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1. चᏐғ෈๜ኞ౮ཛྷࣳጱຽٵ໛ຝ

෈๜ኞ౮ҁText Generation҂᭗ᬦ ๢࢏਍ԟ + ᛔᆐ᧍᥺॒ቘ ದ๞੤ᦶֵAIٍํՈᔄ࿜ଘጱ᧍᥺
ᤒᬡᚆ҅ێ՗ӞਧᑕଶӤᚆड़ݍଫሿՔᛔᆐ᧍᥺॒ቘጱݎ઀࿜ଘ̶

ӥᶎአຄᓌጱൈᬿՕᕨӞӥ෈๜ኞ౮ದ๞ጱय़֛໛ຝٍ֛҅ݢզ݇ᴅݱᐿᗑᕶ෈ሠҁྲইғ
CSDNᕪَBlogŉঅሻጱ෈๜ኞ౮Ŋ>1@҂҅ᦞ෈ᒵ̶

෈๜ኞ౮ೲձۓ๶᧔҅ྲ᫾ၞᤈጱํғ๢࢏ᘉᦲ̵ݙৼኞ౮̵੒ᦾኞ౮ᒵ҅๜෈፳᯿ᦎᦞݸᶎӷ
ᐿ̶चԭႮଶ਍ԟጱText Generator ᭗ଉֵአ஗ሾᐟᕪᗑᕶҁBasic RNN҅LSTM҅GRUᒵ҂ᬰᤈ
᧍Ԏୌཛྷ̶ݙࣁৼኞ౮ձۓӾ҅ӞᐿଉᥠጱଫአғŉChar-RNNŊҁᬯ᯾ŉCharŊฎଠԎӤጱᑍ᧲҅
ৼኞ౮ጱᬩݙଫݍզႴศଶݢचᏐ֕ܔ҂҅ᡱᆐᓌ֖ܔ᦯౲ٌ՜෈๜ᔉଶܔզာ೰Ӟӻਁᒧ̵ݢ
ᤈၞᑕ҅ḒضᵱᥝୌᒈӞӻ᦯ପVocab۱ݢތᚆڊሿጱಅํਁᒧ౲ฎ᦯࿤҅ྯེཛྷࣳਖ਼ᶼၥ஑ک
૲ٌ҅ᖌଶԅ᦯ପ Vocab ጱړฎӞӻ༷ሲݝጱڊሿጱ᦯࿤҅ᥝᎣ᭲softmaxᬌڊৼӾӥӞӻਖ਼ݙ
size҅ᵱٚ᭗ᬦڍහਖ਼ᬌ༷ڊሲړ૲᫨۸ԅ One-hot vector҅՗᦯ପ Vocab Ӿ༄ᔱ஑ڊ੒ଫጱ
᦯ᶱҔࣁŉChar-RNNŊཛྷࣳᦒᕞ෸ֵ҅አᑻࣁݗ᧍ාӤჶۖ҅ᑻݗԏٖጱӤӥ෈ٌ݊ݸᔲ᪙ጱਁ
ᒧᯈڦړݳԅӞᕟᦒᕞ໏๜޾ຽᓋ҅ྯེզೲᆙࢴਧጱྍᳩჶۖᑻݗզ஑قڊ᮱ ŉ໏๜-ຽᓋŊ
੒̶

Өݙৼኞ౮ձۓᔄ֒҅੒ᦾኞ౮զྯᕟDialogue֢ԅ ŉ໏๜-ຽᓋŊ ੒҅஗ሾᐟᕪᗑᕶRNN_1੒
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DialogueӤ෈ᬰᤈᖫᎱ҅ٚአݚӞӻ஗ሾᐟᕪᗑᕶRNN_2੒ٌᬰᤈ᭑᦯ᥴᎱ҅ଚզӤӞӻᥴᎱᐟ
ᕪزጱᬌ֢ڊԅӥӞӻᥴᎱᐟᕪزጱᬌ҅فኞ౮Dialogueӥ෈҅ᵱᥝဳ఺ጱฎғࣁᥴᎱڹᵱᯈ
ᗝŉ୏তŊຽᦕ _҅አԭ೰ᐏᥴᎱ࢏Decoder୏ސDialogueӥ෈Ḓ᦯ҁor ਁ҂ጱኞ౮҅ଚᯈᗝŉᕮ
๳Ŋຽᦕ _҅አԭ೰ᐏᥴᎱ࢏ᕮ๳୮ڹጱ Text Generation ᬰᑕ̶

ᬯ׎ฎռಅޮᎣጱŉSeq2SeqŊ໛ຝጱचᏐ୵ா҅ԅԧ൉ṛचᏐSeq2Seqཛྷࣳጱපຎ҅ፗള՗ᥴᎱ
๢ێጱ᥯ଶํ᧘ই Beam-SearchDecoder>2@̵Attention mechanism Decoder>3@ҁᯈᗝဳ఺࢏
ಋ҅Ԟํ᧘ইPyramidal RNN>4@ҁᰂਁरࣳف҂ᒵදᬰ҅ᘒ՗ᐟᕪᗑᕶጱᕮ຅࢏ጱᥴᎱګ
RNN҂̵Hierarchical RNN Encoder>5@ҁړ੶஗ሾᗑᕶᖫᎱ࢏҂ᒵදᬰ̶දᬰӧᦇٌහ҅ӧӞӞ
ᧇԈ҅֕ӧᓕই֜҅ᶼၥᕮຎጱᬌڊতᕣ᮷ฎӞӻᖌଶԅ᦯ପय़ੜጱ༷ሲړ૲҅ᵱᥝٚንᭌ๋ڊ
य़꧊ጱIndex҅ک᦯ପVocabӾ༄ᔱ஑ڊ੒ଫጱܔ᦯ҁor ਁᒧ҂̶

2. ᳯ᷌ғGANԅ֜ӧᚆፗളአԭ෈๜ኞ౮

2.1. GANचᏐᎣᦩ

GAN੒ԭय़ਹᘒ᥺మ஠૪ᕪᚋᅝՈݗԧ҅ᬯ᯾؉ӞԶᓌܔጱ॔ԟ̶GAN՗ᕮ຅Ӥ๶ᦖૣওᘒᓌܔ
ҁੱᓕํӨٌ՜ᕪَૡ֢Ideaፘ֒ጱԩᦓ>6~7@҂҅Ԟᶋଉฃԭቘᥴ҅ෆӻཛྷࣳํݝӷӻ᮱կғ1.
ኞ౮࢏GҔ2.࢏ڦڣD̶ኞ౮ཛྷٌࣳਫኧ๶૪ԋ҅ಅզኞ౮࢏ԞଚӧෛẌ҅ኞ౮࢏Gጱፓຽฎኞ౮
ጱᦒᕞׁᶌྯ᫪ᬽդᬬ࢏ኞ౮҅ײDጱ෸࢏ڦڣဌํڹզࣁ૲҅ړളᬪԭ፥ਫ໏๜ጱ؃໏๜๋ڊ
ڊDጱ࢏ڦڣኞ౮໏๜Ө፥ਫ໏๜ጱ૧୑ҁ಩ᬯӻ૧୑᫨۸౮loss҂๶ᬰᤈ݇හս۸҅ᘒڹ୮ࢧ
ሿදݒԧᬯӞᅩ҅࢏ڦڣDጱፓຽฎੱݢᚆٵᏟࣈᬙڦኞ౮໏๜޾፥ਫ໏๜҅ᘒᬯ෸ኞ౮࢏Gጱ
ᦒᕞፓຽ੪ኧ๋ੜ۸ŉኞ౮-፥ਫ໏๜૧୑Ŋݒԅԧੱᰁ୧۸࢏ڦڣDጱᬙڦᚆێҁᬯ෸ײᦒᕞጱፓ
ຽڍහӾ۱ތԧ࢏ڦڣDጱᬌڊ҂̶GANཛྷࣳጱय़֛໛ຝইӥࢶಅᐏғ

౯ժٚ๶ᓌ॔ܔԟӞӥGAN୮ӾጱӞԶ᯿ᥝلୗ҅ᬯӞྍ੒ݸ෈ጱᴏᬿᶋଉ᯿ᥝ̶ӧᓕኞ౮࢏G
ฎՋԍ୵ᇫ̵ग़ԍႮጱӞӻᐟᕪᗑᕶ҅౯ժฮӬ಩ਙ፡౮Ӟӻڍහ  ҅ኧਙኞ౮ጱ໏๜ᦕ
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֢ғ  ҅ፘ੒҅ࣈ፥ਫ໏๜ᦕ֢ғ  ̶ݶ໏҅ӧᓕ࢏ڦڣD֢ԅӞӻړᔄᐟᕪᗑᕶ҅
౯ժԞݢਖ਼ٌᥤԅӞӻڍහ  ҅ᘒᬯӻڍහጱᬌܨڊԅӞӻຽᰁ҅አԭൈᬿኞ౮໏๜ 
Ө፥ਫ໏๜  ԏᳵጱ૧᪗̶

