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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Ìßñõãëæã ï ñõæðãéãê

˜̝̔̒̓ȡ
ὢ ̛̍̎̏̇̆̒̓̃̏̏̂̆̋̓̏̃
ὣ ̍̎̏̇̆̒̓̃̏̏̓̃̆̓̏̃
ώȡὢᴼὣ ̠̝̎̆̉̈̃̆̒̓̎́̈́̃̉̒̉̍̏̒̓

ˑ́̎ȡ̏
ὼȟȣȟὼ Ṓὢ ̘̟̠̜̏̂̔́́̃̂̏̑̋́̚
ώ ώὼ ᶰὣ ̜̏̓̃̆̓̎́̏ ̘̟̜̂̔́̆̊̃̂̏̑̋̆̚

˚́̊̓̉ȡ
ώȡὢᴼὣ ̙̟̟̗̟̑̆́̔̔̎̋̉̚̕ȟ̐ ̟̟̑̉̂̌̉̇́̔̚ώ̎ ́̃ ̒̆̍̍̎ ̏̇̆̒̓̃̆ὢ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÍîìïðãçöÞý ëãçîìëëÞý ïãðú Ďæïèñïïðàãëëùç ëãçîìë

Åæêããð n àóìâìà (ὼȟȣȟὼ æ ìâæë àùóìâ(ώ)
ÅèÞäâùç àóìâ æêããð àãï(ύȟȣȟύ
Åæêããðïý âìíìéëæðãéúëùç àãï ïêã÷ãëæý(ὦ)
Åàùõæïéýãð éæëãçëñü èìêßæëÞôæü àóìâìà 

æ íîæêãëýãð è ëãç òñëèôæü ÞèðæàÞôææ:

ώ Ὢ ύɇὼ ὦ Ὢύ ɇὼ ὦ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Æïèñïïðàãëëùç ëãçîìë. Íîæêãî

ὼ πȢψȟὼ πȢσȟὼ πȢρ
ύ πȢρυȟύ πȢχȟύ πȢυ
ὦ πȢτς

Ὢὼ
ὼȟὼ π
πȟὼ π

ώ ȩ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Æïèñïïðàãëëùç ëãçîìë. Íîæêãî

ώ ὪπȢψɇπȢρυ

ὼ πȢψȟὼ πȢσȟὼ πȢρ
ύ πȢρυȟύ πȢχȟύ πȢυ
ὦ πȢτς

Ὢὼ
ὼȟὼ π
πȟὼ π

ώ ȩ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Æïèñïïðàãëëùç ëãçîìë. Íîæêãî

ώ ὪπȢρς

ὼ πȢψȟὼ πȢσȟὼ πȢρ
ύ πȢρυȟύ πȢχȟύ πȢυ
ὦ πȢτς

Ὢὼ
ὼȟὼ π
πȟὼ π

ώ ȩ

7 / 76



̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Æïèñïïðàãëëùç ëãçîìë. Íîæêãî

ώ ὪπȢρς πȢχɇ πȢσ

ὼ πȢψȟὼ πȢσȟὼ πȢρ
ύ πȢρυȟύ πȢχȟύ πȢυ
ὦ πȢτς

Ὢὼ
ὼȟὼ π
πȟὼ π

ώ ȩ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Æïèñïïðàãëëùç ëãçîìë. Íîæêãî

ώ ὪπȢρς πȢςρ

ὼ πȢψȟὼ πȢσȟὼ πȢρ
ύ πȢρυȟύ πȢχȟύ πȢυ
ὦ πȢτς

Ὢὼ
ὼȟὼ π
πȟὼ π

ώ ȩ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Æïèñïïðàãëëùç ëãçîìë. Íîæêãî

ώ ὪπȢρς πȢςρ πȢυɇπȢρ

ὼ πȢψȟὼ πȢσȟὼ πȢρ
ύ πȢρυȟύ πȢχȟύ πȢυ
ὦ πȢτς

Ὢὼ
ὼȟὼ π
πȟὼ π

ώ ȩ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Æïèñïïðàãëëùç ëãçîìë. Íîæêãî

ώ ὪπȢρς πȢςρ πȢπυ

ὼ πȢψȟὼ πȢσȟὼ πȢρ
ύ πȢρυȟύ πȢχȟύ πȢυ
ὦ πȢτς

Ὢὼ
ὼȟὼ π
πȟὼ π

ώ ȩ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Æïèñïïðàãëëùç ëãçîìë. Íîæêãî

ώ ὪπȢρς πȢςρ πȢπυ πȢτς

ὼ πȢψȟὼ πȢσȟὼ πȢρ
ύ πȢρυȟύ πȢχȟύ πȢυ
ὦ πȢτς

Ὢὼ
ὼȟὼ π
πȟὼ π

ώ ȩ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Æïèñïïðàãëëùç ëãçîìë. Íîæêãî

ώ ὪπȢςψ

ὼ πȢψȟὼ πȢσȟὼ πȢρ
ύ πȢρυȟύ πȢχȟύ πȢυ
ὦ πȢτς

Ὢὼ
ὼȟὼ π
πȟὼ π

ώ πȢςψ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Òñëèôææ ÞèðæàÞôææ

Òñëèôæý ÞèðæàÞôææ Ďûðì ëãèìðìîÞý âæòòãîãëôæîñãêÞý òñëèôæý (ìßùõëì 

ëãéæëãçëÞý), íîæêãëýãêÞý è éæëãçëìç èìêßæëÞôææ àóìâëùó åëÞõãëæç.

