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1. चᏐғኞ౮ཛྷࣳጱຽٵຝ

ኞ౮ҁText Generation҂᭗ᬦ ԟ + ᛔᆐ॒ቘ ದᦶֵAIٍํՈᔄଘጱ
ᤒᬡᚆ҅ێӞਧᑕଶӤᚆड़ݍଫሿՔᛔᆐ॒ቘጱݎଘ̶

ӥᶎአຄᓌጱൈᬿՕᕨӞӥኞ౮ದጱय़֛ຝٍ֛҅ݢզ݇ᴅݱᐿᗑᕶሠҁྲইғ
CSDNᕪَBlogŉঅሻጱኞ౮Ŋ>1@҂҅ᦞᒵ̶

ኞ౮ೲձۓ᧔҅ྲၞᤈጱํғᘉᦲ̵ݙৼኞ౮̵ᦾኞ౮ᒵ҅፳᯿ᦎᦞݸᶎӷ
ᐿ̶चԭႮଶԟጱText Generator ᭗ଉֵአሾᐟᕪᗑᕶҁBasic RNN҅LSTM҅GRUᒵ҂ᬰᤈ
Ԏୌཛྷ̶ݙࣁৼኞ౮ձۓӾ҅ӞᐿଉᥠጱଫአғŉChar-RNNŊҁᬯ᯾ŉCharŊฎଠԎӤጱᑍ᧲҅
ৼኞ౮ጱᬩݙଫݍզႴศଶݢचᏐ֕ܔ҂҅ᡱᆐᓌ֖ܔٌ՜ᔉଶܔզာӞӻਁᒧ̵ݢ
ᤈၞᑕ҅ḒضᵱᥝୌᒈӞӻପVocab۱ݢތᚆڊሿጱಅํਁᒧฎ҅ྯེཛྷࣳਖ਼ᶼၥک
ٌ҅ᖌଶԅପ Vocab ጱړฎӞӻ༷ሲݝጱڊሿጱ҅ᥝᎣ᭲softmaxᬌڊৼӾӥӞӻਖ਼ݙ
size҅ᵱٚ᭗ᬦڍහਖ਼ᬌ༷ڊሲړ۸ԅ One-hot vector҅ପ Vocab Ӿ༄ᔱڊଫጱ
ᶱҔࣁŉChar-RNNŊཛྷࣳᦒᕞֵ҅አᑻࣁݗාӤჶۖ҅ᑻݗԏٖጱӤӥٌ݊ݸᔲ᪙ጱਁ
ᒧᯈڦړݳԅӞᕟᦒᕞຽᓋ҅ྯེզೲᆙࢴਧጱྍᳩჶۖᑻݗզقڊ᮱ ŉ-ຽᓋŊ
̶

Өݙৼኞ౮ձۓᔄ֒҅ᦾኞ౮զྯᕟDialogue֢ԅ ŉ-ຽᓋŊ ҅ሾᐟᕪᗑᕶRNN_1
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DialogueӤᬰᤈᖫᎱ҅ٚአݚӞӻሾᐟᕪᗑᕶRNN_2ٌᬰᤈ᭑ᥴᎱ҅ଚզӤӞӻᥴᎱᐟ
ᕪزጱᬌ֢ڊԅӥӞӻᥴᎱᐟᕪزጱᬌ҅فኞ౮Dialogueӥ҅ᵱᥝဳጱฎғࣁᥴᎱڹᵱᯈ
ᗝŉতŊຽᦕ _҅አԭᐏᥴᎱDecoderސDialogueӥḒҁor ਁ҂ጱኞ౮҅ଚᯈᗝŉᕮ
Ŋຽᦕ _҅አԭᐏᥴᎱᕮ୮ڹጱ Text Generation ᬰᑕ̶

ᬯฎռಅޮᎣጱŉSeq2SeqŊຝጱचᏐ୵ா҅ԅԧṛचᏐSeq2Seqཛྷࣳጱපຎ҅ፗളᥴᎱ
ێጱଶํ᧘ই Beam-SearchDecoder>2@̵Attention mechanism Decoder>3@ҁᯈᗝဳ
ಋ҅Ԟํ᧘ইPyramidal RNN>4@ҁᰂਁरࣳف҂ᒵදᬰ҅ᘒᐟᕪᗑᕶጱᕮጱᥴᎱګ
RNN҂̵Hierarchical RNN Encoder>5@ҁړ੶ሾᗑᕶᖫᎱ҂ᒵදᬰ̶දᬰӧᦇٌහ҅ӧӞӞ
ᧇԈ҅֕ӧᓕই֜҅ᶼၥᕮຎጱᬌڊতᕣ᮷ฎӞӻᖌଶԅପय़ੜጱ༷ሲړ҅ᵱᥝٚንᭌ๋ڊ
य़꧊ጱIndex҅کପVocabӾ༄ᔱڊଫጱܔҁor ਁᒧ҂̶

2. ᳯ᷌ғGANԅ֜ӧᚆፗളአԭኞ౮

2.1. GANचᏐᎣᦩ

GANԭय़ਹᘒమ૪ᕪᚋᅝՈݗԧ҅ᬯ᯾؉ӞԶᓌܔጱ॔ԟ̶GANᕮӤᦖૣওᘒᓌܔ
ҁੱᓕํӨٌ՜ᕪَૡ֢Ideaፘ֒ጱԩᦓ>6~7@҂҅Ԟᶋଉฃԭቘᥴ҅ෆӻཛྷࣳํݝӷӻ᮱կғ1.
ኞ౮GҔ2.ڦڣD̶ኞ౮ཛྷٌࣳਫኧ૪ԋ҅ಅզኞ౮ԞଚӧෛẌ҅ኞ౮Gጱፓຽฎኞ౮
ጱᦒᕞׁᶌྯᬽդᬬኞ౮҅ײDጱڦڣဌํڹզࣁ҅ړളᬪԭ፥ਫጱ๋ڊ
ڊDጱڦڣኞ౮Ө፥ਫጱ૧ҁᬯӻ૧۸౮loss҂ᬰᤈ݇හս۸҅ᘒڹ୮ࢧ
ሿදݒԧᬯӞᅩ҅ڦڣDጱፓຽฎੱݢᚆٵᏟࣈᬙڦኞ౮፥ਫ҅ᘒᬯኞ౮Gጱ
ᦒᕞፓຽ੪ኧ๋ੜ۸ŉኞ౮-፥ਫ૧Ŋݒԅԧੱᰁ୧۸ڦڣDጱᬙڦᚆێҁᬯײᦒᕞጱፓ
ຽڍහӾ۱ތԧڦڣDጱᬌڊ҂̶GANཛྷࣳጱय़֛ຝইӥࢶಅᐏғ

౯ժٚᓌ॔ܔԟӞӥGAN୮ӾጱӞԶ᯿ᥝلୗ҅ᬯӞྍݸጱᴏᬿᶋଉ᯿ᥝ̶ӧᓕኞ౮G
ฎՋԍ୵ᇫ̵ग़ԍႮጱӞӻᐟᕪᗑᕶ҅౯ժฮӬਙ፡౮Ӟӻڍහ  ҅ኧਙኞ౮ጱᦕ
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֢ғ  ҅ፘ҅ࣈ፥ਫᦕ֢ғ  ̶ݶ҅ӧᓕڦڣD֢ԅӞӻړᔄᐟᕪᗑᕶ҅
౯ժԞݢਖ਼ٌᥤԅӞӻڍහ  ҅ᘒᬯӻڍහጱᬌܨڊԅӞӻຽᰁ҅አԭൈᬿኞ౮ 
Ө፥ਫ  ԏᳵጱ૧᪗̶