ᘒGANཛྷࣳጱෆ֛ս۸ፓຽڍහฎғ

ٌӾڍහ  ইӥғ

໑ഝᬳᖅڍහጱ๗๕ᦇᓒොဩ҅Ӥୗݒ୵ԅғ

ፓຽDғکຄ꧊஑ݐጱग़ᶱୗ࿢੕ٖݩᒧړ࿢क़੶ጱ  ጱᦾ҅੒ᑌض

դܻࢧୗғ

ಅզ҅୮ኞ౮࢏Gᚆኞ౮ڊӨ፥ਫ໏๜Ӟ໏ړ૲ጱ໏๜҅ᮎԍok҅੪ᬡ๋کঅጱᕮຎ҅ᆐݸय़ਹ
ဳ఺Ӟᅩ҅ᬯ᯾ኞ౮໏๜ጱlossᤍᰁොဩฎJSවଶ̶

2.2. GANᶎ੒ᐶවࣳහഝ෸ጱࢯहҁࠨฎᐶවࣳහഝҘ҂

GANጱ֢ᘏ෱ܻࣁᇇᦞ෈>8@෸੪൉݊҅GANݝᭇአԭᬳᖅࣳහഝጱኞ౮҅੒ԭᐶවࣳහഝපຎ
ӧ֯ҁֵ஑Ӟ෸ᷚ१෫ӷጱGANࣁNLPᶾऒӞፗ෫ဩ᩻᩼ኞ౮ཛྷࣳጱݚӞय़֬VAE>9@҂̶෈๜හ
ഝ੪ฎَ๋ࣳጱӞᐿᐶවࣳහഝ҅ᬯ᯾ಅ᧲ጱᐶව҅ଚӧฎ೰ғ෈๜ኧӞӻ᦯Ӟӻ᦯ᕟ౮҅౲ฎ
᧔୮Ք๋ၞᤈጱ෈๜ኞ౮໛ຝ҅᧘ইSeq2Seq҅Ԟ᮷ฎ᭑᦯ҁ౲ᘏ᭑ӻCharacter҂ኞ౮ጱ̶ࢩ
ԅߺொڥአᶋ஗ሾᗑ᪠ᬰᤈӞེ౮ࣳጱSentencesኞ౮҅Ԟ෫ဩ᭿عŉහഝᐶවŊଃ๶ጱݸຎ಼҅
྇᮷ௗ౯ଙ᫷෸ጱ෫Ꭳ҅ᐶවࣳහഝጱ፥ྋތԎ҅౯ժᥝ՗ᬳᖅ௔හഝ᧔̶᩸ ؟ࢶහഝ੪ฎَࣳ
ጱᬳᖅ௔හഝ҅ඳᘒGANᚆड़ፗളኞ౮ڊ᭧፥ጱኮᶎ๶̶౯ժḒض๶፡፡؟ࢶහഝጱ୵ᇫғ
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ᔰ꧊౲ᘏᅍଶ꧊ҁ಼؟ԅܨᔰጱ꧊زᎥᴣӾ؟ࢶᤩᤒᐏԅᎥᴣ҅ᝑฎἓጮ࣐ᦇᓒ๢Ӿࣁහഝ؟ࢶ
྇क़ᤈԧ҅౯ӧฎ؉؟ࢶጱ҂҅੪ᓒฎ୸ᜋ؟ࢶ҅؟ࢶୟᰁܨᤩग़ےԧӞᴤአԭᤒᐏRGB᭗᭲҅
؟ᔰ҅உग़ᬯ໏ጱࢩ๜᫝ጱกิ҅ᜋ୸ᒵ؟ࢶڊฉݍጱٌ҅හ꧊ፗളړஙݢᔰฎزᎥᴣӾጱ؟ࢶ
ᔰᅩᕟࣁݳӞ᩸҅੪୵౮ԧ҅؟ࢶԞ੪ฎ᧔҅՗؟ࢶᎥᴣ҅؟ࢶکӧᵱᥝŉ᯻໏ŊҁSampling҂҅
ํӞӻๅ୵᨝ጱֺৼғኮࢶ᫫կӾጱ᧣ᜋ຃҅ইӥࣁ֦҅ࢶ᧣ᜋ຃Ӥᵋ׎ჶۖӞӥ҅य़ᛘఽݑӞ
ӥ؟ࢶහഝݢஙړጱᇙ௔̶

෈๜හഝݢ੪ӧӞ໏ԧ҅؉෈๜ጱݶ਍᮷Ꭳ᭲҅؃ᦡ౯ժጱ᦯ପҁVocabulary҂य़ੜԅ1000҅ᮎ
ԍྯ୮౯ժᶼၥӥӞӻڊሿጱ᦯෸҅ቘଫ஑کጱฎӞӻOne-hotጱVector҅ᬯӻVectorӾํ999
ᶱฎ0҅ํݝӞᶱฎ1҅ᘒᬯӞᶱ੪դᤒ᦯ପӾጱ຤ӻ᦯̶ᆐᘒ҅፥ྋጱᵍᴂࣁԭ҅౯ժྯེአ෫
ᦞՋԍړᔄ࢏౲ᘏᐟᕪᗑᕶ஑کጱፗളᕮຎ҅᮷ฎӞӻ1000ᖌጱ༷ሲړ૲҅ᘒᶋྋྋঅঅฎӞӻ
One-hotጱVector҅׎ܨฎֵአsoftmax֢ԅᬌ҅ڊᶮग़Ԟݝᚆ஑ک຤ӞᖌӤᇙڦय़ٌ҅֟ᖌӤᇙ
੒ଫindexጱ᦯҅ڊ՗᦯ପӾັᧃٚݸOne-hot vector ᆐکᕮຎᬦჁڊᘒਖ਼ᬯᐿᬌ҅٭ੜጱఘڦ
ᬯ໏ጱ඙֢ᤩᑍԅŉSamplingŊ҅᭗ଉ҅౯ժತڊ꧊๋य़ጱᮎӞᶱᦡٌԅ1ٌ҅֟ԅ0̶
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୮ڹᐟᕪᗑᕶጱս۸ොဩय़ग़හ᮷ฎचԭༀଶጱҁGradient based҂҅உग़෈ሠᬯԍ᧔ғGANࣁ
ᶎ੒ᐶවࣳහഝ෸҅ڦڣᗑᕶ෫ဩਖ਼ༀଶBack propagationҁBP҂ᕳኞ౮ᗑᕶ̶ᬯݙᦾ୮෸ᦏ౯
ᒵލጱԯ᯾ᵰ᯾҅ӧঘഘӞӻ᥯ଶቘᥴ҅౯ժᎣ᭲҅चԭༀଶጱս۸ොဩय़ᛘ఺௏ฎᬯ໏ጱ҅ங
᧣ᗑᕶӾጱ݇හҁweight҂҅፡፡๋ᕣᬌڊጱᕮຎํဌํݒ஑অӞᅩ҅ํဌํᬡ๋کঅጱఘ୵̶

֕ฎ࢏ڦڣD஑کጱฎSamplingԏݸጱᕮຎ҅Ԟ੪ฎ᧔҅౯ժᕪᬦ݇හங᧣ԏ׎ܨ҅ݸsoftmax
ጱᬌڊս۸ԧӞᅩᅩ҅ྲইӤࢶጱֺৼӾ҅ྋᏟᕮຎ๜ଫฎᒫӣᶱٌ҅outputጱׯහᒫԫᶱ՗ 

ጱᕮຎڊGᬌ࢏ኞ౮҅ݸԅԧ  ҅֕ฎᕪᬦSamplingԏݒ  ԅԧ  ҅ᒫӣᶱ՗ݒ 
ᬮฎ᪙զڹӞཛྷӞ໏҅ଚེٚਖ਼ፘݶጱᒼໜ᯿॔ᬌفᕳ࢏ڦڣD҅ᬯ໏࢏ڦڣDᕳڊጱᦧհ੪տ
ྺ෫఺Ԏ҅ኞ౮࢏GጱᦒᕞԞտ०݄ො̶ݻ

ํՈ᧔҅Өٌᬯ໏ӧইྯེᕳ࢏ڦڣDፗളݰSamplingԏڹጱᕮຎ҅Ԟ੪ฎsoftamxᬌڊጱᮎӻ
distribution҅ݶ໏҅ᬯԍ؉Ԟํஉय़ጱᳯ̶᷌౯ժکࢧGANጱच๜ܻቘ҅࢏ڦڣDጱڡᤙ҅ਙᕪ
ܲᦒᕞ੪ฎԅԧٵᏟᬙڦኞ౮໏๜޾፥ਫ໏๜ጱ҅ᮎԍኞ౮໏๜ฎӞӻ꧌ჿԧfloatੜහጱړ૲҅
ᘒ፥ਫ໏๜ฎӞӻOne-hot Vector҅࢏ڦڣDஉ਻ฃŉ֢୕Ŋ҅ਙ໑๜ӧአ݄ڣෙኞ౮ړ૲ฎވӨ
፥ਫړ૲ๅےളᬪ҅ਙݝᵱᥝᦩڊڦᕳکጱړ૲ฎӧฎᴻԧӞᶱฎ  ٌ҅֟᮷ฎ  ੪ݢզԧ̶
ಅզ෫ᦞSamplingԏڹጱړ૲෫ᦞग़ԍളᬪԭ፥ਫጱOne-hot Vector҅ݝᥝਙׁᆐฎӞӻ༷ሲړ
૲҅᮷ݢզᤩ࢏ڦڣD᫷ฃࣈ༄ၥڊ๶̶

Ӥᶎಅ᧔ጱܻࢩ୮ᆐԞํහ਍Ӥጱᥴ᯽҅ᬮᦕ஑2.1ᜓࣁጱ෸҅ײ᧗य़ਹဳ఺ኞ౮໏๜ጱlossᤍᰁ
ຽٵฎՋԍހҘဌᲙ҅੪ฎJSවଶ҅  ࣁଫአӤٌਫฎํ୧ᅩጱҁ݇ᘍ෈ሠ
>10@҂҅ਙݝᚆᤩྋଉࣈଫአԭ԰ํ᯿ݖҁOverlap҂ጱӷӻړ૲҅୮ᶎ੒԰ӧ᯿ݖጱӷӻړ૲ 