ËÞæßìéãã îÞïíîìïðîÞëþëëùã òñëèôææ ÞèðæàÞôææ:

ËÞåàÞëæã Òñëèôæý ÍîìæåàìâëÞý
ÌßéÞïðú 

åëÞõãëæç

ÏæáêìæâÞéúëÞý

(sigmoid)

ρ

ρ Ὡ
Ὢὼ ρ Ὢὼ πȟρ

Áæíãîßìéæõãïèæç

ðÞëáãëï (tanh)
ÔÁÎÈὼ ρ Ὢ ὼ ρȟρ

Àùíîýêæðãéú

(ReLU)
Ὢὼ

ὼȟὼ π
πȟὼ π

Ὢὼ
ρȟὼ π
πȟὼ π

πȟЊ

Àìíîìï: íìõãêñ òñëèôææ ÞèðæàÞôææ ìßùõëì ëãéæëãçëùã? Õãê íéìóÞ éæëãçëÞý òñëèôæý?
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Òñëèôææ ÞèðæàÞôææ

ίὭὫάέὭὨ ὸὥὲὬ ὙὩὒὟ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÉìáæïðæõãïèÞý îãáîãïïæý

ÂÞëì:

ὼȟȣȟὼ Ṓᴙ ìßñõÞü÷Þý àùßìîèÞ

ώ ώὼ ᶰπȟρ ìðàãðù ëÞ ìßñõÞü÷ãç 

àùßìîèã

Îãöãëæã:

ώ „ύ ɇὼ
ρ

ρ Ὡ ɇ
ᶰ πȟρ

ύ ὥὶὫάὭὲ ὒώȟώ

ὒώȟώ
ρ

ὲ
ώÌÏÇώὼ ρ ώ ÌÏÇρ ώὼ

ÉìáæïðæõãïèÞý òñëèôæý (ïæáêìæâÞ)
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÉìáæïðæõãïèÞý îãáîãïïæý Ďûðì ëãçîìë

ώ „ύ ɇὼ
ρ

ρ Ὡ ɇ

Ìíðæêæåæîñý òñëèôæü íìðãîú 

êãðìâìê áîÞâæãëðëìáì ïíñïèÞ, 

ëÞóìâæê íÞîÞêãðîù ύȟȣύ .
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Íìéëìïàýåëùç ïéìç. Íãîïãíðîìë

Åïìïðìæð æå άëãåÞàæïæêùó ëãçîìëìà
Åòñëèôæý ÞèðæàÞôææ ñ èÞäâìáì ëãçîìëÞ ìßùõëì 

ìß÷Þý âéý àïãáì ïéìý

Åïììðàãðïðàñü÷æã àóìâù ëãçîìëìà ïìãâæëãëù 

êãäâñ ïìßìç Ďïéìç ïìâãîäæð ὲàóìâìà
Åæêããð ὲ ρɇάàãïìàùó èìûòòæôæãëðìà
Åàùóìâìê ïéìý ýàéýãðïý àãèðìî, Þ ëã õæïéì, à 

ìðéæõæã ìð ìâëìáì ëãçîìëÞ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Íìéëìïàýåëùç ïéìç. Íãîïãíðîìë

Ñâìßëì íîãâïðÞàéýðú ïéìç à àæâã êÞðîæô àãïìà:

ὡ

ύ ύ ȣ ύ
ύ ύ ȣ ύ
ȣ ȣ ȣ ȣ
ύ ύ ȣ ύ

ὦ

ὦ
ὦ
ȣ
ὦ

Àóìâ ïéìý ĎðÞèìç äã àãèðìî, èÞè âéý ëãçîìëÞ 

ὼ

ὼ
ὼ
ȣ
ὼ

Àùóìâëìã åëÞõãëæã ïéìý àùõæïéýãðïý 

ÞëÞéìáæõëì ëãçîìëñ: ώ Ὢὡὼ ὦ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Íìéëìïàýåëùç ïéìç. Íîæêãî

Íñïðú ïéìç æêããð 2 àóìâÞ æ 3 àùóìâÞ, òñëèôæý 

ÞèðæàÞôææ Ďtanh, Þ àãïìàùã èìûòòæôæãëðù æ 

àóìâëìç ïæáëÞé ðÞèæã:

ὡ
πȢρυ πȢχ
πȢπς πȢψρ
ρȢρ πȢςτ

ὦ
π
πȢσ
πȢρτ

ὼ
πȢυ
πȢσ

ὡὼ ὦ
πȢρυ πȢχ
πȢπς πȢψρ
ρȢρ πȢςτ

ɇ
πȢυ
πȢσ

π
πȢσ
πȢρτ

πȢςψυ
πȢυσσ
πȢχφς

ώ Ὢὡὼ ὦ

ÔÁÎÈπȢςψυ
ÔÁÎÈπȢυσσ
ÔÁÎÈπȢχφς

πȢςχχ
πȢτψχ
πȢφτς 20 / 76



̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Softmax òñëèôæý ÞèðæàÞôææ

ÒñëèôæýίέὪὸάὥὼᾀíîãìßîÞåñãðàãèðìîᾀîÞåêãîëìïðæὲààãèðìîðìçäã
îÞåêãîëìïðæ,áâãèÞäâÞýèììîâæëÞðÞíìéñõãëëìáìàãèðìîÞíîãâïðÞàéãëÞ

àã÷ãïðàãëëùêõæïéìêàæëðãîàÞéã[0,1] æïñêêÞèììîâæëÞðîÞàëÞ1.

ίέὪὸάὥὼᾀ
Ὡ

В Ὡ

Æïíìéúåñãðïý âéý èéÞïïæòæèÞôææ ëÞ 2 æ ßìéãã èéÞïïìà.