ᘒGANཛྷࣳጱෆ֛ս۸ፓຽڍහฎғ

ٌӾڍහ  ইӥғ

໑ഝᬳᖅڍහጱ๗๕ᦇᓒොဩ҅Ӥୗݒ୵ԅғ

ፓຽDғکຄ꧊ݐጱग़ᶱୗٖݩᒧړक़੶ጱ  ጱᦾ҅ᑌض

դܻࢧୗғ

ಅզ҅୮ኞ౮Gᚆኞ౮ڊӨ፥ਫӞړጱ҅ᮎԍok҅੪ᬡ๋کঅጱᕮຎ҅ᆐݸय़ਹ
ဳӞᅩ҅ᬯ᯾ኞ౮ጱlossᤍᰁොဩฎJSවଶ̶

2.2. GANᶎᐶවࣳහഝጱࢯहҁࠨฎᐶවࣳහഝҘ҂

GANጱ֢ᘏܻࣁᇇᦞ>8@੪݊҅GANݝᭇአԭᬳᖅࣳහഝጱኞ౮҅ԭᐶවࣳහഝපຎ
ӧ֯ҁֵӞᷚ१෫ӷጱGANࣁNLPᶾऒӞፗ෫ဩ᩻᩼ኞ౮ཛྷࣳጱݚӞय़֬VAE>9@҂̶හ
ഝ੪ฎَ๋ࣳጱӞᐿᐶවࣳහഝ҅ᬯ᯾ಅ᧲ጱᐶව҅ଚӧฎғኧӞӻӞӻᕟ౮҅ฎ
᧔୮Ք๋ၞᤈጱኞ౮ຝ҅᧘ইSeq2Seq҅Ԟ᮷ฎ᭑ҁᘏ᭑ӻCharacter҂ኞ౮ጱ̶ࢩ
ԅߺொڥአᶋሾᗑ᪠ᬰᤈӞེ౮ࣳጱSentencesኞ౮҅Ԟ෫ဩعŉහഝᐶවŊଃጱݸຎ಼҅
྇᮷ௗ౯ଙጱ෫Ꭳ҅ᐶවࣳහഝጱ፥ྋތԎ҅౯ժᥝᬳᖅහഝ᧔̶᩸ ؟ࢶහഝ੪ฎَࣳ
ጱᬳᖅහഝ҅ඳᘒGANᚆड़ፗളኞ౮ڊ᭧፥ጱኮᶎ̶౯ժḒض፡፡؟ࢶහഝጱ୵ᇫғ
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ᔰ꧊ᘏᅍଶ꧊ҁ಼؟ԅܨᔰጱ꧊زᎥᴣӾ؟ࢶᤩᤒᐏԅᎥᴣ҅ᝑฎἓጮ࣐ᦇᓒӾࣁහഝ؟ࢶ
྇क़ᤈԧ҅౯ӧฎ؉؟ࢶጱ҂҅੪ᓒฎᜋ؟ࢶ҅؟ࢶୟᰁܨᤩग़ےԧӞᴤአԭᤒᐏRGB᭗᭲҅
؟ᔰ҅உग़ᬯጱࢩጱกิ҅ᜋᒵ؟ࢶڊฉݍጱٌ҅හ꧊ፗളړஙݢᔰฎزᎥᴣӾጱ؟ࢶ
ᔰᅩᕟࣁݳӞ᩸҅੪୵౮ԧ҅؟ࢶԞ੪ฎ᧔҅؟ࢶᎥᴣ҅؟ࢶکӧᵱᥝŉŊҁSampling҂҅
ํӞӻๅ୵ጱֺৼғኮࢶկӾጱ᧣ᜋ҅ইӥࣁ֦҅ࢶ᧣ᜋӤᵋჶۖӞӥ҅य़ᛘఽݑӞ
ӥ؟ࢶහഝݢஙړጱᇙ̶

හഝݢ੪ӧӞԧ҅؉ጱݶ᮷Ꭳ᭲҅ᦡ౯ժጱପҁVocabulary҂य़ੜԅ1000҅ᮎ
ԍྯ୮౯ժᶼၥӥӞӻڊሿጱ҅ቘଫکጱฎӞӻOne-hotጱVector҅ᬯӻVectorӾํ999
ᶱฎ0҅ํݝӞᶱฎ1҅ᘒᬯӞᶱ੪դᤒପӾጱӻ̶ᆐᘒ҅፥ྋጱᵍᴂࣁԭ҅౯ժྯེአ෫
ᦞՋԍړᔄᘏᐟᕪᗑᕶکጱፗളᕮຎ҅᮷ฎӞӻ1000ᖌጱ༷ሲړ҅ᘒᶋྋྋঅঅฎӞӻ
One-hotጱVector҅ܨฎֵአsoftmax֢ԅᬌ҅ڊᶮग़ԞݝᚆکӞᖌӤᇙڦय़ٌ҅֟ᖌӤᇙ
ଫindexጱ҅ڊପӾັᧃٚݸOne-hot vector ᆐکᕮຎᬦჁڊᘒਖ਼ᬯᐿᬌ҅٭ੜጱఘڦ
ᬯጱ֢ᤩᑍԅŉSamplingŊ҅᭗ଉ҅౯ժತڊ꧊๋य़ጱᮎӞᶱᦡٌԅ1ٌ҅֟ԅ0̶



2019/1/14 下午4(42Role of RL in Text Generation by GAN(强化学习在⽣生成对抗⽹网络⽂文本⽣生成中扮演的⻆角⾊色) - 知乎

第 5 ⻚页（共 25 ⻚页）https://zhuanlan.zhihu.com/p/29168803

୮ڹᐟᕪᗑᕶጱս۸ොဩय़ग़හ᮷ฎचԭༀଶጱҁGradient based҂҅உग़ሠᬯԍ᧔ғGANࣁ
ᶎᐶවࣳහഝ҅ڦڣᗑᕶ෫ဩਖ਼ༀଶBack propagationҁBP҂ᕳኞ౮ᗑᕶ̶ᬯݙᦾ୮ᦏ౯
ᒵލጱԯ᯾ᵰ᯾҅ӧঘഘӞӻଶቘᥴ҅౯ժᎣ᭲҅चԭༀଶጱս۸ොဩय़ᛘฎᬯጱ҅ங
᧣ᗑᕶӾጱ݇හҁweight҂҅፡፡๋ᕣᬌڊጱᕮຎํဌํݒঅӞᅩ҅ํဌํᬡ๋کঅጱఘ୵̶

֕ฎڦڣDکጱฎSamplingԏݸጱᕮຎ҅Ԟ੪ฎ᧔҅౯ժᕪᬦ݇හங᧣ԏܨ҅ݸsoftmax
ጱᬌڊս۸ԧӞᅩᅩ҅ྲইӤࢶጱֺৼӾ҅ྋᏟᕮຎଫฎᒫӣᶱٌ҅outputጱׯහᒫԫᶱ 

ጱᕮຎڊGᬌኞ౮҅ݸԅԧ  ҅֕ฎᕪᬦSamplingԏݒ  ԅԧ  ҅ᒫӣᶱݒ 
ᬮฎ᪙զڹӞཛྷӞ҅ଚེٚਖ਼ፘݶጱᒼໜ᯿॔ᬌفᕳڦڣD҅ᬯڦڣDᕳڊጱᦧհ੪տ
ྺ෫Ԏ҅ኞ౮GጱᦒᕞԞտ०݄ො̶ݻ

ํՈ᧔҅ӨٌᬯӧইྯེᕳڦڣDፗളݰSamplingԏڹጱᕮຎ҅Ԟ੪ฎsoftamxᬌڊጱᮎӻ
distribution҅ݶ҅ᬯԍ؉Ԟํஉय़ጱᳯ̶᷌౯ժکࢧGANጱचܻቘ҅ڦڣDጱڡᤙ҅ਙᕪ
ܲᦒᕞ੪ฎԅԧٵᏟᬙڦኞ౮፥ਫጱ҅ᮎԍኞ౮ฎӞӻ꧌ჿԧfloatੜහጱړ҅
ᘒ፥ਫฎӞӻOne-hot Vector҅ڦڣDஉฃŉ֢୕Ŋ҅ਙ໑ӧአ݄ڣෙኞ౮ړฎވӨ
፥ਫړๅےളᬪ҅ਙݝᵱᥝᦩڊڦᕳکጱړฎӧฎᴻԧӞᶱฎ  ٌ҅֟᮷ฎ  ੪ݢզԧ̶
ಅզ෫ᦞSamplingԏڹጱړ෫ᦞग़ԍളᬪԭ፥ਫጱOne-hot Vector҅ݝᥝਙׁᆐฎӞӻ༷ሲړ
҅᮷ݢզᤩڦڣDฃࣈ༄ၥڊ̶

Ӥᶎಅ᧔ጱܻࢩ୮ᆐԞํහӤጱᥴ᯽҅ᬮᦕ2.1ᜓࣁጱ҅ײ᧗य़ਹဳኞ౮ጱlossᤍᰁ
ຽٵฎՋԍހҘဌᲙ҅੪ฎJSවଶ҅  ࣁଫአӤٌਫฎํ୧ᅩጱҁ݇ᘍሠ
>10@҂҅ਙݝᚆᤩྋଉࣈଫአԭํ᯿ݖҁOverlap҂ጱӷӻړ҅୮ᶎӧ᯿ݖጱӷӻړ 

