᄉᬶࠚᇷፂᎩፎ὇dense neural networkὈǌв൒ڙቷ᝭ఴ஠͇ᣤЙѸतஜ૵ᬶᄉ̼ᆉǌᤇ

̼̎ᆉᄉХͳդ˦ὋឯԟᏥኃ8ብǌ 

import numpy as np 
from PIL import Image, ImageDraw, ImageFont 
from skimage.transform import resize 
from skimage import transform as tf 
from skimage.measure import label, regionprops 
from sklearn.utils import check_random_state 
from sklearn.preprocessing import OneHotEncoder 
from sklearn.cross_validation import train_test_split 
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def create_captcha(text, shear=0, size=(100, 24)): 
    im = Image.new("L", size, "black")  
    draw = ImageDraw.Draw(im) 
    font = ImageFont.truetype(r"Coval.otf", 22) 
    draw.text((2, 2), text, fill=1, font=font) 
    image = np.array(im) 
    affine_tf = tf.AffineTransform(shear=shear) 
    image = tf.warp(image, affine_tf) 
    return image / image.max() 
 
def segment_image(image): 
    labeled_image = label(image > 0) 
    subimages = [] 
    for region in regionprops(labeled_image): 
        start_x, start_y, end_x, end_y = region.bbox 
        subimages.append(image[start_x:end_x,start_y:end_y]) 
    if len(subimages) == 0: 
        return [image,] 
    return subimages 
 
random_state = check_random_state(14) 
letters = list("ABCDEFGHIJKLMNOPQRSTUVWXYZ") 
shear_values = np.arange(0, 0.5, 0.05) 
 
def generate_sample(random_state=None): 
    random_state = check_random_state(random_state) 
    letter = random_state.choice(letters) 
    shear = random_state.choice(shear_values) 
    return create_captcha(letter, shear=shear, size=(20, 20)), 
letters.index(letter) 
dataset, targets = zip(*(generate_sample(random_state) for i in 
range(3000))) 
dataset = np.array(dataset, dtype='float') 
targets =  np.array(targets) 
 
onehot = OneHotEncoder() 
y = onehot.fit_transform(targets.reshape(targets.shape[0],1)) 
y = y.todense().astype(np.float32) 
 
dataset = np.array([resize(segment_image(sample)[0], (20, 20)) for 
sample in dataset]) 
X = dataset.reshape((dataset.shape[0], dataset.shape[1] * dataset. 
shape[2])) 
X = X / X.max() 
X = X.astype(np.float32) 
 
X_train, X_test, y_train, y_test = \ 
    train_test_split(X, y, train_size=0.9, random_state=14)  

ᇷፂᎩፎၿʶጆѴᄉࡎጷ੆ǌڙnolearn˖ࠃဗᇷፂᎩፎὋԵᭉ߿˦߱ၿLasagneגіሗዜ

ǌࡎᬶࠚऩǌኃ8ብ੝ѸतᄉᇷፂᎩፎ΍ၸᄉ௦Кᤋ᤯࠴ᛠὋᡱPyBrainϡกܷՎࡂጷ੆ࡎᄉۋ

nolearnథᄰःᄉࠃဗὋᤇᛪ௙ੇ͂Ժ̾ၸnolearnࠃဗᄉՉࡎ౎҃ܬኃ8ብᇷፂᎩፎᄉ۲ఴፆ
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ౝǌᯪЎὋѸतၿᣤЙࡎǋᬶࠚᬤդᬶࠚ֖ࡎᣤѢࡎጷ੆ᄉࡎጞፆౝǌ 

from lasagne import layers  
layers=[ 
        ('input', layers.InputLayer), 
        ('hidden', layers.DenseLayer), 
        ('output', layers.DenseLayer), 
        ] 

࠭Й̾ʽ੝ᭉഴڰὋၸҁௐвᝌ᧕߱͂ᄉͺၸǌ 

from lasagne import updates 
from nolearn.lasagne import NeuralNet 
from lasagne.nonlinearities import sigmoid, softmax 

ଋᅋὋ߿˦ᇷፂᎩፎὋ߱ˀscikit-learnͤ᝟٧Щࠓǌ 

net1 = NeuralNet(layers=layers, 

ซ਒ʼ᭦̼ᆉ෤ҪԾӦ᣷હՁ——ੇ͂థ਒˝˧ǌᣤЙᇷፂᎩፎᄉԟஜὋЎ̯ඇࡎᄉܷ࠴ध

 աǌݼ

    input_shape=X.shape,  
    hidden_num_units=100, 
    output_num_units=26, 

ʼᤗԟஜᡱඇʶࡎᄰࠪःǌ૰ԱពឬὋinput_shapeԟஜ͗ࡂԜಉ੼Տሥ˝inputᄉᣤЙࡎὋ

ᤇᡱึڙපጲ˖᝹Ꮅԟஜᄉࢹͺԓူॡᄰͪǌ 

ଋᅋὋ߿˦᭣ጲবѥஜǌᡱ˧ґʶಧὋᬤդࡎ΍ၸsigmoidѥஜὋᣤѢࡎ΍ၸsoftmaxѥஜǌ 

    hidden_nonlinearity=sigmoid, 
    output_nonlinearity=softmax, 

ଋʽ౎Ὃૈ߿ϟᎵᇷፂЊὋ߱͂ͮ̅ᬤդࡎὋʶᄯ̅ܪ༎า࿃খǌϟᎵᇷፂЊࠪ̅Ꭹፎᄉᝪ

ጶॡ᧗᜵ὋᇷፂЊ༎าՐὋԺ̾ࠪ᫇ᮤϡఝథ᧪ࠪবᄉᝪጶὋ̾๖ᬓᝪጶ˖ᄉϟࢿǌˠ˓ኤӬᄉ

ΒߔὋݟ౦ᮔ฽ፆ౦঳௦ϟ4ࢿὋੇ͂Ժ̾΍ၸ�4ϟᎵϘક๖ϟࢿǌੇ͂᝹ᎵᄉϟᎵᇷፂЊࡂᑞ

ᡐҁᤇಧᄉͺၸὋᝪጶ३ҁᄉా᧗ф߿˿ϟᎵϘᄉܷ࠴ǌ 

ϟᎵᮉ˝ʶጷా᧗ϘὋ߱੝ӉդᄉЊገஜ᧙ःˀ߱੝ᤋଋᄉࡎᄉܷ࠴ᄰՎǌ 

    hidden_b=np.zeros((100,), dtype=np.float32), 

ଋʽ౎Ὃ߿˦ᇷፂᎩፎᄉᝪጶழयǌੇ͂ڙኃ8ብ˖ၸҁᄉᝪጶழกὋnolearn෤థˀ˧߸

КᄰՎᄉὋځ˝nolearn෤థҏђా᧗ᄉழกǌཨᏪὋ߱ᄉᆷథу᧙὇momentumὈὋੇ͂ᤇ᧖΍

ၸʶ˓ᰳߥ˷ᤳည֖ͯу᧙Ϙǌ 

    update=updates.momentum, 
    update_learning_rate=0.9, 
    update_momentum=0.1, 
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ଋʽ౎Ὃੇ͂ઁѫዜ᫇ᮤᮤ᫇ॅٿ˝˦߿ǌᤇᄹᡐ౎థཁ݈যὋځ˝ᤇ௦ѫዜ͉ҫǌཨᏪὋ

Ѿঃ˿ᣤѢፆ౦௦ʶጷஜϘὋڙᝪጶ᫼ൿઁ߱ॆ੆ᮤ᫇ॅٿᤈᛠ͕Ӑඊᡐѫዜ᫇ᮤ஌౦ఝݝǌ 

    regression=True, 

ణՐὋణܷᝪጶ൥ஜ὇epochὈ᝹Ꮅ˝1000Ὃᤇಧ௄ᑞγ᝼ᝪጶ஌౦ὋԠʿᒯ̅ᔈܹ᫁ௐᫍ

὇ࠪ̅ੇ͂ஜ૵ᬶॡՋ᤟ὋͭФ̴ஜ૵ᬶᝪጶ൥ஜ͗థ੝ࢿऩὈǌ 

    max_epochs=1000, 

ጻ̅Ժ̾ઁѸतᇷፂᎩፎᤇ˓ѥஜᄉԾӦ᣷હՁҪʼ˿ǌ 

) 

ଋᅋὋڙᝪጶᬶʼᝪጶᎩፎǌ 

net1.fit(X_train, y_train) 

ဗڙὋੇ͂౎᝿ͤᝪጶ३ҁᄉᎩፎǌᯪЎὋᖌԨᇷፂᎩፎᄉᣤѢὋᡱIrisѫዜʶಧὋੇ͂ᭉ

᜵΍ၸargmaxழก੼ҁᣤѢϘ˖ణܷᄉʶᮉὋཨՐ੼ҁ߱੝ࠪःᄉዜѾǌ 

y_pred = net1.predict(X_test) 
y_pred = y_pred.argmax(axis=1) 
assert len(y_pred) == len(X_test) 
if len(y_test.shape) > 1: 
    y_test = y_test.argmax(axis=1) 
print(f1_score(y_test, y_pred)) 

ፆ౦Վಧ૜̠݋ॶ——ੇڙᄉ᝟ኪ఺ʼὋв൒Кᦉᮔ฽ൣᆷǌཨᏪὋ;Ժᑞ͗३ҁʿՎᄉፆ

౦Ὃځ˝nolearnंХథʶ߿ᄉᬣ఺বὋᅊʽ௃กᄯଋଌ҃ǌ 

11.4� GPU Վौ 

ᇷፂᎩፎͳሤԺᑞ͗᫁ܘ३ॡܷὋᤇ਒։ᅋᭉ᜵ఝܲЮߚ὚ཨᏪὋ΍ၸሩ႟ᅽ᫻ᤇಧᰳ஌ᄉ

 ʶᓉʿ͗᥄ҁ᫇ᮤǌߚϱழयઁஞ˓ᇷፂᎩፎᜈᤈЮߚ

ᇷፂᎩፎͳሤࣛ᫁ܘ౎ᄉ˞᜵᫇ᮤ௦᝟ኪௐᫍܘҪǌ൤ܰὋࠪ̅థ̎ஜ૵ᬶὋᇷፂᎩፎᭉ᜵

ఝܲᄉᝪጶ൥ஜ੥ᑞᣖڠݝ઱Ջஜ૵ᬶǌఴብ੝ѸतᄉᇷፂᎩፎੇڙবᑞᤆʿᩱᄉ᝟ኪ఺ʼὋඇ

߸੆ʶ൥ᝪጶᭉ᜵Лѫܲ᧾ὋᏪੇ͂ᭉ᜵ᤁᛠஜӠ൥ၴᒯ੆ᄇʼӡ൥ᝪጶǌͳሤఝܷᄉᇷፂᎩፎὋ

ඇʶ൥ᝪጶᭉ᜵і˓࠴ௐὋᏪ˝˿Ԩ३ణ·஌౦ὋԺᑞᭉ᜵੆ӡʼʹ൥ᝪጶǌ 

ܲ᫁ௐᫍ੥ᑞ߸੆ᝪጶ׹ὀ 

ᤁኪǌ൤ܰὋၿ̅ᇷፂᎩፎᝪጶ᣾ር˞᜵˝ᅽۋ᜵˝๎ཁ˞ۋᇷፂᎩፎణನॶᄉ᝟ኪዜڙݝ

᫻ୱͺὋܷ᧙ᤁኪᦏԺࣲ̾ᛠူܪǌᤇ̎ځገᛪ௙ၸGPUᤈᛠ᝟ኪὋᑞଡӣᝪጶᤳऎǌ 
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11.4.1� ӶѾᰬֵُ⭞ GPU 䘑㺂䇗㇍ 

GPUᄉ᝹᝟ѹᛱ௦ၸ̅ڎϷມ౿ǌᤇ̎ڎϷၸᅽ᫻Ԣၿᅽ᫻ጷ੆ᄉஜߥழርय౎ᛪᇧὋ߱

͂ᜁᣀ૰˝ੇ͂࣪ࡕڙʼᄹҁᄉϷገǌᤇ˓᣾ር๗Ԣܷ᧙ࣲᛠ᝟ኪǌ̬ݟᄉCPUॡԺᑞ௦ܲನ

὇;ᄉ᝟ኪ఺Ժᑞథ2ǋ4Ὃၴᒯ16˓ನ——੊ఝܲὀὈὋGPUԁ઴థ˃᫂ၸ̅ڎϷူܪᄉ੆ӡʼʹ

 ನǌ࠴˓

CPUඇ˓ನӬ࿗ࢹͺᤳऎज़ज़ఝঋὋ᝺᫇᝟ኪ఺Юߚኍୱͺ஌ညఝᰳὋځᏪ᤟ՋࣿူܪѴӐ

͉ҫǌឬࠃពὋᝧCPUѢᔪҦఝࠓ௛Ὃځ˝і˪੝థᄉ఺ߥ٧˷ं᳭ᝢ΍ၸCPUὋݟ౦᜵ၸGPU
ϡࣲᛠ᝟ኪὋᭉ᜵ॡܲᮨܰࢹͺὋͭ௦߱੝ࣛ౎ᄉܪݝ˶௦௬Ꮺ௛᜸ᄉǌ 

థ͉̎ҫὋӉդܷ᧙ஜߙᤁኪὋͭ᝟ኪ᧙ᦏʿܷὋԺ̾ՎௐူܪὋᤇಧᄉ͉ҫణ̓ݝၿGPU
౎ူܪǌॡܲ఺ߥ٧˷͉ҫᦏХథዜͪᄉྱཁὋځ൤΍ၸGPUူܪᑞଡӣኪกᤁᛠᤳऎǌ 

ᝧ̼ᆉڙGPUʼᡪᡐ౎ԺʿኤӬὋ˖ᫍԺᑞ͗᥄ҁՉሗՉಧᄉ૛ઈὋХͳˀGPUዜۋǋᦠᎵ

ழयǋୱͺጆፑᄰСὋథௐ;Ժᑞᤆᭉ᜵νஇ᝟ኪ఺ऄࡎ᝹Ꮅǌ 

΍ၸGPUᤁኪὋ˞᜵ழกథ̾ʽʻሗǌ 

� ኃʶሗὋ΍ၸဗథ᝟ኪ఺ǌ˿ᝌ;ᄉ᝟ኪ఺ۋՁὋಉ੼GPUǋୱͺጆፑᄰСᄉᣃ͇֖᯵

ҮርࣿὋࠬ੼ᄰСஓርὋᣃ͇ǋஓር௦ՠᑞၸˀୱͺጆፑᄰСǌʿ᣾Ὃဗڙ΍ၸGPUὋ

ඊґіࣱࠓ௛ܲ˿Ὃథఝܲఝݝᄉᣃ͇֖᯵Үርࣿ౎ըҮGPU᝟ኪǌ 
� ኃ̃ሗὋᤤ߿᝟ኪ఺ጆፑὋ੼ҁС̅ݟʹ᝹Ꮅጆፑᄉ஠ುὋ᠓˻ʶԻᜈథᤇሗጆፑᄉள

᝟ኪ఺Ὃ˻ᄉጆፑॡݝၸὋͭ௦Ժᑞᄰॆ௔᠛——̬ݟᄉ᝟ኪ఺ὋGPU௦͈ಪణᰳᄉᦉ

͇˧ʶǌ࠾Ф௦;ࠪবᑞథఝᰳ᜵යᄉព——;ᭉ᜵ʶ˓͈ಪʿᖦᄉݝGPUǌ 
� ኃʻሗὋ΍ၸ˃᫂˝GPU᝟ኪᏪᦠᎵᄉᘾ઱఺ǌΒݟὋMarkus Beissingerᯰ̍ڙᤥᄉAWS

ʼୃत˿ʶ˓ᤇಧᄉጆፑὋឞጆፑʿ௦Б᠟ᄉὋ;३̶᠟੥ᑞ΍ၸ߱ଡΘᄉనҫὋͭ௦

ඊᡐ᠓˻ʶԻள᝟ኪ఺᜵Φࠁ३ܲǌХͳ᠟ၸၿ;੝ڙᄉӜ۪ǋ΍ၸᄉጆፑዜ֖ۋᠪຸ

๖Ᏹஜ᧙౎ф߿Ὃ;Ժᑞඇ࠴ௐᔈʿҁ1ᎾЊὋज़ज़ඊᤇᤆ᜵࠵३ܲǌݟ౦;΍ၸAWSᄉ
ባ͈ࠃۋΒ὇spot instanceὈὋඇ࠴ௐԵᭉіᎾѫ὇ཨᏪ;ᭉ᜵Ӭ࿗धԦڙባ͈ࠃۋΒʼᤁ

ᛠᄉ̼ᆉὈǌ 

౦;௃ก੽ઝᘾ઱఺धᩘὋੇतᝫ;΍ၸʼ᭦ଡҁᄉኃʶሗழกὋԀ΍ၸဗథᄉ᝟ኪ఺ǌݟ

;ᤆԺ̾ណណᄹᑞʿᑞ̯ᬥൿௐᫍࡂ᜵૰ᜈܫᄉ̠ࠑ੊ధԣᥦ᧖੼ҁ̃੣GPU὇ྕဓຣ੅ᄉధԣ

ॡԺᑞథ׎ὀὈǌ 

11.4.2� ⭞ GPU 䘆㺂ԙ⸷ 

ੇ͂ᤇ᧖࠱΍ၸʼᤗኃʻሗழกὋڙMarkus Beissingerጆፑᄉ۲ᆨʼѸतʶ˓ᘾ઱఺Ὃឞᘾ

઱఺ᤁᛠᯰ̍ڙᤥᄉEC2ࣰ̇Իʼǌᬓ˿EC2ὋᤆథॡܲФ̴WebనҫԺΘ΍ၸὋͭழกԺᑞᡱ
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ᤇ᧖థ੝ʿՎǌੇ͗ᝮʽᯰ̍ڙʹݟᤥࣰ̇Իʼୃतᘾ઱఺ǌ 

 ὋԺ̾ၸGPUᤈᛠ᝟ኪ˿Ὃឯ᡹᣾ឞᓫǌݝፂᦠᎵࣂ˄ᄉ᝟ኪ఺Ὃࣲࣁ౦;੩ኪ΍ၸᒬݟ

 
С̅ݟʹᤈᛠ᝹ᎵᄉఝܲζোὋឯ᜸http://markus.com/install-theano-on-aws/Ὃ

˶᝴ᤆଡΘڙФ̴᝟ኪ఺ʼըၸGPU᝟ኪᄉழกǌ 

ʽ᭦ὋᄹʽڙʹݟAWSʼѸतᘾ઱఺ǌᯪЎὋ᝺᫇AWSᄉᄅेႌ᭦ǌ 

https://console.aws.amazon.com/console/home?region=us-east-1 

ၸ;ᄉAWS᠌Ձᄅेǌݟ౦෤థὋ३ЎѸतʶ˓੥ᑞፘ፝ʽ᭦ᄉୱͺǌ 

ଋᅋὋ᝺᫇EC2ࣰ̇Իᄉଌ҃ԻὙhttps://console.aws.amazon.com/ec2/v2/home?region=us-east-1ǌ 

ཁѣLaunch InstanceὋ̯ԾʼழᄉʽડᖜӬ˖ᤤસN. Californiaͺ˝ᄫᄉڠǌ 

ཁѣCommunity AMIsὋ଼ጉami-b141a2f5Ὃᤇࡂ௦Markus BeissingerѸतᄉጆፑǌཨՐὋཁ

ѣSelectǌʽʶࡕ˖ᄉ఺٧ዜۋᤤસg2.2xlargeὋཁѣReview and LaunchǌڙʽʶࡕὋཁѣLaunchǌ 

ᤇ˓ௐϊὋAWSधݼՓ;அ᠟Ὃ੝̾΍ၸ߸උՐឯС఺ǌ̯EC2ࣰ̇Իᤤસ;ѷѸतᄉ̇˞

఺ὋЎϢൢᤁᛠǌ఺̅ܪ٧Ϣ఺࿃খὋʿᭉ᜵ஂ̶᠟ၸǌ 

ጆፑ͗ፋѢݟʹᤋଋᘾ઱఺ᄉᄰСζোǌݟ౦;˧ґ෤థ΍ၸ᣾AWSὋ;Ժᑞᭉ᜵Ѹतࠚᨄ

̾߶Кᤋଋᘾ઱఺ǌѸतௐὋᭉ᜵ૈࠚ߿ᨄᄉՏሥὋʽᣑ.pemಪयᄉࠚᨄ஠͇Ὃ࠱Фγߚҁʶ˓

߶Кڠழ——ʶெˎܾὋ;࠱௃กᄅेᒬࣁᄉᘾ઱఺ὀ 

ཁѣConnectὋ˿ᝌݟʹ΍ၸࠚᨄ஠͇ᤋଋᘾ઱఺ǌ;ॡԺᑞ௦ၸݟʽssh̽֐ᄅेǌ 

ssh -i <certificante_name>.pem ubuntu@<server_ip_address> 

11.5� ⧥ູᩣᔰ 

ᤋଋҁᘾ઱˞఺ՐὋ;Ժ̾߶ᜈణளᄉLasagne֖nolearnंǌ 

ᯪЎὋ΍ၸgit̽֐АᬟLasagne̼ᆉ̱ंὋఴብґ᭦ၸ᣾ǌ 

git clone https://github.com/Lasagne/Lasagne.git 

ᘾ઱఺ʼᎃដᤇ˓ंὋᭉ᜵ၸҁPython 3ᄉsetuptoolsὋੇ͂Ժ̾ၸUbuntu࣡ၸᄉःၸڙ

֖Ӊክူ̽֐apt-get౎߶ᜈ὚ੇ͂ᤆᭉ᜵numpyᄉधԦྟǌ 

 ǌ̽֐ᛠᤁᛠʽᤗ̽֐ᘾ઱఺ᄉڙ

sudo apt-get install python3-pip python3-numpy-dev 
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ଋᅋὋ߶ᜈLasagneǌᯪЎὋѬ૰ҁຸ̼ᆉ੝ڙᄉᄫेὋཨՐᤁᛠsetup.py߸੆߶ᜈǌ 

cd Lasagne 
sudo python3 setup.py install 

 