Íîæêãî:

Íñïðú ᾀ ρȟπȟπȢυȟρȟρ
ÐìáâÞ ίέὪὸάὥὼᾀ πȢσςςȟπȢρρψȟπȢρωυȟπȢπτσȟπȢσςς
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÊëìáìïéìçëÞý ëãçîìëëÞý ïãðú
ÅèÞäâùç ïéìç Ďíìéëìïàýåëùç

Åàùóìâ ïéìý ýàéýãðïý àóìâìê ïéãâñü÷ãáì ïéìý

Åíìïéãâëæç ïéìç ëÞåùàÞüð àùóìâëùê

Åíîìêãäñðìõëùã ïéìæ ëÞåùàÞüð ïèîùðùêæ

Åïãðú àùõæïéýãð àùóìâ ïéãâñü÷æê ìßîÞåìê:

˞̌̏ρ̊ȡώ Ὢὡὼ ὦ
˞̌̏ς̊ȡώ Ὢὡώ ὦ
ȣ
˞̌̏Ὥ̊ȡώ Ὢὡώ ὦ
ˏ̜̖̏̅̎̏̊̒̌̏̊ȡώ Ὢ ὡώ ὦ

Ïãðú êìâãéæîñãð ïéãâñü÷ñü òñëèôæü:

ώ Ὢὡ ɇὪὡ ɇὪὡὼ ὦ ὦ ὦ ȣ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Ìßñõãëæã ëãçîìëëìç ïãðæ ï ñõæðãéãê

ὼȟώȟὭɴ ρȢȢὲ ̘̟̠̜̏̂̔́́̃̂̏̑̋́̚ȟ̄ ̅ὼ̆ ̛̜̏̂̆̋̓ȟώ ̝̜̜̐̑́̃̉̌̎̆̏̓̃̆̓
Ὢὼȟ— ̗̠̠̝̅̉̆̑̆̎̉̑̔̆̍́̎̆̊̑̏̎̎́̒̆̓̐́̒̕̕ ̑́̍̆̓̑́̍̉—

Íîìôãïï ìßñõãëæý åÞèéüõÞãðïý à íìæïèã ðÞèæó íÞîÞêãðîìà —, íîæ èìðìîùó 
ëãçîìëëÞý ïãðú ßñâãð àùâÞàÞðú ¥ßéæåèæã­ è íîÞàæéúëùê ìðàãðÞê ëÞ ûéãêãëðÞó 

ìßñõÞü÷ãç àùßìîèæ.

Âéý ìôãëèæ ¥ßéæåìïðæ­ ìðàãðìà æïíìéúåñüðïý îÞåéæõëùã òñëèôææ ìöæßèæ 

(íìðãîú)ὒώȟὸ, áâã ώĎàùóìâ ïãðæ, Þ ὸĎìäæâÞãêìã åëÞõãëæã, ëÞíîæêãî:

ὓὛὉȡώ ὸ
ὓὃὉȡȿώ ὸȿ

ὶ̒έίίīὩὲὸὶέὴώȡὸÌÎώ ρ ὸɇÌÎρ ώ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Ìßñõãëæã ëãçîìëëìç ïãðæ ï ñõæðãéãê

Õðìßù ìßñõæðú ïãðú, íîæêãëýãê ãþ èì àïãê ûéãêãëðÞê àóìâëìç àùßìîèæ æ 

ïîÞàëæàÞãê íìéñõÞãêùã ìðàãðù ï íîÞàæéúëùêæ æ ïðîìæê òñëèôæìëÞé èÞõãïðàÞ:

ὒ ὒ—
ρ

ὲ
ὰὪὼȟ—ȟώ

ρ

ὲ
ὰ

ÐÞè èÞè ὒ— - âæòòãîãëôæîñãêÞý òñëèôæý, ðì, ìíðæêæåæîñý ãþ íÞîÞêãðîù ï 

íìêì÷úü áîÞâæãëðëìáì ïíñïèÞ, êìäëì íìíùðÞðúïý íìíÞïðú à éìèÞéúëùç 

êæëæêñê:

— — –ɇ​ὒ—

ÏÞêÞý ïéìäëÞý õÞïðú Ďàùõæïéãëæã áîÞâæãëðÞ ​ὒ—
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÏðìóÞïðæõãïèæç áîÞâæãëðëùç ïíñïè (SGD)

Àùõæïéãëæã ὒíîæ ßìéúöæó ὲĎðîñâìþêèÞý åÞâÞõÞ.

Îãöãëæã ĎïðìóÞïðæõãïèæç áîÞâæãëðëùç ïíñïè:

ÅèÞäâñü æðãîÞôæü àùßæîÞãðïý ïéñõÞçëùç ûéãêãëð æå ìßñõÞü÷ãç àùßìîèæ (ὼ)

ÅîÞïïõæðùàÞãðïý òñëèôæý íìðãîú ὰ ὰὪὼȟ— ȟώ

Åìßëìàéýüðïý íÞîÞêãðîù: — — –ɇ​ὰ—

ËãâìïðÞðèæ:

Åíìâàãîäãë àùßîìïÞê, æå-åÞ õãáì ëãìßóìâæêì æïíìéúåìàÞðú êÞéìã åëÞõãëæã–, 
õðì íîæàìâæð è ßìéúöìêñ õæïéñ öÞáìà âéý ïóìâæêìïðæ

Åëãàìåêìäëì îÞïíÞîÞééãéæðú àùõæïéãëæã ìöæßèæ íì ûéãêãëðÞê ìßñõÞü÷ãç 

àùßìîèæ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÍÞèãðëùç áîÞâæãëðëùç ïíñïè (miniBatch SGD)

ÅèÞäâñü æðãîÞôæü íîìæåàìéúëì àùßæîÞãðïý ά ρ άḺὲíîæêãîìà æå 
ìßñõÞü÷ãç àùßìîèæ

Åàùõæïéýãðïý ïñêêÞîëÞý òñëèôæý íìðãîú ëÞ àùßîÞëëùó íîæêãîÞó:

ὰ
ρ

ά
ὰὪὼȟ— ȟώ

Åìßëìàéýüðïý íÞîÞêãðîù:

— — –ɇ​
ρ

ά
ὰὪὼȟ— ȟώ

¿ìéãã ñïðìçõæà è àùßîìïÞê, ðÞè õðì êìäëì àùßæîÞðú ßìéúöæç öÞá–
Ìöæßèñ ὰ êìäëì ïõæðÞðú íÞîÞééãéúëì
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÁîÞâæãëðëùç ïíñïè. Íîæêãî

ËÞçðæ êæëæêñê òñëèôææ Ὢὼ ὼ ςï íìêì÷úü
áîÞâæãëðëìáì ïíñïèÞ.