JSවଶғٌ҅   

य़ਹٚమమ҅ᴻᶋsoftmaxᚆoutputڊӨ፥ਫ exactly ፘݶጱᇿᅾړҁOne-hot Vector҂
ҁ୮ᆐᬯฎӧݢᚆጱ҂҅ᬮํՋԍᚆᦏኞ౮ጱړӨ፥ਫጱړݎኞ᯿ޫݖҘԭฎ҅ኞ
౮෫ᦞெԍ؉चԭGradient ጱս۸҅ᬌړڊӨ፥ਫړጱ  তᕣฎ  ҅ኞ
౮Gጱᦒᕞԭฎ०݄ԧԎ̶

3. ᬦჁොໜғԭGANጱፗളදᬰአԭኞ౮
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ԅԧᥴ٬GANࣁᶎᐶවහഝጱࢯह๋҅ፗളጱమဩฎGANٖ᮱ጱӞԶᦇᓒොୗᬰᤈங᧣҅
ᬯᐿԭGANٖ᮱ᦇᓒොୗጱፗളදᬰԞดᐏڊԧӞਧጱපຎ҅ԅݸᶎਖ਼GANፗള̵ၞࣈଫአ
ԭᒵᐶවࣳහഝጱኞ౮ଃԧ๕̶ ളӥᓌܔՕᕨፘىጱӷᓤૡ֢>11~12@̶

3.1. Wasserstein-divergence᷐҅क़ጱᐑᇔ

Wasserstein GAN>13@ҁᓌᑍWGAN҂ٌ҅֒ێߥԒᬡکԧܻᇇGANጱṛଶٖ҅ࢵࣁԞํӞᓤ
Өٌێߥፘ୮ጱܗ——ŉեՈೌໜݞᕷጱWasserstein GANŊ>10@҅ӧᬦࣁ፡ᬯᓤᦞԏ҅ڹ
ᬮᥝവគݚक़Ӟᓤᦞŉf-GANŊ>14@҅ᬯᓤᦞڥአᜫڔਫ਼وҁFenchel Conjugate҂ጱᨶᦤ
กԧձ֜  ᮷ݢզ֢ԅܻضGANӾ  ҁᘏ᧔ 

 ҂ጱ๊դොໜ̶ f-GAN ጱਧԎইӥғ

හ҅ਙᶳჿ᪃զӥᥝғڍୗӾጱ  ᤩᑍԅ fل

හڍڈ

ӧᵙ፡҅ڊ  Ԟฎ  ጱӞᐿ҅f-GAN ܻ׀ԧහ܈ᐿݱୗݱ
ጱ  ҅ԅGANളӥဠྌොݻӤጱදᬰଃԧ෫ᴴݢᚆ̶

Wasserstein GAN GANጱදᬰԞฎ๊ഘ  ᬯӻଶGANᬰᤈදᬰٌ҅ᧇ
ᕡጱও॒य़݇ݢ፡ሠ>10�13@҅ጱ᧔҅WGANአԧӞᐿ॰ᇙጱ Divergence—— ŉവࢿ-
DivergenceŊ҅  ਖ਼ӷӻړ፡֢ӷञ҅ࢿDivergence ᦇᓒጱ੪ฎԅ
ԧਖ਼ӷӻࢿञവ౮Ӟጱ୵ᇫಅᵱᥝဲࢿ൪ᬩ᪗ᐶ̶ইӥࢶғ

ֵአ  ᦒᕞጱGANፘྲܻᇇጱGANํๅےกดጱŉᄍ۸Ŋᬦᑕ҅ഘݙᦾ
᧔੪ฎ҅WGANጱᦒᕞፘྲӨGANๅےᚆᑱดŉӧঅŊکŉӧᲙŊጱଧႹᕪጱᬦᑕ̶Ӥᶎጱ
2.2ᜓ҅౯ժᎣ᭲JSවଶࣁᶎӷӻړӧፘ᯿ݖጱఘ٭҅ਖ਼ݎኞŉଉŊ҅ᦇᓒᕮຎ࣐ԅ 

 ҅GANጱᦒᕞᬦᑕԞฎᬯ҅ԞᦜࣁஉᳩӞྦྷᦒᕞጱᬦᑕӾ҅JSවଶጱᬬࢧ꧊᮷ฎ 
ڞ꧊ࢧᬡӻԁኴᅩ҅տᑱᆐս۸ԅളᬪ๋ս꧊ጱᕮຎ҅ᘒWassersteinවଶጱᬬکํݝ҅
ᥝଘჶஉग̶़
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෬ᆐWassersteinවଶᚆड़ظ๐JSවଶጱӤᬿ୧ᅩ҅ᮎԍֵአWasserstein GANፗളޕතኞ౮
D ᬰᤈᰄڦڣG softmax੶outputጱDistribution Vector Ө፥ਫጱ One-hot Vector҅አ
ਧ҅ڦڣܨDӧտک؞፥ጱᤩŉզԤ፥Ŋ҅֕ኞ౮outputྯེๅےളᬪԭ፥ਫጱŉᬰ
ྍŊᓒᬮฎᚆᤩփ҅ࢧᬯ੪כᦤԧԭᐶවහഝጱಯᦒᕞᚆड़ᖀᖅӥ̶݄ ӧᬦ
Wasserstein GANጱܻන፲ԭԭGANๅےᬱय़ጱදᬰԎ҅ଚဌํ፳᯿ᕳىڊԭኞ౮ᒵ
ᐶවහഝ॒ቘጱਫḵ҅ׯݍฎݸጱӞᓤŉImproved Training of Wasserstein GANsŊ>11@ӫᳪᕳ
WGANኞ౮ጱᡱᆐᬱӧ݊୮ӥ๋ᇍXጱኞ౮҅ڊզ፡ݢԧኞ౮ጱਫḵ҅ᕮຎӤڊ
පຎ҅֕অྑᚆզcharacterԅ֖ܔኞ౮ڊӞԶ፡Ӥ݄ᑖஙྋଉӞᅩጱᕮຎԧ҅ྲԏӥ҅GAN
ԭኞ౮ጱኞ౮ᕮຎดᆐฎૄभጱ̶ى

3.2. Gumbel-softmax҅ཛྷSamplingጱsoftmax

දsoftmaxץԧࣁय़ጱૡ֢දᬰGANአԭᐶවහഝኞ౮ጱ᯿ஞනڻ+শय़क़Ӟᓤᛔݚ
ጱoutputᬯොᶎ̶ই2.2ᜓಅᬿ҅Sampling ֢Ӿጱ  ڍහਖ਼ᬳᖅጱsoftmaxᬌڊುݐ
౮ᐶවጱ౮ࣳᬌ҅ڊᘒᛘSamplingጱ๋ᕣoutputฎӧݢஙጱ҅୵౮GANԭᐶවහഝኞ౮ጱ
๋य़ೝ᪠ᡡ҅෬ᆐӧአSamplingጱ҅ײoutputӨ፥ਫړӧ᯿҅ݖᛘJSවଶ؊ኸԭࢴਧ꧊ 

 ҅ইຎአԧSamplingጱᦾ҅ᐶවහഝጱྋଉᬌ݈ڊ᭜౮ԧༀଶ Back-Propagation Ӥॠᆐጱ
ᵍᴂ̶

෬ᆐইྌ҅ᦞጱ֢ᘏತԧӞᐿݢզṛճڊSamplingපຎጱᇙྛsoftmaxֵ҅softmaxጱፗള
ᬌڊ෬ݢզכᦤӨ፥ਫړጱ᯿݈҅ݖᚆعSampling֢ԭٌݢஙᇙጱᏈ̶ࣕਙ੪ฎŉᘭ
ᨬਫ਼-softmaxŊҁGumbel-Softmax҂҅Gumbel-Softmaxض૪ᕪᤩଫአԭᐶවຽᓋጱٚړ۸
>15@ҁCategorical Reparameterization҂҅ضܻࣁጱSampling֢Ӿ҅  ڍහਖ਼ฦ᭗
softmaxጱᬌڊ۸౮One-hot Vectorғ
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ᘒGumbel-Softmaxኼ݄ԧ  +  ᬯӞྍ҅ᚆड़ፗളᕳڊᬪ֒Sampling֢ጱ
ᬌڊғ