ፂ߶ᜈ˿LasagneὋᤆᭉ᜵߶ᜈnolearnὋ˝˿ኤӬᡐ᜸Ὃઁ߱κᦏࣂ͂ੇ

ͺ˝ጆፑӉ౎߶ᜈǌᏥᘼҁԺሧೱবὋतᝫ;΍ၸvirtualenv߶ᜈᤇ̎ӉὋᤇ

ಧ;Ժ̾ڙՎʶԻᘾ઱఺ʼ΍ၸʿՎྟఴᄉPython֖ኃʻழӉὋઁ ̼ᆉሧೱҁФ

̴఺٧ʼ˶ఝࠓ௛ǌఝܲζোឯ᜸ http://docs.python-guide.org/en/latest/dev/�
virtualenvs/ǌ 

LasagneᎃដݝՐὋੇ͂ࡂԺ̾߶ᜈnolearnǌѬ૰ҁ;ᒬࣁᄉ˞ᄫेὋཱʽ᭦ᄉ൥ᰠ౎Ὃ

ᡱґ᭦߶ᜈLasagneᄉ൥ᰠᄰՎὋԵʿ᣾᜵ซ਒ᤇ൒Аᬟᄉ௦nolearnǌ 

cd ~/ 
git clone https://github.com/dnouri/nolearn.git 
cd nolearn 
sudo python3 setup.py install 

ੇ͂ᄉဖܑࢿʿܲୃतݝ˿ǌᤆᭉ᜵߶ᜈscikit-learnǋscikit-imageंὋᤇˏ˓ंᦏ

Ժ̾ၸpip3߶ᜈὋᤇ̎ं੝Ιᠺᄉscipy֖matplotlib˶෤థ߶ᜈǌतᝫ΍ၸapt-get౎߶ᜈscipy
֖matplotlibὋځ˝΍ၸpip3Ժᑞ͗᥄ҁඊᣖೣ੣ᄉ᫇ᮤǌ 

sudo apt-get install python3-scipy python3-matplotlib 
sudo pip3 install scikit-learn scikit-image 

ଋᅋὋᭉ᜵ઁ̼ᆉୂҁᘾ઱఺ʼὋழกథॡܲὋణኤӬᄉᖅ᣾̅҃ܬዤ᠚ǌ 

ᯪЎὋ੩धґ᭦ၸ᣾ᄉቷ᝭ఴ஠͇὇ڙ;ఴڠᄉ᝟ኪ఺ʼὋʿ௦ᯰ̍ڙᤥᄉᘾ઱఺ʼὈǌቷ

᝭ఴ஠͇ᮆᦉథʶ˓ᖜӬǌཁѣFileὋཨՐвཁѣDownload asὋᤤસPythonὋ࠱Фγߚҁఴڠ᝟

ኪ఺ʼǌឞ൥ᰠ࠱ቷ᝭ఴ஠͇γߚ˝Ժ̯̾̽֐ᛠᤁᛠᄉ.py஠͇ǌ 

੩ध.py஠͇὇థ̎ୱͺጆፑὋ;Ժᑞᭉ᜵Ծ᪃Ӭѣឞ஠͇Ὃ̯ीѢᄉᖜӬ˖ᤤસၸ஠ఴᎃ

ᣣ٧੩धὈǌ஠͇੩धՐὋᤤસ੝థᄉЮࠓὋ࠱Ф҃ܬҁҜ᠚౛ǌ 

 ҁ̍ᯰᤥᄉᘾ઱˞఺ὋѬ૰ҁ˞ᄫेὋၸnano஠ఴᎃᣣ٧੩धʶ˓ள஠͇ǌٿ

cd ~/ 
nano chapter11script.py 

nano˝̽֐ᛠ஠ఴᎃᣣ٧Ὃʼᤗ̽֐ڙ࠱̽֐ᛠ੩धள஠͇ǌ 

஠͇੩धՐὋઁҜ᠚౛ᄉЮࠓዤ᠚ҁ᧖᭦ǌڙథ̎ጆፑ˖Ὃ;Ժᑞᭉ᜵ύүsshርࣿᄉ஠͇

ୱͺ̽֐౎߸੆஠͇ʼ͛ὋᏪʿ௦૊ঋ૸᪃Ctrl+Vዤ᠚ǌ 

 ஠͇Ὃв૊Ctrl+XᤝѢnanoǌߚnano˖Ὃ૊ʽCtrl+Oγڙ
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;ᤆᭉ᜵ߙͳ஠͇ǌణኤӬᄉழก௦̯ԓڦڠвʽᣑʶ᥅ὋХͳ൥ᰠݟʽǌ 

wget http://openfontlibrary.org/assets/downloads/bretan/680bc56bbeeca9535 
3ede363a3744fdf/bretan.zip 
sudo apt-get install unzip 
unzip -p bretan.zip Coval.otf > Coval.otf 

ʼᤗ̼ᆉၸunzip̽֐ᝌԌCoval.otf஠͇὇Ԍ᎕Ӊ᧖థܷ᧙ᄉzip஠͇Ὃੇ͂ၸʿҁὈǌ 

 ᤁᛠርࣿǌ̽֐ᛠ᧖ᣤЙ̾ʽ̽֐ᘾ઱఺ᄉڙ

python3 chapter11script.py 

ርࣿ͗࠱ϷڙIPython Notebookቷ᝭ఴ᧖ᥦಧᤁᛠὋઁፆ౦ᣤѢҁ̽֐ᛠǌ 

ፆ౦ःឞᡱ˧ґʶᒰὋͭ௦ᇷፂᎩፎᄉᝪጶ֖฽ណඊ˧ґఝঋǌርࣿФ̴ழ᭦Ժᑞ෤ᥦ˥

ঋ——ၶ੆ᰍ᝼ᆉஜ૵ᬶᦉѫ෤థ΍ၸGPUὋځ൤ᤳऎʿ͗ଡӣǌ 

 
;Ժᑞ࣎భС᫆̍ᯰᤥᘾ઱˞఺౎ᄴཁᨐὋఴብణՐᤁᛠܷࠃᰍᄉᄰСርࣿ

ௐ͗в൒ၸҁᘾ઱఺Ὃੇ͂ଋʽ౎Ўڙఴڠ᝟ኪ఺ʼᤈᛠधԦǌ 

11.6� ᓊ⭞ 

᝟ኪ఺Ὃ੩धఴብѸतᄉቷ᝭ఴ஠͇——ੇ͂ၸ౎ҪᣑCIFARஜ૵ᬶᄉǌଋʽ౎ᄉڠҁఴٿ

 ᘾ઱఺ʼ΍ၸGPU౎ᤁᛠǌڙ΍ၸCIFARஜ૵ᬶὋѸतຆऎԃሤᇷፂᎩፎὋཨՐ࠱ᰍࠃܷ

11.6.1� 㧭਌ᮦᦤ 

ᯪЎὋၸCIFARڎϷѸतஜ૵ᬶǌᡱ˧ґʿՎᄉ௦Ὃγ႐Ϸገፆౝ——ϷገᄉᛠѴՁǌЎઁ

੝థ੺൒ᄉڎϷ஠͇ՏߚϱҁѴᛪ˖ǌ 

import numpy as np   
batches = [] 
for i in range(1, 6):  
    batch_filename = os.path.join(data_folder, "data_batch_{}". 
format(i)) 
    batches.append(unpickle(batch1_filename)) 
    break 

ʼ᭦ణՐʶᛠᄉbreakឥԱ௦ၸ౎฽ណ̼ᆉ——ᤇ͗౜ܷڠђ࠵ᝪጶஜ૵ὋΦ̅;᣽ᤳ˿ᝌ

̼ᆉ௦ՠᑞൣ࣡ᤁᛠǌ฽ណ᣾̼ᆉᑞൣ࣡ࢹͺՐὋੇ͗ଡᇧ;Ѻ૿ᤇʶᛠǌ 

ଋᅋὋઁඇ੺൒ᄉڎϷ஠͇Ι൒ຊҪҁஜ૵ᬶ᧖ǌੇ͂ၸҁ˿NumPyᄉvstackழกὋ;Ժ

̾ઁ߱ᄹͺ௦ज़ஜጷళࡊᤜҪʶᛠஜ૵ǌ 
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X = np.vstack([batch['data'] for batch in batches]) 

ཨՐὋઁϷገϘॅʶӐὋࣲ࠱Фु҃ᣀ૰˝32ͮ๎ཁۋஜ૵὇ᤇ௦΍ၸGPUᤈᛠ᝟ኪᄉᘾ઱

఺׬ʶஂ૆ᄉஜ૵ዜۋὈǌ 

X = np.array(X) / X.max() 
X = X.astype(np.float32) 

ዜѾஜ૵ူܪழกᄰՎὋԵʿ᣾ੇ͂΍ၸhstackὋ߱˝ஜጷళࡊᤜҪʶѴஜ૵ǌཨՐ΍ၸ

OneHotEncoderઁ߱ᣀ૰˝Եդథʶͮథ஌ᎃᆉᄉஜጷǌ 

from sklearn.preprocessing import OneHotEncoder 
y = np.hstack(batch['labels'] for batch in batches).flatten() 
y = OneHotEncoder().fit_transform(y.reshape(y.shape[0],1)).todense() 
y = y.astype(np.float32) 

ଋʽ౎Ὃઁஜ૵ᬶѬѫ˝ᝪጶᬶ֖฽ណᬶǌ 

X_train, X_test, y_train, y_test = train_test_split(X, y, test_ 
size=0.2) 

ុஞஜጷ्࿃̾γ႐ԓڎݼϷᄉஜ૵ፆౝǌڎϷԓఴ௦32Ϸገ᜸ழὋඇ˓Ϸገၿʻ˓Ϙጷ੆

὇ѫѾᛪᇧጙǋ፮ǋᗯᄉᮧᓣϘὈǌ 

X_train = X_train.reshape(-1, 3, 32, 32) 
X_test = X_test.reshape(-1, 3, 32, 32) 

ੇ͂ဗڙэݝܫ˿ᝪጶᬶǋ฽ណᬶ̾ԢᄫಕዜѾὋԺ̾Ѹतѫዜ٧˿ǌ 

11.6.2�  ᔰ⾔㔅㖇㔒ࡑ

ੇ͂΍ၸnolearnंѸतᇷፂᎩፎὋ൥ᰠᡱੇ͂ʼ᭦᧗ϡኃ8ብࠃᰍௐ੝ၸҁᄉʶᒰǌ 

ᯪЎὋѸतᇷፂᎩፎᄉՉࡎǌ 

from lasagne import layers  
layers=[ 
        ('input', layers.InputLayer), 
        ('conv1', layers.Conv2DLayer), 
        ('pool1', layers.MaxPool2DLayer), 
        ('conv2', layers.Conv2DLayer), 
        ('pool2', layers.MaxPool2DLayer), 
        ('conv3', layers.Conv2DLayer), 
        ('pool3', layers.MaxPool2DLayer), 
        ('hidden4', layers.DenseLayer), 
        ('hidden5', layers.DenseLayer), 
        ('output', layers.DenseLayer), 
        ] 

ణՐʻࡎ΍ၸࡎᬶࠚὋͭ௦ґ᭦΍ၸʻጷԃሤ֖ࡎ෈Ӑࡎǌ൤ܰὋੇ͂὇ॸᮋὈ̾ᣤЙࡎध
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ᣤ֖ࡎᄉᇷፂЊஜ᧙ᄰኍὋᣤЙࡎὋᏪʿԵᡱᣤЙۋǌᣤЙஜ૵ᡱஜ૵ᬶՎࡎǌᤇಧʶРథ10ݼ

Ѣ̮࠴ܷࡎၿஜ૵ᬶ౎߿Ὃᡱґ᭦ᝮ᣾ᄉᄰՎǌ 

धݼѸतᇷፂᎩፎ὇ซ਒ʽ᭦ኃ̃ᛠ̼ᆉ෤థፆోὋЎʿ᜵ҪԾӦ᣷હՁὈǌ 

from nolearn.lasagne import NeuralNet 
nnet = NeuralNet(layers=layers, 

Ϸ32Ϸገ᜸ழὈǌኃڎᣤЙஜ૵ᄉ्࿃Ὃᡱஜ૵ᬶ्࿃ʶᒰ὇ඇ˓Ϸገၿʻ˓Ϙጷ੆Ὃ߿ૈ

ʶ˓ϘNoneᛪᇧnolearnඇ൒΍ၸ᳭ᝢஜ᧙ᄉڎϷஜ૵ᤈᛠᝪጶ——߱࠱በԀၸᤇ̎ஜ૵ᤈᛠ

ᝪጶὋᬋͯኪกᤁᛠௐᫍǌ᝹Ꮅ˝NoneὋᥗБᆵᎃᆉὋኪก΍ၸᡐ౎ఝ༦าǌ 

                input_shape=(None, 3, 32, 32), 

 

Βǌࠃ ᭉ᜵ѸतBatchIteratorࡂ౦;ਆඇ൒΍ၸʿՎᄉஜ૵᧙ᤈᛠᝪጶὋݟ

ਕТᡙᄉឳᏧԺԟᏥݟʽ஠͇Ὑhttps://github.com/dnouri/nolearn/blob/master/ 
nolearn/lasagne.pyὋ˿ᝌNeuralNetዜ˖batch_iterator_train֖batch_ 

iterator_testԟஜ௦ݟʹ᝹Ꮅᄉǌ 

ଋᅋὋ᝹Ꮅԃሤࡎᄉܷ࠴ǌ෤థːಪᄉ᜺ѶԺᥕߵὋͭ ௦ੇԦဗʶधݼၸʽ᭦ᤇ̎Ϙࡂʿᩱǌ 

                conv1_num_filters=32, 
                conv1_filter_size=(3, 3), 
                conv2_num_filters=64, 
                conv2_filter_size=(2, 2), 
                conv3_num_filters=128, 
                conv3_filter_size=(2, 2), 

filter_sizeԟஜ᜺߿ԃሤࡎၸ̅ಉᄹڎϷቓԯᄉܷ࠴ǌ൤ܰὋᤆ᜵᝹Ꮅ෈Ӑࡎᄉܷ࠴ǌ 

                pool1_ds=(2,2), 
                pool2_ds=(2,2), 
                pool3_ds=(2,2), 

ཨՐὋ᝹Ꮅˏࡎᬤդࡎ὇χஜኃʻ֖ࡎχஜኃ̃ࡎὈǋᣤѢࡎᄉܷ࠴ὋᣤѢ࠴ܷࡎᡱஜ૵ᬶ

ዜѾஜ᧙ᄰኍǌ 

                hidden4_num_units=500, 
                hidden5_num_units=500, 
                output_num_units=10, 

ణՐʶࡎᭉ᜵᝹Ꮅ᭣ጲবѥஜὋᤆ௦ၸsoftmaxǌ 

                output_nonlinearity=softmax, 

ᤆ᜵᝹Ꮅߥ˷ᤳည֖у᧙ǌ૵ፂᰍ౎ᄹὋᬣᅋஜ૵᧙ᄉܘҪὋߥ˷ᤳညःឞʽᬋǌ 

                update_learning_rate=0.01, 
                update_momentum=0.9, 
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ᡱ˧ґʶಧὋઁregressionԟஜ᝹Ꮅ˝TrueὋᝪጶ൥ஜ᝹Ꮅ˝ॡ࠴ᄉϘ3Ὃځ˝ੇ͂Ѹत

ᄉᤇ˓ᇷፂᎩፎᤁᛠௐᫍᄰࠪᣖ᫁ǌᇷፂᎩፎᆷ߿ᑞൣ࣡ᤁᛠ˧ՐὋԺ̾࠼ណܘҪᝪጶ൥ஜ̾३

ҁఝݝᄉഴۋὋͭ௦Ժᑞ᜵ᔈʶˏܸௐᫍ὇ၴᒯఝ᫁ὀὈ౎ᝪጶ߱ǌ 

                regression=True, 
                max_epochs=3, 

ణՐʶ˓ԟஜverbose᝹Ꮅ˝1Ὃᤇಧඇ൥ᝪጶᦏ͗ᣤѢፆ౦Ὃ̾Φ̅ੇ͂˿ᝌഴۋᄉᝪጶ

ᤈऎ̾Ԣ߱௦ՠڙᤁᛠǌ൤ܰὋᤆᑞᣤѢඇʶ൥ᝪጶ੝ᔈᄉௐᫍὋᤇ˓ϘԪӐʿܷὋځ൤ၸඇ൥

ᝪጶ੝ᔈௐᫍ˱̾қͷᝪጶ൥ஜࡂᑞኪѢ঳Рᤆᭉ᜵ܲ᫁ௐᫍ੥ᑞ߸੆ᝪጶǌ 

                verbose=1) 

11.6.3� 㓺㻻䎭ᶛ 

ဗࡂڙԺ̾ڙᝪጶᬶʼᝪጶੇ͂ѷѸतᄉᇷፂᎩፎǌ 

nnet.fit(X_train, y_train) 

ᤇԺᄽ௦᜵᠟ཁௐᫍ˿ὋԀ΍ੇ͂Ե΍ၸ˿ᦉѫᝪጶஜ૵Ὃࣲ˄ᤆᬌ҃˿ᝪጶ൥ஜǌʶெ̼

ᆉᤁᛠፆోὋ฽ណழกᡱ˧ґʶಧǌ 

from sklearn.metrics import f1_score 
y_pred = nnet.predict(X_test) 
print(f1_score(y_test.argmax(axis=1), y_pred.argmax(axis=1))) 