À èÞõãïðàã ëÞõÞéúëìç ðìõèæ àìåúêþê ὼ σ
ÖÞá ïíñïèÞ àùßãîãê– πȢτ
ÁîÞâæãëð òñëèôææ îÞàãë ​Ὢὼ ςὼ

ÅÞíñïðæê æðãîÞôæìëëùç íîìôãïï: ὼ ὼ –ɇ​Ὢὼ
ὼ ὼ –ɇ​Ὢὼ σ πȢτɇςɇσ πȢφȟὪὼ ρȢφτ
ὼ ὼ –ɇ​Ὢὼ πȢφ πȢτɇςɇπȢφ πȢρςȟὪὼ ρȢωψυφ
ὼ ὼ –ɇ​Ὢὼ πȢρςπȢτɇςɇπȢρς πȢπςτȟὪὼ ρȢωωωτ
ὼ ὼ –ɇ​Ὢὼ πȢπςτπȢτɇςɇπȢπςτπȢππτψȟὪὼ ρȢωωωχ
ὼ ὼ –ɇ​Ὢὼ πȢππτψπȢτɇςɇπȢππτψ πȢπππωφȟὪὼ ρȢωωωω

27 / 76



̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÁîÞâæãëðëùç ïíñïè. ÖÞá æêããð åëÞõãëæã

ÖÞá ïéæöèìê êÞé

ÂìéáÞý ïóìâæêìïðú

ÆâãÞéúëùç öÞá

ÊìêãëðÞéúëÞý ïóìâæêìïðú

¿ìéúöìç öÞá

ÍéìóÞý ïóìâæêìïðú, 

áîÞâæãëð íìïðìýëëì 

êãëýãð åëÞè

Ìõãëú ßìéúöìç öÞá

ÎÞïóìâæêìïðú

ÈÞè àùßæîÞðú ìíðæêÞéúëùç öÞá?
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÁîÞâæãëðëùç ïíñïè. ÖÞá æêããð åëÞõãëæã

ÖÞá ïéæöèìê êÞé

ÂìéáÞý ïóìâæêìïðú

ÆâãÞéúëùç öÞá

ÊìêãëðÞéúëÞý ïóìâæêìïðú

¿ìéúöìç öÞá

ÍéìóÞý ïóìâæêìïðú, 

áîÞâæãëð íìïðìýëëì 

êãëýãð åëÞè

Ìõãëú ßìéúöìç öÞá

ÎÞïóìâæêìïðú

ÈÞè àùßæîÞðú ìíðæêÞéúëùç öÞá Ďûèïíãîæêãëðù!
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Ìßñõãëæã ïãðæ êãðìâìê áîÞâæãëðëìáì ïíñïèÞ

Ìßñõãëæãàùíìéëýãðïýëãèìðìîìãèìéæõãïðàì¥ûíìó­- íìéëùóæðãîÞôæçíì

àïãçìßñõÞü÷ãçàùßìîèã. ÆëìáâÞìßñõãëæãìïðÞëÞàéæàÞüðîÞëúöã,ãïéæëÞ

àÞéæâÞôæìëëìçàùßìîèãèÞõãïðàìíãîãïðÞþðñéñõöÞðúïý(early stopping).

ÍìïèìéúèñàùßìîöÞáÞâìàìéúëìïéìäëÞýåÞâÞõÞ,ìßùõëìæïíìéúåñüðïý

ÞâÞíðæàëùãêãðìâùáîÞâæãëðëìáìïíñïèÞ,ðÞèæãèÞèSGD with momentum, Adam,

Adagrad, RMSprop æðâ. ÅÞõÞïðñüûðæêãðìâùæïíìéúåñüðæëòìîêÞôæüì

áîÞâæãëðãëÞíîìöéùóæðãîÞôæýóæíìâïðîÞæàÞüðöÞáíîæèÞäâìêìßëìàéãëææ.
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÌíðæêæåÞðìîù áîÞâæãëðëìáì ïíñïèÞ

SGD:

— — –ɇ​,—

Àìíîìï: èÞè àùõæïéýðú áîÞâæãëð ​ὒ—íì èÞäâìêñ íÞîÞêãðîñ—áéñßìèìç 
ëãçîìëëìç ïãðæ (ïéìäëìç âæòòãîãëôæîñãêìç òñëèôææ)?

SGDïêìêãëðìê:

ά ‍ά –ɇ​,—
— — ά

Nesterov accelerated gradient :

ὺ ‍ὺ –ɇ​,— ‍ὺ
— — ὺ

Adam :

ά ‍ά ρ ‍ ɇ​,—
ὺ ‍ὺ ρ ‍ ɇ​,—

ά
ά

ρ ‍
ȟ ὺ

ὺ

ρ ‍

— — –
ά

ὺ ‭

Adagrad :

Ὃ Ὃ ​,—

— — –
​,—

Ὃ ‭
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÁîÞò àùõæïéãëæç
ÌâëìïéìçëÞý ïãðú ï âàñêý àóìâÞêæ, ìâëæê 

àùóìâìê æ áæíãîßìéæõãïèæê ðÞëáãëïìê:

ώ ÔÁÎÈὼɇύ ὼɇύ ὦ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÁîÞò àùõæïéãëæç
ÌâëìïéìçëÞý ïãðú ï âàñêý àóìâÞêæ, ìâëæê 