ᔜṚࣁԭᬯٌӾጱŉᭋჅ݇හŊ  ҅୮  ҅Ӥୗಅᬌڊጱړᒵݶԭ  + 
 ᕳڊጱ Sampling ړ҅ᘒ୮  ҅Ӥୗጱᬌڊ੪ളᬪԭړ۰࣐҅ᘒ  ڞ

֢ԅᬯӻᇙྛsoftmaxӾጱӞӻ᩻݇හ҅ᕳԨӞӻय़ጱڡত꧊҅᭗ᬦᦒᕞԟ᭑Ⴙݒੜ҅ݻ 
᭧ᬪ҅ᬯӞ᮱ړᧇᕡٖݢզᴅሠ>15@̶

ᦞጱਫḵՐՐᦶֵአᯈݳGumbel-SoftmaxጱGANᬰᤈᳩଶࢴਧԅ12ጱ Context-free
grammar ଧڜኞ౮҅ݢᥠGANጱᦒᕞଚဌํૄभ҅ࣁහֺӤԞکԧᬮᓒ᭧፥ጱපຎ̶

ಅզ҅ԭGANᬰᤈፗളදᬰአԭኞ౮҅ᡱ᧔ฎݐԧӞਧጱ౮ප҅֕᪗ᐶቘమጱᇫாՖᆐ
᭲ᴥӬᳩ҅ํဌํๅঅጱېဩޫҘ୮ᆐѺ

4. RLࣁGANኞ౮Ӿಅಝᄍጱ֢አ
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ԭReinforcement Learningጱᳳᘱᳳಞى .4.1

୩۸ԟҁReinforcement Learning҅RL҂ኧԭٌܣڹጱԟොୗ҅ӧইፊԟᮎԍොᤩ
ࢱکஉग़ሿਫଫአӾԟޮ๗ॡᳩ҅Ӟፗဌํ౮ԅӡռ᎔ፓጱᆌᅩ҅ፗࣁਫሿ҅ଚӬࣈᛔۖ۸ق
༇ᇸጱڊሿ҅ޕԧռग़Ոጱ፲ቖ̶

RL᭗ଉฎӞӻḘਫ਼ᑀॢ٬ᒽᬦᑕ҅ݱࣁӻᇫா  ӥಗᤈӻ֢ۖ  ᮷ਖ਼឴ॹۜҁᘏฎ"ᨮ
ॹۜ"——ధᗖ҂  ҅ᘒਖ਼१کੲಅํጱ֢ۖᬳࣁӞ᩸੪ᑍԅӞӻŉᒽኼŊŉᒽ
ኼ᪠ஆŊ  ҅୩۸ԟጱፓຽ੪ฎತڊᚆड़឴๋ग़ॹۜጱ๋սᒽኼғ

ԅԧᬡکᬯӻፓຽ҅୩۸ԟݢզݱࣁӻᇫாᦶݱᐿݢᚆጱ֢ۖ҅ଚ᭗ᬦሾहҁय़ग़හฎՈ

ᔄ҂ݍḇጱॹۜᘏధᗖ҅ᦧଚತڊᚆड़๋य़۸ ๗๕ॹۜ  ጱᒽ

ኼ̶

ٌਫԞํՈਖ਼RLଫአԭᦾኞ౮ጱᦒᕞ୮Ӿ>16@҅ࢩԅᦾኞ౮ձۓᶋଉᒧݳ୩۸ԟጱᬩ
ᤈቘҁᦏՈᔄჿ҅೭ॹۜ҂̶ᦡ҅໑ഝᬌݙفৼ  ҅ᬬࢧጱࢧᒼ  Ոᔄکጱॹۜᦕԅ 

 ҅ᘒEncoder-Decoderᦾཛྷࣳ๐ጱ݇හᤩᕹӞᦕԅ  ҅ڞचԭRLጱፓຽڍහ᧔ጮ
ԧ੪ฎ๋य़۸ኞ౮ᦾጱ๗๕ॹٌۜ҅Ӿ  ᤒᐏ݇ࣁහ  ӥ҅Ӟᕟᦾ  ڊሿጱ༷
ሲ̶

෬ᆐฎӞӻ๋ս۸ጱᳯ᷌҅உፗളࣈమֵکአचԭༀଶҁGradient҂ጱս۸ොဩᥴ٬̶୮ᆐ҅
ጱ Policyکލ୩۸ԟᶾऒଉࣁጱฎ๋սᒽኼ  ҅ྌᬦᑕک୩۸ԟӾ҅౯ժᥝࣁ
Gradient̶౯ժᒵୗݦᬟ  Ӿጱᶱܔᇿᦕԅ  ҅ਙᤒᐏᦾཛྷࣳತ๋کս݇හ

ಅکጱॹۜ๗๕̶ࣁਫ؉҅ᦡݙᦾጱଫᒼํ$N$ᐿݢᚆ҅ྯڞᕟᦾ  ڊሿጱ༷
ሲݢᥤԅ๐ړ۰࣐҅ඳᬮݢզᬰᤈইӥݒ୵ғ
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۸ༀଶ҅ݒս۸ᬦᑕӾ҅ᦾཛྷࣳጱ᯿  ๅෛইӥ҅  ԅಅ឴ॹۜጱࣁ

۸ༀଶ҅ݒᖀᖅവॹۜጱ҅ڞහጱဩڍݳ॔ۗ

ᬯӞ҅ༀଶս۸ጱ᯿ஞ੪۸کԧኞ౮ᦾጱ༷ሲӤ҅Ԟ੪ฎ᧔҅᭗ᬦ݇හ  ᬰᤈๅ
ෛ҅ॹۜտֵཛྷࣳԭਖ਼սᨶᦾጱڊሿ༷ሲṛ҅ᘒధᗖڞտᦏཛྷࣳԭਖ਼ەᨶᦾጱڊሿ༷
ሲᴳ̶֗

ᛔAlphaGoֵ୩۸ԟሕᆐᬰفय़ռᥤᰀզ҅य़᮱ړԭ୩۸ԟጱቘᦞᎸᑪ᮷ਖ਼౭֢ԅ
Ԇᥝਫḵଘ҅ݣᬯӞᅩӧ෫᭲ቘ҅୩۸ԟቘᦞӤጱവ፡֒᭦ᬋ᭗ᶲٌ๋҅֕य़ጱ୧ᅩࣁԭ҅
चԭՈૡᦧڣጱॹۜ  ጱ឴҅ᦏਫḵՈާਝࣁኪᚏڹཛྷࣳڊݺጱᕮຎӧ؊ࣈړ
፡ฎӧሿਫጱ҅౭ᔮᕹ௴௴ᚆտᕳڊྋᏟਮᥡጱړҁᬌ/ᩬ  ౭Score҂̶चԭRLጱ
ᦾኞ౮ݶտᶎᬯӻᳯ᷌҅ᎸᑪՈާአԧᔄ֒AlphaGoጱਫሿොୗҁAI༇ಋ҂——ݶ
ᬩᤈӷӻՈ҅ᦏਙժᛔ૩ፘᦾ҅ݶֵ҅አᶼᦒᕞҁpre-trained҂অጱŉړŊᕳྯڊ
ᕟᦾጱॹۜى҅  ړԭᬯӻᶼᦒᕞጱŉړŊ  ҅ݢզ໑ഝਫᴬጱଫአᵱᛔ
૩DIY̶ 

ฎވ᭗ᶲ ฎވᬖӧᬡ ฎވ᧔᯿॔ጱଳᦾ

ᑖஙఽݑӞӥRL ChatBotጱපຎғ
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4.2. SeqGAN  Conditional SeqGAN

ڹࣁғRL + GAN for Text Generation҅SeqGAN>17@ᒊړԧṛᄤ᮱کᶎ᧔ԧᬯԍग़҅ᕣԭᬨڹ
ՈRL Text GenerationጱᙒᚺӤ҅ݢզ᧔ฎGAN for Text GenerationӾጱդᤒ̶֢Ӥᶎᡱᆐᜰԧय़
ᰁᓤଏᦖᬿRL ChatBotጱᐿᐿቘٌ҅ਫ᮷ฎԅԧਙ؉ᱻऀ̶ᦶమ౯ժֵአGANӾጱڦڣD
֢ԅ୩۸ԟӾॹۜ  ጱრ҅ᦡᵱᥝኞ౮ᳩଶԅTጱଧڞ҅ڜԭኞ౮ጱॹ
ۜ꧊  ᦇᓒݢզ۸ԅইӥ୵ୗғ