ፆ౦ॡጁዼ——ఴःݟ൤ὀੇ͂෤థፂ᣾Ќѫᝪጶ——Եᤈᛠ˿ʻᣂᤕ̼Ὃ˄Ե΍ၸ˿1/5
ᄉஜ૵ǌ 

ᯪЎὋٿ᣾ܿԜѺᬓѸतஜ૵ᬶ̼ᆉ˖ᄉbreakឥԱ὇ڙ᥅Ԋඇ੺ஜ૵ᄉfor९ဖ˖Ὀǌᤇಧ

 ᑞ΍ၸ੝థஜ૵ᏪʿԵ௦ᦉѫஜ૵ᤈᛠᝪጶǌࡂ

ଋᅋὋڙᇷፂᎩፎᄉ߿˦˖Ὃઁᝪጶ൥ஜஇ˝100ǌ 

ဗڙὋઁ̼ᆉዤ᠚ҁᘾ઱఺ʼǌᡱ˧ґʶಧὋཁѣFile | Download asὋᤤસPythonὋઁ̼ᆉ

γߚ˝.py஠͇ǌըҮǋᤋଋҁᘾ઱఺ὋϷ˧ґઁ̼ᆉᥦಧዤ᠚᣾Ԝ὇ੇઁᤇ᧖ᄉ.py஠͇֐Տ˝

chapter11cifar.py——ݟ౦;΍ၸФ̴ՏߙὋឯ᝭३ڙʽ᭦̼ᆉ˖ϡᄰःஇҮὈǌ 

ଋʽ౎Ὃੇ͂ᭉ᜵ઁஜ૵ᬶ૱ᒐҁᘾ઱఺ʼǌణኤӬᄉழก௦ڙᘾ઱఺ᄉ̽֐ᛠᣤЙ̾ʽ

 ǌ̽֐

wget http://www.cs.toronto.edu/~kriz/cifar-10-python.tar.gz 

ʽᣑஜ૵ᬶὋளतData஠͇݂Ὃઁஜ૵஠͇ᝌԌҁData஠͇݂˖ǌ 

mkdir Data 
tar -zxf cifar-10-python.tar.gz -C Data 
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ణՐὋ΍ၸʽ᭦̽֐ᤁᛠࠃᰍ̼ᆉǌ 

python3 chapter11cifar.py 

;ᯪЎซ਒ҁᄉ࠱௦ᤳऎܷࣧଡӣǌੇڙᄉఴڠ᝟ኪ఺ʼὋඇ൥ᝪጶᭉ᜵100ሙ̾ʼǌڙը

ၸGPUᄉᘾ઱఺ʼὋඇ൥ᝪጶԵᭉ16ሙὀੇڙఴڠ᝟ኪ఺ʼᤈᛠ100൥ᝪጶὋᭉ᜵ᤂ3˓࠴ௐὋᏪ

ᘾ઱఺Եᭉ᜵26ѫ᧾ǌ 

ᤳऎʼᄉܷࣧଡӣ΍३ੇ͂Ժ̾ঋᤳ฽ណʿՎഴۋᄉ஌౦ǌࠪ ̅఺ߥ٧˷ኪกុណ౎ឬὋʁ

˓ኪกᄉ᝟ኪܬఽব᫇ᮤʿܷὋԵ᜵іሙ᧾ǋіѫ᧾ὋܲѶі˓࠴ௐࡂԺ̾ᤁᛠ߸ǌځ൤ὋԵథ

ʶ˓ഴۋὋᝪጶௐᫍ᫁ཁᆀཁʿ͗థܹܷ᫇ᮤ——ྱѾ௦ܷܲஜ఺ߥ٧˷ኪกᦏᑞॡঋፋѢᮔ฽

ፆ౦Ὃᤇ˶ൣ௦˝̣˥ܷܲஜৰхᦏ΍ၸʶ˓ഴۋǌ 

ཨᏪὋ᜵ុណܲ˓ԟஜௐὋ;ࡂᭉ᜵ᝪጶ੆ӡʼʹ˓ഴۋὋՉഴۋ˧ᫍԟஜࢿऩॡ࠴——ᤳ

ऎଡӣ᫇ᮤࡂԪ३ॡ᧗᜵ǌ 

26ѫ᧾ՐὋ߸੆100൥ᝪጶὋ३ҁణጻᄉᣤѢፆ౦ǌ 

0.8497 

ፆ౦ᤆʿᩱὀੇ͂Ժ̾ܘҪᝪጶ൥ஜὋᤈʶ൥இؒ஌౦੊Ꮷ˶Ժ̾࠼ណνஇԟஜϘὋܘҪᬤ

դࡎᓫཁǋԃሤࡎᄉஜ᧙Ὃ੊Ꮷܲ΍ၸʶࡎᬶࠚࡎǌ˶Ժ̾࠼ណၸLasagneФ̴ዜۋᄉࡎὋᙉཨ

ʶᓉ౎ᝮὋԃሤࡎఝ᤟Ջူܪ᜼᜿᫇ᮤǌ 

11.7� ቅ㔉 

ఴብᝮᝌ˿ຆऎᇷፂᎩፎὋ̋ ᝟ኪ఺᜼᜿᫇ᮤὋᅋ᧗ᝮᝌԃሤᎩፎǌੇူܪ˿ ͂΍ၸLasagne

֖nolearnं౎ౝतᇷፂᎩፎὋॡܲஜ૵ࢹူܪͺ̓ၿTheano౎ϡǌၸnolearnଡΘᄉࢹХౝ

तᇷፂᎩፎᄰࠪඊᣖࠓ௛ǌ 

ԃሤᇷፂᎩፎ˃᫂ၸ౎ူܪ᝟ኪ఺᜼᜿᫇ᮤὋ੝̾ణՐ३ҁᄉѫዜፆ౦ॡዴᆷ˶ʿᡛ˝݈ǌ

ణጻፆ౦ᛪ௙Ὃᬣᅋኪก֖᝟ኪᑞҦᄉଡӣὋ᝟ኪ఺᜼᜿ᄉःၸґ௿˶ఝ˝ࣸ᫪ǌ 

ᘾ઱఺ʼ΍ၸGPU᝟ኪὋܷڙ͂ੇ ࣧଡӣᝪጶᤳऎὋڙᘾ઱఺ʼᤁᛠᄉᤳऎі˪௦ੇఴڠ᝟

ኪ఺ᄉ10υǌݟ౦౼̎ኪกᭉ᜵ᮨܰᄉ᝟ኪᑞҦὋԺ̾Ꮵᘼ΍ၸব͈ඊॡᰳᄉ̇˞఺὇ʶᓉඇ࠴

ௐʿҁ1ᎾЊὈ——Ե᜵᝭३ၸ߸ՐԀௐС఺ݝࡂὀ 

ఴብ੝ᆐቂᄉԃሤᎩፎኪกᄰॆܬఽǌԃሤᎩፎᝪጶௐᫍ᫁Ὃథॡܲԟஜᭉ᜵ᝪጶǌஜ૵ᬶ

ᄹͪʿ࠴ὋФࠃᤆሥʿʼܷஜ૵Ὃၴᒯʿၸሩ႟ᅽ᫻Ὃࡂᑞઁᤇ̎ஜ૵КᦉҪᣑҁЮߚǌʽብ੝

ᝮᄉኪกఝҪኤӬὋͭ௦ஜ૵ᬶԁྱѾܷὋ௃กᜈᤈЮߚὋᤇ௦ܷஜ૵ణ௬ᗂᄉʶ˓ྱཁὋ᧓ᆇ

ˉ֖ᇪ̓Ꭹፎኍᛠˉ੝̖ၶᄉஜ૵ᦏХథᤇ˓ྱཁǌ 
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ཝᮦᦤ༺⨼ 

 
ॆ̬ᇪ͗ஜ૵᧙յૈஜጞ᫁ܘὋᤇ̎ஜ૵౎ᒬ̅ၸਖ਼ᛠ˝ᄢ฽ጆፑǋѫ࣊यጆፑǋᎩፎѫౡǋ

͛ਕ٧ኍǌሧҮ̈ᐎᎩᄉ᣽ᤳԦࡘԠࣛ౎ሧҮஜ૵ᄉ᫁ܘὋ൤ܰὋʽʶ˓ܷ໼ึ——ྫྷᐎᎩ

὇Internet of ThingsὋIoTὈԠ͗ᤈʶ൥ଡӣஜ૵᫁ܘᤳऎǌ 

્ଇܷஜ૵ᭉ᜵థளধᡸǌᤁᛠௐᫍॡ᫁ᄉܬఽኪก᜵˥இᤈ᜵˥ઊपὋᏪᑞܴူܪఝܲஜ

૵ὋܬఽርऎᄰࠪኤӬᄉኪกൣԪ३ఝҪึᛠᡐ౎ǌΒݟὋஂ૆Փ᧙఺௦ॡݝᄉѫዜ٧Ὃͭ௦߱

ᄉʶ̎Ԫሗॡᬱۋܷڙஜ૵ᬶʼ΍ၸǌᄰԥὋ᤾ᣣॅٿኍᄰࠪኤӬᄉኪกܷူܪஜ૵ᬶఝࠓ௛ǌ 

ఴብ˞᜵Юݟࠓʽ: 

� ܷஜ૵ᄉૌੌԢФःၸ 
� MapReduceᔴय 
� Hadoop MapReduce 
 ᤥࣰԻʼᤁᛠMapReduceርࣿᄉPythonӉmrjobᯰ̍ڙ �

12.1� ཝᮦᦤ 

ܷஜ૵Хథྱ̎גཁփ὞߱ᄉܷܲஜஂ૆Ꮷᝢ˝థ̾ʽ4˓ྱཁὋኤሥ4Vǌ 

(1) ๑᧙὇VolumeὈὙੇ̖͂ၶ֖ߚϱᄉஜ૵᧙Ҫᤳ᫁ܘὋల౎Ҹܿᄹᡐ౎͗ఝ࿭ǌဗ࣡ڙၸ

ᄉᆵᄧࠓ᧙Ӭͮ˝GBὋв᣾іࣱ͗ࡂԪ˝EBĿǌՎௐᎩፎ՛Ւ᧙˶͗᫁ܘǌζ٩ඊʿࠓˬ᜹Ὃ᧗

᜵ζোॡԺᑞᜁ๑᧙᧗᜵ርऎͯᄉζোະ෤ǌ 

(2) ᰳ ᤳ὇VelocityὈὙஜ૵᧙᫁ܘᄉՎௐὋஜ૵ူܪᤳऎڙҪঋǌૅࡂဗ̬ݟᄉීᢻˠΒߔὋ

ඇᣙᢻᜈథ੆ᄇʼӡ˓͛ਕ٧Ὃᤇ̎͛ਕ٧ʿϢڠՓීᢻЮᎵᄉ᝟ኪ఺͛ᤞஜ૵Ὃ᜵߸੆ୱጪී

ᢻᄉ͉ҫὋஜ૵ᄉѫౡူܪᤳऎᭉ᜵᣹ҁ൒ሙጞපэǌᤇʿ̨᜵̯ܷ᧙ஜ૵˖ࠬ੼ኔ಴Ὃᤆ३ᤳ

ऎঋǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ EB὇exabyteὈὋᓩߙᓫὋ1EB=1024PBὋ1PB=1024TBὋ1TB=1024GBǌ1EBጝኍ̅10̢GBǌ——ដᏧซ 

ኃ ��ብ
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(3) ܲಧ὇VarietyὈὙஜ૵ᬶథܲሗ्यὋՉѴຌఀ߿˦ᄉ᜺ஞஜ૵ᬶԵӳФ˖ॡ࠵ʶᦉѫǌ

ਆਆᇪ̓Ꭹቢᄉʶ్๖োաὋ߱ԺᑞӉդ஠ఴǋཱྞǋଡԢФ̴ၸਖ਼Ŀǋ؝൓ஜǋ᝿᝶ஜǋ᜼ᮟǋ

 ᄉஜ૵Ҹॸ͗࠭ᒰζোˎܾǌۋ঒႔૿ᤇ̎ᬱ̾ஞՋᤈഴڠᎵζোኍǌኤӬͮူڠ

(4) эᆷ὇VeracityὈὙᬣᅋஜ૵᧙ᄉܘҪὋॡᬱᆷ߿᧓ᬶҁᄉஜ૵௦ՠൣᆷ——௦ՠ᣾ௐǋ

Ќ໗٩ᮂὋథ෤థӉդऩ࣡ஜ૵Ὃ੊Ꮷ঳ͳ౎ឬ௦ՠథၸኍǌωᔩ̠͂௃กࠪஜ૵ᄉэᆷবᤈᛠ

థ஌ᰍ᝼Ὃ᜵ζᠺஜ૵ॡᬱǌ̠̯͂ܰᦉ३ҁᄉஜ૵ᬶᜁʿϢڠஞՋҁЮᦉஜ૵ᬶ˖Ὃ΍३ஜ૵

ᄉэᆷবᤇ˓᫇ᮤఝҪ቉Ѣǌ 

̯̾ʼٽཁ὇˶థ̠ᝢ˝௦̊ཁŀὈࡂᑞᄹѢܷஜ૵ʿ̨̨௦ܷ᧙ᄉஜ૵Ὃܷူܪஜ૵ࠪࢹ

ርᑞҦ᜵යॡᰳ——ఝʿၸឬࠪ߱͂ᤈᛠѫౡ˿ǌॡܲþᙨෳ̠׷ÿŁԵСॶঞಧܷܷ݁ஜ૵ᄉ

ःၸὋԁᥗᏪʿៀܷஜ૵ࢹርᄉૌੌ̾Ԣ໷ڙѫౡࢹͺᄉᬱऎǌ 

ੇ͂ґ᭦ၸ᣾ᄉᤇ̎ኪกᦏ௦ઁஜ૵ᬶҪᣑҁЮߚՐвᤈᛠူܪǌᤇࠪ̅ଡӣ᝟ኪᤳऎॡథ

᜵ঋ३ܲǌ൤ܰὋੇ͂ԺူܪՐвߚᄉஜ૵ඊᡐЎ̯ᆵᄧҪᣑҁЮ˖ߚЮڙፂࣂူܪ˝ځὋܪݝ

̾ࠪЮߚ˖ᄉஜ૵ᤈᛠܲ൒ᤕ̼Ὃஇؒഴۋǌ 

ܷࠪ̅ஜ૵Ὃੇ͂ࡂ௃ก࠱ФҪᣑҁЮߚ˖ǌ̯ॡܲழ᭦౎ᝮὋԺ̾ၸ൤౎ѻறʶ˓᫇ᮤᑞ

ʿᑞሥ३ʼܷஜ૵᫇ᮤ——ݟ౦ஜ૵Ժ̾Ҫᣑҁ;᝟ኪ఺Юߚ˖Ὃᥦࡂኪʿʼܷஜ૵ǌ 

12.2� ཝᮦᦤᓊ⭞൰Ქૂⴤḽ 

͌ˉ֖˓̠ᦏሎʿधܷஜ૵ǌ 

੝థܷ̾ஜ૵˝۲ᆨᄉጆፑ˖Ὃ̠ ͂ˀ˧੩̓᥊ణܲᄉॆ࡚៭ൠᤇಧᄉ଼ጉल୲ǌࠪ ଼̅ጉ

ल୲౎ឬὋ᜵ڙᭅཁіሙᄉௐᫍЮࠪіӠ̢ၴᒯఝܲᄉᎩቢ߸੆ʶ൒଼ጉὋ۲ᆨᄉ஠ఴಉលᐯ߿

໗ᡛʿ˿ᭉයὋӬ௦ߚϱᤇ˥ܲᎩቢᄉ஠ఴЮࡂࠓ௦˓ܷᬱᮤǌ᜵߸੆଼ጉल୲˖ᄉಉល͉ҫὋ

 ᭉ᜵˃᫂Ѹतளஜ૵ፆౝ֖΍ၸளஜ૵્ଇழกǌࡂ

ॡܲФ̴መࠃߥᰍ˶ᦏၸҁ˿ܷஜ૵੾శὋΒୢࠪߔुۋܷݟ఺὇Large Hadron ColliderὈǌ
ឞ఺٧᫁᣹27М᧖Ὃᜈథ1.5̢˓͛ਕ٧Ὃၸ̅ᄢ฽ඇሙі̢˓ुߔᄉࠪୢৰхὋࠪୢ఺ࡌᦉཱ

ྞឯ᜸ʽڎǌࠪୢࠃᰍ̖ၶᄉஜ૵᧙Ӡѫ৲̠Ὃඇܸ᣾໙Րᤆథ25PB὇ϛݟʿ᣾໙Ὃඇࣱ̖࠱

ၶ1.5̢PBஜ૵Ὀǌᤇ̎ஜ૵ᬤᘨᅋ߾ߴᄉݗማὋࠪФᤈᛠѫౡᑞҪຆੇ͂ࠪ߾ߴᄉᝢខὋͭ௦ࢹ

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ૈþ@ÿҪၸਖ਼Տᤇሗ्यǌ——ដᏧซ 
ŀ థ̠ᝢ˝ܷஜ૵ᄉԲʶ˓ྱཁ௦͈Ϙ὇ValueὈὋፂ᣾્ଇ३ҁᄉፆ᝶థࠃᬄःၸ͈Ϙǌ——ដᏧซ 
Ł ᙨෳ̠׷὇snake oil salesmanὈᡱþ෇ຫ᥼˖ÿథᄰՎᄉ᠒˦Ю๯ǌ19ˆጡὋ̠ڍᡍᎾνतӑࣰܹฟᨠᡸὋࣛԜ

̯ӮழපᙨͳЮଡགྷᄉᙨෳὋ̾ᇴ᮲າὋᎀ኎ᰣ˧჋Ὃᮗԩॆ̠ڠ൓ᤀǌՐᎾ̠׷ڍClark Stanleyኍஇ̯ӑᎾֽ

ᎵࠓὋၴᒯѢဗֵ̖˖Ԍ಩ʿդᙨෳᄉᤴϛဗ៵ǌឞជ᥂ᜁၸ౎ૈ੩ᅋʿࢿᙨଡགྷᙨෳὋ੺᧙ၶ̖Ὃͭ஌౦ᣖࡊ

ႠᄉூՁὋ଍ᩘϛг͡ҭែයሒѽᄉᰔߔǌ——ដᏧซ 
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ር᧙ॡܷὋѫౡᡐ౎˶ᄰॆڇᬱǌ 

 

ஊउᦉܷ᫂ࠪஜ૵ᄉ᧗᜼ርऎ˶ڙᤩຑܘҪὋ̾ Ќѫ˿ᝌ̠ԯǋ׷ˉาҮ֖ࠑڍФ̴Չழ᭦

ᄉৰхǌᡱᢍіӡʹˢᒯі̢̠ԯԢ੆ᄇʼӡ̢ᄉ̓௛᧙὇׷᠞੊ӝႤधஂὈὋॡܲஊउ఺ౝᦏ

ᭉ᜵Ι᭤ܷஜ૵ѫౡ੾శ੥ᑞ߸੆ǌ 

Кီॡܲஊउ࠾ФСซ̓᤯ክူὋ̴͂΍ၸஜ̾ӡʹ᝟ᄉ͛ਕ٧ѻற̎ג᥊ᡸ܊܃ణ˝ː

᧗Ὃᮔ฽ளν᥊ᡸࠪ̓᤯࿃хᄉॕֽǌ 

ਖ਼ᭉයὋγ᝼Θ᠍᧙᤟ऎὋࠆਖ਼ͳᰍὋᬋͯஂѢǌᤇӉહᮔ฽ࠆ΍ၸܷஜ૵இؒ׷׫ᭅۋܷ

Փࠆਖ਼଍ᩘ̴͂Ժᑞ؝൓ᄉֵ̖Ὃᡱᢍ̓௛ஜ૵Ὃࠬ ੼᠓ྫྷ໼ึ֖๖᠟ഴयὋԦဗ໷ڙ൚គᛠ˝ǌ 

ᤆథॡܷܲМՂၸܷஜ૵ଡᰳМՂፂᖸክူᄉᒬҮӐርऎὋஇֵ̖֖ؒనҫ᠎᧙ǌ̴ ͂᤯᣾

ܷஜ૵ѫౡᮔ฽ᛠˉ᮲ՓὋᡱᢍܰᦉባ́Ꮷǌ̴͂ᤆઁܷஜ૵ၸҁտࢹክူʼ——ᡱᢍտࢹὋԦ

ဗФሎᐋϙՓ̾Ԣௐ࣯ᮔǌ 

ζো߶Кᦉ᫂᤯᣾ᄢ฽Ꭹፎึ᧙ὋፆՋܷஜ૵੾శὋࠬ੼ܷۋᎩፎᄉৎ਒ᣃ͇ਕ౿ὋᤇӉહ

ࠬ੼݈যᄉึ᧙ഴयὋৎ਒ᣃ͇͛୦ᤛ៵֖Ф̴ԥ࣡ဗ៵ǌᰳ ጞ૆፝বގᐺ὇Advanced  Persistent 
ThreatsὋAPTsὈஈѣ˶ॡ̠̽઄࿈ὋஈѣᏧઁৎ਒̼ᆉᘨۋܷڙᎩፎ˖Ὃ᫁య̯Ꭹፎ˖ቊԨζ

ো੊̯̂Ф̴ᆠڭาҮǌࠬ੼APTsज़ज़ᭉ᜵೜ಉॡܲԻ᝟ኪ఺ᤈᛠԨ᝼Ὃ᠟ௐ᠟ҦὋ̨᭤̠ࢹ

ॡᬱ߸੆ὋᤇௐࡂԺ̾΍ၸܷஜ૵੾శࠃဗᒬҮӐ೜ಉǋԨ᝼ǌ 

ܷஜ૵ழТలᓩὋൣڙᡔ౎ᡔܲᄉᛠˉ֖ःၸ˖ܷ௬ᢵ੣ǌ 

12.3� MapReduce 

ܷஜ૵્ଇ֖᝟ኪథі˓˞᜵ഏএὋФ˖ణ˝ึᛠᄉࡂ௦MapReduceഴۋὋ߱Ժၸ͉̅਒ܷ
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ஜ૵ᬶᄉʶᓉব᝟ኪ͉ҫǌ 