àùóìâìê æ áæíãîßìéæõãïèæê ðÞëáãëïìê:

ὺ ὼɇύ
ὺ ὼɇύ
ὺ ὺ ὺ
ὺ ὺ ὦ
ώ ÔÁÎÈὺ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÌßîÞðëìã îÞïíîìïðîÞëãëæã ìöæßèæ

ÌßîÞðëìãîÞïíîìïðîÞëãëæãìöæßèæ(backpropagation) Ď Þéáìîæðê,

íìåàìéýü÷æçàùõæïéæðúõÞïðëùãíîìæåàìâëùãëÞíîìæåàìéúëìêáîÞòã

àùõæïéãëæç. ÏìïðìæðæåâàñóûðÞíìà:

ÍîýêìãîÞïíîìïðîÞëãëæã(forward pass) : àóìâëùãïæáëÞéùíîìóìâýðíì

áîÞòñõãîãåèÞäâùçñåãéæ ïìóîÞëýüðàùóìâëùãåëÞõãëæýæ õÞïðëùã

íîìæåàìâëùãñåéìà.

ÌßîÞðëìãîÞïíîìïðîÞëãëæã(backward pass) : ëÞìïëìàãàùõæïéãëëùó

åëÞõãëæçíîæíîýêìêíîìóìâãàùõæïéýüðïýõÞïðëùãíîìæåàìâëùã

îãÞéæåñãêìçòñëèôææíìèÞäâìêñæåãþÞîáñêãëðìàĎàóìâëùóñåéìàáîÞòÞ.
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Íîýêìã îÞïíîìïðîÞëãëæã
ὼ ςȢπȟρȢπȟὸ ρ
ύ ρȢπȟσȢπȟὦ ρȢς
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Íîýêìã îÞïíîìïðîÞëãëæã
ὼ ςȢπȟρȢπȟὸ ρ
ύ ρȢπȟσȢπȟὦ ρȢς

ὺ ςȢπɇρȢπ ςȢπ
ὺ ρȢπɇσȢπ ρȢυ

‬ὺ

‬ὼ
ύ ρȢπ

‬ὺ

‬ύ
ὼ ςȢπ

‬ὺ

‬ὼ
ύ σȢπ

‬ὺ

‬ύ
ὼ πȢυ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Íîýêìã îÞïíîìïðîÞëãëæã
ὼ ςȢπȟρȢπȟὸ ρ
ύ ρȢπȟσȢπȟὦ ρȢς

ὺ ςȢπ ρȢυ πȢυ

‬ὺ

‬ὺ
ρȢπ

‬ὺ

‬ὺ
ρȢπ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Íîýêìã îÞïíîìïðîÞëãëæã
ὼ ςȢπȟρȢπȟὸ ρ
ύ ρȢπȟσȢπȟὦ ρȢς

ὺ πȢυ ρȢς πȢχ

‬ὺ

‬ὺ
ρȢπ

‬ὺ

‬ὦ
ρȢπ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Íîýêìã îÞïíîìïðîÞëãëæã
ὼ ςȢπȟρȢπȟὸ ρ
ύ ρȢπȟσȢπȟὦ ρȢς

ώ ÔÁÎÈπȢχ πȢφπτσ

‬ώ

‬ὺ
ÔÁÎÈπȢχ πȢφσυ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÌßîÞðëìã îÞïíîìïðîÞëãëæã
ὼ ςȢπȟρȢπȟὸ ρ
ύ ρȢπȟσȢπȟὦ ρȢς
ὒώȟὸ ώ ὸ

ώ πȢφπτσ

ὒώȟὸ πȢφπτσρ πȢρυφχ
‬ὒ

‬ώ
ςɇώ ὸ πȢχωρς
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÌßîÞðëìã îÞïíîìïðîÞëãëæã
ὼ ςȢπȟρȢπȟὸ ρ
ύ ρȢπȟσȢπȟὦ ρȢς
ὒώȟὸ ώ ὸ πȢρυφχ

‬ὒ

‬ώ
πȢχωρς

‬ὒ

‬ὺ

‬ὒ

‬ώ
ɇ
‬ώ

‬ὺ
πȢυπςς
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÌßîÞðëìã îÞïíîìïðîÞëãëæã
ὼ ςȢπȟρȢπȟὸ ρ
ύ ρȢπȟσȢπȟὦ ρȢς
ὒώȟὸ ώ ὸ πȢρυφχ

‬ὒ

‬ὺ
πȢυπςς

‬ὒ

‬ὦ

‬ὒ

‬ὺ
ɇ
‬ὺ

‬ὦ
πȢυπςς

‬ὒ

‬ὺ

‬ὒ

‬ὺ
ɇ
‬ὺ

‬ὺ
πȢυπςς
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÌßîÞðëìã îÞïíîìïðîÞëãëæã
ὼ ςȢπȟρȢπȟὸ ρ
ύ ρȢπȟσȢπȟὦ ρȢς
ὒώȟὸ ώ ὸ πȢρυφχ

‬ὒ

‬ὺ
πȢυπςς

‬ὒ

‬ὺ

‬ὒ

‬ὺ
ɇ
‬ὺ

‬ὺ
πȢυπςς

‬ὒ

‬ὺ

‬ὒ

‬ὺ
ɇ
‬ὺ

‬ὺ
πȢυπςς
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÌßîÞðëìã îÞïíîìïðîÞëãëæã
ὼ ςȢπȟρȢπȟὸ ρ
ύ ρȢπȟσȢπȟὦ ρȢς
ὒώȟὸ ώ ὸ πȢρυφχ