JSවଶғٌ҅  ޾ 

य़ਹٚమమ҅ᴻᶋsoftmaxᚆoutputڊӨ፥ਫ໏๜ exactly ፘݶጱᇿᅾړ૲ҁOne-hot Vector҂
ҁ୮ᆐᬯฎӧݢᚆጱ҂҅ᬮํՋԍᚆᦏኞ౮໏๜ጱړ૲Ө፥ਫ໏๜ጱړ૲ݎኞ᯿ޫݖҘԭฎ҅ኞ
౮࢏෫ᦞெԍ؉चԭGradient ጱս۸҅ᬌړڊ૲Ө፥ਫړ૲ጱ  তᕣฎ  ҅ኞ
౮࢏Gጱᦒᕞԭฎ०݄ԧ఺Ԏ̶

3. ᬦჁොໜғ੒ԭGANጱፗളදᬰአԭ෈๜ኞ౮
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ԅԧᥴ٬GANࣁᶎ੒ᐶවහഝ෸ጱࢯह๋҅ፗളጱమဩฎ੒GANٖ᮱ጱӞԶᦇᓒොୗᬰᤈங᧣҅
ᬯᐿ੒ԭGANٖ᮱ᦇᓒොୗጱፗളදᬰԞดᐏڊԧӞਧጱපຎ҅ԅݸᶎਖ਼GANፗള̵ၞ኱ࣈଫአ
ԭ෈๜ᒵᐶවࣳහഝጱኞ౮ଃ๶ԧ૶๕̶ ളӥ๶ᓌܔՕᕨፘىጱӷᓤૡ֢>11~12@̶

3.1. Wasserstein-divergence᷐҅क़ጱᐑᇔ

Wasserstein GAN>13@ҁᓌᑍWGAN҂ٌ҅୽֒ێߥԒᬡکԧܻᇇGANጱṛଶٖ҅ࢵࣁԞํӞᓤ
Өٌ୽ێߥፘ୮ጱܗ෈——ŉեՈೌໜݞᕷጱWasserstein GANŊ>10@҅ӧᬦࣁ፡ᬯᓤᦞ෈ԏ҅ڹ
ᬮᥝവគݚक़Ӟᓤᦞ෈ŉf-GANŊ>14@҅ᬯᓤᦞ෈ڥአᜫڔਫ਼و᫩ҁFenchel Conjugate҂ጱ௔ᨶᦤ
กԧձ֜  ᮷ݢզ֢ԅܻضGANӾ  ҁ౲ᘏ᧔ 

 ҂ጱ๊դොໜ̶ f-GAN ጱਧԎইӥғ

හ҅ਙ஠ᶳჿ᪃զӥᥝ࿢ғڍୗӾጱ  ᤩᑍԅ fل

හڍڈ

ӧᵙ፡҅ڊ  Ԟฎ  ጱӞᐿ҅f-GAN ܻ෈൉׀ԧහ܈ᐿݱୗݱ
໏ጱ  ҅ԅGANളӥ๶ဠྌොݻӤጱදᬰଃ๶ԧ෫ᴴݢᚆ̶

Wasserstein GAN ੒GANጱදᬰԞฎ՗๊ഘ  ᬯӻ᥯ଶ੒GANᬰᤈදᬰٌ҅ᧇ
ᕡጱও॒य़݇ݢ፡෈ሠ>10�13@҅௛ጱ๶᧔҅WGAN᯻አԧӞᐿ॰ᇙጱ Divergence—— ŉവࢿ๢-
DivergenceŊ҅  ਖ਼ӷӻړ૲፡֢ӷञ҅ࢿDivergence ᦇᓒጱ੪ฎԅ
ԧਖ਼ӷӻࢿञവ౮Ӟ໏ጱ୵ᇫಅᵱᥝဲࢿ൪ᬩ௛᪗ᐶ̶ইӥࢶғ

ֵአ  ᦒᕞጱGANፘྲܻᇇጱGANํๅےกดጱŉᄍ۸Ŋᬦᑕ҅ഘݙᦾ
᧔੪ฎ҅WGANጱᦒᕞፘྲӨGANๅےᚆᑱด՗ŉӧঅŊکŉӧᲙŊጱ஗ଧႹᕪጱᬦᑕ̶՗Ӥᶎጱ
2.2ᜓ҅౯ժᎣ᭲JSවଶࣁᶎ੒ӷӻړ૲ӧፘ᯿ݖጱఘ٭෸҅ਖ਼ݎኞŉ୑ଉŊ҅ᦇᓒᕮຎ࣐ԅ 

 ҅GANጱᦒᕞᬦᑕԞฎᬯ໏҅ԞᦜࣁஉᳩӞྦྷᦒᕞጱᬦᑕӾ҅JSවଶጱᬬࢧ꧊᮷ฎ 
ڞ꧊ࢧᬡ຤ӻԁኴᅩ෸҅಍տᑱᆐս۸ԅളᬪ๋ս꧊ጱᕮຎ҅ᘒWassersteinවଶጱᬬکํݝ҅
ᥝଘჶஉग̶़
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෬ᆐWassersteinවଶᚆड़ظ๐JSවଶጱӤᬿ୧ᅩ҅ᮎԍֵአWasserstein GANፗളޕතኞ౮
D ᬰᤈᰄ࢏ڦڣG softmax੶outputጱDistribution Vector Ө፥ਫ໏๜ጱ One-hot Vector҅አ࢏
ਧ҅࢏ڦڣ׎ܨDӧտک؞፥ጱᤩŉզ؃Ԥ፥Ŋ҅֕ኞ౮࢏outputྯེๅےളᬪԭ፥ਫ໏๜ጱŉᬰ
ྍŊ௛ᓒᬮฎᚆᤩփ҅ࢧᬯ໏੪כᦤԧ੒ԭᐶවහഝጱ੒ಯᦒᕞᚆड़ᖀᖅӥ̶݄ ӧᬦ
Wasserstein GANጱܻ៪න፲ԭ੒ԭGANๅےᬱय़ጱදᬰ఺Ԏ҅ଚဌํ፳᯿ᕳىڊԭ෈๜ኞ౮ᒵ
ᐶවහഝ॒ቘጱਫḵ҅ׯݍฎݸ๶ጱӞᓤŉImproved Training of Wasserstein GANsŊ>11@ӫᳪᕳ
WGANኞ౮ጱ෈๜ᡱᆐᬱӧ݊୮ӥ๋ᇍXጱ෈๜ኞ౮҅ڊզ፡ݢԧ෈๜ኞ౮ጱਫḵ҅՗ᕮຎӤڊ
පຎ҅֕অྑᚆզcharacterԅ֖ܔኞ౮ڊӞԶ፡Ӥ݄ᑖஙྋଉӞᅩጱᕮຎԧ҅੒ྲԏӥ҅GAN
ԭ෈๜ኞ౮ጱኞ౮ᕮຎดᆐฎૄभጱ̶ى

3.2. Gumbel-softmax҅ཛྷ೙Samplingጱsoftmax

දsoftmaxץԧࣁ໫य़਍ጱૡ֢಩දᬰGANአԭᐶවහഝኞ౮ጱ᯿ஞනڻ+শय़਍܏क़Ӟᓤ๶ᛔݚ
ጱoutputᬯොᶎ̶ই2.2ᜓಅᬿ҅Sampling ඙֢Ӿጱ  ڍහਖ਼ᬳᖅጱsoftmaxᬌڊುݐ
౮ᐶවጱ౮ࣳᬌ҅ڊ՗ᘒ੕ᛘSamplingጱ๋ᕣoutputฎӧݢஙጱ҅୵౮GAN੒ԭᐶවහഝኞ౮ጱ
๋य़ೝ᪠ᡡ҅෬ᆐӧአSamplingጱ෸҅ײoutputӨ፥ਫړ૲ӧ᯿҅ݖ੕ᛘJSවଶ؊ኸԭࢴਧ꧊ 

 ҅ইຎአԧSamplingጱᦾ҅ᐶවහഝጱྋଉᬌ݈ڊ᭜౮ԧༀଶ Back-Propagation Ӥॠᆐጱ
ᵍᴂ̶

෬ᆐইྌ҅ᦞ෈ጱ֢ᘏ੔ತԧӞᐿݢզṛճڊSamplingපຎጱᇙྛsoftmaxֵ҅஑softmaxጱፗള
ᬌڊ෬ݢզכᦤӨ፥ਫړ૲ጱ᯿݈҅ݖᚆ᭿عSampling඙֢੒ԭٌݢஙᇙ஄ጱᏈ̶ࣕਙ੪ฎŉᘭ
ᨬਫ਼-softmaxŊҁGumbel-Softmax҂҅Gumbel-Softmax෱ض૪ᕪᤩଫአԭᐶවຽᓋጱٚړ૲۸
>15@ҁCategorical Reparameterization҂҅ضܻࣁጱSampling඙֢Ӿ҅  ڍහਖ਼ฦ᭗
softmaxጱᬌڊ᫨۸౮One-hot Vectorғ
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ᘒGumbel-Softmaxኼ݄ԧ  +  ᬯӞྍ҅ᚆड़ፗളᕳڊᬪ֒Sampling඙֢ጱ
ᬌڊғ