ᬯ᯾ᥝ᧔กپᅩ҅ᦡᵱᥝኞ౮ጱଧڜᳩଶԅ  ҅  ฎڹض૪ᕪኞ౮ጱ᮱ړଧڜ
ҁࣁRLӾݢᥤԅ୮ڹጱᇫா҂҅᭗ᬦ᠃ᇙܜ၎ᔱک  ᐿݸᖅጱଧੱ҅ڜᓕኞ౮ׁ෯ฎ
᭑ತ๗๕ॹ๋ۜय़ጱActionҁӥӞӻ҂҅ڦڣDᬮฎզෆݙԅ֖ܔኞ౮ጱଧڜᕳڊ
̶  ړ

ӧෙս۸ᛔ૩ғړጱࢧᬬ  ڦڣڹ໑ഝ୮  ኞ౮҅ڹᦒᕞԏ  ڦڣෛӞդጱࣁ

ፗکኞ౮Gኞ౮ጱ᪃զԤ፥ጱ҅ײ੪ฎๅෛᦒᕞෛڦڣጱײԧ̶Ӟᛱ᧔҅ڦڣ
ڦڣԅ፥ਫጱ༷ሲ꧊҅ೲᆙܻᇇGANጱቘᦞ҅ڜෙᧆଧڣ෬ฎٌړጱڊڜDኞ౮ଧ
Gಅኞ౮ጱ᪃զԤ፥҅ᮎԍԅ  ҅᧔กኞ౮࣐ጱᰄਧᕮຎڊDԭ real/fake ᕳ
Dڦڣ᧔กܨ҅ړጱ  ڊളᬪኜᛗṛڊኞ౮ڦڣӾ҅ۓӤᶎጱձࣁᝑױ
ᵱᥝٚᦒᕞԧ̶ࣁਫ؉Ӿԅԧො҅Ӟᛱᒵஇग़ኞ౮ጱᦒᕞ҅ݸᬰᤈӞེڦڣጱᦒᕞ̶
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SeqGANጱڊԅGANአԭᦾኞ౮ҁChatbot҂ਠ౮ԧ᯿ᥝጱᱻऀ҅ݶ᩸کᱻऀ֢አጱᬮํ
ݷኞ౮ᶾऒጱᐟ॰ଫአ——Conditional GAN>18~19@҅ํկጱGAN҅ᶶ؟ࢶࣁक़ӞӻGANݚ
Ԏ੪ฎ໑ഝӞਧጱկኞ౮Ӟਧጱӳᥜ҅ᧆૡ֢໑ഝᬌفጱਁൈᬿ֢ԅկ҅ኞ౮ଫጱࢶ
ইғྲ҅؟

ᦾኞ౮ݢզቘᥴԅݶጱཛྷୗ҅ӤӞݙᦾ֢ԅկ҅ӥӞݙଫᒼڞԅᥝኞ౮ጱහഝ҅ࠔӞጱ
ӧݶฎᵱᥝኞ౮ᐶවጱහഝ҅ᘒᬯӻᳯ᷌҅SeqGAN૪ᕪଆᥴ٬ԧ̶ᖓӤ҅౯ᛔ૩ᕳਙ᩸
ғConditional SeqGAN>20@̶໑ഝ4.1ᜓզ݊ᜓጱവ҅Conditional SeqGANӾጱս۸ༀଶݷ
౮ғٟݢ

ӧᵙ፡҅ڊྌୗৼӨ4.1ᜓӾጱ۸ݒༀଶՐӞਁԏ૧҅ݝฎŉړŊᕳڊጱॹۜړ 
ഘ౮ԧᰄڦᦊԅኞ౮ᦾᛔ፥Ոጱ༷ሲړ  ̶፡֒૧ڦஉஉੜ҅ਫᴬӤ RL +
GAN ጱኞ౮ದӨܔᕍचԭRLጱኞ౮ದํ፳ᨶጱڦ܄ғܻࣁጱ୩۸ԟᦾኞ
౮Ӿ҅ᡱᆐአԧAIፘᦾ҅ଚᦡਧԧ jugle ᬰᤈ֕҅ړᬯӻ jugle ฎᶼᦒᕞঅጱ҅ࣁᦾཛྷ
ࣳጱᦒᕞᬦᑕ୮Ӿਖ਼ӧٚݎኞ۸ݒҔRL + GAN ጱኞ౮Ԋᛗᦾཛྷࣳڞӧ҅ݶᰄڦDӨኞ
౮Gጱᦒᕞๅෛਖ਼Ի๊ᬰᤈ҅ྌၾஂᳩ҅ඳᘒᕳڊॹۜړጱᰄڦDࣁᬯ᯾ฎۖாጱ
ҁdynamic҂̶

RL+ GAN ڥአ୩۸ԟӾጱ  ګզ݊ Policy Gradient ᒵದ҅ૣওࣈԧGANᶎ
ᐶවහഝༀଶ෫ဩBPጱᵙֵ᷌҅ࣁአ୩۸ԟጱොဩᦒᕞኞ౮Gጱᳵᵐ݈҅አಯԟጱ
ܻᇇොဩᦒᕞڦڣD̶ ࣁConditional SeqGANᦾཛྷࣳጱӞԶᔜᭌᕮຎӾ҅RL+ GAN ᦒᕞک
ጱኞ౮ଉᚆᬬࢧӞԶᔄ֒፥Ոጱ᭧፥ࢧᒼҁ౯፥ํᮎԍӞӴӴളᬪŉோᨕŊጱఽݑ҂̶
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5. ӞԶᕡᜓ + ӞԶ

Ӥಅᬿጱ҅ݝฎ RL + GAN ᬰᤈኞ౮ጱचܻቘ҅य़ਹᎣ᭲҅GANࣁਫᴬᬩᤈᬦᑕӾձᆐ
NLPᶾऒጱࣁയๅग़GANݎݸᚆս۸ GAN ኞ౮ጱපຎ҅ᘒݢᔰ҅ԅԧੱࢩ᧘ग़ӧᏟਧࣁਂ
ᄟ҅ێᬮํӞԶ꧊Ӟጱᕡᜓ̶

5.1. Reward Baselineғॹۜ꧊Ӥጱ Bias

ҁ  ંԭ፥ਫጱ༷ሲ҂֢ړDᕳԨኞ౮  ጱ༷ሲڦ౯ժአᰄ҅ک4.2ᜓӾࣁ
ԅॹۜ  ҅෬ᆐฎ༷ሲ꧊҅ଫᧆᦩکᬯԶ༷ሲړ᮷ฎᶋᨮጱ҅ইྌӞܨኞ౮ڊ
ٚ૧ጱᕮຎ҅ᰄڦDԞӧտᕳڊᨮ  ᬰᤈధᗖ̶ቘᦞӤᦖ҅ኞ౮ጱᦒᕞտݻԭ
ᴳ֗ੜॹۜ꧊  ڊሿጱ༷ሲᘒṛय़ॹۜ꧊  ڊሿጱ༷ሲ҅ᆐᘒࣁਫ؉
҅ኧԭӧقᒵӧݢഴࢩᔰጱਂ҅ࣁᬯӧड़ړกጱॹధڦ܄ਖ਼ํݢᚆֵኞ౮Gጱᦒᕞ
؇ᶿ̶ݒ

ਫᴬӤ҅ࣁ୩۸ԟጱᦾኞ౮ཛྷࣳ୮Ӿ҅੪૪ᕪڊሿԧྌᔄᳯ̶᷌ᥴ٬ጱොဩஉᓌ҅ܔ౯ժᦡ
ᗝӞӻॹۜ꧊  ጱचٵ꧊Baseline҅ྯེᦇᓒॹۜ꧊ጱݸࣁ҅ײᶎ݄ٺᬯӻचٵ꧊֢ԅ
๋ᕣጱ ॹۜ or ధᗖ ꧊ֵ҅ኞ౮Gጱኞ౮ᕮຎྯེکጱॹధํྋํᨮ҅ดๅړےก̶ᦕ
ॹధचٵ꧊ԅ  ҅4.1ᜓڞӾս۸ༀଶጱᦇᓒلୗץදԅғ
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ଫࣁ҅ࣈ RL + GAN ጱኞ౮ձۓӾ҅ݶࣁᰄڦDݱӻኞ౮ڊጱ༷ሲړӤٺ
݄ॹధचٵ꧊  ҅4.2ᜓڞӾ SeqGAN Ө Conditional SeqGAN ๗๕ॹۜ꧊ጱս۸ༀଶᦇᓒلୗ
Ԟץڦړදԅইӥғ