៭ൠѢࣲ̅ᛠ᝟ኪᄉᭉ᜵ὋణЎଡѢ˿MapReduceഴۋǌ߱ᤆलЙ˿ࠓᩱ֖Ժͨ᎕ྱবǌ

MapReduceణѹᄉᆐቂԦᛪ̅2004ࣱὋ੩ᥦௐᡐὋ੆ӡʼʹᄉᮉᄫǋࠃဗ֖ःၸᦏၸҁ˿ᤇʶ

ഏএǌ 

ᙉཨMapReduceᡱ˧ґॡܲഏএథᄰͪ˧ܪὋͭᤇʿॕֽ߱੆˝ܷஜ૵ѫౡᮖ۪ᄉನॶ

ഏএǌ 

12.3.1� ⴪㿸⨼䀙 

MapReduce˞᜵ѫ˝ˏ൥Ὑ௡࠰὇MapὈ֖᜺ጝ὇ReduceὈǌѥஜयርࣿ᝹᝟˖థઁѥஜ௡࠰

ҁѴᛪ֖᜺ጝፆ౦ᄉഏএὋMapReduce̾ᤇˏ˓ഏএ˝۲ᆨǌ˝˿ᝌ᧕௡֖࠰᜺ጝὋੇ͂ˠ˓Β

 ǌ֖˧ߙὋᎃз̼ᆉ᥅Ԋʶ˘ѴᛪὋ᝟ኪ੝థѴᛪ˖ஜߔ

MapReduceᔴयᤆӉહଅࣿ὇shuffleὈ֖Ջࣲ὇combineὈˏ൥ὋՐ᭦͗ᝮǌ 

ᯪЎὋڙ௡࠰ᤇʶ൥Ὃଋஅʶ˓ѥஜὋၸᤇ˓ѥஜူܪѴᛪᄉՉЊገὋᤄٿᡱ˧ґѴᛪ᫁ऎ

ᄰኍᄉѴᛪὋளѴᛪᄉЊገ˝ѥஜᄉᤄٿፆ౦ǌ 

੩धʶ˓ளᄉIPython Notebookቷ᝭ఴ஠͇ὋѸतʶѴᛪὋѴᛪ˖ՉЊገ˝Ӊդі˓ஜߙᄉ

Ѵᛪǌ 

a = [[1,2,1], [3,2], [4,9,1,0,2]] 

ଋᅋὋतበsumѥஜ֖a˧ᫍᄉ௡࠰Сጆǌᤇʶ൥͗ၸsumѥஜူܪѴᛪaᄉඇʶ˓Њገǌ 

sums = map(sum, a) 

ʼᤗsums˝ၶ੆٧὇ុ͂ੇڙၸ߱˧ґὋʿ͗ᤈᛠ᝟ኪὈὋʼ᭦ᤇᛠ̼ᆉܷͳʼኍ͈̅Ὑ 

sums = [] 
for sublist in a: 
    results = sum(sublist)  
    sums.append(results) 

᜺ጝ൥ᰠ᜵ሮॱܬఽ̎Ὃᭉ᜵ࠪᤄٿፆ౦ᄉඇʶ˓Њገःၸʶ˓ѥஜὋ̯ѹݼϘधݼὋࠪѹ

ѥஜὋ߿ፆ౦ὋཨՐвࠪ੝३ҁᄉፆ౦֖ʽʶ˓ϘःၸૈٿѥஜὋ३ҁᤄ߿Ϙ֖ኃʶ˓Ϙःၸૈݼ

̾൤ዜ଍ǌ 

ੇ͂౎Ѹतʶ˓ѥஜὋଋஅˏ˓ஜߙͺ˝ԟஜὋᤄٿˏ˓ஜߙᄉ֖ǌ 

def add(a, b): 
  return a + b  
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ཨՐᤈᛠ᜺ጝǌ᜺ጝѥஜ्य˝reduce(function, sequence, initial)ὋԟஜѫѾᛪ

ᇧၸ౎ᤈᛠ᜺ጝᄉѥஜᄉՏߙǋѴᛪ֖ѹݼϘὋѥஜԀ௦ࠪࣿѴᄉඇʶ൥੝ःၸᄉѥஜǌڙኃʶ

൥Ὃኃʶ˓Ϙ˝ѹݼϘὋᏪʿ௦Ѵᛪᄉኃʶ˓Њገǌ 

from functools import reduce 
print(reduce(add, sums, 0)) 

ፆ౦˝25Ὃ߱ ௦sumsѴᛪ˖ඇ˓Њገᄉ֖Ὃ˶  ௦ԓ౎ܷѴᛪa˖ඇ˓̃ጞѴᛪՉЊገᄉ֖ǌࡂ

ʼ᭦̼ᆉኍ͈̅ݟʽ̼ᆉǌ 

initial = 0 
current_result = initial  
for element in sums: 
    current_result = add(current_result, element) 

ੇ͂ᤇ˓࠴ΒߔὋ̼ᆉॡኤᆀὋͭᄽൣᄉܪݝ௦Ժ̾΍ၸѫ࣊य᝟ኪǌϛݟὋ̃ጞѴᛪᄉஜ

᧙˝100ʹὋඇ˓̃ጞѴᛪӉդ100ʹ˓ЊገὋࠪ̅ᤇ˥ܷᄉ᝟ኪ͉ҫὋੇ͂Ժ̾̓ၿܲԻ᝟ኪ఺

߸੆ǌ 

ဗѫ࣊य᝟ኪὋੇࠃ˿˝ ͂Ժ̾ڙ௡࠰ᤇʶ൥ઁՉ˓̃ጞѴᛪԢѥஜឬ௙ѫԦҁʿՎᄉ᝟ኪ

఺ʼǌ᝟ኪ߸੆ՐὋՉ᝟ኪ఺ઁፆ౦ᤄٿ˞᝟ኪ఺὇masterὈǌ 

ཨՐmasterઁፆ౦ԦᤞፋԲʶԻ᝟ኪ఺ϡ᜺ጝǌੇ ͂ᄉΒߔథ100ʹ˓̃ጞѴᛪὋځ൤Ժ̾࠱

100ʹ˓͉ҫ̓ፋʿՎᄉ᝟ኪ఺ူܪ὇᝟ኪ఺߸੆௡࠰ୱͺՐὋԺв൒ၸ̅᜺ጝὈǌᤄٿፆ౦˝Ӊ

դ100ʹஜߙᄉѴᛪὋཨՐࡂԺ̾ᤈᛠය֖ᤁኪǌ 

ᤇಧϡᄉܪݝ௦Ὃࡉክԓݼஜ૵ᬶథ1ʹ̢ஜߙὋͭࠃᬄ᝟ኪ᣾ርὋגԻ᝟ኪ఺ᦏʿᭉ᜵ߚ

ϱᡓ᣾100ʹ˓ஜߙǌ 

12.3.2� ঋ䈃㔕䇗⽰ׁ 

MapReduceᄉࠃဗඊᡐӬጥ΍ၸ௡֖࠰᜺ጝˏ൥᜵ܬఽ̎ǌᤇˏ൥ᦏၸ᪃౎ុၸὋΦ̅ஜ૵

ᄉӜѫ֖Ϙᄉᡱᢍǌ 

௡࠰ѥஜଋஅʶ᪃ϘࠪὋᤄٿ᪃ϘࠪѴᛪǌଋஅ֖ᣤѢᄉ᪃ʿʶ߿᜵ग़൤ᄰСǌΒݟὋፑ᝟

Ӭជஜ᧙ᄉMapReduceርࣿὋᣤЙᄉ᪃Ժᑞ௦஠ುᎃՁὋᏪᣤѢᄉ᪃ԁԺ̾௦ӬជǌᣤЙϘԺᑞ

௦஠ುᄉ஠ఴЮࠓὋᏪᣤѢϘ˝ඇ˓Ӭជᄉជᮟǌ 

from collections import defaultdict 
def map_word_count(document_id, document): 

ᯪЎὋ᝟ኪඇ˓Ӭជជᮟǌڙᤇ˓ኤӐ᣾ᄉΒߔ˖Ὃੇ ͂Ў಩૵ቆಪઁ஠ುᣀ૰੆ӬជѴᛪὋ

ॆཨథఝݝᄉᝌфழกǌ 
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    counts = defaultdict(int) 
    for word in document.split(): 
        counts[word] += 1  

᥅Ԋඇ˓ӬជὋፑ᝟൒ஜὋซ਒ၸҁ˿yieldឥԱǌၸMapReduceᄉశឥ౎ឬὋӬជ˝᪃Ὃ

ӬជѢဗ൒ஜ˝Ϙǌ 

    for word in counts:  
        yield (word, counts[word]) 

ၸӬជϡ᪃Ὃੇ͂ࡂԺ̾ᤈᛠshuffleୱͺὋઁඇ˓᪃੝థϘᐐᬶҁʶᡐǌ 

def shuffle_words(results): 

ᯪЎὋઁඇ˓Ӭជᄉፑ᝟ፆ౦உҁʶ˓Ѵᛪ˖ǌ 

    records = defaultdict(list) 

᥅Ԋ௡࠰ѥஜᤄٿᄉ੝థፆ౦ǌ 

    for results in results_generators: 
        for word, count in results:  
            records[word].append(count) 

ଋᅋὋ᥅Ԋඇ˓ӬជὋѸतၶ੆٧Ὃ߱ᑞၶ੆὇yieldὈӬជ֖ឞӬជڙՉ஠ುѢဗ൒ஜᄉѴ

ᛪᤇˏᮉǌ 

    for word in records:  
        yield (word, records[word]) 

ణՐʶ൥௦᜺ጝὋଋஅʶ᪃Ϙࠪ὇Ϙ˝ѴᛪὈὋᣤѢԲܰʶ᪃Ϙࠪǌੇ͂ᤇ᧖Ὃ᪃˝ӬជὋ

ᣤЙᄉѴᛪ˝shuffleՐ३ҁᄉͺ˝᪃ᄉӬជڙʿՎ஠ುѢဗ൒ஜᄉѴᛪὋᣤѢ᪃Ϙࠪ˖ᄉϘᤇʶ

ᮉ˝Ӭជ὇᪃Ὀڙ੝థ஠ುᄉѢဗ൒ஜ˧֖ǌ 

def reduce_counts(word, list_of_counts): 
    return (word, sum(list_of_counts))  

ੇ͂΍ၸscikit-learnଡΘᄉ౎ᒬ20˓ள᫔ጷᄉឥ஧ᄹʽʼᤗ̼ᆉᄉࠃᬄ஌౦ǌ 

from sklearn.datasets import fetch_20newsgroups 
dataset = fetch_20newsgroups(subset='train') 
documents = dataset.data 

ཨՐ੯ᛠ௡࠰ୱͺὋᤇ᧖ၸenumerateѥஜᒬҮ˝஠ುၶ੆ᎃՁǌᎃՁᤇ᧖ၸܪʿܷὋͭ ௦

 Ф̴ःၸ˖ॡ᧗᜵ǌڙ

map_results = map(map_word_count, enumerate(documents)) 

ʼᤗፆ౦Ե௦ၶ੆٧ὋᏪʿ௦ࠃᬄᄉፑ᝟ፆ౦ǌ˶ࡂឬὋ߱௦ᑞᣤѢ᪃Ϙࠪ὇ӬជǋѢဗ൒

ஜὈᄉၶ੆٧ǌ 
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ଋᅋὋࠪၶ੆٧ᤈᛠshuffleୱͺὋ಩૵ӬជѢဗ൒ஜᤈᛠଅࣿǌ 

shuffle_results = shuffle_words(map_results) 

ʼᤗΒߔఴ᠎ʼ౎ឬ௦ʶ˓MapReduce͉ҫ὚ཨᏪၿ̅Ե΍ၸӬጲርὋੇ ͂௃ก̯MapReduce
ஜ૵ಪय˖ᖌ३͉ʹܪݝǌʽᓫὋੇ͂࠱΍ၸधຸᄉMapReduce౵ౝHadoopὋࠃဗѫ࣊य᝟ኪὋ

ଡӣবᑞǌ 

12.3.3� Hadoop MapReduce 

Hadoop௦Apache۲᧚͗੝ଡΘᄉʶጷӉહMapReduceڙЮᄉधຸࢹХǌ̠͂ࠃᬄ΍ၸᄉ

MapReduce౵ౝ˶ܲ௦߱ǌHadoopᮉᄫၿApache۲᧚͗ክူ὇̴͂˶᠆᠉፤એᗂՏᄉWebనҫ٧

ᣃ͇ApacheὈǌ 

HadoopၶখጆፑॡܬఽὋథܷ᧙ᄉࢹХǌੇ͂࠱᜵ၸҁᄉ˞᜵ጷ͇˝Hadoop MapReduceǌ
HadoopФ̴ܷူܪஜ૵ᄉࢹХథݟʽіሗǌ 

� Hadoopѫ࣊य஠͇ጆፑ὇Hadoop Distributed File SystemὋ HDFSὈὙឞ஠͇ጆፑԺ̾࠱஠

͇γߚҁܲԻ᝟ኪ఺ʼὋ̾᫸ᔴᆵ͇஋ᬩὋଡᰳࣛࠔǌ 
� YARNὙၸ̅ុऎःၸ֖ክူ᝟ኪ఺ᬶᏅǌ 
� PigὙၸ̅MapReduceᄉᰳጞឥᝒǌHadoop MapReduceၸJavaឥᝒࠃဗὋPigࠪJavaࠃဗϡ

ᤈʶ൥࠯ᜈὋஂ૆ၸФ̴ឥᝒ౎ᎃзርࣿ——ӉહPythonǌ 
� HiveὙၸ̅ክူஜ૵̱ं֖ᤈᛠಉលǌ 
� HBaseὙࠪ៭ൠѫ࣊यஜ૵ंBigTableᄉʶሗࠃဗǌ 

ᤇ̎ࢹХᦏ௦ၸ౎ᝌфӉહѫౡ᣾ርڙЮᄉܷஜ૵ࠃᰍ੝ᑞ᥄ҁᄉՉሗ᫇ᮤǌ 

ᤆథФ̴ʶ̎෤థ΍ၸHadoopࢹХᬶࠃဗᄉMapReduceಳ౵Ὃ˶థʶ̎Хథᄰͪᄫಕᄉᮉ

ᄫǌ൤ܰὋॡࣰܲ̇ԻᦏଡΘ̾MapReduce˝۲ᆨᄉጆፑǌ 

12.4� ᓊ⭞ 

ੇ͂౎तበʶ˓಩૵ӯ˞ၸជ˷਄ѻறӯ˞বѾᄉःၸǌੇ ͂ၸMapReduceழกᝪጶసገ᠄

Հலѫዜ٧ǌణՐၸഴۋϡᮔ฽ௐὋʿᭉ᜵MapReduceὋᙉཨੇ͂Ժ̾ၸ௡࠰ᤇ˓൥ᰠ——˶ࡂ

௦ࠪѴᛪ˖ᄉඇʶኼ஠ುᤁᛠᮔ฽ഴۋǌᤇ௦ၸMapReduceᤈᛠஜ૵્ଇ࣡ၸᄉ௡࠰ୱͺὋ᜺ጝ

൥ᰠԵၸ౎ុஞᮔ฽ፆ౦ѴᛪὋ̾Φઁፆ౦֖ԓ஠ುࠪःᡐ౎ǌ 

 ΍ၸ̍ᯰᤥࣰ̇ԻᤁᛠःၸὋ̾ѽၸ߱͂ᄉ᝟ኪᠪຸǌ࠱͂ੇ
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12.4.1� 㧭਌ᮦᦤ 

ੇ͂΍ၸ2004ࣱ8త̯͊http://blogger.comᎩቢ᧓ᬶᄉ60ܲʹኼӯࠆ஠ብͺ˝ஜ૵ᬶὋᤇ̎஠

ብРథ1.4̢ܲ˓ӬជὋඇኼ஠ብᦏಕซ˿ӯ˞ᄉࣱᴓǋবѾǋᛠˉ὇ࢹͺὈὋథᡙᄉ௦ᤆథ௠एǌ

ᆐቂ̠տడᤈᛠ᣾ᦉѫᰍ᝼ὋᆷγՎʶኼӯ̯ܿࠆҁڨࡊၿʶՏӯ˞੝з὇ᙉཨ˶ʿ௦ॡᆷ߿Ὀǌ

ඇኼӯࠆᤆፋѢ˿ԦᛪௐᫍὋᤇ˓ஜ૵ᬶᄉЮࠓᄽ௦૟˗ࠜᄉǌ 

᝺᫇http://u.cs.biu.ac.il/~koppel/BlogCorpus.htmᎩቢὋཁѣDownload Corpusǌʽᣑ߸੆ՐὋ

ઁஜ૵ᬶ஠͇ᝌԌҁ;ᄉఴڠ᝟ኪ఺ஜ૵஠͇݂Data᧖ǌ 

ஜ૵ᬶ˖Ὃʶ˓ӯ˞ᄉ੝థӯࠆஉҁՎʶ˓஠͇᧖Ὃ஠͇ՏӉդӯ˞ᄉᄰСζোǌΒݟὋФ

˖ʶ˓஠͇ՏݟʽὙ 

1005545.male.25.Engineering.Sagittarius.xml 

஠͇ՏၸཁՁѫᬥὋ˞᜵Ӊહ̾ʽζোǌ 

� ӯࠆᎃՁὙಕខӯ׬ࠆʶবᄉஜϘǌ 
� বѾὙឞᦉѫʿ௦male὇ႃবὈࡂ௦female὇ݘবὈǌஜ૵ᬶԵӉդᤇˏሗৰхǌ 
� ࣱᴓὙፋѢᆷѬᄉࣱᴓὋͭథௐ͗ྱ਒΍ၸࣱᴓൿǌࣱᴓൿ὇ӉդᡐൢࣱᴓὈథ13~17ǋ

23~27֖33~48ǌᤇಧϡ௦Φ̅ઁᬱ̾ᆷ߿ӯ˞ࣱᴓᄉӯࠆዣ႔ॅҁ౼ʶࣱᴓൿ˖Ὃځ˝

ॡᬱઁ18ࡦзᄉӯࡦ19֖ࠆ੝зᄉӜѫध౎Ὃ൤ܰὋॆ;΍ၸᤇ̎ஜ૵ௐὋӯ˞ࠃᬄࣱ

ᴓԺᑞඊ௉Ў܌зᄉԠ᫁˿іࡦὋځ൤ᭉ᜵ϡᄰःុஞǌĿ 
� ᛠˉὙӉહመߥǋࢹርǋᓧశǋੜڙ̖ڠЮᄉ40ሗᛠˉᄉФ˖ʶሗὋᔩӯ˞෤థ܌зឞ

ᮉὋ΍ၸindUnkŀ౎ᛪᇧǌ 
� ௠एὙ12௠ए˧ʶǌ 

੝థᄉᤇ̎ஜ૵ᦏ௦ၸਖ਼ᒬࣁଡΘᄉὋᤇࡂᛪ௙Ф˖థᩱឧ੊ʿʶᒰဗ៵Ὃͭ ௦ፏܷܲஜ௦

Ժ᭤ᄉ——ݟ౦ၸਖ਼˝˿γએ˓̠ᬤሒᡐ᜸Ὃʿਆᤨ᭚౼ழ᭦ᄉζোὋ̴͂Ժ̾ᤤસʿ܌Ὃᤇʶ

ཁᎩቢ௦Љ᝴ᄉǌ 

ඇ˓஠͇ᄉಪयዜͪ̅XMLὋӉդ<Blog>ಕኣ֖ʶጆѴ<post>ಕኣǌඇ˓<post>ಕኣґ

ᦏథʶ˓<date>ಕኣǌᙉཨੇ͂Ժ̾ઁ߱ॆͺXML౎ူܪὋͭ௦૊ᛠူܪఝࠓ௛Ὃځ˝߱ʿ௦

ᄽൣ᜺ᔴᄉXML஠͇Ὃࣲ˄ᤆథ̎ᩱឧ὇ܷᦉѫ௦ᎃᆉᩱឧὈǌੇ͂Ժ̾΍ၸ९ဖፆౝ᥅Ԋ஠͇

˖ᄉඇʶᛠὋ̾ឳԨӯࠆЮࠓǌ 

 ᬄᄹʽǌࠃʶ˓஠͇ՏὋੇ͂౎߿ૈ

 
ĂĂĂĂĂĂĂĂĂĂ 

Ŀ ͺᏧፋੇˠ˿˓ΒߔὋþԜࣱၸਖ਼Ԧᛪӯࠆௐ˝18ࡦὋࣱ̬ࡦ19ࡂ˿Ὃੇᭉ᜵ڙഴۋ˖ϡᄰःុஞǌÿ——ដᏧซ 
ŀ industry unknownᄉኤзǌ——ដᏧซ 
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import os 
filename = os.path.join(os.path.expanduser("~"), "Data", "blogs", 
"1005545.male.25.Engineering.Sagittarius.xml") 

ᯪЎὋѸतၸ̅ߚϱඇኼӯࠆᄉѴᛪǌ 

all_posts = [] 