ᔜṚࣁԭᬯٌӾጱŉᭋჅ݇හŊ  ҅୮  ෸҅Ӥୗಅᬌڊጱړ૲ᒵݶԭ  + 
 ᕳڊጱ Sampling ړ૲҅ᘒ୮  ෸҅Ӥୗጱᬌڊ੪ളᬪԭړ۰࣐૲҅ᘒ  ڞ

֢ԅᬯӻᇙྛsoftmaxӾጱӞӻ᩻݇හ҅ᕳԨӞӻ᫾य़ጱڡত꧊҅᭗ᬦᦒᕞ਍ԟ᭑Ⴙݒੜ҅ݻ 
᭧ᬪ҅ᬯӞ᮱ړᧇᕡٖ਻ݢզᴅ᧛෈ሠ>15@̶

ᦞ෈ጱਫḵՐՐ੤ᦶֵአᯈݳGumbel-SoftmaxጱGANᬰᤈᳩଶࢴਧԅ12ጱ Context-free
grammar ଧڜኞ౮҅ݢᥠGANጱᦒᕞଚဌํૄभ҅ࣁ੝හ໏ֺӤԞ஑کԧᬮᓒ᭧፥ጱපຎ̶

ಅզ҅੒ԭGANᬰᤈፗളදᬰአԭ෈๜ኞ౮҅ᡱ᧔ฎݐ஑ԧӞਧጱ౮ප҅֕᪗ᐶቘమጱᇫாՖᆐ
᭲ᴥӬᳩ҅ํဌํๅঅጱېဩޫҘ୮ᆐѺ

4. RLࣁGAN෈๜ኞ౮Ӿಅಝᄍጱ֢አ
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ԭReinforcement Learningጱᳳᘱᳳಞى .4.1

୩۸਍ԟҁReinforcement Learning҅RL҂ኧԭٌܣڹጱ਍ԟොୗ҅๜ӧইፊ፽਍ԟᮎԍො׎ᤩ
ࢱکஉग़ሿਫଫአӾ਍ԟޮ๗ॡᳩ҅Ӟፗဌํ౮ԅӡռ᎔ፓጱᆌᅩ҅ፗࣁਫሿ҅ଚӬࣈᛔۖ۸ق
༇ᇸጱڊሿ҅಍ޕ୚ԧռग़Ոጱ፲ቖ̶

RL᭗ଉฎӞӻḘਫ਼ᑀॢ٬ᒽᬦᑕ҅ݱࣁӻᇫா  ӥಗᤈ຤ӻ֢ۖ  ᮷ਖ਼឴஑ॹۜҁ౲ᘏฎ"ᨮ
ॹۜ"——ధᗖ҂  ҅ᘒਖ਼՗१کੲಅํጱ֢ۖᬳࣁӞ᩸੪ᑍԅӞӻŉᒽኼŊ౲ŉᒽ
ኼ᪠ஆŊ  ҅୩۸਍ԟጱፓຽ੪ฎತڊᚆड़឴஑๋ग़ॹۜጱ๋սᒽኼғ

ԅԧᬡکᬯӻፓຽ҅୩۸਍ԟ๢ݢզݱࣁӻᇫா੤ᦶݱᐿݢᚆጱ֢ۖ҅ଚ᭗ᬦሾहҁय़ग़හฎՈ

ᔄ҂ݍḇጱॹۜ౲ᘏధᗖ҅ᦧ֌ଚತڊᚆड़๋य़۸ ๗๕ॹۜ  ጱᒽ

ኼ̶

ٌਫԞํՈਖ਼RLଫአԭ੒ᦾኞ౮ጱᦒᕞ୮Ӿ>16@҅ࢩԅ੒ᦾኞ౮ձۓ๜᫝ᶋଉᒧݳ୩۸਍ԟጱᬩ
ᤈ๢ቘҁᦏՈᔄჿ఺҅೭ॹۜ҂̶ᦡ҅໑ഝᬌݙفৼ  ҅ᬬࢧጱࢧᒼ  ՗Ոᔄ஑کጱॹۜᦕԅ 

 ҅ᘒEncoder-Decoder੒ᦾཛྷࣳ๐՗ጱ݇හᤩᕹӞᦕԅ  ҅ڞचԭRLጱፓຽڍහ᧔ጮ
ԧ੪ฎ๋य़۸ኞ౮੒ᦾጱ๗๕ॹٌۜ҅Ӿ  ᤒᐏ݇ࣁහ  ӥ҅Ӟᕟ੒ᦾ  ڊሿጱ༷
ሲ̶

෬ᆐฎӞӻ๋ս۸ጱᳯ᷌҅உፗള׎ࣈమֵکአचԭༀଶҁGradient҂ጱս۸ොဩᥴ٬̶୮ᆐ҅
ጱ Policyکލ୩۸਍ԟᶾऒଉࣁ׎ጱฎ๋սᒽኼ  ҅ྌᬦᑕک୩۸਍ԟӾ҅౯ժᥝ஑ࣁ
Gradient̶౯ժ಩ᒵୗݦᬟ  Ӿጱᶱܔᇿᦕԅ  ҅ਙᤒᐏ੒ᦾཛྷࣳತ๋کս݇හ෸

ಅ஑کጱॹۜ๗๕̶ࣁਫ؉෸҅ᦡ຤ݙᦾጱଫᒼํ$N$ᐿݢᚆ௔҅ྯڞᕟ੒ᦾ  ڊሿጱ༷
ሲݢᥤԅ๐՗ړ۰࣐૲҅ඳᬮݢզᬰᤈইӥݒ୵ғ
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۸ༀଶ҅ݒս۸ᬦᑕӾ҅੒ᦾཛྷࣳጱ๦᯿  ๅෛইӥ҅  ԅಅ឴ॹۜጱࣁ

۸ༀଶ҅ݒᖀᖅവ੕ॹۜጱ҅ڞහጱ࿢੕ဩڍݳ॔ۗ׵

ᬯ໏Ӟ๶҅ༀଶս۸ጱ᯿ஞ੪᫨۸کԧኞ౮੒ᦾጱ༷ሲӤ๶҅Ԟ੪ฎ᧔҅᭗ᬦ੒݇හ  ᬰᤈๅ
ෛ҅ॹۜտֵཛྷࣳ᩽ԭਖ਼սᨶ੒ᦾጱڊሿ༷ሲ൉ṛ҅ᘒధᗖڞտᦏཛྷࣳ᩽ԭਖ਼ەᨶ੒ᦾጱڊሿ༷
ሲᴳ̶֗

ᛔAlphaGoֵ஑୩۸਍ԟሕᆐᬰفय़ռᥤᰀզ๶҅य़᮱ړ੒ԭ୩۸਍ԟጱቘᦞᎸᑪ᮷ਖ਼჋౭֢ԅ
Ԇᥝਫḵଘ҅ݣᬯӞᅩӧ෫᭲ቘ҅୩۸਍ԟቘᦞӤጱവ੕፡֒᭦ᬋ᭗ᶲٌ๋҅֕य़ጱ୧ᅩࣁԭ҅
चԭՈૡᦧڣጱॹۜ  ጱ឴஑҅ᦏਫḵՈާਝࣁኪᚏڹ੒ཛྷࣳڊݺ๶ጱᕮຎӧ؊ࣈ಑ړ
፡๶ฎӧሿਫጱ҅჋౭ᔮᕹ௴௴ᚆտᕳڊྋᏟਮᥡጱ಑ړҁᬌ/ᩬ ౲ ჋౭Score҂̶चԭRLጱ੒
ᦾኞ౮ݶ໏տᶎ੒ᬯӻᳯ᷌҅ᎸᑪՈާ᯻አԧᔄ֒AlphaGoጱਫሿොୗҁAI༇ಋ੒୔҂——ݶ෸
ᬩᤈӷӻ๢࢏Ո҅ᦏਙժᛔ૩԰ፘ੒ᦾ҅ݶ෸ֵ҅አᶼᦒᕞҁpre-trained҂অጱŉ಑࢏ړŊᕳྯڊ
ᕟ੒ᦾጱॹۜ஑ى҅  ړԭᬯӻᶼᦒᕞጱŉ಑࢏ړŊ  ҅ݢզ໑ഝਫᴬጱଫአ޾ᵱ࿢ᛔ
૩DIY̶ 

ฎވ᭗ᶲ ฎވᬖӧᬡ఺ ฎވ௛᧔᯿॔ጱଳᦾ

ᑖஙఽݑӞӥRL ChatBotጱපຎғ
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4.2. SeqGAN ޾ Conditional SeqGAN

ڹࣁғRL + GAN for Text Generation҅SeqGAN>17@ᒊړԧṛᄤ᮱کᶎ᧔ԧᬯԍग़҅ᕣԭᬨ๶ڹ
ՈRL Text GenerationጱᙒᚺӤ҅ݢզ᧔ฎGAN for Text GenerationӾጱդᤒ̶֢Ӥᶎᡱᆐᜰԧय़
ᰁᓤଏᦖᬿRL ChatBotጱᐿᐿ๢ቘٌ҅ਫ᮷ฎԅԧਙ๶؉ᱻऀ̶ᦶమ౯ժֵአGANӾጱ࢏ڦڣD
֢ԅ୩۸਍ԟӾॹۜ  ጱ๶რ҅؃ᦡᵱᥝኞ౮ᳩଶԅTጱ෈๜ଧڞ҅ڜ੒ԭኞ౮෈๜ጱॹ
ۜ꧊  ᦇᓒݢզ᫨۸ԅইӥ୵ୗғ

ᬯ᯾ᥝ᧔กپᅩ҅؃ᦡᵱᥝኞ౮ጱଧڜ௛ᳩଶԅ  ҅  ฎ೰ڹض૪ᕪኞ౮ጱ᮱ړଧڜ
ҁࣁRLӾݢᥤԅ୮ڹጱᇫா҂҅᭗ᬦ᠃ᇙܜ၎൤ᔱ஑ک  ᐿݸᖅጱଧੱ҅ڜᓕ෈๜ኞ౮ׁ෯ฎ
᭑᦯੔ತ๗๕ॹ๋ۜय़ጱActionҁӥӞӻ᦯҂҅࢏ڦڣDᬮฎզෆݙԅ֖ܔ੒ኞ౮ጱଧڜᕳڊ஑
̶  ړ