5.2. REGSғӞՈᇨᲙӞՈ୮

ᕡஞጱᘏݢզݎሿ҅ࣁSeqGANጱॹۜս۸ༀଶᦇᓒلୗጱവӾ҅ኧᰄڦDᕳԨጱኞ౮
ॹٌۜړਫฎᶲଫଧڜጱኞ౮ᬦᑕ҅᭑Ծኞጱ҅ݢզ፡کԏڹጱവلୗӾดᐏԧ
ԭPartlyଧڜጱᴤྦྷॹۜ꧊ٚଘ̶࣐ᆐᘒڡ᩸ࣁጱਫḵӾ҅໑ഝ๋ᕣവጱॹۜ꧊
ս۸ༀଶᦇᓒلୗ҅ᰄڦDᤩᦒᕞԅአԭෆݙኞ౮ᕮຎᬰᤈᦧ҅ړᬯጱᦾ҅ᰄڦD
ጱړԭኞ౮ଧڜӾጱྯӞӻtoken᮷ฎݶᒵጱਂ҅ࣁᥝॹۜ੪Ӟ᩸ॹۜҁॹۜ꧊ݢᥤԅፘ
ຎ҅፡ӥᶎጱֺৼ̶ݸ҂҅ᥝధᗖ੪Ӟ᩸ధᗖ҅ᬯᐿ؉ဩտᛘӞӻݶ

ྲইํᬯӞӻᦾᕟҁ۱ތ፥ਫࢧᒼኞ౮ࢧᒼ҂ғ

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

உดᆐ҅ᰄڦDᚆड़ฃᬙᦩݸᘏࢧᒼฎጱ҅ᆐտᕳڊຄ֗ጱॹۜ꧊֕҅ړฎ՚ᕡྲ
፥/ӷӻࢧᒼݢզݎሿ҅ᒫӞӻ ŉ౯ Ŋ ٌਫ፥ਫጱᒫӞӻฎӞጱ҅ᘒ๋ݸӞӻਁᒧ
ŉ̶ŊٌਫԞଚ෫य़Ꮵ҅ਙժٌਫଚဌํᲙ҅፥ྋᲙጱฎ ŉӧ Ŋ  ŉᎣ᭲ Ŋ ᬯӷӻ҅֕உӧ
ଛ҅ᰄڣڦਧ fake_answer ጱෆ֛ࢧᒼฎጱܻ҅෫ᬕጱᶱ ŉ౯ Ŋ  ŉ̶Ŋ Ԟᥝ᪙፳Ӟ᩸
ളڣړ֗ݑਧጱధᗖ̶

ᦏ౯ժکࢧ GAN + RL ኞ౮ཛྷࣳጱս۸ܻቘ҅ᦡ  ฎᶎᬌفӤ  ኞ౮
ᦾӥ  ጱ༷ሲ҅౯ժਖ਼ਙೆړ౮᭑ӻܔ೪ളጱ୵ୗ҅ྯӞӻڊሿጱ᮷ਖ਼තکԏڹ
contextጱ̶ߥ

Gਖ਼ᤩᦒᕞԭధᗖ҂҅ኞ౮کݑҁړ֗ڊDڦইຎኞ౮  ᤩᰄ҅ک4.1҅4.2ᜓӾࣁ
ᴳ֗Ծڊྌᕮຎጱ༷ሲ̶ᕮݳӤᶎᬯلୗ҅ױᝑܔᇿਖ਼ኞ౮ଧڜӾጱӞ᮱ڹړᖗ  ೭ڊ
Ө፥ਫӾਠقፘ҅ݶએӧฎԞᥝളݑෆ֛֗ړᘒଃጱధᗖҘ

ᥴ٬ᬯӞᗌᵅጱፗളොဩ੪ฎॹధጱڣਧᔉଶᬰӞྍᕡ۸ک word  character ᕆࣁ҅ڦ
᭑ኞ౮ጱᬦᑕӾpartlyጱኞ౮ᕮຎᬰᤈ̶ړᬯᐿ॒ቘٌਫࣁSeqGANጱᦞӾ>17@੪૪ᕪਫ
ෞԧ҅کConditional SeqGANӾ҅ս۸ༀଶጱᦇᓒلୗଫදٟԅইӥғ

ړ᭑ኞ౮ᬦᑕӾ឴᮱ࣁDڦᲫ҅ਙդᤒᰄىୗӾ҅  ฎᦇᓒጱل
ጱఘ٭ӥԭ๋ᕣrewardጱᦇ҅ᓌᘒԏ੪ฎྯکӞӻෛጱኞ౮҅੪ᕮݳྌڹኞ౮ጱڹଧ
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ᦇ๋ᕣreward҅ଚ֢ԅᧆኞ౮ܔᇿጱreward҅SeqGANጱᦞӾֵአ᠃ᇙܜ၎ᔱ>21@
ҁMonte Carlo Search҅MC search҂ጱොဩᦇᓒ᮱ړኞ౮ଧڜԭෆ֛rewardጱᦇ꧊̶ᘒࣁ
Conditional SeqGANጱᦞӾ҅ᩙԨԧᬯᐿ॒ቘӞӻਁݷ —— Reward for Every Generation
StepҁREGS҂̶

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

ӤӞᜓ᧔کSeqGANӾֵአMC searchᬰᤈ᮱ړଧڜॹۜᦇ꧊  ጱᦇᓒ֢҅
ԅREGS֢ጱىᲫᦇᓒٌ҅ᵙ॒ࣁԭ҅౯ժଚӧᚆᶼᎣ᮱ړኞ౮ଧڜᚆᕳ౯ժଃጱ๋ᕣᕮ
ຎ҅੪অ؟Ӟ࣋ᓯቖྲᩦ҅ݢᚆ࣋ᕮྲړᶾܩ҅ضԞӧᚆউ๋ᕣጱྲᩦᕮຎӞ̶

෬ᆐইྌ҅ݝࣁک᮱ړଧڜጱఘ٭ӥ҅  ݝᦇ឴҅Monte Carlo
Search>21@੪ฎٌӾӞᐿᦇොဩ҅Monte Carlo Searchጱమຄٌᓌ҅ܔᦡ౯ժ૪ᕪํԧ
᮱ړኞ౮ጱڹᖗ  ҅౯ժֵአ୮ڹጱGenerator҅୩ࢴګਧᬯӻڹᖗ҅ଚ᯿॔ኞ౮ڊ
$M$ӻਠෆጱଧڜҁํᅩਫḵጱ҂҅ڦړԻᕳᰄڦDᬰᤈ҅ړᬯ  ӻཛྷጱ
ଘ࣐ॹۜܨړԅ᮱ړଧڜ  ጱॹۜᦇ꧊  ̶

୮ᆐֵ҅አMC searchጱᗌᅩԞஉกดғྯኞ౮Ӟӻ҅੪ᥝᬰᤈ  ེኞ౮҅ᶋଉᘙҔ
ᬮํӞੜᅩ҅ྯ୮౯ժᦇᓒԅݸ๗ጱӞԶ᮱ړଧڜॹۜᦇ꧊ጱ҅ײฎտ෫ဩٚࣈعӞ
ེᦇᓒڹᶎ๗ኞ౮ጱᶱ҅ᬯᦇᓒڊጱ  ݢᚆᛘԭڹৼଧڜҁྲইᒫ
Ӟӻ҂ጱᬦ̶ݳ

ړᖗᬰᤈڹ૪ኞ౮ړզ᮱ݢԭConditional SeqGANጱᦞ҅ଗᚈᦒᕞӞӻڊक़Ӟᐿොဩݚ
ጱnewᰄڦD̶ਖ਼፥ਫጱ  ጱق᮱ڹᖗৼଧڜҁᶳᒫӞӻত҂ᵞݳᦕ֢ 