ཨՐὋ੩ध᜵ឳԨᄉ஠͇ǌ 

with open(filename) as inf:  

᝹Ꮅಕខ௦ՠڙӯࠆ˖ᄉಕ᝭ǌ੼ҁӯࠆधݼಕኣ<post>ՐὋ࠱ಕ᝭ᄉϘ᝹Ꮅ˝TrueὋᛪ

ᇧ੼ҁ˿ӯࠆᄉधͮݼᎵǌ੼ҁС᫆ಕኣ</post>ՐὋ࠱ಕ᝭ᄉϘ᝹Ꮅ˝Falseǌ 

    post_start = False 

Ѹतၸ̅ߚϱӯॆࠆґᛠЮࠓᄉѴᛪǌ 

    post = [] 

᥅Ԋ஠͇ᄉඇʶᛠὋѺᬓឞᛠґՐᄉቆಪǌ 

    for line in inf: 
        line = line.strip()  

ཱґ᭦੝ឬὋ੼ҁӯࠆᄉधݼǋС᫆ಕኣՐὋఝஇಕ᝭post_startᄉϘǌ 

        if line == "<post>": 
            post_start = True  
        elif line == "</post>": 
            post_start = False 

੼ҁС᫆ಕኣ</post>ՐὋ᝭ेѷ੼ҁᄉᤇʶኼӯࠆᄉ੝థЮࠓǌѸतளᄉpostѴᛪǌʽ᭦

ˏᛠ̼ᆉᄉ᎕ᤈߙቿஜˀґʶᛠ̼ᆉᄰՎǌ 

            all_posts.append("\n".join(post)) 
            post = [] 

ణՐὋݟ౦ឞᛠʿ௦ӯࠆፆࡊὋ˶ࡂ௦ᤆڙӯࠆ᧖᭦ὋઁᤇʶᛠҪҁॆґӯࠆpostѴᛪᄉ

ణՐǌ 

        elif post_start:  
            post.append(line) 

 Ὃ঒႔ᤇʶᛠǌ˖ࠆӯڙ౦෤థݟ

Ժ̾Ϸʽ᭦ᤇಧᖌԨඇኼӯࠆᄉ஠ఴЮࠓǌ 

print(all_posts[0]) 

ੇ͂ᤆԺ̾᝟ኪѢʶͮӯ˞РԦᛪ˿ܲ࠵ӯࠆǌ 
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print(len(all_posts)) 

12.4.2� ᵪ㍖䍓ਬᯥ人⎁ 

ੇ͂౎ࠃဗసገ᠄Հலኪก὇̯੾శʼᝮὋᤇ௦ʶ˓ኤӐᄉྟఴὋܬఽࠃဗ᤯࣡థॡܲྱड़Ὀ

 ӯ˞বѾѫዜ᫇ᮤǌࠆӯူܪ

1. mrjobऻ 

ઁၸmrjobѸतᄉMapReduce͉ҫ଍ᤞҁ̍ᯰᤥࣰ̇Իʼॡࠓ௛ǌmrjobեʼԜథཁϷ݈ЎၶĿ

ጆѴЇቧ஋̂˹ᄉႆᙨຊᡛ˧ͺὋࠃѶᛪᇧ௡࠰᜺ጝ͉ҫ὇Map Reduce JobὈǌᤇ˓ӉॡథၸὋ

ͭ௦зͺఴ˹ௐὋࠪPython 3ᄉஂ૆ᤆʿ੆ཿὋࠪੇ͂Ր᭦᜵ᝮҁᄉ̍ᯰᤥEMRనҫஂ૆˶ʿ

 ǌݝܴ

 

;Ժ̾΍ၸʽ᭦̽֐߶ᜈmrjobᄉPython 2ྟఴὙ 

sudo pip2 install mrjob 

ซ਒΍ၸpip2Ꮺʿ௦pip3ǌ 

ఴ᠎ʼᝮὋmrjobଡΘ˿ܷᦉѫMapReduce͉ҫ੝ᭉᄉಕэҩᑞǌణ̠̽৲ऩᄉྱব௦Ὃ;

Ժ̾ᎃзՎʶ̼ݒᆉὋ௄ᑞڙ෤థ߶ᜈHadoopᄉఴڠ᝟ኪ఺ʼᤈᛠ฽ណὋ฽ណ߸ՐὋᤆԺ̾ᄯଋ

ઁ̼ᆉଡ̓ҁ̍ᯰᤥᄉEMR੊Ф̴Hadoopనҫ٧ʼǌ 

ᤇಧὋ฽ណᡐ̼ᆉ౎ॡࠓ௛Ὃᙉཨ߱˶ʿԺᑞᇷ݈ᮤܷ᫇ઁڠԪ੆ᮤ᫇࠴——ซ਒͉ʹఴڠ

฽ណὋԵ௦΍ၸʶ࠴ᦉѫᏪʿ௦Кᦉஜ૵ǌ 

2. ᣳ਌ঐᇘ޻ᇯ 

ᯪЎѸतʶ˓MapReduceርࣿὋ̯ඇͮӯ˞ᄉӯࠆ஠͇˖ઙԨ੝థӯࠆὋѫѾߚϱǌځ˝ణ

ጻ᜵ᮔ฽ӯ˞ᄉবѾὋੇ͂ᤆᭉ᜵ઙԨবѾζোὋᡱӯࠆʶᡐߚϱǌ 

ੇ͂ᤇٿ෤กၸቷ᝭ఴ஠͇Ὃځ൤΍ၸPython IDEᤈᛠधԦǌݟ౦;෤థᜈPython IDE὇ඊ

 PyCharmὈὋ;Ժ̾΍ၸ஠ఴᎃᣣ٧ǌतᝫ;΍ၸХథ̼ᆉᰳ̜ҩᑞᄉIDEǌݟ

 

ቷ᝭ఴ஠͇˖ᎃз̼ᆉὋཨՐཁѣ὇੊ڙၸᄉIDEὋ;Ժ̾ݝ౦;੼ʿҁݟ

ᤤસὈFile | Download As | Pythonઁ̼ᆉγߚ੆.py஠͇ὋཨՐвᤁᛠǌኃ11ብଡ

ҁ᣾ᤇሗழกǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ᔭڍЇቧ஠ߥͺࠑᎬ౔eֺಪ᧖፤ல὇Roger HargreavesὈ˝ЇቧѸͺᄉǑ݈Ўၶݽ࠴ݫǒጆѴڎ˹˖ᄉ̠ྫྷ्៵Ὃ

ඊݟథᕜנЎၶǋϴਤЎၶǋᥜ᥎Ўၶኍǌ——ដᏧซ 
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 ᭉ᜵ᖌԨဖܑԪ᧙Ὃੇ͂͗ၸҁosὋӬជઞѫௐ͗ၸҁൣѶᛪ᣹यὋʶࣲ࠭Йreǌ˝ځ

import os 
import re 

ଋᅋ࠭ЙMRJobዜὋੇ͂ᄉMapReduce͉ҫፘ੽ᒬ߱ǌ 

from mrjob.job import MRJob 

ཨՐѸतMRJobᄉߔዜǌ 

class ExtractPosts(MRJob): 

ੇ͂΍ၸᡱ˧ґዜͪᄉ९ဖ̯஠͇˖ઙԨӯࠆЮࠓǌੇ͂Ԁ߿࠱˦ᄉ௡࠰ѥஜူܪ࠱ඇʶ

ᛠὋᡱᢍʿՎӯࠆᄉ͉ҫ᜵ڙ௡࠰ѥஜܰ߸੆ǌځ൤ὋڙѥஜܰᏪʿ௦ڙѥஜЮᦉܥ௙

post_start֖postˏ˓Ԫ᧙ǌ 

    post_start = False 
    post = [] 

ཨՐѸत௡࠰ѥஜ——̯஠͇˖Ԩʶᛠͺ˝ᣤЙὋణՐၶ੆ʶኼӯࠆᄉ੝థЮࠓǌඇʶᛠᦏ

౎ᒬՎʶ͉ҫ੝ူܪڙᄉ஠͇ǌᤇಧὋੇ͂ࡂԺ̾΍ၸʼ᭦ѸतᄉԪ᧙γॆߚґӯࠆᄉЮࠓǌ 

    def mapper(self, key, line): 

धݼ᧓ᬶӯࠆЮࠓ˧ґὋੇ͂ᤆ᜵ᖌԨҁӯ˞ᄉবѾǌᙉཨ᤯࣡ੇ͂ʿ͗ઁ஠͇Տͺ˝

MapReduce͉ҫᄉʶᦉѫὋͭ௦ᤇ᧖ᆷࠃ᜵ၸҁǌॆґᄉ஠͇Տሥ̾ဖܑԪ᧙ᄉ्यߚϱὋၸʽ

᭦̼ᆉࡂᑞᖌԨҁǌ 

        filename = os.environ["map_input_file"] 

ၸཁՁѬѫ஠͇ՏὋᖌԨবѾ὇ኃ̃˓ߙቿ˘Ὀǌ 

        gender = filename.split(".")[1] 

Ѻᬓʶᛠध֖ܿፆܪࡊᄉቆಪ὇ӯࠆ˖ቆಪॡܲὈὋཨՐಉ੼஠͇ध֖ܿፆࡊǌ 

        line = line.strip()  
        if line == "<post>": 
            self.post_start = True 
        elif line == "</post>": 
            self.post_start = False 

˧ґੇ͂ઁӯࠆγߚҁѴᛪ᧖ὋᏪᤇ൒ੇ͂ၸyieldὋΦ̅mrjobᡱᢍᣤѢὙӯ˞বѾ֖ӯ

 ᑞʶʶࠪःᡐ౎ǌѥஜͷʽᦉѫᡱґ᭦ၸҁᄉ९ဖ˖ᄉ̼ᆉʶᒰǌࡂࠆὋᤇಧӯ˞বѾ֖ӯࠓЮࠆ

            yield gender, repr("\n".join(self.post)) 
            self.post = []  
        elif self.post_start: 
            self.post.append(line) 



12.4� ःၸ� � 217 

 

1 

2 

3 

4 

5 

12 

6 

7 

8 

9 

10 

11 

ణՐὋڙѥஜ֖ዜᄉܰ᭦Ὃᎃзʽ᭦ឥԱὋ̾Φ̯̽֐ᛠᤁᛠ̼ᆉௐ੯ᛠMapReduce͉ҫǌ 

if __name__ == '__main__': 
    ExtractPosts.run()  

ဗڙὋԺ̾̽֐ڙᛠᣤЙʽ᭦ᄉshell̽֐ᤁᛠMapReduce͉ҫǌซ਒΍ၸPython 2Ꮺʿ௦

Python 3ǌ 

python extract_posts.py <your_data_folder>/blogs/51* --output- 
  dir=<your_data_folder>/blogposts –no-output  

ኃʶ˓ԟஜ<your_data_folder>/blogs/51*὇ซ਒ઁ<your_data_folder>ఢ૰˝;

ᄉஜ૵஠͇݂ᄉКᡸफ़Ὀૈ߿੝΍ၸᄉஜ૵ᬶ὇੝థ̾51धݼᄉ஠͇ὋԵథ11˓Ὀǌଋᅋૈ߿ᣤ

Ѣ஠͇݂ὋԀၸ౎γߚӯࠆЮࠓᄉ஠͇݂ǌణՐૈ߿ʿ᜵̽֐ڙᛠᣤѢЮࠓǌՠѶὋርࣿᤁᛠయ

ᫍὋᣤѢᄉஜ૵࠱௬ᇧ̽֐ڙᛠ——ࠪੇ͂౎ឬ෤ܷܲၸܪὋᤆ͗ᬋͯርࣿᤁᛠᤳऎǌ 

ᤁᛠʼᤗ̼ᆉὋඇኼӯࠆЮࠓॡঋ͗ࡂᜁઙԨѢ౎ࣲγߚҁૈ߿ᄉᣤѢ஠͇݂ǌڙఴڠ᝟ኪ

఺ʼὋԵ΍ၸʶ˓ጲርὋ੝̾ᤳऎଡӣథᬌὋͭ௦ੇ͂ᅻ᥊̼ᆉᆷࠃԺ̾ᤁᛠ˿ǌ 

ੇ͂ᄹʽᣤѢ஠͇݂Ὃ᧖᭦థథʶጆѴ஠͇Ὃ஠͇ᄉඇʶᛠ˝ӯ˞ᄉবѾԢʶኼӯࠆᄉЮࠓǌ 

3. 䇣㓹ᵪ㍖䍓ਬᯥ࠼㊱ಞ 

௄ཨࣂፂઙԨ˿ӯࠆЮࠓὋଋʽ౎ࡂԺ̾ၸ߱͂ᝪጶసገ᠄Հலഴۋǌ಩૵ᄯ᜿Ὃੇ͂Ժ̾

ᤇಧϡὋѫѾፑ᝟ݘবӯ˞֖ႃবӯ˞΍ၸඇ˓ӬជᄉഏညǌࠪӯࠆᤈᛠѫዜௐὋੇ͂ѫѾ᝟ኪ

ӯࠆĿӯ˞˝ݘবᄉഏည֖ӯ˞˝ႃবᄉഏညὋᤤԨഏညᣖܷᄉὋͺ˝ణጻዜѾǌ 

ੇ͂౎ᎃз̼ᆉὋᣤѢ੝థ஠͇˖ඇ˓ӬជԢݘӯ˞֖ႃӯ˞΍ၸឞជᄉᮟညǌᣤѢ஠͇ݟ

ʽ੝ᇧὙ 

"'ailleurs"  {"female": 0.003205128205128205} 
"'air"  {"female": 0.003205128205128205} 
"'an"  {"male": 0.0030581039755351682, "female": 0.004273504273504274} 
"'angoisse"  {"female": 0.003205128205128205} 
"'apprendra"  {"male": 0.0013047113868622459, "female": 
0.0014172668603481887} 
"'attendent"  {"female": 0.00641025641025641} 
"'autistic"  {"male": 0.002150537634408602} 
"'auto"  {"female": 0.003205128205128205} 
"'avais"  {"female": 0.00641025641025641} 
"'avait"  {"female": 0.004273504273504274} 
"'behind"  {"male": 0.0024390243902439024} 
"'bout"  {"female": 0.002034152292059272} 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ʶኼӯࠆὋФӯ˞˝ݘবᄉഏညథܷܲ὞᝟ኪழก˝Ὃ̯ឥ஧˖ፑ᝟ҁឞӯࠆ˖ඇ˓ӬជѢဗݘڙӯ˞੝зӯࠆ

˖ᄉഏညὋཨՐයѢᤇ̎ഏညᄉሤǌФ˖͗๗ԢҁஜϘʽຼǋӯࠆ˖౼ʶӬជڙឥ஧˖෤థѢဗኍ᫇ᮤὋᤇ̎᫇

ᮤᭉ᜵ྱ൳ူܪǌʽ஠˶͗ᝮҁǌ——ដᏧซ 
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ᣤѢፆ౦ඇʶᛠᄉኃʶ˓Ϙ˝ӬជὋኃ̃Ϙ˝ʶ˓ߙЦὋߙЦᄉ᪃˝বѾὋߙЦᄉϘ˝ፋ߿

বѾ΍ၸឞជᄉᮟညǌ 

ၸPython IDE੊஠ఴᎃᣣ٧ளतʶ˓஠͇Ὃв൒᜵ၸҁos֖reὋᬓ൤˧ܰᤆ᜵ၸҁNumPy
֖MRJobǌځ˝᜵ࠪߙЦᤈᛠଅࣿὋ੝̾ᤆၸҁitemgetterǌ 

import os 
import re 
import numpy as np 
from mrjob.job import MRJob 
from operator import itemgetter 

ੇ͂ᤆᭉ᜵ၸMRStepክူMapReduce˖ᄉඇʶ൥ୱͺǌґ᭦ᄉMapReduce͉ҫԵథၿ௡࠰ѥ

ஜ֖᜺ጝѥஜጷ੆ᄉʶ˓൥ᰠǌੇ͂ॆґᤇ˓͉ҫѫʻ൥Ὑ௡࠰ǋ᜺ጝǋв൒௡֖࠰᜺ጝǌ௦ʿ

௦ਕ᜿ᡱґіብੇ͂ၸҁᄉึපጲʶಧὋґʶ൥ᄉᣤѢ࠱ͺ˝ʽʶ൥ᄉᣤЙǌ 

from mrjob.step import MRStep 

ଋᅋѸतၸ̅ӛᦠӬជᄉൣѶᛪ᣹यὋࣲࠪФᤈᛠᎃដὋੇ͂ၸ߱౎ಉ੼Ӭជᄉ᣷ႌǌᤇሗ

ዜۋᄉൣѶᛪ᣹यඊᡐґ᭦ၸ᣾ᄉsplitழกఝҪुܷὋݟ౦;ᭉ᜵ఝҪዴᆷᄉӬជѬѫࢹХὋ

तᝫ;΍ၸኃ6ብၸҁᄉNLTKंǌ 

word_search_re = re.compile(r"[\w']+") 

Ѹतʶ˓ளዜὋၸ̅ᝪጶసገ᠄Հலѫዜ٧ǌ 

class NaiveBayesTrainer(MRJob): 

MapReduce͉ҫᄉՉ˓൥ᰠὋʶРѫ˝ˏ൥ǌኃʶ൥ઙԨӬជѢဗᄉഏညǌኃ̃൥Ὃඊ˦߿

ᣖʶ˓Ӭជڙႃݘӯ˞੝зӯࠆѢဗᄉഏညὋᤤસഏညᣖܷᄉবѾͺ˝ѫዜፆ౦ὋзЙᣤѢ஠͇ǌ

᜺ጝѥஜὋ߱͂௦NaiveBayesTrainerዜ᧖᭦ᄉழก֖࠰௡˦߿ʼᤗඇʶ൥὇MRStepὈ˖Ὃڙ

὇Ր፝͗ᎃзᤇˏ˓ѥஜὈǌ 

    def steps(self):  
        return [ 
            MRStep(mapper=self.extract_words_mapping, 
                   reducer=self.reducer_count_words), 
            MRStep(reducer=self.compare_words_reducer), 
            ] 

ኃʶ˓ѥஜ௦ኃʶ൥˖ᄉ௡࠰ѥஜǌᤇ˓ѥஜᄉᄫಕ௦ଋஅʶ్ӯࠆஜ૵ὋᖌԨ᧖᭦ᄉ੝థ

ӬជὋځ˝ੇ͂ਆ᜵३ҁӬជᄉᮟညὋ੝̾ඇ˓Ӭជᤄ1ٿ / len(all_words)ὋΦ̅Ր᭦Ҫ

঳යជᮟǌᤇಧ᝟ኪࣲʿዴᆷ——ੇ͂ᭉ᜵಩૵஠ುஜ᧙ϡॅʶӐူܪǌͭ ၿ̅ஜ૵ᬶ˖ˏ˓ዜ

Ѿᄉ஠ುஜᄰՎὋځ൤ʿϡॅʶӐࠪူܪణጻፆ౦ॕֽ˶ॡ࠴ǌ 

ᣤѢӯ˞ᄉবѾὋՐ᭦͗ၸҁǌ 
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    def extract_words_mapping(self, key, value): 
        tokens = value.split()  
        gender = eval(tokens[0]) 
        blog_post = eval(" ".join(tokens[1:])) 
        all_words = word_search_re.findall(blog_post) 
        all_words = [word.lower() for word in all_words] 
            all_words = word_search_re.findall(blog_post) 
            all_words = [word.lower() for word in all_words] 
            for word in all_words: 
                yield (gender, word), 1. / len(all_words) 

 

ʼ᭦̼ᆉ΍ၸevalѥஜኤӐࠪඇ్ӯࠆஜ૵ᄉူܪὋᄯଋઁߙቿ˘ᣀ૰˝

PythonѴᛪὋͭʿतᝫᤇ˥ϡǌᄰԥὋःឞ΍ၸJSONኍಪयߚϱஜ૵ὋཨՐၸ

ᄰःӉᤈᛠᝌౡǌݟ౦ڙ᝺᫇ஜ૵ᬶᄉ̼ᆉ˖΍ၸevalឥԱὋஈѣᏧԺύ൤ଢ

Йৎ਒̼ᆉὋࣲڙ;ᄉనҫ٧ʼᤁᛠǌ 

ኃʶ൥ᄉ᜺ጝѥஜ˖Ὃ඼঳ඇ˓বѾ΍ၸඇ˓Ӭជᄉᮟညǌੇ͂ᤆઁ᪃இ˝ӬជὋᏪʿ௦ڙ

Ӭជ֖বѾᄉጷՋὋڙ˝ځణՐᝪጶ३ҁᄉഴۋ˖Ὃੇ͂᜵಩૵Ӭជᤈᛠಉល὇ᙉཨᤆ᜵ᣤѢব

Ѿ̾ΘՐ᭦΍ၸὈǌ 

    def reducer_count_words(self, key, frequencies): 
        s = sum(frequencies)  
        gender, word = key 
        yield word, (gender, s) 