ӧෙս۸ᛔ૩ғړጱ஑ࢧᬬ  ࢏ڦڣڹ໑ഝ୮  ࢏ኞ౮҅ڹᦒᕞԏ  ࢏ڦڣෛӞդጱࣁ

ፗکኞ౮࢏Gኞ౮ጱ෈๜᪃զԤ፥ጱ෸҅ײ੪ฎๅෛᦒᕞෛ࢏ڦڣጱ෸ײԧ̶Ӟᛱ๶᧔҅ڦڣ
ڦڣԅ፥ਫ໏๜ጱ༷ሲ꧊҅ೲᆙܻᇇGANጱቘᦞ҅ڜෙᧆଧڣ෬ฎٌړጱ஑ڊ಑ڜD੒ኞ౮ଧ࢏
Gಅኞ౮ጱ໏๜᪃զԤ፥҅ᮎԍ࢏ԅ  ෸҅᧔กኞ౮࣐ጱᰄਧᕮຎڊD੒ԭ real/fake ໏๜ᕳ࢏
D࢏ڦڣ᧔กܨ෸҅ړጱ஑  ڊളᬪኜᛗṛڊ઄઄੒ኞ౮໏๜಑࢏ڦڣӾ҅ۓӤᶎጱձࣁᝑױ
ᵱᥝٚᦒᕞԧ̶ࣁਫ؉Ӿԅԧො҅׎Ӟᛱᒵஇग़᫪ኞ౮࢏ጱᦒᕞ҅ݸᬰᤈӞེ࢏ڦڣጱᦒᕞ̶
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SeqGANጱ൉ڊԅGANአԭ੒ᦾኞ౮ҁChatbot҂ਠ౮ԧ᯿ᥝጱᱻऀ҅ݶ໏᩸کᱻऀ֢አጱᬮํ
௏ݷኞ౮ᶾऒጱᐟ॰ଫአ——Conditional GAN>18~19@҅ํ๵կጱGAN҅ᶶ؟ࢶࣁक़ӞӻGANݚ
Ԏ੪ฎ໑ഝӞਧጱ๵կኞ౮Ӟਧጱӳᥜ҅ᧆૡ֢໑ഝᬌفጱ෈ਁൈᬿ֢ԅ๵կ҅ኞ౮੒ଫጱࢶ
ইғྲ҅؟

੒ᦾኞ౮ݢզቘᥴԅݶ໏ጱཛྷୗ҅ӤӞݙ੒ᦾ֢ԅ๵կ҅ӥӞݙଫᒼڞԅᥝኞ౮ጱහഝ҅ࠔӞጱ
ӧݶฎᵱᥝኞ౮ᐶවጱ෈๜හഝ҅ᘒᬯӻᳯ᷌҅SeqGAN૪ᕪଆ஬ᥴ٬ԧ̶ᖓӤ҅౯ᛔ૩ᕳਙ᩸
ғConditional SeqGAN>20@̶໑ഝ4.1ᜓզ݊๜ᜓጱവ੕҅Conditional SeqGANӾጱս۸ༀଶݷ
౮ғٟݢ

ӧᵙ፡҅ڊྌୗৼӨ4.1ᜓӾጱ۸ݒༀଶՐӞਁԏ૧҅ݝฎ಩ŉ಑࢏ړŊᕳڊጱॹۜ஑ړ 
ഘ౮ԧᰄ࢏ڦᦊԅኞ౮੒ᦾ๶ᛔ፥Ոጱ༷ሲ஑ړ  ̶፡֒૧ڦஉஉੜ҅ਫᴬӤ RL +
GAN ጱ෈๜ኞ౮ದ๞ӨܔᕍचԭRLጱ෈๜ኞ౮ದ๞ํ፳๜ᨶጱڦ܄ғܻࣁ๜ጱ୩۸਍ԟ੒ᦾኞ
౮Ӿ҅ᡱᆐ᯻አԧAI԰ፘ੒ᦾ҅ଚᦡਧԧ jugle ᬰᤈ಑֕҅ړᬯӻ jugle ฎᶼᦒᕞঅጱ҅ࣁ੒ᦾཛྷ
ࣳጱᦒᕞᬦᑕ୮Ӿਖ਼ӧٚݎኞ۸ݒҔRL + GAN ጱ෈๜ኞ౮Ԋᛗ੒ᦾཛྷࣳڞӧ҅ݶᰄ࢏ڦDӨኞ
౮࢏Gጱᦒᕞๅෛਖ਼Ի๊ᬰᤈ҅ྌၾஂᳩ҅ඳᘒᕳڊॹۜ஑ړጱᰄ࢏ڦDࣁᬯ᯾ฎۖாጱ
ҁdynamic҂̶

RL+ GAN ڥአ୩۸਍ԟӾጱ  ๢ګզ݊ Policy Gradient ᒵದ๞҅ૣওࣈ᭿୏ԧGANᶎ੒
ᐶවහഝ෸ༀଶ෫ဩBPጱᵙֵ᷌҅ࣁአ୩۸਍ԟጱොဩᦒᕞኞ౮࢏Gጱᳵᵐ݈҅᯻አ੒ಯ਍ԟጱ
ܻᇇොဩᦒᕞ࢏ڦڣD̶ ࣁConditional SeqGAN੒ᦾཛྷࣳጱӞԶᔜᭌᕮຎӾ҅RL+ GAN ᦒᕞ஑ک
ጱኞ౮࢏෸ଉᚆᬬࢧӞԶᔄ֒፥Ոጱ᭧፥ࢧᒼҁ౯፥ํᮎԍӞӴӴളᬪŉ௣ோᨕŊጱఽݑ҂̶
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5. ӞԶᕡᜓ + ӞԶ୊֐

Ӥ෈ಅᬿጱ҅ݝฎ RL + GAN ᬰᤈ෈๜ኞ౮ጱच๜ܻቘ҅य़ਹᎣ᭲҅GANࣁਫᴬᬩᤈᬦᑕӾձᆐ
NLPᶾऒጱࣁയๅग़GANݎݸᚆս۸ GAN ෈๜ኞ౮ጱපຎ҅ᘒݢᔰ҅ԅԧੱࢩ᧘ग़ӧᏟਧࣁਂ
ᄟ҅ێᬮํӞԶ꧊஑Ӟ൉ጱᕡᜓ̶

5.1. Reward Baselineғॹۜ꧊Ӥጱ Bias

ҁ  ંԭ፥ਫ໏๜ጱ༷ሲ҂֢ړDᕳԨኞ౮໏๜  ጱ༷ሲ஑࢏ڦ౯ժ᯻አᰄ҅ک4.2ᜓӾ൉ࣁ
ԅॹۜ  ҅෬ᆐฎ༷ሲ꧊҅ଫᧆ఺ᦩکᬯԶ༷ሲ஑ړ᮷ฎᶋᨮጱ҅ইྌӞ๶׎ܨኞ౮ڊ
ٚ૧ጱᕮຎ҅ᰄ࢏ڦDԞӧտᕳڊᨮ  ᬰᤈధᗖ̶՗ቘᦞӤ๶ᦖ҅ኞ౮࢏ጱᦒᕞտ᩽ݻԭ
ᴳ֗᫾ੜॹۜ꧊໏๜  ڊሿጱ༷ሲᘒ൉ṛ᫾य़ॹۜ꧊໏๜  ڊሿጱ༷ሲ҅ᆐᘒࣁਫ؉
෸҅ኧԭ᯻໏ӧقᒵӧݢഴࢩᔰጱਂ҅ࣁᬯ໏ӧड़ړกጱॹధڦ܄ਖ਼ํݢᚆֵ஑ኞ౮࢏Gጱᦒᕞ
஑؇ᶿ̶ݒ

ਫᴬӤ҅ࣁ୩۸਍ԟጱ੒ᦾኞ౮ཛྷࣳ୮Ӿ҅੪૪ᕪڊሿԧྌᔄᳯ̶᷌ᥴ٬ጱොဩஉᓌ҅ܔ౯ժᦡ
ᗝӞӻॹۜ꧊  ጱचٵ꧊Baseline҅ྯེᦇᓒॹۜ꧊ጱ෸ݸࣁ҅ײᶎ݄ٺᬯӻचٵ꧊֢ԅ
๋ᕣጱ ॹۜ or ధᗖ ꧊ֵ҅஑ኞ౮࢏Gጱኞ౮ᕮຎྯེ஑کጱॹధํྋํᨮ҅ด஑ๅړےก̶ᦕ
ॹధचٵ꧊ԅ  ҅4.1ᜓڞӾս۸ༀଶጱᦇᓒلୗץදԅғ
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੒ଫࣁ҅ࣈ RL + GAN ጱ෈๜ኞ౮ձۓӾ҅ݶ໏ࣁᰄ࢏ڦD੒ݱӻኞ౮໏๜಑ڊጱ༷ሲ஑ړӤٺ
݄ॹధचٵ꧊  ҅4.2ᜓڞӾ SeqGAN Ө Conditional SeqGAN ๗๕ॹۜ꧊ጱս۸ༀଶᦇᓒلୗ
Ԟץڦړදԅইӥғ