ᦕ֢  ҅౯ժྯݳᵞڜᖗৼଧڹ᮱قਖ਼ኞ౮$X^-$ጱݶ҅ 
ེᬯӷᘏӾᵋᭌӞӻᝑଗӻຽਧԅ    ҁӨܻଧڜፘݶ҂҅ӨܻଧڜӞفےݶᰄ
ፗളֵአᬯ҅ێጱᚆړڜᖗৼଧڹीႲԧᕳጱDiscriminatorکDጱᦒᕞӾ҅ᬯᦒᕞڦ
ጱDiscriminatorᕳڹᖗৼଧڜ឴ݢܨړ  ̶ᬯᐿොဩጱᘙྲֵ᩸አMC
searchᥝஉग़҅֕ഖ०Ӟਧጱٵଶ̶

Ӟݙᦾᕮӷᐿ  ጱᦇᓒොဩғӞᐿฎڥአ᮱ړଧڜYYڊਠෆଧڜᕳᰄڦ
Ӟ҅ڦጱᰄړڜଧړզԅ᮱ݢکጱᦒᕞᬦᑕ҅ڦᰄفےڜଧړፗളਖ਼᮱ڞӞᐿݚᘒ҅ړ
ӻౌ҅ݚӞӻளܩഖ०ٵଶ҅ই֜ᭌೠ੪፡य़ਹԧ̶

5.4. Teacher ForcingғᕳGeneratorӞӻག

ԧᕮӞӥRNNᬩᤈጱӷᐿܔଆۗय़ਹᓌض҅ڹতᦖᥴSeqGANӾጱTeacher Forcingԏࣁ
modeғ�1�. Free-running modeҔ�2�. Teacher-Forcing mode>22@̶ڹᘏ੪ฎྋଉጱRNNᬩᤈො
ୗғӤӞӻstateጱᬌڊ੪؉ԅӥӞӻstateጱᬌ҅فᬯ؉ํᷚᴾጱ҅ࢩԅࣁRNNᦒᕞጱ
๗҅ᶌڹጱstateӾইຎڊሿԧຄ૧ጱᕮຎ҅ᮎԍݸᶎጱق᮱state᮷տݑᇘᬳ҅զᛗԭ๋ᕣᕮຎ
ᶋଉӧঅԞஉᵙშრݎکኞᲙጱრ१҅ᘒݸᘏTeacher-Forcing modeጱ؉ဩ੪ฎ҅ྯེӧֵአ
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ӤӞӻstateጱᬌ֢ڊԅӥӞӻstateጱᬌ҅فᘒฎፗളֵአground truthጱଫӤӞᶱ֢ԅӥӞӻ
stateጱᬌ̶ف

੪೭Seq2SeqཛྷࣳԈֺ҅౯ժᦡྋᬌکڊᒫӣᶱ҅॓ٵኞ౮ᒫࢥᶱғ

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

Free-running modeӥጱdecoderտਖ਼ᒫӣᶱᲙጱᬌڊ output>2@ = 's'ҁӥຽ0ত҂֢ԅӥ
Ӟӻstateጱᬌ҅فᘒࣁTeacher-forcing modeӥ҅decoderڞտਖ਼ྋᏟጱᒫӣᶱ label>2@ =
'q' ֢ԅӥӞӻstateጱᬌ̶ف ୮ᆐᬯԍ؉Ԟํਙጱᗌᅩ҅ࢩԅׁᩢຽᓋහഝ҅ࣁtrainingጱײտ
ํঅጱපຎ҅֕ฎࣁtestingጱײ੪ӧᚆکground truthጱඪ೮ԧ̶๋অጱᕮຎฎਖ਼Free-
running modeጱbehaviorᦒᕞੱݢᚆളᬪԭTeacher-forcing mode҅Professor Forcing>23@ֵ
አGANᦶਫሿԧᬯӞፓຽ̶

୮ᆐ҅ᬯԶ᮷ฎ᷌क़ᦾ҅౯ժᥝکࢧTeacher-Forcing mode๋ڡጱmotivationғᦒᕞҁᬽդ҂
๗ጱRNNᶋଉ୧҅پԒӧᚆᕳڊঅጱኞ౮ᕮຎҁզᛗԭᏈᅆᏈ൸҅Ծኞ࣯࣍ጱoutputݸߥᶎጱ
state҂҅ᶳׁᶌground truth୩ᤈಡ፳ᩳ҅ᚆౌౌᬰفྋ̶

SeqGANԞਂࣁᬯጱᳯ᷌҅Ӟতጱኞ౮Gᶋଉ୧҅ܨฎᕪᬦӞਧᰁጱᶼᦒᕞ҅ԞپԒኞ
౮ӧڊঅጱResult҅ᆐݸᬯԶbad resultᕳکᰄڦDᆐݝᚆᬬࢧஉ֗ጱ  ҁధᗖ҂҅ኞ
౮Gጱᦒᕞݝᚆ໑ഝᰄڦጱړս۸ᘒ෫ဩکgood exampleጱ҅ᬱӧᎣ᭲Ջԍฎ
অጱᕮຎ҅ᕮຎᆐฎ௶ሾ̶ԭฎ҅ํᥝࣁSeqGANᦒᕞӾᕳکኞ౮G፥ਫጱ
҅Ԟ੪ฎޞᦫኞ౮ғŉՋԍጱᯈکṛړ  ?Ŋ

4.2ᜓӾ҅کኞ౮G ڦڣ DጱᦒᕞԻ๊ᬰᤈጱ҅ኧԭᰄڦᬬࢧጱړฎڣਧᬌف
ԅ፥ጱ༷ሲ҅౯ժݢզᵋڊݐӞ᮱ړ፥ਫጱᦾᕟ 

 ҅ᆐݸፗളᦡᗝ՜ժጱᰄڦॹۜ꧊ԅ  ҁᘏٌ՜
ձਧԎጱ๋ṛړ҂҅ਖ਼ਙժفےኞ౮GጱᦒᕞᬦᑕӾ҅ᬯኞ౮੪ᚆᎣ᭲֜ᐿᚆک
๋ṛጱॹۜ҅ᘒӞਧᑕଶӤعԧSeqGANጱᦒᕞᬦᑕኧԭӞොጱ୧۠ᘒݎኞૄभ̶

ᘏԞݢզᬯғአᦒᕞঅጱᰄڦDԞԅᵋುጱ፥ਫ҅ړᆐکفےݸኞ౮Gጱᦒ
ᕞᬦᑕӾ҅ӧᬦ҅ӞਧᥝᏟכᰄڦD૪ᕪک꧌ړᦒᕞ҅ᛗᕳԨձ፥ਫ  ጱ
Ԟᶳԅྋ҂̶ݸᥝṛԭbaselineᤈҁॹۜ꧊ᕪᬦ؇ᗝ॒ቘړ
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5.5. Actor-CriticғๅଠԎӤጱGANҘ

-Ӟӻᇙྛጱཛྷࣳ——Actorݚԧ୩۸ԟӾጱک᧨ᖓᬿୗጱᒍ>24@Ӿ҅DeepMindጱӞᓤࣁ
Critic҅ଚړຉԧᬯӻཛྷࣳӨGANԏᳵጱᘶᔮ̶

Ḓض౯ժࢧᶶӞӥGANӾᰄڦDኞ౮Gս۸ጱፓຽڍහғ

ٚ᧔᧔୩۸ԟ҅ࣁचԭᒽኼᬽդጱ୩۸ԟӾ҅᭗ᬦᦶ୮ڹᒽኼጱaction҅ሾह឴ 
 ҅ᆐݸๅෛᒽኼ̶ᬯᐿ֢ࣁ౭ਫḵሾहӾᶋଉํප҅ࢩԅ౭ᔮᕹํᳮӬႴศጱ

ሾह҅ᚆड़ᑞਧࣈ໑ഝݱᐿളතکጱactionਮᥡࣈᕳڊଫ  ҅ᘒࣁሿਫኞၚӾ҅உग़
ᚆ᭗ᬦᦡਧݝᏟ҅ٵՋԍጱ  ԞӧکଚဌํᳮႴศጱሾह҅ᕳਧactionଫᧆײ
DIYጱړਫሿ҅ดᆐᬯԍ؉உᵙਠᗦmodel፥ਫӮኴݒ܉ӡ۸ጱఘ̶٭