ణՐʶ൥ʿᭉ᜵௡࠰ѥஜὋځ൤ੇ͂ࡂ෤థຊҪ߱ǌஜ૵࠱ͺ˝ʶᒰব௡࠰὇identity mapperὈ
ዜۋᄯଋ͛Йҁ᜺ጝѥஜ˖ὋᏪ᜺ጝѥஜઁ͗࠱ඇ˓Ӭជڙ੝థ஠ብ˖Ѣဗᮟည૊ཱবѾ඼ᬶҁ

ʶᡐὋᣤѢӬជԢᮟညߙЦǌ 

ᤇൣ௦సገ᠄Հலѫዜ٧੝ᭉ᜵ᄉζোǌ 

    def compare_words_reducer(self, word, values): 
        per_gender = {}  
        for value in values: 
            gender, s = value 
            per_gender[gender] = s 
        yield word, per_gender 

ణՐὋຊҪ̾ʽ̼ᆉὋ̾Φᄯଋᤁᛠ̼ᆉௐὋᝪጶసገ᠄Հலഴۋǌ 

if __name__ == '__main__': 
    NaiveBayesTrainer.run()  

ᤁᛠʼᤗ̼ᆉὋ߱ ᄉᣤЙԀ௦ґ᭦ӯࠆઙԨ̼ᆉᄉᣤѢ὇ࠃᬄʼԺ̾ઁ߱͂ͺ˝ґՐᄰᤋᄉ

൥ᰠὋஉҁՎʶ˓MapReduce͉ҫ˖Ὀǌ 

python nb_train.py <your_data_folder>/blogposts/ 
  --output-dir=<your_data_folder>/models/  
--no-output 
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ʼᤗ̼ᆉᤁᛠፆోՐὋឞMapReduce͉ҫᄉᣤѢፆ౦γߚҁͮ̅ᣤѢ஠͇݂˖ᄉʶ˓஠͇

᧖ὋᣤѢፆ౦˝ᤁᛠసገ᠄Հலѫዜ٧੝ᭉᄉഏညζোǌ 

4. 㓺㻻䎭ᶛ 

ੇ͂ဗࡂڙԺ̾΍ၸᤇ̎ഏည౎ᤁᛠ᠄Հலѫዜ٧ǌੇ ቷ᝭ఴ஠͇᧖ᎃз̼ᆉὋԺ̾ڙ࠱͂

в൒΍ၸPython 3اὀ 

ᯪЎὋಉᄹʼʶ˓MapReduce͉ҫ੝ၶ੆ᄉഴۋ஠͇݂ǌݟ౦ᣤѢ஠͇ܲ̅ʶ˓Ὃ̽֐ڙᛠ

Ѭ૰ҁഴۋ஠͇݂ʽὋ΍ၸʽ᭦͂߱ઁ̽֐ᤜҪҁmodel.txtՐ᭦ǌ 

cat * > model.txt 

ᤁᛠʼᤗ̽֐ՐὋ᝭३ઁʽ᭦ၸҁᄉഴۋ੝ڙᄉ஠͇Տஇ˝model.txtǌ 

 ҁቷ᝭ఴ஠͇Ὃ࠭Йଋʽ౎͗ၸҁᄉі˓Ӊǌٿ

import os 
import re 
import numpy as np 
from collections import defaultdict 
from operator import itemgetter 

᧗ள߿˦ၸ̅ಉ੼ӬជᄉൣѶᛪ᣹य——ࠃڙᬄःၸ˖Ὃʿ ᜵ঃ᝭ᤇཁὋซ਒ᝪጶ֖฽ណௐ

ःឞ΍ၸᄰՎᄉൣѶᛪ᣹य౎ઙԨӬជǌ 

word_search_re = re.compile(r"[\w']+") 

ଋᅋὋܥ௙̯ૈ߿஠͇Տ˖Ҫᣑഴۋᄉѥஜǌ 

def load_model(model_filename): 

ഴۋᄉԟஜ௦ʶ˓Њገ˝ߙЦᄉߙЦὋՉЊገᄉ᪃˝ӬជὋϘ὇ЮᦉߙЦὈ˝ၿඇ˓বѾԢ

Фഏညጷ੆ᄉ᪃Ϙࠪǌੇ͂΍ၸdefaultdictὋݟ౦᪃ʿڙߚᄉពὋ࠱ᤄ0ٿǌ 

    model = defaultdict(lambda: defaultdict(float)) 

੩धഴۋ੝ڙ஠͇Ὃᝌౡඇʶᛠǌ 

    with open(model_filename) as inf: 
        for line in inf:  

ၸቆಪͺ˝ѫᬥቿὋ࠱ഴۋᄉඇʶᛠѬѫ੆ˏᦉѫǌኃʶᦉѫ˝ӬជᒬᢵὋኃ̃ᦉѫ˝ഏည

 ϱᄉǌߚᬄᄉϘὋ߱͂˧ґ௦΍ၸreprѥஜࠃЦǌࠪ̅ඇʶᦉѫὋ΍ၸevalѥஜᖌ३ߙ

                word, values = line.split(maxsplit=1) 
                word = eval(word) 
                values = eval(values) 
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 Сጆǌ࠰Цतበᡐ௡ߙὋ˝Ӭជ֖ഏည˖ۋഴڙ

            model[word] = values  
    return model 

ଋᅋὋҪᣑࠃᬄᄉഴۋǌ;Ժᑞᭉ᜵νஇഴۋᄉ஠͇Տ——߱ߚϱڙʼʶ˓MapReduce͉ҫ

ᄉᣤѢ஠͇݂˖ǌ 

model_filename = os.path.join(os.path.expanduser("~"), "models", 
"part-00000") 
model = load_model(model_filename) 

ˠΒ౎ឬὋੇ͂Ժ̾Ϸʽ᭦ᤇಧಉᄹʿՎবѾ΍ၸӬជi὇੯ᛠMapReduce͉ҫௐὋ੝థӬជ

˖ᄉߙආКᦉᣀ૰˝࠴зὈᄉৰхǌ 

model["i"]["male"], model["i"]["female"] 

ଋᅋὋѸत΍ၸഴۋϡᮔ฽ᄉѥஜǌᤇ᧖ੇ͂ʿв΍ၸscikit-learnଋԯὋԵ௦Ѹतʶ

˓ኤӬᄉѥஜǌᤇ˓ѥஜଋஅഴ֖ۋʶኼ஠ುͺ˝ԟஜὋᤄࠪٿӯ˞বѾᄉᮔ฽ፆ౦Ὃѥஜܥ

௙ݟʽὙ 

def nb_predict(model, document): 

Ў౎Ѹतʶ˓ߙЦὋ᪃ϘѫѾ˝ඇ˓বѾԢഏညĿǌ 

    probabilities = defaultdict(lambda : 1) 

̯஠ು˖ઙԨඇʶ˓Ӭជǌ 

    words = word_search_re.findall(document) 

᥅Ԋඇʶ˓ӬជὋ੼Ѣஜ૵ᬶ˖ඇ˓বѾ΍ၸឞӬជᄉഏညǌ 

    for word in set(words):  
        probabilities["male"] += np.log(model[word].get("male", 1e- 
15)) 
        probabilities["female"] += np.log(model[word].get("female", 
1e-15)) 

಩૵ഏညࠪবѾᤈᛠଅࣿὋ̾ഏညణᰳᄉবѾͺ˝ᮔ฽ፆ౦ᤄٿǌ 

    most_likely_genders = sorted(probabilities.items(), 
key=itemgetter(1), reverse=True)  
    return most_likely_genders[0][0] 

ซ਒Ὃੇ͂΍ၸnp.log᝟ኪഏညǌసገ᠄Հலഴۋ˖ὋഏညϘज़ज़ॡ࠴ǌઁᤇ̎ॡ࠴ᄉஜ

ᤋ˱ᡐ౎͗࠭ᒰஜϘʽຼὋၿ̅᝟ኪ఺ዴऎʿܴὋణጻፆ౦0˝࠱ǌ͂ੇڙᤇ᧖Ὃ͗ࡂѢဗӯ˞

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ʿՎবѾၸជథᒬࣁᄉϟݝǌ൤ܪᄉഏညૈᄉ௦Ὃय़ᮔ฽஠ುඇʶ˓Ӭជၿፋ߿বѾ੝΍ၸᄉഏညᄉ˱ሤǌ 

——ដᏧซ 
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˝ႃব੊ݘবᄉഏညᦏ˝0ᄉৰхὋᮔ฽ፆ౦ᒬཨʿൣᆷǌ 

˝˿ᝌфஜϘʽຼ᫇ᮤὋੇ͂΍ၸࠪஜഏညǌࠪ̅ˏ˓ஜa֖bὋlog(a,b)ኍ̅log(a) + 

log(b)ǌஜϘॡ࠴ᄉஜԨࠪஜὋ३ҁʶ˓᠆ஜὋͭᄰࠪᤆඊᣖܷǌΒݟlog(0.00001)ጝኍ̅

�11.5ǌᤇᛪ௙ˀФгᅋஜϘʽຼᄉ᮲ᬖὋઁܲ˓ഏညᤋ˱Ὃᤆʿݟ΍ၸࠪஜഏညය֖ὋཨՐඊ

ᣖˏዜᄉ֖὇֖ᡔܷὋԺᑞবᡔᰳὈǌ 

΍ၸࠪஜഏညథ˓᫇ᮤࡂ௦௃ก0ူܪϘ὇ᙉཨὋઁܲ˓˝0ᄉഏညᤋ˱˶ʿᑞᝌфᤇ˓᫇

ᮤὈǌᤇ௦ځ˝log(0)෤థ߿˦ǌథ̎సገ᠄ՀலኪกὋ˝ඇ˓ྱड़ᄉ᝟ஜᦏҪ1̾ᥗБѢဗᤇ

˓᫇ᮤὋॆཨᤆథѾᄉᝌфழกǌҪʶࣰ໎௦ʶሗॡኤӬᄉஜ૵ࣰ໎ழกǌੇ͂ᤇ᧖ݟ౦౼˓Ӭ

ជፋ߿বѾ෤థ̠ၸ᣾Ὃࡂፋ߱ᠱʶ˓ॡ࠴ᄉഏညϘǌ 

вٿҁੇ͂ᄉᮔ฽ѥஜὋੇ̯͂ஜ૵ᬶ˖҃ܬʶኼӯࠆ౎ϡʽ฽ណǌ 

new_post = """ Every day should be a half day.  Took the afternoon 
off to hit the dentist, and while I was out I managed to get my oil 
changed, too.  Remember that business with my car dealership this 
winter?  Well, consider this the epilogue.  The friendly fellas at the 
Valvoline Instant Oil Change on Snelling were nice enough to notice 
that my dipstick was broken, and the metal piece was too far down in 
its little dipstick tube to pull out.  Looks like I'm going to need a 
magnet.   Damn you, Kline Nissan, daaaaaaammmnnn yooouuuu....   Today 
I let my boss know that I've submitted my Corps application.  The news 
has been greeted by everyone in the company with a level of enthusiasm 
that really floors me.     The back deck has finally been cleared off 
by the construction company working on the place.  This company, for 
anyone who's interested, consists mainly of one guy who spends his 
days cursing at his crew of Spanish-speaking laborers.  Construction 
of my deck began around the time Nixon was getting out of office. 
""" 

ၸʽ᭦̼ᆉᤈᛠѫዜǌ 

nb_predict(model, new_post) 

ѫዜፆ౦˝ႃবὋѫዜൣᆷǌॆཨὋӡʹʿ᜵Եၸʶ్ஜ૵ᤈᛠ฽ណǌੇ͂Ե΍ၸ஠͇Տ̾

51੩ܿᄉ஠ು౎ᝪጶഴۋὋ੝̾ʿ᜵ૈభథܹᰳᄉൣᆷညǌ 

ॆҫ˧প௦ၸఝܲᄉ஠ು౎ᝪጶഴۋǌੇ ͂΍ၸ੝థ஠͇Տ̾6੊7੩ܿᄉ஠ುϡ฽ណὋڙқ

ͷ஠ುʼᤈᛠᝪጶǌ 

΍ၸ̽֐ᛠὋѬ૰ҁӯࠆ஠ು੝ڙᄉ஠͇݂὇cd <your_data_folder>ὈὋ҃ܬ஠ುҁள

஠͇݂˖ǌ 

Ѹतᝪጶᬶ஠͇݂ǌ 

mkdir blogs_train 
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ཨՐὋѸत฽ណᬶ஠͇݂ǌ 

mkdir blogs_test 

ઁ੝థ஠͇Տ̾6੊7੩ܿᄉ஠ು̯ᝪጶᬶ஠͇݂ሧҮҁ฽ណ஠͇݂ǌ 

cp blogs/6* blogs_train/ 
cp blogs/7* blogs_train/ 

ੇ͂ᭉ᜵ᤄٿᝪጶᬶ˖੝థӯࠆᄉઙԨፆ౦ǌཨᏪὋ᝟ኪ᧙ॡܷὋణݝ΍ၸࣰ̇ԻᏪʿ௦ఴ

 ǌࠓЮࠆ൤Ὃੇ͂ଋʽ౎΍ၸ̍ᯰᤥࣰ̇Իᝌౡӯځᤇ˓͉ҫǌူܪ᝟ኪ఺ڠ

ᡱ˧ґʶಧὋ̽֐ڙᛠᤁᛠʽ᭦̼ᆉǌ׬ʶᄉʿՎཁ௦ᝪጶᬶ੝ڙᄉ஠͇݂ᡸफ़ǌᤁᛠ̼ᆉ

ґὋѺᬓၸ̅ߚϱઙԨፆ౦֖ഴۋ஠͇݂˖ᄉ੝థ஠͇ǌ 

python extract_posts.py ~/Data/blogs_train --output-dir=/home/bob/ 
Data/blogposts –no-output 
python nb_train.py ~/Data/blogposts/ --output-dir=/home/bob/models/ 
--no-output 

ʼᤗ̼ᆉᤁᛠௐᫍᣖ᫁ǌ 

ੇ͂΍ၸ฽ណᬶ˖ᄉ੝థӯࠆᤈᛠ฽ណǌੇ͂΍ၸextract_posts.py MapReduce͉ҫઙ

ԨӯࠆЮࠓὋͭ௦᝭३ઁઙԨፆ౦γߚҁԲܰʶ˓஠͇݂˖ǌ 

python extract_posts.py ~/Data/blogs_test --output-dir=/home/bob/Data/ 
blogposts_testing –no-output 

 ҁቷ᝭ఴ஠͇ὋᖌԨҁᣤѢᄉ੝థ฽ណ஠ುᄉᡸफ़ǌٿ

testing_folder = os.path.join(os.path.expanduser("~"), "Data", 
"blogposts_testing")  
testing_filenames = [] 
for filename in os.listdir(testing_folder): 
    testing_filenames.append(os.path.join(testing_folder, filename)) 

ࠪ̅ʼ᭦ᣤѢᄉඇʶኼ฽ណ஠ುὋੇ ͂ઙԨӯ˞বѾ֖ӯࠆЮࠓὋཨՐុၸᮔ฽ѥஜᤈᛠѫ

ዜǌځ˝஠ುஜ᧙ॡܲὋੇ͂ʿਆӳၸܹܲЮߚὋ੝̾΍ၸၶ੆٧౎ူܪǌၶ੆٧͗ፋѢࠃᬄব

Ѿ֖ᮔ฽ፆ౦ǌ 

def nb_predict_many(model, input_filename): 
    with open(input_filename) as inf:  
        # remove leading and trailing whitespace 
        for line in inf: 
            tokens = line.split() 
            actual_gender = eval(tokens[0]) 
            blog_post = eval(" ".join(tokens[1:])) 
            yield actual_gender, nb_predict(model, blog_post) 

ཨՐੇ͂᝭े฽ណᬶ˖੝థஜ૵ᄉᮔ฽ፆ౦֖ࠃᬄবѾǌᮔ฽ፆ౦ʿ௦ႃবࡂ௦ݘবǌ̋ ˿
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΍ၸscikit-learnᄉf1_socreѥஜὋੇ͂ᭉ᜵ઁᮔ฽ፆ౦ᣀ૰˝0੊1Ὃݟ౦ፆ౦˝ႃবὋੇ

͂᝭े0Ὃԥ˧˝1ǌੇ͂΍ၸ࣊࠶฽ណὋѻறবѾ௦ՠ˝ݘবὋཨՐ΍ၸNumPyઁ࣊࠶Ϙᣀ૰˝

ஞۋ὇intὈǌ 

y_true = [] 
y_pred = []  
for actual_gender, predicted_gender in nb_predict_many(model, testing_ 
filenames[0]): 
    y_true.append(actual_gender == "female") 
    y_pred.append(predicted_gender == "female") 
y_true = np.array(y_true, dtype='int') 
y_pred = np.array(y_pred, dtype='int') 

ဗڙὋੇ͂΍ၸscikit-learn˖ᄉF1Ϙ᝿ͤѫዜፆ౦ǌ 

from sklearn.metrics import f1_score 
print("f1={:.4f}".format(f1_score(y_true, y_pred, pos_label=None))) 

ፆ౦˝0.78ὋᤆኪԺ̾ǌੇ͂΍ၸఝܲᄉஜ૵˶᝴ᑞஇؒѫዜ஌౦ǌͭ௦Ὃੇ͂ᭉ᜵΍ၸఝ

ुܷᄉࣰ̇Ի੥ᑞူܪఝܲஜ૵ǌ 

5. ൞Ӑ傢䙀EMRӇᒩਦр䇣㓹⁗ශ 

ੇ͂ଋʽ౎΍ၸ̍ᯰᤥᄉEMR὇Elastic Map ReduceὈࣰ̇Ի߸੆ӯࠆઙԨǋᝌౡ֖ഴۋѸ

त͉ҫǌ 

ᯪЎὋᭉ᜵ᯰ̍ڙᤥᄉ̇ߚϱ὇storage cloudὈѸतߚϱൿ὇bucketὈǌХͳϡก௦ၸเ᜾٧

੩ध̍ᯰᤥS3ଌ҃ႌ᭦http : //console.aws.amazon.com/s3ὋཁѣCreate Bucketǌ᝭ͰߚϱൿᄉՏߙὋ

ሮՐ͗ၸҁǌ 

Ծ᪃ཁѣளतᄉߚϱൿὋᤤસPropertiesǌཨՐὋνஇాᬌὋ࠱Ф᝹Ꮅ˝ࠪ੝థ̠धஉǌ

ʶᓉ౎ឬὋᤇಧϡʿ߶КὋߥ߸ᤇʶብՐὋឯԢௐνஇాᬌǌ 

ᝪጶઁ࠱Տ˝blogs_trainǌੇ͂֐ϱൿὋ੩ध߱ὋཁѣCreate FolderὋઁள஠͇݂ߚ᪃ཁѣࢺ

ᬶஜ૵ʼ͛ҁឞ஠͇݂Ὃ̾Φ̇ڙቪူܪǌ 

 Хୱͺ̍ᯰᤥࣰ̇Իǌࢹᛠ̽֐᝟ኪ఺ʼ΍ၸ̍ᯰᤥᄉAWS CLIڠఴڙ͂ੇ

΍ၸ̾ʽ̽֐߶ᜈឞࢹХǌ 

sudo pip2 install awscli 

૊ཱᎩڦ˖ፋѢᄉឬ௙Ὃ˝CLIࢹХ᝹Ꮅ߶К᝼˹Ὑhttp://docs.aws.amazon.com/cli/latest/ 
userguide/cli-chap-getting-set-up.htmlǌ 

ଋʽ౎ᭉ᜵ʼ͛ஜ૵ҁளतᄉߚϱൿǌᯪЎὋੇ͂ѸतᝪጶᬶὋ߱Ӊહ੝థᬓԜ஠͇Տ̾6
੊7੩ܿᄉ஠͇ǌ҃ܬ஠͇థॡܲሗఝ˝͕ᬵᄉழयὋͭ௦ᏥᘼҁࣰԻЩࠓবὋࡂʿϡ଍ᕚǌᄰ
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ԥὋੇ͂΍ၸణྩ᭤ᄉϡกὋ҃ܬ੝థᄉԓݼ஠͇ҁᝪጶᬶ஠͇݂Ὃઁ஠͇Տ̾6ǋ7੩ܿᄉ̯ᝪ

ጶᬶ˖Ѻᬓǌ 

cp -R ~/Data/blogs ~/Data/blogs_train_large 
rm ~/Data/blogs_train_large/6* 
rm ~/Data/blogs_train_large/7* 