‬ὒ

‬ὺ
πȢυπςς

‬ὒ

‬ὼ

‬ὒ

‬ὺ
ɇ
‬ὺ

‬ὼ
πȢυπςς

‬ὒ

‬ύ

‬ὒ

‬ὺ
ɇ
‬ὺ

‬ύ
ρȢππττ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÌßîÞðëìã îÞïíîìïðîÞëãëæã
ὼ ςȢπȟρȢπȟὸ ρ
ύ ρȢπȟσȢπȟὦ ρȢς
ὒώȟὸ ώ ὸ πȢρυφχ

‬ὒ

‬ὺ
πȢυπςς

‬ὒ

‬ὼ

‬ὒ

‬ὺ
ɇ
‬ὺ

‬ὼ
ρȢυπφχ

‬ὒ

‬ύ

‬ὒ

‬ὺ
ɇ
‬ὺ

‬ύ
πȢςυρρ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Ìßëìàéãëæã àãïìàùó èìûòòæôæãëðìà
˜̝̔̒̓– πȢχȡ

ύ ύ –ɇ
‬ὒ

‬ύ
ρȢπ πȢχɇρȢππττπȢςωφω

ύ ύ –ɇ
‬ὒ

‬ύ
σȢπ πȢχɇπȢςυρρσȢρχυχ

ὦ ὦ –ɇ
‬ὒ

‬ὦ
ρȢς πȢχɇπȢυπςςρȢυυρυ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Íîýêìã îÞïíîìïðîÞëãëæã (here we go again)
ὼ ςȢπȟρȢπȟὸ ρ
ύ πȢςωφωȟσȢρχυχȟὦ ρȢυυρ

ώ ÔÁÎÈςȢυτυ πȢωψχχ
ὒώȟὸ πȢωψχχρ πȢπππρυ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÍîìßéãêÞ åÞðñóÞü÷ãáì áîÞâæãëðÞ

Íîæbackpropagation àáéñßìèìçëãçîìëëìçïãðæáîÞâæãëðëÞíãîàùóïéìýó

êìäãðßùðúìõãëúêÞéãëúèæêæå-åÞíìïéãâìàÞðãéúëìáìñêëìäãëæýëÞ Ḻρ,

íìûðìêñûðæïéìæßñâñðìßëìàéýðúïý¥ïéÞßì­.

Õðìßùï ûðæêßìîìðúïý,àùßæîÞüðïíãôæÞéúëùãòñëèôææÞèðæàÞôæææ

îÞåîÞßÞðùàÞüðïíãôæÞéúëùãÞîóæðãèðñîù,îÞïíîìïðîÞëýü÷æãáîÞâæãëðëÞ

íãîàùãïéìæ(skip / residual connections ).
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ËÞõÞéúëÞý æëæôæÞéæåÞôæý

Àìíîìï: íìõãêñ ßù ëã æëæôæÞéæåæîìàÞðú àïã àãïÞ ëñéþê? ¾ èìëïðÞëðìç?

ÍãîãâìßñõãëæãêëãçîìëëìçïãðæëñäëìíîìæëæôæÞéæåæîìàÞðúãã

íÞîÞêãðîù—. ÌßùõëìæïíìéúåñãðïýëìîêÞéúëìãîÞïíîãâãéãëæãïëñéãàùê

ïîãâëæêæïîãâëãèàÞâîÞðæõëùêìðèéìëãëæãêìßîÞðëìíîìíîìôæìëÞéúëùê

èìéæõãïðàñèìûòòæôæãëðìà:ὡḐὔ πȟ .

Ïñ÷ãïðàñüððãóëæèæ,ñõæðùàÞü÷æãòñëèôææÞèðæàÞôæææîÞåêãîùïéìý

(He, Xavier).

ËñäëìÞèèñîÞðëìíìâßæîÞðúëÞõÞéúëñüæëæôæÞéæåÞôæüàãïìà,òñëèôææ

ÞèðæàÞôææ,îÞåêãîùæèìéæõãïðàìïéìãàëÞàÞéæâÞôæìëëìçàùßìîèãĎ

íîìßéãêùëãâììßñõãëæý/ íãîãìßñõãëæý
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Îãèñîîãëðëùã ëãçîìëëùã ïãðæ (RNN)

Ὤ π
Ὤ ὪὼȟὬ ȟὸɴ ρȟὯ

ÅêìáñðìßîÞßÞðùàÞðúíìïéãâìàÞðãéúëìïðæíîìæåàìéúëìçâéæëù

ÅàùóìâëùãåëÞõãëæýïãðæ,íìéñõÞãêùãëÞìõãîãâëìêàîãêãëëìêöÞáã,

æïíìéúåñüðïýëÞïéãâñü÷ãêöÞáãĎïãðúæêããðïìïðìýëæã

ÅæðìáìàìãàùóìâëìãåëÞõãëæãßñâñðíìéñõãëìéæöúíìïéãåÞàãîöãëæý

ìßîÞßìðèæàïãçíìïéãâìàÞðãéúëìïðæ(ëÞíìïéãâëãêàîãêãëëìêöÞáã)
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

Îãèñîîãëðëùã ëãçîìëëùã ïãðæ (RNN)

ÅíîæàùõæïéãëææñõæðùàÞãðïýæïðìîæõãïèÞýæëòìîêÞôæýßéÞáìâÞîý

îãèñîîãëðëìçïàýåæ

ÅîÞåêãîêìâãéæëãñàãéæõæàÞãðïýïîÞåêãîìêàóìâëùóâÞëëùó

ÅàùõæïéãëæýæâñðêãâéãëëããàïîÞàëãëææïíìéëìïàýåëùêæïãðýêæ

Ὤ π
Ὤ ὪὼȟὬ ȟὸɴ ρȟὯ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÎÞåàìîÞõæàÞëæãîãèñîîãëðëìç ëãçîìëëìç ïãðæ (unfold)

ÎÞßìðñRNN êìäëìíîãâïðÞàæðúààæâãíìïéãâìàÞðãéúëìáìíîæêãëãëæý

êëìáìïéìçëìçëãîãèñîîãëðëìçïãðæ,à èìðìîìçèÞäâìãïìïðìýëæã

ìßîÞßÞðùàÞãðïýïíìêì÷úüìß÷æóàãïìàùóèìûòòæôæãëðìà.