ᮎԍ҅ᚆӧᚆضԟڊӞӻᚆड़ٵᏟᦧڊॹۜ꧊ጱ꧊ڍහ  ҅ੱݢᚆࣈൈᬿሾह҅
ྋጱᶼ๗ॹۜޫҘԞ੪ฎ᧔  ጱᦇཛྷࣳԞฎᤩԟጱ҅ᬯ੪لԅࢧᐿactionᬬݱ
ฎActor-Critic҅Actor᮱ړአփᕹጱPolicy Gradientս۸ᒽኼ  ҅Critic᮱ۗړŉQ-
LearningŊԟ๋ڊսጱaction-value꧊ڍහ҅᩸ލํဌํᅩ؟GANጱཛྷୗҘ፡፡ਙጱፓຽڍ
හٌ҅Ӿ  ձӞӾDivergence҅꧊ऒᶋᨮ୮ӬՐ୮ӷӻړፘݶݐ꧊ԅᵭݢܨҁྲ
ই҅KL-divergence҅ JS-divergence ᒵᒵ҂ғ

Ӿਖ਼GANsཛྷࣳྲ֢Ӟᐿᇙྛ୵ୗጱActor-Critic҅ଚྲԧӷᘏݱᛔጱᇙᅩզ݊ݸᖅጱදᬰದ
ࣁӷᘏӤጱᭇᯈఘ̶٭ᦶమӞӥ҅෬ᆐ୩۸ԟದଆۗGANᥴ٬ԧࣁᐶවࣳහഝӤጱༀଶփ
ඎᳯ᷌҅ᮎԍݶԅ୩۸ԟጱActor-CriticԞԅಯୗኞ౮׀ԧݚक़Ӟᐿݢᚆ̶
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5.6. IRGANғӷӻ༄ᔱཛྷࣳጱಯ

IRGAN>25@ᬯᓤૡ֢ݎᤒԭ2017ଙጱSIGIR֢҅ᘏጱᴣ፡੪ဳਧӧฎӞᓤଘٿጱٌ֢҅ߝ
Ӿ੪۱ތSeqGANጱܻቔՈḘ֢҅ᘏਖ਼ኞ౮ಯᗑᕶጱమଫአԭמ௳༄ᔱᶾऒ݈҅ܩӧဲԭ
փᕹGANጱᕪَFramework҅ᘒฎڥአԧIRᶾऒܻ੪ਂࣁጱӷᐿӧݶ᪠හጱmodelғኞ౮ୗIR
ཛྷࣳ ڦڣ ୗIRཛྷ̶ࣳ

ኞ౮ୗIRཛྷࣳፓຽฎԾኞӞӻquery  documentጱىᘶଶړ҅ڥአᬯӻړྯӻᬌفጱ
queryᬬࢧፘىጱ༄ᔱᕮຎҔᘒڦڣୗIRཛྷࣳ፡Ӥ݄ๅ؟ฎӞӻԫᔄړᔄ҅ਙጱፓຽฎੱݢᚆ
ᘶັᧃ<query_f� document_f>҅ԭᕳى෫<ᘶັᧃ<query_r� document_rىํړ܄ࣈ
ਧጱັᧃ<query� document>҅ڦڣୗIRཛྷࣳᕳڊᧆັᧃӾጱӷᶱጱىᘶᑕଶ̶

ࣁਙժԏᳵᇙྛጱᘶᔮ҅ӷᐿᷚ໒ᬷጱIRཛྷࣳکጱՕᕨ፡੪ᚆӴӴఽᥧܔӷӻཛྷࣳᓌط
GANጱమӾŉํᖭࣈŊᩳکԧᒈᶎ҅౯ժਖ਼ኞ౮ୗIRཛྷࣳᦕ֢ғ  ҅ਖ਼ڦڣୗIRཛྷ
ࣳᦕ֢ғ  ҅ԭฎෆӻIRGANጱፓຽڍහԅғ

୭ғࢧୗIRཛྷࣳጱ᭦ᬋڦڣDਧԎԅڦIRGANӾ҅ᰄࣁ

ԭฎᰄڦDጱፓຽڍහᬰӞྍٟԅғ

ፘ҅ࣈኞ౮G੪ፗളᬌڊզqueryԅconditionᒼໜӾಅํdocumentӨᧆqueryጱىᘶړ
҅ӧଛ҅ࣈ౯ժᶳਖ਼᭗ᬦᬯӻىᘶړ҅ᬦᄁڊ୮ڹᦊԅ๋ፘىጱdocumentᒼໜ҅ᚆ֢
ԅᰄڦDጱᬌفڣਧྌྌڰ༄ᔱᕮຎጱᨶᰁܻ҅ᬳᖅࣳጱړᕪᬦᬯӞྍጱರᚸ݈ݒ౮
ᐶවࣳጱහഝԧ҅ᬮঅ�౯ժํ୩۸ԟ҅ᦡ  ҅ڞኞ౮Gጱፓ
ຽڍහᤩٟ౮ғ

Ԟ੪ฎ๋य़۸ᰄڦDᕳڊጱॹۜ҅ᘒᬯӻॹۜ꧊Ԇᥝრԭ༄ᔱᕮຎ୵౮ጱັᧃ  ࣁ
ጱᶱᦕ֢ғ  ҅ೲᆙPolicyٖݩᒧਖ̶਼ᘶጱ༷ሲԏىୗIRཛྷࣳӾᤩᦊԅᏟਫํڦڣ
Gradientጱොୗᬰᤈༀଶս۸҅ଚֵአ4.1ᜓӾጱവොဩൈᬿ  ጱս۸ༀଶ҅ࣁਫ؉ԅ
ԧො҅  ӻ୮ڹኞ౮ୗIRཛྷࣳᕳڊጱັᧃᕮຎᬪ̶֒
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୮ᆐ҅Ԟӧᚆԧ౯ժጱbaseline——  ҅Ӿᦡᗝbaselineԅ୮ັڹᧃᕮຎጱଘ࣐๗๕ 
 ̶

ӤᬿฎᰒPointwiseఘ୵ጱIRձ҅ۓӧݶԭPointwiseఘ୵፳᯿ԭکፗളጱ༄ᔱᕮຎ҅Pairwise
ఘ୵ጱIRๅग़ᔜێනࣁԧrankingӤٌ҅ᬬࢧᕮຎ  Ӿقฎᶋᑍԫز
ٌ҅Ӿ  ྲ  Ө୮ڹጱັᧃᶱىᘶๅṛ̶IRGANԞݢզಘکPairwiseጱఘ୵ܻ҅ڞ
ฎғŉӞڔٺŊ̶ ᰄڍڦහਖ਼දٟԅғ

ᘒᦡኞ౮GฎӞӻsoftmaxڍහ҅ڞPairwiseఘ୵ӥጱݒ୵ᓌ۸വইӥғ

IRGANࣁPairwiseఘ୵ӥጱፓຽڍහইӥٌ҅Ӿ҅  ᤒᐏ፥ਫጱᶋᑍԫزᕟ҅ᘒ  ڞᤒᐏ
ኞ౮ୗIRཛྷࣳኞ౮ጱԫزᕟғ

IRGANጱӞय़ᇙᅩฎ҅ಯmodelӾጱӷӻᕟկݱᛔ᮷ฎӞᐿIRཛྷࣳ҅ಅզᕪᬦಯᦒᕞԏ҅ݸ
ӧᓕ೭ڊߺӻ҅᮷ํ๕ᑱᏈܻضጱኒ̶֢᷀ᘏᬮىԭIRGANጱᦒᕞፓຽฎވᒧݳᕑՋ࣐ᤍ؉
ԧӞԶᦎᦞ҅ੱᓕࣁ፥ਫ༄ᔱጱଫአӾஉᵙ឴ಅ᧲ጱ፥ਫىᘶړ֢҅֕ᘏᦊԅӧᓕฎᥡک
ጱىᘶᬮฎ๚ᥡکጱىᘶ҅ڦڣIRཛྷࣳጱᬌڊฎኞ౮IRཛྷࣳጱଫᬌࣁਂڊ፳ྋ
ፘىጱ֢አ҅ێԭฎԞᙙᘒኞԧӾᮎӻىԭၶێ೫᯿ᇔ๋ᕣᬡکᄈၶଘᤍᇫாጱኼดฤ
႑ጱྲ̶ࡎ
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ᕮ

ᬯӞᶾऒጱݎԏᬥ᭛҅Ԟᦜࣁ౯ਠ౮ᬯᓤBlogጱํ݈҅ײӞಢૡ֢ԩضݸጱٛڊԧ҅֕
๋ᕣጱᕮੴᙗਧӧྊԭྌ҅౯Ԟӧெԍᳩᕮੲ҅ԞᦜᥝᒵஇGANԅ౯҅ԅ౯ժଃӞӻ॰ও
ጱᕮੴ̶
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