5.2. REGSғӞՈᇨᲙӞՈ୮

ᕡஞጱ᧛ᘏݢզݎሿ҅ࣁSeqGANጱॹۜս۸ༀଶᦇᓒلୗጱവ੕Ӿ҅ኧᰄ࢏ڦDᕳԨጱኞ౮໏
๜ॹۜ஑ٌړਫฎᶲଫଧڜ෈๜ጱኞ౮ᬦᑕ҅᭑᦯Ծኞጱ҅ݢզ፡کԏڹጱവ੕لୗӾดᐏԧ੒
ԭPartly෈๜ଧڜጱᴤྦྷ௔ॹۜ꧊࿢ٚ޾࿢ଘ̶࣐ᆐᘒڡ᩸ࣁጱਫḵӾ҅໑ഝ๋ᕣവ੕ጱॹۜ꧊
ս۸ༀଶᦇᓒلୗ҅ᰄ࢏ڦDᤩᦒᕞԅአԭ੒ෆݙኞ౮ᕮຎᬰᤈᦧ֌಑҅ړᬯ໏ጱᦾ҅ᰄ࢏ڦD
ጱ಑ړ੒ԭኞ౮ଧڜӾጱྯӞӻtoken᮷ฎݶᒵጱਂ҅ࣁᥝॹۜ੪Ӟ᩸ॹۜҁॹۜ꧊ݢᥤԅፘ
ຎ҅፡ӥᶎጱֺৼ̶ݸ҂҅ᥝధᗖ੪Ӟ᩸ధᗖ҅ᬯᐿ؉ဩտ੕ᛘӞӻݶ

ྲইํᬯ໏Ӟӻ੒ᦾᕟҁ۱ތ፥ਫࢧᒼ޾ኞ౮ࢧᒼ҂ғ

question = ['֦', 'ݞ', 'Ջԍ', 'ਁݷ', 'Ҙ']
real_answer = ['౯', 'ݞ', 'ୟӣ', '̶']
fake_answer = ['౯', 'ӧ', 'Ꭳ᭲', '̶']

உดᆐ҅ᰄ࢏ڦDᚆड़᫷ฃᬙᦩݸᘏࢧᒼฎ؃ጱ҅஠ᆐտᕳڊຄ֗ጱॹۜ꧊஑֕҅ړฎ՚ᕡ੒ྲ
፥/؃ӷӻࢧᒼݢզݎሿ҅ᒫӞӻ᦯ ŉ౯ Ŋ ٌਫ޾፥ਫ໏๜ጱᒫӞӻ᦯ฎӞ໏ጱ҅ᘒ๋ݸӞӻਁᒧ
ŉ̶ŊٌਫԞଚ෫य़Ꮵ҅ਙժٌਫଚဌํᲙ҅፥ྋᲙ᧏ጱฎ ŉӧ Ŋ ޾ ŉᎣ᭲ Ŋ ᬯӷӻ᦯҅֕உӧ
ଛ҅ᰄڣ࢏ڦਧ fake_answer ጱෆ֛ࢧᒼฎ؃ጱܻ҅๜෫ᬕጱ᦯ᶱ ŉ౯ Ŋ ޾ ŉ̶Ŋ Ԟᥝ᪙፳Ӟ᩸
ളڣړ֗ݑਧጱధᗖ̶

ᦏ౯ժکࢧ GAN + RL ੒෈๜ኞ౮ཛྷࣳጱս۸ܻቘ҅؃ᦡ  ฎᶎ੒ᬌفӤ෈  ෸ኞ౮
੒ᦾӥ෈  ጱ༷ሲ҅౯ժਖ਼ਙೆړ౮᭑ӻܔ᦯೪ളጱ୵ୗ҅ྯӞӻڊሿጱ᦯࿤᮷ਖ਼තکԏڹ
contextጱ୽̶ߥ

Gਖ਼ᤩᦒᕞԭ࢏ధᗖ҂҅ኞ౮کݑҁړ֗ڊD಑࢏ڦইຎኞ౮໏๜  ᤩᰄ҅ک4.1҅4.2ᜓӾ൉ࣁ
ᴳ֗Ծڊྌᕮຎጱ༷ሲ̶ᕮݳӤᶎᬯ๵لୗ҅ױᝑܔᇿਖ਼ኞ౮ଧڜӾጱӞ᮱ڹړᖗ  ೭ڊ
๶Ө፥ਫ໏๜Ӿਠقፘ҅ݶએӧฎԞᥝളݑෆ֛֗ړᘒଃ๶ጱధᗖҘ

ᥴ٬ᬯӞᗌᵅጱፗളොဩ੪ฎ಩ॹధጱڣਧᔉଶᬰӞྍᕡ۸ک word ౲ character ᕆࣁ҅ڦ෈๜
᭑᦯ኞ౮ጱᬦᑕӾ੒partlyጱኞ౮ᕮຎᬰᤈ಑̶ړᬯᐿ॒ቘٌਫࣁSeqGANጱᦞ෈Ӿ>17@੪૪ᕪਫ
ෞԧ҅೐઀کConditional SeqGANӾ҅ս۸ༀଶጱᦇᓒلୗଫදٟԅইӥғ

෈๜ړ෈๜᭑᦯ኞ౮ᬦᑕӾ឴஑᮱ࣁD࢏ڦᲫ҅ਙդᤒᰄىୗӾ҅  ฎᦇᓒጱل
ጱఘ٭ӥ੒ԭ๋ᕣrewardጱ֌ᦇ҅ᓌᘒ᥺ԏ੪ฎྯ஑کӞӻෛጱኞ౮᦯҅੪ᕮݳྌڹኞ౮ጱڹଧ
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෈๜֌ᦇ๋ᕣreward҅ଚ֢ԅᧆኞ౮᦯ܔᇿጱreward҅SeqGANጱᦞ෈Ӿֵአ᠃ᇙܜ၎൤ᔱ>21@
ҁMonte Carlo Search҅MC search҂ጱොဩᦇᓒ᮱ړኞ౮ଧڜ੒ԭෆ֛rewardጱ֌ᦇ꧊̶ᘒࣁ
Conditional SeqGANጱᦞ෈Ӿ҅ᩙԨԧᬯᐿ॒ቘӞӻਁݷ —— Reward for Every Generation
StepҁREGS҂̶

5.3. MC Search & Discriminator for Partially Decoded SequencesғٵଶӨ᭛
ଶጱನೠ

ӤӞᜓ᧔کSeqGANӾֵአMC searchᬰᤈ᮱ړଧڜॹۜ֌ᦇ꧊  ጱᦇᓒ֢҅
ԅREGS඙֢ጱىᲫᦇᓒٌ҅ᵙ॒ࣁԭ҅౯ժଚӧᚆᶼᎣ᮱ړኞ౮ଧڜᚆᕳ౯ժଃ๶ጱ๋ᕣᕮ
ຎ҅੪অ؟Ӟ࣋ᓯቖྲᩦ҅ݢᚆ࣋܎ᕮ๳ྲړᶾܩ҅ضԞӧᚆউ᥺๋ᕣጱྲᩦᕮຎӞ໏̶

෬ᆐইྌ҅ݝࣁ஑ک᮱ړଧڜጱఘ٭ӥ҅  ݝ஑֌ᦇ឴஑҅Monte Carlo
Search>21@੪ฎٌӾӞᐿ֌ᦇොဩ҅Monte Carlo Searchጱ௏మຄٌᓌ؃҅ܔᦡ౯ժ૪ᕪ೜ํԧ
᮱ړኞ౮ጱڹᖗ  ҅౯ժֵአ୮ڹጱGenerator҅୩ࢴګਧᬯӻڹᖗ҅ଚ᯿॔ኞ౮ڊ
$M$ӻਠෆጱଧڜҁํᅩ᯻໏ਫḵጱ఺௏҂҅ڦړԻᕳᰄ࢏ڦDᬰᤈ಑҅ړᬯ  ӻཛྷ೙໏๜ጱ
ଘ࣐ॹۜ஑ܨړԅ᮱ړଧڜ  ጱॹۜ֌ᦇ꧊  ̶

୮ᆐֵ҅አMC searchጱᗌᅩԞஉกดғྯኞ౮Ӟӻ᦯҅੪ᥝᬰᤈ  ེኞ౮᯻໏҅ᶋଉᘙ෸Ҕ
ᬮํӞੜᅩ҅ྯ୮౯ժᦇᓒ᫾ԅݸ๗ጱӞԶ᮱ړଧڜॹۜ֌ᦇ꧊ጱ෸҅ײ௛ฎտ෫ဩ᭿ٚࣈعӞ
ེᦇᓒڹᶎ෱๗ኞ౮ጱᶱ҅ᬯ໏ᦇᓒڊ๶ጱ  ݢᚆ੕ᛘ੒ԭ᫾ڹৼଧڜҁྲইᒫ
Ӟӻ᦯҂ጱᬦ೙̶ݳ

ړᖗᬰᤈ಑ڹ૪ኞ౮ړզ੒᮱ݢԭConditional SeqGANጱᦞ෈҅ଗᚈᦒᕞӞӻڊक़Ӟᐿොဩ൉ݚ
ጱnewᰄ࢏ڦD̶ਖ਼຤፥ਫ໏๜ጱ  ጱق᮱ڹᖗৼଧڜҁ஠ᶳ՗ᒫӞӻ᦯୏ত҂ᵞݳᦕ֢ 