Ὤ ὪὼȟὬ
Ὤ ὪὼȟὬ

ȣ
Ὤ ὪὼȟὬ

Ὤ ὪὼȟὬ
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̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÍîìïðãçöÞý îãèñîîãëðëÞý ïãðú

Ὤ π
Ὤ Ὢὡ ɇὼ ὡ ɇὬ ὦ

ὡ ̖̜̜̞̗̜̃̏̅̎̆̃̆̒̏̃̆̋̏̉̉̆̎̓̕̕
ὡ ̜̞̗̜̠̃̆̒̏̃̆̋̏̉̉̆̎̓̑̆̋̔̑̑̆̎̓̎̏̊̒̃̈̉̕̕
ὦ ̃̆̒̒̍ ̠̆̆̎̉̚
ὼ ̘̞̖̝̏̆̑̆̅̎̏̊̌̆̍̆̎̓̃̏̅̎̏̊̐̏̒̌̆̅̏̃́̓̆̌̎̏̒̓̉
Ὤ ̜̖̘̠̃̏̅̎̏̆̈̎́̆̎̉̆̒̏̒̓̏̎̉̆
Ὤ ̠̒̏̒̓̏̎̉̆̎́̐ ̙̙̑̏̌̏̍̃̑̆̍̆̎̎̏̍́̄̆
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ÎãèñîîãëðëÞý ïãðú. Íîæêãî

Ïãðú, íìâïõæðùàÞü÷Þýèìéæõãïðàì ãâæëæô, ëÞóìâý÷æóïý à âàìæõëìê àóìâëìê 

íìðìèã:Ὤ πȟὬ ύ ɇὼ ύ ɇὬ ȟώ Ὤ

ύ ρȟύ ρO Ὤ ὼ Ὤ
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ÌßîÞðëìã îÞïíîìïðîÞëãëæã àì àîãêãëæ

ÌöæßèÞîÞïíîìïðîÞëýãðïýìðíìïéãâëãáìèíãîàìêñàîãêãëëìêñöÞáñ,íîæ

ûðìêîÞåàìîÞõæàÞüðïýàïãàîãêãëëùãöÞáæ. ÛðìíìåàìéýãðîÞïïõæðùàÞðú

ìöæßèñâéýèÞäâìáìàîãêãëëìáìöÞáÞæìßëìàéýðúàãïÞ.

Æå-åÞ îÞåàìîÞõæàÞëæýíì àïãêàîãêãëëùêöÞáÞêìßîÞðëìã

îÞïíîìïðîÞëãëæãìöæßèæýàéýãðïýàãïúêÞðîñâìåÞðîÞðëùêíîæßìéúöìê

îÞåêãîãàóìâëìçíìïéãâìàÞðãéúëìïðæ.
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ÍîìßéãêÞ catastrophic forgetting

Íñïðú ëÞ àóìâ âÞëì 3 àãèðìîÞ ὼρȟὼςȟὼσ
ÎÞåàãîëãê àùóìâ ïãðæ íîæ ὦ π:

Ὤ Ὢὡ ɇὼ ὡ ɇὪὡ ɇὼ ὡ ɇὬ

ÏõæðÞý, õðì êù îÞßìðÞãê ïì ïèÞéýîÞêæ:

Ὢ ὡ ɇὼ ὡ ɇὪὡ ɇὼ ὡ ɇὬ ɇὡ ɇὪ ὡ ɇὼ ὡ ɇὬ ɇὡ

ÃïéæὪ ρ, ðì Ḻρ.

ÛðììåëÞõÞãð,õðìíîãâùâñ÷æçàùóìâíîÞèðæõãïèæëãàéæýãðëÞðãèñ÷ãã

îãöãëæãïãðæ. ËãçîìëëÞýïãðúåÞßùàÞãð,õðìßùéìîÞëãã.
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ÂìéáÞý èîÞðèìïîìõëÞý íÞêýðú (LSTM)
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ÂìéáÞý èîÞðèìïîìõëÞý íÞêýðú (LSTM)

ὥ ὸὥὲὬὡ ɇὼ Ὗ ɇὬ ὦ Ďinput activation

É „ὡ ɇὼ ὟɇὬ ὦ Ďinput gate (õðì åÞíìêæëÞãê)

Ὢ „ὡ ɇὼ ὟɇὬ ὦ Ďforget gate (õðì åÞßùàÞãê)

έ „ὡ ɇὼ Ὗ ɇὬ ὦ Ďoutput gate

ίὸὥὸὩὥṩὭ ὪṩίὸὥὸὩĎàëñðîãëëãã ïìïðìýëæã
Ὤ ÔÁÎÈίὸὥὸὩ ṩέĎàùóìâëìã åëÞõãëæã

ṩīíìûéãêãëðëìã íîìæåàãâãëæã

ὨὭὥὫὪ ĎéæöãëÞ íîìßéãêù èÞðÞïðîìòæõãïèìáì åÞßùàÞëæý, áîÞâæãëð 

ëã åÞðñóÞãð
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Íîæêãî îÞßìðù LSTM

Àãïìàùã èìûòòæôæãëðù:

ὡ πȢτυπȢςυȟὟ πȢρυȟὦ πȢς
ὡ πȢωυπȢψȟὟ πȢψȟὦ πȢφυ
ὡ πȢχπȢτυȟὟ πȢρȟὦ πȢρυ

ὡ πȢφπȢτȟὟ πȢςυȟὦ πȢρ

ÀóìâëÞý íìïéãâìàÞðãéúëìïðú:

ὼ
ρ
ς
ȟὼ

πȢυ
σ
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Íîæêãî îÞßìðù LSTM

ὥ ὸὥὲὬὡ ɇὼ Ὗ ɇὬ ὦ ὸὥὲὬπȢτυπȢςυɇ
ρ
ς

πȢρυɇπ πȢς πȢψρχχυ

É „ὡ ɇὼ ὟɇὬ ὦ „ πȢωυπȢψɇ
ρ
ς

πȢψɇπ πȢφυ πȢωφπψσ

Ὢ „ὡ ɇὼ ὟɇὬ ὦ „ πȢχπȢτυɇ
ρ
ς

πȢρɇπ πȢρυ πȢψυρωυ

έ „ὡ ɇὼ Ὗ ɇὬ ὦ „ πȢφπȢτɇ
ρ
ς

πȢςυɇπ πȢρ πȢψρχυχ

ίὸὥὸὩὥṩὭ ὪṩίὸὥὸὩπȢψρχχυṩπȢωφπψσπȢψυρωυṩπ πȢχψυχς
Ὤ ÔÁÎÈίὸὥὸὩ ṩέ ÔÁÎÈπȢχψυχςṩπȢψρχυχπȢυσφσρ
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Íîæêãî îÞßìðù LSTM
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Íîæêãî îÞßìðù LSTM

ὥ ὸὥὲὬὡ ɇὼ Ὗ ɇὬ ὦ ὸὥὲὬπȢτυπȢςυɇ
πȢυ
σ

πȢρυɇπȢυσφσρπȢς πȢψτωψ

É „ὡ ɇὼ ὟɇὬ ὦ „ πȢωυπȢψɇ
πȢυ
σ

πȢψɇπȢυσφσρπȢφυ πȢωψρρψ

Ὢ „ὡ ɇὼ ὟɇὬ ὦ „ πȢχπȢτυɇ
πȢυ
σ

πȢρɇπȢυσφσρπȢρυ πȢψχπσ

έ „ὡ ɇὼ Ὗ ɇὬ ὦ „ πȢφπȢτɇ
πȢυ
σ

πȢςυɇπȢυσφσρπȢρ πȢψτωωσ

ίὸὥὸὩὥṩὭ ὪṩίὸὥὸὩπȢψτωψṩπȢωψρρψπȢψχπσṩπȢχψυχςρȢυρχφ
Ὤ ÔÁÎÈίὸὥὸὩ ṩέ ÔÁÎÈρȢυρχφṩπȢψτωωσπȢχχρωχ
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Íîæêãî îÞßìðù LSTM
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ÂàñëÞíîÞàéãëëÞý LSTM (Bidirectional LSTM)

À åÞâÞõÞó ìßîÞßìðèæ ðãèïðìà àÞäãë ëã ðìéúèì éãàùç èìëðãèïð ïéìàìòìîêù, ëì 

æ íîÞàùç:

¾éãèïÞëâîÍñöèæëîìâæéïýà Êìïèàã
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ÂàñëÞíîÞàéãëëÞý LSTM (Bidirectional LSTM)

ÍìûðìêñæïíìéúåñüðBidirectional LSTM ĎâàãíÞîÞééãéúëùãLSTM, íãîàìçëÞ

àóìâíìâÞãðïýæïóìâëÞýíìïéãâìàÞðãéúëìïðú,àðìîìçĎ æïóìâëÞý

íìïéãâìàÞðãéúëìïðúàìßîÞðëìêíìîýâèã.

70 / 76



̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

ÂàñëÞíîÞàéãëëÞý LSTM (Bidirectional LSTM)

ÍìûðìêñæïíìéúåñüðBidirectional LSTM ĎâàãíÞîÞééãéúëùãLSTM, íãîàìçëÞ

àóìâíìâÞãðïýæïóìâëÞýíìïéãâìàÞðãéúëìïðú,àðìîìçĎ æïóìâëÞý

íìïéãâìàÞðãéúëìïðúàìßîÞðëìêíìîýâèã.

ÀùóìâùὬæὬèìëèÞðãëæîñüðïý.

71 / 76



̜̻̼̰͉̿ ̸̶̼̯̮̯̼̾̀ ̸̳̼̰̀̿̀

¾áîãáÞôæý åÞèìâæîìàÞëëìáì èìëðãèïðÞ 

ÊùåÞèìâæîìàÞéææïóìâëñüíìïéãâìàÞðãéúëìïðúàãèðìîìàïéìàìòìîêὼȟȣȟὼ
àíìïéãâìàÞðãéúëìïðúàãèðìîìàὬȟȣȟὬ, èìðìîùãñõæðùàÞüðèìëðãèïð.

Ãïéæêù óìðæêèéÞïïæòæôæîìàÞðúûðñíìïéãâìàÞðãéúëìïðú,ðìëñäëì

íìïðîìæðúàãèðìîòæèïæîìàÞëëìçîÞåêãîëìïðæ,èìðìîùçâÞéããìðíîÞàæðïýà

èéÞïïæòæèÞðìî:

ÅíìïéãâëæçàùóìâὬ

Åïîãâëãã(mean pooling):
В

ÅêÞèïæêñê(max pooling):ÍÁØὬ

ÅêãóÞëæåêàëæêÞëæý
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Íìïðîìãëæã íîæåëÞèìàìáì íîìïðîÞëïðàÞ

ÍìïèìéúèñëãçîìëëùãïãðæìíãîæîñüðõæïéÞêæ,ÞðãèïððÞèìàùêëãýàéýãðïý,

ëãìßóìâæêìíìïðîìæðúíîæåëÞèìàìãíîìïðîÞëïðàì. ÀìåêìäëùêíîæåëÞèìàùê

íîìïðîÞëïðàìêêìäãðìèÞåÞðúïýêãöìèïéìà(bag of words, BOW):

0

2

0

5

1

1

0

0

0

3

2

0
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