ଋᅋὋʼ͛ஜ૵ҁ̍ᯰᤥS3ߚϱൿǌซ਒ʼ͛ஜ૵ᭉ᜵ௐᫍᣖ᫁὇ݝіᄇЍὈǌᎩᤳਤᄉឳ

ᏧὋ੼˓Ꭹঋᄉڠழʼ͛ඊᣖݝǌ 

 aws s3 cp  ~/Data/blogs_train_large/ s3://ch12/blogs_train_large 
--recursive --exclude "*" --include "*.xml"  

ଋʽ౎΍ၸmrjobᤋଋ̍ᯰᤥEMR——߱ࣞүੇ͂ူܪ੝థ͉ҫ὚Եᭉ᜵ፋѢ߶К᝼˹ԀԺǌ

૊ཱʽ᭦ᩖଋፋѢᄉឬ௙Ὃ˝ mrjob᝹Ꮅ߶К᝼˹Ὑ https://pythonhosted.org/mrjob/guides/ 
emr-quickstart.htmlǌ 

᝹Ꮅ߸੆ՐὋνஇmrjobᄉᤁᛠழयὋᝧ߱ᯰ̍ڙᤥEMRʼᤁᛠὋஇҮ˧ܪॡ࠵ǌၸ-rधСὋ

նឃmrjob΍ၸemrǌཨՐઁᣤЙǋᣤѢᄫेஇ˝ੇ͂ڙS3ʼѸतݝᄉߚϱൿᄫेǌᙉཨ΍ၸ̍ᯰ

ᤥࣰ̇ԻὋͭ௦ᤁᛠௐ̮ᫍॡ᫁ǌ 

python extract_posts.py -r emr s3://ch12gender/blogs_train_large/ 
--output-dir=s3://ch12/blogposts_train/ --no-output 
python nb_train.py -r emr s3://ch12/blogposts_train/ --output-dir=s3:// 
ch12/model/ --o-output 

 

ᤇ൒΍ၸॆཨ˶௦᜵̶᠟ᄉὋͭԵథіᎾЊĿᏪࣂǌݟ౦;᜵૆፝ᤁᛠ੊ϡ

Ф̴ᡱܷஜ૵ᄰСᄉ͉ҫὋᤆឯ႐਒ʽ᠟ၸ᫇ᮤǌథʶ൒ੇᤁᛠܷ᧙͉ҫὋᔈ˿

20ᎾЊǌੇ ͂ᤇ᧖͉ҫ᧙᜵࠴ʶ̎Ὃͤ ᝟ᔈʿҁ4ᎾЊǌ;Ժ̾ಉᄹʽ᠌ਖ਼ͷᮨὋ

᝹Ꮅஅ᠟ଡᧇὙhttps://console.aws.amazon.com/billing/homeǌ 

෤ॸ᜵Ѹतblogposts_train֖ߚϱഴۋ஠͇ᄉ஠͇݂——EMR͗ᒬҮѸतǌݟ౦ᤇˏ˓

஠͇݂ڙߚὋርࣿԥᏪ͗ઐᩱǌݟ౦;в൒ᤁᛠ̼ᆉᄉពὋ᝭३ઁᤇˏ˓஠͇݂இ੆ѾᄉՏߙὋ

ͭ௦᜵᝭३Վௐνஇˏ్̽֐˖ᄉ஠͇Տ὇ኃʶ్̽֐˖ᄉᣤѢᄫे௦ኃ్̃̽֐ᄉᣤЙᄫेὈǌ 

 

Ժ̾Ϣൢǌࡂ౦ኍय़ௐᫍ᣾᫁Ὃ;థ̎ԍཐὋኃʶᮉ͉ҫᤁᛠʶൿௐᫍՐݟ

ੇतᝫᒯ࠵ᤁᛠ15ѫ᧾ՐвϢൢὋԺᑞᄉពὋణ࠴1ݝௐ̾ʼǌ;ʿᑞ˖றኃ̃

ᮉ͉ҫὋ̟ றՐፆ౦ݝʿҁגԜǌኃ̃ᮉ͉ҫᄉᤁᛠௐܷᫍጝ௦ኃʶᮉ͉ҫᄉˏ

ҁʻυǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ་Њ֖ᎾЊ᠍ࣈቿՁᦏ˝$ǌͺᏧᛪᇧзᤇఴ˹ௐὋˏᏧ඼ညࢿѾʿܷὋͭᄫґડܷ˿Ὃࠃᬄ᠟ၸၸᎾЊ౎᝟ኪ

ඊᣖՋ᤟ǌ——ដᏧซ 
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ቷ᝭ఴڙԺ̾ࡂὋੇ͂ڠҁఴߚФγ࠱஠͇Ὃۋϱൿ˖ʽᣑᣤѢᄉഴߚҁS3ଌ҃ႌ᭦Ὃ̯ٿ

஠͇˖΍ၸளഴۋǌ᧗ளᣤЙ̾ʽ̼ᆉ——ˀ˧ґᄉʿՎ˧ܪၸዣͳᛪᇧὋФࠃԵఝள˿ഴۋ஠

͇ᡸफ़ǌ 

aws_model_filename = os.path.join(os.path.expanduser("~"), "models", 
"aws_model")  
aws_model = load_model(aws_model_filename) 
y_true = [] 
y_pred = [] 
for actual_gender, predicted_gender in nb_predict_many(aws_model, 
testing_filenames[0]): 
    y_true.append(actual_gender == "female")  
    y_pred.append(predicted_gender == "female") 
y_true = np.array(y_true, dtype='int') 
y_pred = np.array(y_pred, dtype='int') 
print("f1={:.4f}".format(f1_score(y_true, y_pred, pos_label=None))) 

΍ၸఝܲஜ૵ՐὋੇ͂ԦဗF1Ϙ˝0.81Ὃፆ౦ᣖ˧ґథ੝இؒǌ 

 

——ϱൿߚ౦ʿਆፘ፝ஂ̶᠟ၸὋ᝭३̯̍ᯰᤥS3Ѻᬓݟᰍᮊѽ߸੆ՐὋࠃ
 ϱ˶௦᜵ᨐᄉǌߚ

12.5� ቅ㔉 

ఴብᆐቂᄉ௦ݟʹᤁᛠܷஜ૵͉ူܪҫǌФࠃὋ̯Չழ᭦ಕэ౎ᄹὋੇ͂ᄉஜ૵ᬶᤆ௦థཁ

ᬄஜ૵ᬶᦏඊᤇܷܲ˿ὋࠪࠃˉԵథіᄇЍǌॡܲᛠ——࠴ Фᤈᛠ᝟ኪࡂᭉ᜵ఝुܷᄉ᝟ኪᑞҦǌ

൤ܰὋੇ͂੝΍ၸᄉኪกԺ಩૵Хͳᄉ͉ҫϡᤈʶ൥͕ӐὋ̾ଡӣੰࡘᑞҦǌ 

˝˿ᮔ฽ӯ˞ᄉবѾὋੇ̯͂ӯࠆ஠ብ˖ઙԨជᮟྱड़ǌੇ͂ύүmrjobӉὋၸ௡֖࠰᜺ጝ

ழกઙԨӯࠆЮ֖ࠓជᮟǌઙԨ߸੆ՐὋᝪጶసገ᠄Հலѫዜ٧Ὃᮔ฽ӯ˞বѾǌ 

ੇ͂Ժ̾ၸmrjobӉЎڙఴڠ฽ណὋཨՐ΍ၸ̍ᯰᤥᄉEMṘࣰԻǌ;˶Ժ̾΍ၸФ̴ࣰ̇

ԻὋၴᒯᯰ̍҃߿ᤥEMRᬶᏅᤁᛠMapReduce͉ҫὋͭ௦ᭉ᜵ఝܲᄉୱͺ੥ᑞᡪᡐ౎ǌ 
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᧛сᶛⲺᯯੇ 

 
К˹ൣ஠ᦉѫᒯ൤ࣂፆోὋߥ˷ఴ˹ᄉ᣾ር˖Ὃ˶᝴;ࣂፂซ਒ҁథॡܲᡸੇ͂෤థᡋὋ᥄

ҁܲሗᤤસᄉৰхὋੇ͂ԺᑞԵᝮ˿Ф˖іሗὋᤆథ̎˞ᮤ෤థЌѫࡘधǌेᬃڙᦉѫὋੇஞူ

˿Չብᤈʶ൥ߥ˷ழՓὋΦ̅ᥦ̎਒࿆లࡉᄉឳᏧຆЙߥ˷Ὃፘ፝ଡӣၸPython્ଇஜ૵ᄉᑞҦǌ

 ᩱ᣾ǌࠓ౦;ˬ̅ଋԩૌੌᄉពὋఴብʿݟ

ᬃे૊ཱብᓫ౎ጷጺὋඇብፋѢˀஜ૵્ଇᄰСᄉ஠ብǋ˹ዙ੊Ф̴ᠪຸὋՎௐᤆࡂឞብ્

ଇ͉ҫଡѢளᄉૌੌὋథௐԵᝧឳᏧϡ̎࠴இᤈὋͭ ˶ፋѢ˿і˓ࢹͺ᧙ඊᣖܷᄉૌੌ——ࠪ̅

ᬱऎᣖܷᄉ͉ҫὋ̭ፀЮࠓ˶͗ఝܲʶ̎ǌ 

ㅢ 1 ㄖ——ᔶခᮦᦤ᥌᧎ҁ᯻ 

Scikit-learn ᮏぁ 

http://scikit-learn.org/stable/tutorial/index.html  

scikit-learn஠ುଡΘ˿ʶጆѴஜ૵્ଇஓርǌஓር๯ᄥᔴࣸډὋ̯᤟Ջள੣ઁဓᄉஜ૵

ᬶʶᄯ̭ፀҁణᤂᆐቂ੝ၸᄉ੾శǌ 

ਆ̯ܿҁߥࡊʶ᥅ᤇ˓ஓርὋʿ ᐯʽҩܺ௦ʿᛠᄉ——ᤇ͊ஓርॡК᭦——˶Ϙ३ڙʼ᭦ʽ

ҩܺǌ 

ᢟኋ IPython Notebook 

http://ipython.org/ipython-doc/1/interactive/public_server.html  

IPython NotebookҩᑞुܷὋੰࡘழयॡܲὋඊݟԺ̾ڙѾᄉ᝟ኪ఺ʼѸतనҫ٧Ὃᤁᛠቷ

᝭ఴ஠͇Ὃڙ;ᄉ˞᝟ኪ఺ʼ᝺᫇ԀԺǌݟ౦;ᄉ˞᝟ኪ఺বᑞʶᓉὋඊݟᦠᎵᤆኪѓՋᄉቷ᝭

ఴႂᑧὋᏪФ̴Ժ̾Θ;ஂᦠᄉ᝟ኪ఺বᑞॡݝὋ΍ၸIPython Notebookڙবᑞʿᩱᄉ᝟ኪ఺ᤁ

ᛠనҫ٧௦˓ݝ˞਒ǌ൤ܰὋ;ᤆԺ̾ѸतᓫཁὋ᧓ၸࣲᛠழयူܪஜ૵ǌʽ᭦Ꭹቢథʿ࠵ஜ૵

ᬃ� े�
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ᬶὋʶࣲѫ̙ፋ;ǌ 

http://archive.ics.uci.edu/ml/ǌ 

Ꭹʼథॡܲၿߥశǋ׷ˉ֖ஊउ఺ౝଡΘᄉஜ૵ᬶǌUCI ఺ߥ٧˷ஜ૵ं᧖థʶጆѴಕซݝ

ᄉஜ૵ᬶὋၸ߱͂౎฽ណኪกॡʿᩱǌ 

 ʿՎஜ૵ᬶʼᄉᛪဗǌڙណʽᄹᄹOneRኪก࠼

ㅢ 2 ㄖ——⭞ scikit-learn զ䇗ಞ࠼㊱ 

k 䘇䛱㇍⌋Ⲻᢟኋ 

https://github.com/jnothman/scikit-learn/tree/pr2532  

k-ᤂ᥵ኪกᄉኤӬࠃဗᤳऎॡਤ——߱ಉᄹ͉਒ˏ˓ஜ૵ཁ௦ՠᡛܴᤂǌॆ ཨᤆథఝݝᄉழ

กὋscikit-learnࠃဗ˿іሗ.ǌΒݟὋੇ͂Ժ̾ၸkd-treeଡӣኪกᤳऎǌ 

Բܰʶሗଡӣ଼ጉᤳऎᄉழกԶͺࡌᦉஏਕ஘Ѵ὇Locality-Sensitive HashingὋLSH Ὀǌᤇ௦

ࠪscikit-learnଡѢᄉʶᮉஇᤈὋзͺఴ˹ௐὋᤆ෤థҪҁscikitं˖ǌʼᤗᩖଋ˝

scikit-learnंᄉʶ˓धԦѫஂὋ;Ժ̾ڙஜ૵ᬶʼ฽ណLSHǌХͳழกᤆឯԟᏥឞѫஂᄉᄰ

С஠ುǌ 

ፋѢᄉழกὋ߶ᜈణளྟఴὙڦᆉ̱ंὋ૊ཱʽᤗᎩ̼҃ܬ http://scikit-learn.org/ 
stable/install.htmlǌ 

᝭Ͱ᜵΍ၸᤇ˓Giṯंᄉ̼ᆉὋᏪʿ᜵΍ၸ߽ழᄉ̼ᆉǌੇ तᝫ;΍ၸvirtualenv੊ᘾ઱

఺߶ᜈὋʿ᜵ᄯଋ࠱Фᜈҁ;ᄉ᝟ኪ఺ʼǌᤇ᧖థʶ͊ॡೡᄉ virtualenvஓርὙ

http://docs.python-guide.org/en/latest/dev/virtualenvs/ǌ 

ᴪཐགྷᵸⲺ⍷≪㓵 

http://scikit-learn.org/stable/modules/pipeline.html#featureunion-composite-feature-spaces 

˹˖੝ၸҁᄉึපጲᦏ௦ጲবᄉ——ʼʶ൥ᄉᣤѢͺ˝ʽʶ൥ᄉᣤЙǌ 

ึපጲ˶ᥕ९ᣀ૰٧֖ͤ᝟٧ᄉଋԯ——ึපጲԺ̾ݒࢥὋழΦౝᤴఝܬఽᄉഴۋὋвፆՋ

΍ၸʼᤗᩖଋଡҁᄉFeatureUnionĿழกὋึපጲ࠱Ԫ३ఝҪुܷǌ 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ FeatureUnionὙܲ࠱˓ᣀ૰٧ࠪ៵ፆՋڙʶᡐὋጷ੆ʶ˓ளᄉᣀ૰٧Ὃ඼঳ඇ˓ᣀ૰٧ᄉᣤѢፆ౦ǌ——ដᏧซ 
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ᤇಧʶ൒Ժ̾ઙԨܲሗዜۋᄉྱड़Ὃጷ੆ளᄉஜ૵ᬶǌఝܲጹᓫԢᇧΒឯ᜸Ὑ

http://scikit-learn.org/stable/auto_examples/feature_stacker.htmlǌ 

∊䖹࠼㊱ಞ 

scikit-learnଡΘ˿ॡܲѫዜ٧ǌڙᤤસѫዜ٧ௐὋੇ͂ᭉ᜵ᏥᘼʶጆѴځገǌ;Ժ̾᤯

᣾ඊᣖ߱͂ᄉF1Ϙᆷג߿ሗ஌౦ఝݝǌ᤯᣾᝟ኪՉF1ϘᄉಕэࢿὋࡂᑞᆷ߿і˓ѫዜ٧ᄉѫዜ஌

౦˧ᫍᄉࢿऩ௦ՠ௬ᗂǌ 

Բܰᭉ᜵ซ਒ᄉ௦Ὃі˓ѫዜ٧ःឞ΍ၸᄰՎᄉᝪጶᬶ֖฽ណᬶ——˶ࡂ௦ឬὋኃʶ˓ѫዜ

٧ᄉ฽ណஜ૵ὋःឞᡱФ̴੝థѫዜ٧ᄉ฽ណஜ૵ᄰՎǌ΍ၸᄰՎᄉᬣ఺࿃খԺ̾γ᝼ᤇʶ 
ཁ——ࠪ̅᧗ဗࠃᰍፆ౦ॡ᧗᜵ǌ 

ㅢ 3 ㄖ——⭞ߩㆌṇ人⎁㧭㜒⨹䱕 

pandas Ⲻᴪཐ޻ᇯ 

http://pandas.pydata.org/pandas-docs/stable/tutorials.html  

pandasंॡֆҁ——;Ҫᣑஜ૵ௐ੝ᑞၸҁᄉՉሗҩᑞὋ߱ॡԺᑞᦏࠃࣂဗ˿ǌఝܲЮࠓឯ

᜸ʼ᭦ᄉᩖଋǌ 

Chris Moffitt з˿ኼॡʿᩱᄉӯ஠Ὃ̭ፀ࣡᜸ᄉExcelஜ૵͉ူܪҫὋݟʹၸpandas߸੆Ὑ

http://pbpython.com/excel-pandas-comp.htmlǌ 

;ᤆԺ̾ၸpandasܷူܪஜ૵ᬶ὚Ժ̾ᄹʽStackOverflowၸਖ਼Jeffࠪ̾ʽ᫇ᮤᄉᝌኔ὇зͺ

ఴ˹ௐĿ௦ణ·ኔ಴ὈὋ˿ᝌူܪ᣾ርὙhttp://stackoverflow.com/questions/14262433/large-data- 
work-flows-using-pandasǌ 

Brian Connellyᄉpandasஓር˶ॡೡὙ 

http://bconnelly.net/2013/10/summarizing-data-in-python-with-pandas/ǌ 

ᴪཐགྷᵸ⢯ᖷ 

http://www.basketball-reference.com/teams/ORL/2014_roster_status.html  

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ Ꮱដఴ˹ௐΙே௦ణ·ኔ಴ǌ——ដᏧซ 
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ඇ˓ᠾߢʿՎᄉඊᠾὋʼڣ᫲տ˶͗థ੝ʿՎǌఴ౎ংڙॸ३ᄉඊᠾὋॡԺᑞځ˝ನॶီտ

ԩ͝Ꮺ੩३ॡᓢᬱǌ;Ժ̯̾዇ီԟᏥᎩቢ੼ҁီ᫲ᄉ᫲տՏӬǌΒݟὋʼᤗᩖଋૈՓᄉࡂ௦

2013—2014ᠾݗߢПܲ᱑శ᫲὇Orlando MagicὈီտՏӬ——੝థNBAီ᫲ᄉዜͪஜ૵ᦏᑞ̯

ឞᎩቢ੼ҁǌ 

ᎃз̼ᆉὋஞՋ᫲տऩҮζোὋ̾ ൤ͺ˝ளྱड़ὋԺ̾థ஌ଡӣഴۋᛪဗὋͭ ௦ࢹͺ᧙ʿ࠴ὀ 

ㅢ 4 ㄖ——⭞Өૂᙝᯯ᷆࠼⌋᧞㦆⭫ᖧ 

᯦ᮦᦤ䳼 

http://www2.informatik.uni-freiburg.de/~cziegler/BX/  

ॡܲၸ̅ྱ߿ᮖ۪଍ᕚ͉ҫᄉஜ૵ᬶὋᦏϘ३ଉጉǌΒݟὋBook-Crossingஜ૵ᬶӉդ౎ᒬ27.8
ʹၸਖ਼ᄉ100ܲʹ్ڎ˹੩ѫζোǌథ̎᝿͈ζোॡ௙ᆷ὇ၸਖ਼ፋѢѫஜὈὋᏪథ̎Ѷॡഴዹǌഴ

ዹ᝿͈ᄉా᧗ʿःឞᡱ௙ᆷ᝿͈ᄉʶಧᰳǌ 

ᮂˬᎩቢwww.last.fmМध˿Ժၸ̅ᮂˬ଍ᕚᄉஜ૵ᬶὙhttp://www.dtic.upf.edu/~ocelma/ 
MusicRecommendationDataset/ǌ 