ᦕ֢  ҅౯ժྯݳᵞڜᖗৼଧڹ᮱ق໏ਖ਼຤ኞ౮໏๜$X^-$ጱݶ҅ 
ེ՗ᬯӷᘏӾᵋ๢೴ᭌӞӻ౲ᝑଗӻຽਧԅ  ౲  ҁӨܻଧڜፘݶ҂҅ӨܻଧڜӞفےݶᰄ
ፗളֵአᬯ҅ێጱᚆړ಑ڜᖗৼଧڹीႲԧᕳ׎ጱDiscriminatorکDጱᦒᕞӾ҅ᬯ໏ᦒᕞ஑࢏ڦ
໏ጱDiscriminatorᕳڹᖗৼଧڜ಑឴ݢܨړ஑  ̶ᬯᐿොဩጱᘙ෸ྲֵ᩸አMC
searchᥝ੝உग़҅֕஑ഖ०Ӟਧጱٵଶ̶

Ӟݙᦾ௛ᕮӷᐿ  ጱᦇᓒොဩғӞᐿฎڥአ᮱ړଧڜYYڊਠෆଧڜ๶ᕳᰄ࢏ڦ಑
Ӟ҅࢏ڦጱᰄړ಑ڜଧړզԅ᮱ݢکጱᦒᕞᬦᑕ҅஑࢏ڦᰄفےڜଧړፗളਖ਼᮱ڞӞᐿݚᘒ҅ړ
ӻ᫾ౌ҅ݚӞӻளܩഖ०ٵଶ҅ই֜ᭌೠ੪፡य़ਹԧ̶

5.4. Teacher ForcingғᕳGeneratorӞӻག໏

ԧᕮӞӥRNNᬩᤈጱӷᐿܔଆۗय़ਹᓌض҅ڹ୏তᦖᥴSeqGANӾጱTeacher Forcingԏࣁ
modeғ�1�. Free-running modeҔ�2�. Teacher-Forcing mode>22@̶ڹᘏ੪ฎྋଉጱRNNᬩᤈො
ୗғӤӞӻstateጱᬌڊ੪؉ԅӥӞӻstateጱᬌ҅فᬯ໏؉෸ํᷚᴾጱ҅ࢩԅࣁRNNᦒᕞጱ෱
๗҅ᶌڹጱstateӾইຎڊሿԧຄ૧ጱᕮຎ҅ᮎԍݸᶎጱق᮱state᮷տݑᇘᬳ҅զᛗԭ๋ᕣᕮຎ
ᶋଉӧঅԞஉᵙშრݎکኞᲙ᧏ጱრ१҅ᘒݸᘏTeacher-Forcing modeጱ؉ဩ੪ฎ҅ྯེӧֵአ
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ӤӞӻstateጱᬌ֢ڊԅӥӞӻstateጱᬌ҅فᘒฎፗളֵአground truthጱ੒ଫӤӞᶱ֢ԅӥӞӻ
stateጱᬌ̶ف

੪೭Seq2Seqཛྷࣳ๶Ԉֺ҅౯ժ؃ᦡྋᬌکڊᒫӣᶱ҅॓ٵኞ౮ᒫࢥᶱғ

input = ['a', 'b', 'c', 'e', 'f', 'g', 'h']
output = ['o', 'p', 's', ...]
label = ['o', 'p', 'q', 'r', 's', 't', 'u']

Free-running modeӥጱdecoderտਖ਼ᒫӣᶱᲙ᧏ጱᬌڊ output>2@ = 's'ҁӥຽ՗0୏ত҂֢ԅӥ
Ӟӻstateጱᬌ҅فᘒࣁTeacher-forcing modeӥ҅decoderڞտਖ਼ྋᏟ໏๜ጱᒫӣᶱ label>2@ =
'q' ֢ԅӥӞӻstateጱᬌ̶ف ୮ᆐᬯԍ؉Ԟํਙጱᗌᅩ҅ࢩԅׁᩢຽᓋහഝ҅ࣁtrainingጱ෸ײտ
ํ᫾অጱපຎ҅֕ฎࣁtestingጱ෸ײ੪ӧᚆ஑کground truthጱඪ೮ԧ̶๋অጱᕮຎฎਖ਼Free-
running modeጱbehaviorᦒᕞ஑ੱݢᚆളᬪԭTeacher-forcing mode҅Professor Forcing>23@ֵ
አGAN੤ᦶਫሿԧᬯӞፓຽ̶

୮ᆐ҅ᬯԶ᮷ฎ᷌क़ᦾ҅౯ժᥝکࢧTeacher-Forcing mode๋ڡጱmotivationғᦒᕞҁᬽդ҂෱
๗ጱRNNᶋଉ୧҅پԒӧᚆᕳڊঅጱኞ౮ᕮຎҁզᛗԭᏈᅆᏈ൸҅Ծኞ࣯࣍ጱoutput୽ݸߥᶎጱ
state҂҅஠ᶳׁᶌground truth୩ᤈಡ፳ᩳ҅಍ᚆౌౌᬰفྋ᫥̶

SeqGANԞਂࣁᬯ໏ጱᳯ᷌҅Ӟ୏তጱኞ౮࢏Gᶋଉ୧҅׎ܨฎᕪᬦӞਧᰁጱᶼᦒᕞ҅ԞپԒኞ
౮ӧڊঅጱResult҅ᆐݸᬯԶbad resultᕳکᰄ࢏ڦD஠ᆐݝᚆᬬࢧஉ֗ጱ  ҁధᗖ҂҅ኞ
౮࢏Gጱᦒᕞݝᚆ໑ഝᰄ࢏ڦጱ಑ړ๶ս۸ᘒ෫ဩ஑کgood exampleጱ೰੕҅࿞ᬱӧᎣ᭲Ջԍฎ
অጱᕮຎ҅ᕮຎ஠ᆐฎ௶௔஗ሾ̶ԭฎ҅ํ஠ᥝࣁSeqGANᦒᕞӾᕳکኞ౮࢏G፥ਫ໏๜ጱ೰
੕҅Ԟ੪ฎޞᦫኞ౮࢏ғŉՋԍ໏ጱ໏๜಍ᯈ஑کṛړ  ?Ŋ

4.2ᜓӾ൉҅کኞ౮࢏G ࢏ڦڣ ޾Dጱᦒᕞ෸Ի๊ᬰᤈጱ҅ኧԭᰄ࢏ڦᬬࢧጱ಑ړฎڣਧᬌف໏
๜ԅ፥ጱ༷ሲ҅౯ժݢզᵋ๢ڊݐӞ᮱ړ፥ਫጱ໏๜੒ᦾᕟ 

 ҅ᆐݸፗളᦡᗝ՜ժጱᰄ࢏ڦॹۜ꧊ԅ  ҁ౲ᘏٌ՜
ձ఺ਧԎጱ๋ṛړ҂҅ਖ਼ਙժفےኞ౮࢏GጱᦒᕞᬦᑕӾ҅ᬯ໏ኞ౮࢏੪ᚆᎣ᭲֜ᐿ໏๜ᚆ஑ک
๋ṛጱॹۜ҅՗ᘒӞਧᑕଶӤ᭿عԧSeqGANጱᦒᕞᬦᑕኧԭӞොጱ୧۠ᘒݎኞૄभ̶

౲ᘏԞݢզᬯ໏ғአᦒᕞঅጱᰄ࢏ڦDԞԅᵋ๢ು໏ጱ፥ਫ໏๜಑҅ړᆐکفےݸኞ౮࢏Gጱᦒ
ᕞᬦᑕӾ҅ӧᬦ҅ӞਧᥝᏟכᰄ࢏ڦD૪ᕪ஑ک꧌ړᦒᕞ҅ᛗ੝ᕳԨձ఺፥ਫ໏๜  ጱ಑
Ԟ஠ᶳԅྋ҂̶ݸᥝṛԭbaseline಍ᤈҁॹۜ꧊ᕪᬦ؇ᗝ॒ቘړ
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5.5. Actor-CriticғๅଠԎӤጱGANҘ

-Ӟӻᇙྛጱཛྷࣳ——Actorݚԧ୩۸਍ԟӾጱک᧨ᖓᬿୗጱ෈ᒍ>24@Ӿ҅܎DeepMindጱӞᓤࣁ
Critic҅ଚړຉԧᬯӻཛྷࣳӨGANԏᳵጱᘶᔮ̶

Ḓض౯ժࢧᶶӞӥGANӾᰄ࢏ڦD޾ኞ౮࢏Gս۸෸ጱፓຽڍහғ

ٚ᧔᧔୩۸਍ԟ҅ࣁचԭᒽኼᬽդጱ୩۸਍ԟӾ҅᭗ᬦ੤ᦶ୮ڹᒽኼጱaction҅՗ሾह឴஑ 
 ҅ᆐݸๅෛᒽኼ̶ᬯᐿ඙֢ࣁ჋౭ਫḵሾहӾᶋଉํප҅ࢩԅ჋౭ᔮᕹํ੗ᳮӬႴศጱ

ሾह҅ᚆड़ᑞਧࣈ໑ഝݱᐿളතکጱactionਮᥡࣈᕳڊ੒ଫ  ҅ᘒࣁሿਫኞၚӾ҅உग़෸
ᚆ᭗ᬦᦡਧݝᏟ҅ٵՋԍ໏ጱ  ๜᫝Ԟӧکଚဌํ੗ᳮႴศጱሾह҅ᕳਧactionଫᧆ஑ײ
DIYጱ಑࢏ړ๶ਫሿ҅ดᆐᬯԍ؉உᵙਠᗦmodel፥ਫӮኴݒ܉ӡ۸ጱఘ̶٭

ᮎԍ҅ᚆӧᚆض਍ԟڊӞӻᚆड़ٵᏟᦧ֌ڊॹۜ꧊ጱ꧊ڍහ  ҅ੱݢᚆࣈൈᬿሾह҅੒
ྋጱᶼ๗ॹۜޫҘԞ੪ฎ᧔  ጱ֌ᦇཛྷࣳ๜᫝Ԟฎᤩ਍ԟጱ҅ᬯ੪ل᫾ԅࢧᐿactionᬬݱ
ฎActor-Critic҅Actor᮱ړ᯻አփᕹጱPolicy Gradientս۸ᒽኼ  ҅Critic᮱ۗ׵ړŉQ-
LearningŊ਍ԟ๋ڊսጱaction-value꧊ڍහ҅᩸ލ๶ํဌํᅩ؟GANጱཛྷୗҘ๶፡፡ਙጱፓຽڍ
හٌ҅Ӿ  ೰ձ఺ӞӾDivergence҅꧊ऒᶋᨮ୮ӬՐ୮ӷӻړ૲ፘݶ෸ݐ꧊ԅᵭݢܨҁྲ
ই҅KL-divergence҅ JS-divergence ᒵᒵ҂ғ

෈Ӿਖ਼GANsཛྷࣳྲ֢Ӟᐿᇙྛ୵ୗጱActor-Critic҅ଚྲ᫾ԧӷᘏݱᛔጱᇙᅩզ݊ݸᖅጱදᬰದ
๞ࣁӷᘏӤጱᭇᯈఘ̶٭ᦶమӞӥ҅෬ᆐ୩۸਍ԟದ๞ଆۗGANᥴ٬ԧࣁᐶවࣳහഝӤጱༀଶփ
ඎᳯ᷌҅ᮎԍݶԅ୩۸਍ԟጱActor-CriticԞԅ੒ಯୗ෈๜ኞ౮൉׀ԧݚक़Ӟᐿݢᚆ̶
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5.6. IRGANғӷӻ༄ᔱཛྷࣳጱ੒ಯ

IRGAN>25@ᬯᓤૡ֢ݎᤒԭ2017ଙጱSIGIR҅՗֢ᘏጱᴣ਻๶፡੪ဳਧӧฎӞᓤଘٿጱٌ֢҅ߝ
Ӿ੪۱ތSeqGANጱܻቔՈḘ֢҅ᘏਖ਼ኞ౮੒ಯᗑᕶጱ௏మଫአԭמ௳༄ᔱᶾऒ݈҅ܩӧ೔ဲԭ
փᕹGANጱᕪَFramework҅ᘒฎڥአԧIRᶾऒܻ๜੪ਂࣁጱӷᐿӧݶ᪠හጱmodelғኞ౮ୗIR
ཛྷࣳ ڦڣ ޾ୗIRཛྷ̶ࣳ

ኞ౮ୗIRཛྷࣳፓຽฎԾኞӞӻquery  documentጱىᘶଶړ૲҅ڥአᬯӻړ૲੒ྯӻᬌفጱ
queryᬬࢧፘىጱ༄ᔱᕮຎҔᘒڦڣୗIRཛྷࣳ፡Ӥ݄ๅ؟ฎӞӻԫᔄړᔄ҅࢏ਙጱፓຽฎੱݢᚆ
ᘶັᧃ੒<query_f� document_f>҅੒ԭᕳى෫޾<ᘶັᧃ੒<query_r� document_rىํړ܄ࣈ
ਧጱັᧃ੒<query� document>҅ڦڣୗIRཛྷࣳᕳڊᧆັᧃ੒Ӿጱӷᶱጱىᘶᑕଶ̶

ࣁਙժԏᳵᇙྛጱᘶᔮ҅ӷᐿᷚ໒ᬷ୑ጱIRཛྷࣳکጱՕᕨ๶፡੪ᚆӴӴఽᥧܔ՗ӷӻཛྷࣳᓌط
GANጱ௏మӾŉํᖭࣈŊᩳکԧ੒ᒈᶎ҅౯ժਖ਼ኞ౮ୗIRཛྷࣳᦕ֢ғ  ҅ਖ਼ڦڣୗIRཛྷ
ࣳᦕ֢ғ  ҅ԭฎෆӻIRGANጱፓຽڍහԅғ

୭ғࢧୗIRཛྷࣳጱ᭦ᬋڦڣDਧԎԅ࢏ڦIRGANӾ҅ᰄࣁ

ԭฎᰄ࢏ڦDጱፓຽڍහᬰӞྍٟԅғ

ፘ੒҅ࣈኞ౮࢏G੪ፗളᬌڊզqueryԅconditionᒼໜ࿰ӾಅํdocumentӨᧆqueryጱىᘶړ
૲҅ӧଛ҅ࣈ౯ժ஠ᶳਖ਼᭗ᬦᬯӻىᘶړ૲҅ᬦᄁڊ୮ڹᦊԅ๋ፘىጱdocumentᒼໜ҅಍ᚆ֢
ԅᰄ࢏ڦDጱᬌف๶ڣਧྌ෸ྌڰ༄ᔱᕮຎጱᨶᰁܻ҅๜ᬳᖅࣳጱړ૲ᕪᬦᬯӞྍጱರᚸ݈ݒ౮
ᐶවࣳጱහഝԧ҅ᬮঅ�౯ժํ୩۸਍ԟ҅ᦡ  ҅ڞኞ౮࢏Gጱፓ
ຽڍහᤩٟ౮ғ

Ԟ੪ฎ๋य़۸ᰄ࢏ڦDᕳڊጱॹۜ҅ᘒᬯӻॹۜ꧊Ԇᥝ๶რԭ༄ᔱᕮຎ୵౮ጱັᧃ੒  ࣁ
ጱᶱᦕ֢ғ  ҅ೲᆙPolicyٖݩᒧ޾ਖ਼࿢̶޾ᘶጱ༷ሲԏىୗIRཛྷࣳӾᤩᦊԅᏟਫํڦڣ
Gradientጱොୗᬰᤈༀଶս۸҅ଚֵአ4.1ᜓӾጱവ੕ොဩൈᬿ  ጱս۸ༀଶ҅ࣁਫ؉෸ԅ
ԧො҅׎᯻໏  ӻ୮ڹኞ౮ୗIRཛྷࣳᕳڊጱັᧃᕮຎ࿢ᬪ̶֒
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୮ᆐ҅Ԟӧᚆ஫ԧ౯ժጱbaseline——  ҅෈Ӿᦡᗝbaselineԅ୮ັڹᧃᕮຎጱଘ࣐๗๕ 
 ̶

Ӥᬿฎᰒ੒Pointwiseఘ୵ጱIRձ҅ۓӧݶԭPointwiseఘ୵፳᯿ԭ஑کፗളጱ༄ᔱᕮຎ҅Pairwise
ఘ୵ጱIR಩ๅग़ᔜێනࣁԧrankingӤٌ҅ᬬࢧᕮຎ  Ӿقฎᶋ੒ᑍԫز
੒ٌ҅Ӿ  ྲ  Ө୮ڹጱັᧃᶱىᘶ௔ๅṛ̶IRGANԞݢզಘ઀کPairwiseጱఘ୵ܻ҅ڞ
ฎғŉӞڔ՗ٺŊ̶ ᰄڍ࢏ڦහਖ਼දٟԅғ

ᘒ؃ᦡኞ౮࢏GฎӞӻsoftmaxڍහ҅ڞPairwiseఘ୵ӥጱݒ୵޾ᓌ۸വ੕ইӥғ

IRGANࣁPairwiseఘ୵ӥጱ௛ፓຽڍහইӥٌ҅Ӿ҅  ᤒᐏ፥ਫጱᶋ੒ᑍԫزᕟ҅ᘒ  ڞᤒᐏ
ኞ౮ୗIRཛྷࣳኞ౮ጱԫزᕟғ

IRGANጱӞय़ᇙᅩฎ҅੒ಯmodelӾጱӷӻᕟկݱᛔ᮷ฎӞᐿIRཛྷࣳ҅ಅզᕪᬦ੒ಯᦒᕞԏ҅ݸ
ӧᓕ೭ڊ๶ߺӻ҅᮷ํ૶๕ᑱᏈܻضጱኒ̶֢᷀ᘏᬮىԭIRGANጱᦒᕞፓຽฎވᒧݳᕑՋ࣐ᤍ؉
ԧӞԶᦎᦞ҅ੱᓕࣁ፥ਫ༄ᔱጱଫአӾஉᵙ឴஑ಅ᧲ጱ፥ਫىᘶړ૲֢҅֕ᘏᦊԅӧᓕฎᥡ੊ک
ጱىᘶ໏๜ᬮฎ๚ᥡ੊کጱىᘶ໏๜҅ڦڣIRཛྷࣳጱᬌڊ௛ฎ޾ኞ౮IRཛྷࣳጱ੒ଫᬌࣁਂڊ፳ྋ
ፘىጱ֢አ҅ێԭฎԞ਀ᙙᘒኞԧ෈Ӿᮎӻىԭၶ޾ێ೒೫᯿ᇔ๋ᕣᬡکᄈၶଘᤍᇫாጱኼดฤ
႑ጱྲ̶ࡎ
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ᕮ᧍

ᬯӞᶾऒጱݎ઀ԏᬥ᭛҅Ԟᦜࣁ౯ਠ౮ᬯᓤBlogጱ෸ํ݈҅ײӞಢૡ֢ԩض௣ݸጱٛڊ๶ԧ҅֕
๋ᕣጱᕮੴᙗਧӧྊԭྌ҅౯Ԟӧெԍ඘ᳩᕮੲ҅ԞᦜᥝᒵஇGAN๶ԅ౯҅ԅ౯ժଃ๶Ӟӻ॰ও
ጱᕮੴ̶
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