ᤇ᧖థʶ˓ၸ̅ቶព଍ᕚᄉஜ૵ᬶὀឯ᜸http://eigentaste.berkeley.edu/dataset/ǌ 

Eclat ㇍⌋ 

http://www.borgelt.net/eclat.html 

ఴብࠃဗᄉAprioriኪก௦ణ࣡ၸᄉСᐎ᜺Ѷ્ଇኪกὋͭʿ௦ణݝᄉǌඊᣖᏪᝒὋEclatኪก

ఝࣱᣏ˶ఝुܷὋࠃဗᡐ౎˶ඊᣖࠓ௛ǌ 

ㅢ 5 ㄖ——⭞䖢ᦘಞᣳ਌⢯ᖷ 

໔ࣖಠ丩 

ఴብᝮҁ˿ݟʹ᤯᣾Ѻᬓ٩ᮂ౎ଡӣবᑞ὚ཨᏪὋథ̎ஜ૵ᬶᭉ᜵ܘҪ٩ᮂǌԓځॡኤӬ——
᫸ൢѫዜ٧᣾઱Ջᝪጶஜ૵Ὃ̯Ꮺၶ੆᤟ၸবఝुᄉ᜺Ѷ὇ͭ᣾ܲᄉ٩ᮂ͗࠭ᒰഴۋ᣾̅ࠔคὋ

஌౦ԥᏪʿݝὈǌ࠼ណࠃဗज़ஜ૵ᬶ˖ຊҪ٩ᮂᄉᣀ૰٧ǌڙUCI MLᄉஜ૵ᬶʼᤈᛠ฽ណὋᄹᄹ

ᑞՠଡӣڙ฽ណᬶʼᄉᛪဗǌ 
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Vowpal Wabbit 

http://hunch.net/~vw/  

Vowpal Wabbitᮉᄫၸ̅ঋᤳ̯஠ఴ˖ઙԨྱड़ǌ߱᧪ࠪPythonᤈᛠ˿࠯ᜈὋԺ̾ᄯଋڙ

Python̼ᆉ˖ុၸǌܷڙஜ૵ᬶʼណណ߱ᄉ஌౦Ὃඊݟኃ12ብ΍ၸᄉӯࠆឥ஧ǌ 

ㅢ 6 ㄖ——ֵ⭞ᵪ㍖䍓ਬᯥ䘑㺂⽴Ր჈։᥌᧎Ś 

ඹ൴ؗᚥⴇ⎁ 

http://scikit-learn.org/stable/modules/model_evaluation.html#scoring-parameter 

ੇ͂ၸఴብ੝ߥҁᄉЮࠓὋࡂԺ̾Ѹतၸ౎ᄢ฽ᇪ͗޴ͳࣸ୦௦ՠ˝ڥۇ๖োᄉःၸǌ;Ժ

 ဗ஠ఴ્ଇኪกὋ᝿ͤፆ౦ǌࠃ୦/ൣ࣡ࣸ୦ጷ੆ᄉஜ૵ᬶὋࣸڥۇណѸतၿ࠼̾

˶ζোὋڥۇᄢ฽ኪกᭉ᜵Ꮵᘼϛ᫹ব֖ϛ᫺বᄉৰхǌॡ̠ܲ߰ਜܲเ᜾і్ڥۇ ʿਜځ

᣾໙٧᣾̅ुܷᏪᩱ᣾Ջกᄉζোǌ̋ڥۇ˝ ˿໗ᡛ̠͂ᤇʶᭉයὋ;Ժ̾ઁF1Ϙͺ˝᝿ͤಕэὋ

ၸᎩಪ଼ጉࠬ੼Ջ᤟ᄉԟஜϘὋХͳழกឯ᜸ʼ᭦ᩖଋǌ 

㠠❬䈣䀶༺⨼ૂ䈃ᙝḽ⌞ 

http://www.nltk.org/book/ch05.html 

ఴብੇ͂੝ၸҁᄉ੾శඊᡐФ̴ᮖ۪΍ၸᄉܬఽឥᝒഴۋኪ௦ᣏ᧙ጞǌΒݟὋѾᄉഴۋԺᑞ

΍ၸជবಕซ౎๖ᬓՎ्ऩ˦ជᄉ൧˦ὋଡӣэᆷবǌNLTKᦠݒᄉ˹ŀథʶብ˃᫂ᝮᤇ˓᫇ᮤὋ

សጹЮࠓឯ᜸ʼ᭦ᄉᩖଋǌК˹˶ॡϘ३ʶឳǌ 

ㅢ 7 ㄖ——⭞ഴ᥌᧎ᢴࡦ᝕ު䏙ⲺӰ 

ᴪགྷᵸⲺ㇍⌋ 

https://www.cs.cornell.edu/home/kleinber/link-pred.pdf 

ĂĂĂĂĂĂĂĂĂĂ 
Ŀ ᇪ͗޴ͳ્ଇᄰС੾శԺԟᏥ̠ඞᥪႂѢྟᇪѢྟᄉǑᇪ͗޴ͳ્ଇǒʶ˹ǌúúᎃᏧซ 
ŀ ˖஠ྟ˹Տ˝ǑPythonᒬཨឥᝒူܪǒὋڍЮᤆԺ̾੼ҁᔭ஠ྟᄉॕӾྟǌ૵NLTK߽Ꭹ̭ፀ2016ࣱʼӦࣱ࠱Ѣྟ

ኃ2ྟǌ——ដᏧซ 
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С̅ݟʹᮔ฽Ӊહᇪ̓ᎩፎڙЮᄉڎፆౝ˖ᓫཁ˧ᫍ௦ՠڙߚ᣷Ὃࣂፂథܷ᧙ᄰСᆐቂǌΒ

ఽኪกᄉ᝹᝟ॡܬᤇʶ˞ᮤԦᛪ˿ʶኼ᝶஠Ὃࠪ̅ఝࡂὋDavid Liben-Nowell֖Jon Kleinbergడݟ

థࣞүὋ᝶஠ឯ᜸ʼ᭦ᄉᩖଋǌ 

NetworkX 

https://networkx.github.io/  

ၸὋݝᎩፎፆౝὋຆЙᆐቂNetworkXॡథॸ᜵——Ժ᜼Ӑᤤᮉॡ֖ڎူܪ౦;̾Րፂ࣡ݟ

ኪ ก ࠃ ဗ ˶ ᭣ ࣡ ʿ ᩱ ǌ Բ ܰ ʶ ˓ Զ ͺ SNAP ᄉ ं ˶ ᧪ ࠪ Python ϡ ˿ ࠯ ᜈ Ὃ ឯ ᜸

http://snap.stanford.edu/snappy/index.htmlǌ 

ㅢ 8 ㄖ——⭞⾔㔅㖇㔒⹪䀙僂䇷⸷ 

ླδඅϋε僂䇷⸷ 

http://scikit-image.org/docs/dev/auto_examples/applications/plot_geometric.html  

ੇ͂੝ᆠᝌᄉᰍ᝼ᆉඊᡐ̬ݟᎩቢ࣡ၸᄉ᜵ኤӬʿ࠵ǌ;Ժ̾΍ၸ̾ʽ੾ࢻ౎ଡӣᆠᝌ

ᬱऎὙ 

� ᧓ၸʿՎᄉᣀ૰ழกǌඊݟscikit-image੝ଡΘᄉ὇ឯ᜸ʼ᭦ᩖଋὈ 
� ΍ၸʿՎᄉᮧᓣ὚࠼ណ௃กॡݝᣀ૰˝༥ऎഴयᄉᮧᓣ 
 Ϸ˖ຊҪጲ్੊Ф̴्࿃Ὑhttp://scikit-image.org/docs/dev/api/skimage.draw.htmlڎڙ �

␧ᓜ㖇㔒 

΍ၸʼᤗ੾̖ࢻၶᄉᰍ᝼ᆉ͗ਔफੇ͂ᄉᆠᝌࢹХὋੇ͂Եݝஇᤈ߱ǌ࠼ណ΍ၸኃ11ብᄉຆ

ऎᎩፎǌ 

ᎩፎᡔܷὋᭉ᜵ఝܲஜ૵Ὃځ൤;Ժᑞᭉ᜵ၶ੆іӡषᰍ᝼ᆉڎϷ̾᣹ҁݝᄉ஌౦ǌஜ૵ᬶ

ᄉၶ੆᤟Ջၸࣲᛠழय౎ځ——ူܪ˝߱Ӊդܷ᧙Ժ̾ᜁѫѾူܪᄉ͉࠴ҫǌ 

໔ᕰᆜҖ 

http://pybrain.org/docs/tutorial/reinforcement-learning.html 

ஜ૵્ଇᮖ۪ᄉʽʶ˓ழՓ——ߥुܘ˷Ҹܿ௅࿭Ὃᙉཨ߱ᄉѢဗࣂፂథʶൿௐᫍ˿ὀ
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PyBrainଡΘ˿іሗߥुܘ˷ኪกὋϘ३ڙѷѸतᄉᰍ᝼ᆉஜ૵ᬶʼʶណ὇Ф̴ஜ૵ᬶ˶ᛠὀὈǌ 

ㅢ 9 ㄖ——֒㘻ᖈኔ䰤从 

໔ࣖᮦᦤ䠅 

ఴብᮔ฽Ԧ͇̠ᄉःၸԵ΍ၸ˿ʶᦉѫᥪ͇Ὃஜ૵ᬶ˖ᤆథॡܲᥪ͇Ժ̾ၸǌܘҪԦ͇̠ᄉ

ஜ᧙Ժᑞ͗࠭ᒰൣᆷညʽᬋὋͭ௦΍ၸᄰͪᄉழก˶థԺᑞଡӣኪกᄉᛪဗǌNЊឥก˖ᄉN̾

ԢԟஜҁऄԨ̣˥ϘὋஂ૆Փ᧙఺ᑞ᣹ҁణ·஌౦Ὃ΍ၸᎩಪ଼ጉࡂᑞᝌфᤇˏ˓᫇ᮤǌੇ͂́

ԨڙԦ͇̠ஜ᧙ॡܲᄉৰхʽὋ˶ᑞԨ३ݝᄉ஌౦ǌ 

ঐᇘ䈣ᯏ 

ኃ12ብӯࠆឥ஧ፋѢ˿ӯ˞ᎃՁ὇ඇ˓ᎃՁ̼ᛪʶ˓ӯ˞ὈὋઁӯ˞ᎃՁᄹ੆௦ዜѾὋࡂᑞ

ᰍឥ஧ǌ൤ܰὋবѾǋࣱᴓǋᛠˉ֖௠एᦏԺ̾ͺ˝ѫዜ͉ҫ౎ᤈᛠᮔ฽——ᝌࠃФၸͺఴብ࠱

фͺᏧॅ࡚ᄉழก୰᫁ူܪᤇ̎ѫዜ᫇ᮤ՘὞ 

ቶ䜞 N  ⌊䈣ݹ

https://github.com/robertlayton/authorship_tutorials/blob/master/LNGTutorial.ipynb 

Բܰʶሗѫዜ٧΍ၸࡌᦉNЊឥกὋ̯ඇ˓ͺᏧᄉͺֵᏪʿ௦КᦉͺᏧᄉͺֵ˖ᤤસణ·ྱ

ड़ǌੇз˿ʶኼၸࡌᦉNЊឥกᝌфͺᏧॅ࡚᫇ᮤᄉஓርὋឯ᜸ʼ᭦ᩖଋǌ 

ㅢ 10 ㄖ——᯦䰱䈣ᯏ࠼㊱ 

㇍⌋䇺ԭ 

ᐐዜኪก஌౦᝿͈௦˓ܷᬱᮤ——ʶழ᭦Ὃੇ͂˶ᑞܲ࠵ᅻ᥊ݝᄉѫዌፆ౦ःឞ௦̣˥ಧ

ःឞಕซʶᦉѫஜ૵Ὃ΍ၸథᄢᅕᄉѫዜ٧ࠪஜ૵ᤈᛠࡂᅻ᥊Ὃᥦࠃ౦ੇ͂ᆷݟ὚Բʶழ᭦Ὃߔ

ѫዜὀឞពᮤᄰС஠ብॡܲǌʽ᭦ᤇ͊஠ು̭ፀ˿ᐐዜኪก᝿͈ᄉᬱཁ੝ڙὙ 

http://www.cs.kent.edu/~jin/DM08/ClusterValidation.pdf 

ᤇ᧖థ͊С̅ឞ˞ᮤᄉఝК᭦὇ᙉཨథཁ᣾ௐὈᄉʶ͊஠ುὙhttp://web.itu.edu.tr/sgunduz/ 
courses/verimaden/paper/validity_survey.pdfǌ 
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scikit-learnࠃဗ˿іሗ᝿͈ழกὋࠪ߱͂ᄉ፫ᤗឯ᜸http://scikit-learn.org/stable/modules/ 
clustering.html#clustering-performance-evaluationǌ 

థ˿ᤇ̎ழกὋ;ࡂᑞ᝿ͤ΍ၸ̎גԟஜϘԺ̾Ԩ३ఝݝᄉᐐዜ஌౦ǌᎩಪ଼ጉᑞࣞүੇ͂

੼ҁԟஜᄉణ·ԨϘ——ࡂϷڙѫዜ˖ၸҁᄉᥦಧὀ 

䘇ᵕ䏁ࣵ᷆࠼ 

;Ժ̾ᤁᛠੇ͂ఴብᎃзᄉ̼ᆉі˓తǌ̋ యᫍԦဗᄉඇ˓ዌຊҪі˓ಕኣὋΦ̅ੇ͂˿ᝌ

 ʶᄯॡาᡣὋ̯Ꮺ˿ᝌᤂі˓తКˆႌள᫔ཤཁǌᮤ˞̎ג

ੇ͂Ժ̾΍ၸុஞ̈ζোኍ᝿͈ಕэὋඊᣖᐐዜፆ౦Ὃឯ᜸ʼ᭦᝿͈ழก፫ᤗᩖଋǌ᜹ࠢʽ

ʶ˓తǋˏ˓తǋӦࣱ֖ʶࣱ˧ՐᐐዜᄉԪӐፆ౦ǌ 

ᇔᰬ㚐㊱ 

k-meansኪกԺ̾ᬣᅋௐᫍᄉ଍ᤈὋʿறᝪጶ֖ఝளὋᏪʿ௦ڙፋ߿ௐᫍЮϡሎ஘ѫౡǌ;

Ժ̾᤯᣾іሗழกᡱᢍᐐዜԪӐ——ΒݟὋᡱᢍඇ˓ዌ˖ᮟညణᰳᄉі˓Ӭជ੊᠎ॶཁඇܸሧҮ

ᄉᡯሎǌѾঃ˿ᎩቢAPI΍ၸʼᬌ——;ԺᑞԵᭉ᜵ඇᬥі˓࠴ௐ೜ಉʽథ௃ளஜ૵Ὃࡂᑞγ᝼

ፆ౦௦ࠃௐᄉǌ 

ㅢ 11 ㄖ——⭞␧ᓜᆜҖᯯ⌋Ѱഴ܅ѣⲺ⢟։䘑㺂࠼㊱ 

Keras ૂ Pylearn2 

ὋKeras֖Pylearn2ᤇˏ˓ंథॸ᜵˿ᝌʶʽǌ˷ߥၸPythonϡຆऎʹݟ౦;ਆᤈʶ൥˿ᝌݟ

߱͂ᦏ௦̾Theano˝۲ᆨὋͭՉథՉᄉ΍ၸழก֖ྱཁǌ 

Kerasឯ᜸https://github.com/fchollet/keras/ǌ 

Pylearn2ឯ᜸http://deeplearning.net/software/pylearn2/ǌ 

зͺఴ˹ௐὋᤇˏ˓ंᤆʿ੆ཿὋඊᣖᡐ౎Pylearn2ఝሶ߿ǌ߱͂ᦏᑞॡݝ߸੆;̓ፋ߱͂

ᄉ͉ҫὋڙϡФ̴ຆऎߥ˷ᮉᄫௐὋԺ̾࠼ណၸʽǌ 

Բܰʶ˓ॡ༡ᄉंԶTorchὋͭ௦зͺఴ˹ௐὋᤆ෤థPythonଋԯԺၸ὇ឯ᜸http://torch.ch/Ὀǌ 
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Mahotas 

MahotasڎϷူܪӉଡΘఝ֖ݝఝܬఽᄉڎϷူܪழกὋ΍ၸ߱͂ᑞଡӣൣᆷညὋᙉཨ᝟ኪ

᧙ԺᑞܷࣧʼӣǌཨᏪὋॡܲڎϷ͉ူܪҫ᤟ՋࣲᛠူܪὋ੝̾᝟ኪ᧙Ҫܷ˶ʿв௦᫇ᮤǌڎϷ

ѫዜᄰСᆐቂᠪ஧ॡܲὋʽ᭦ᤇˏ͊஠ುፋѢʿ࠵ᠪ஧ὋԺ̾Ў̯ᤇ᧖੼ᡐὙ 

http://luispedro.org/software/mahotas/. 

http://ijarcce.com/upload/january/22-A%20Survey%20on%20Image%20Classification.pdf 

Ф̴ڎϷஜ૵ᬶథὙ 

http://rodrigob.github.io/are_we_there_yet/build/classification_datasets_results.html 

ʶ̎ߥశ఺ౝ֖ᛠˉጷጺ˶धஉ˿ॡܲڎϷஜ૵ᬶǌ̓ ᤗᎩቢ̭ፀ˿ॡܲஜ૵ᬶԢ΍ၸ߱͂

ᄉణݝኪกǌ᜵ࠃဗᤇಧᄉʶ̎ݝኪกᭉ᜵ܷ᧙̼ᆉὋͭ௦ٿઐᤉ̶ܷ̅Ѣǌ 

ㅢ 12 ㄖ——ཝᮦᦤ༺⨼ 

Hadoop 䈴ぁ 

ᬵᘹ֖៭ൠ᭦ՓʿՎපࣰᄉधԦᏧଡΘ˿ʶጆѴ᭣࣡ࠃၸᄉHadoopាርǌᙉཨΞ᧗ཁʿڙ

PythonὋͭ௦˿ᝌHadoopഏএՐὋвઁ߱͂ःၸҁPydoop੊Ф̴ዜͪᄉंᦏᑞԨ३ॡݝᄉ஌౦ǌ 

ᬵᘹᄉាርὙhttps://developer.yahoo.com/hadoop/tutorial/ǌ 

៭ൠᄉាርὙhttps://cloud.google.com/hadoop/what-is-hadoopǌ 

Pydoop 

Pydoop௦ʶ˓ၸ౎ᤁᛠHadoop͉ҫᄉPythonं——ஓርឯ᜸http://crs4.github.io/pydoop/ 
tutorial/index.htmlǌ 

PydoopԺ̾ᡱHDFSᦠՋ΍ၸὋmrjobథዜͪҩᑞὋͭڙᤁᛠ౼͉̎ҫௐὋPydoopᑞፋ;ఝܲ

ᄉଌ҃ాǌ 

᧞㦆ᕋᬄ 

Ѹतܷۋᄉ଍ᕚल୲௦฽ណ;ܷஜ૵੾ᑞᄉݝழกǌMark Litwintschik̴ڙᄉӯ஠˖̭ፀ˿

 -΍ၸܷஜ૵੾శApache SparkѸत଍ᕚल୲Ὃស᜸http://tech.marksblogg.com/recommendationʹݟ
engine-spark-python.htmlǌ 
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ᴪཐ䍺Ⓠ 

KaggleባᠾὙwww.kaggle.com/ 

Kaggle߿యˠᛠஜ૵્ଇባᠾὋʶᓉᦏ͗ଡΘݑ᧚ǌԟҪKaggleባᠾ௦ူܪ˷ߥᄽڣࠃ௿

ஜ૵્ଇ͉ҫᄉݝழกǌ̴͂ᄉᇪӜၸਖ਼ԣؒǋˬ̅ѫ̙——᤯࣡;ᑞ᜸ҁባᠾґ10Տᤤ੣ѫ

̙̼ᆉὀ 

Courseraڙጲߥ˷ᎩቢὙ 

www.coursera.org  

CourseraᎩቢʼథॡܲС̅ஜ૵્ଇ֖ஜ૵መߥᄉាርὋܷܲ௦˃ซ̅౼˓ழՓὋඊݟథ˃

᫂ᝮܷஜ૵֖ڎϷူܪᄉǌի৆᣹὇Andrew NgὈᏤ࣍ᄉ఺ߥ٧˷ាር፫ՋবुὋ๗Ԣ᭦ඊᣖࣸὋ

ᤇ᫂ាርॡԩ൓ᤀὋ̯߱धߥݼᡐॡʿᩱὙhttps://www.coursera.org/learn/machine-learning/ǌ 

ᤇ᫂ា੝ᝮᄉЮࠓඊఴ˹ᬱऎ᜵ܷʶཁὋਕТᡙᄉឳᏧԺ̾࠱Фͺ˝̬Րᄉߥ˷ழՓǌ 

ᇷፂᎩፎழ᭦Ὃឯ႐਒ʽᤇ᫂ាርὙhttps://www.coursera.org/course/neuralnetsǌ 

 .ᄉាርὙhttps://wwwۋഴڎὋԺ̾Сซʽᤇ᫂С̅ഏည˷ߥ౦;߸੆˿ʼᤗាርᄉݟ
coursera.org/course/pgmǌ 




