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ᴫせ� ᮏ✏䛷䛿, ホ౯್⾜ิ䛛䜙䛾₯ᅾᅉᏊ᥎ᐃ䛻㐺⏝䛧䛯㝿䛾 RBM(Restrected Boltzman Machine) 䛾ᣲື
䜢ゎᯒ䛧䛯⤖ᯝ䛻䛴䛔䛶ሗ࿌䛩䜛. RBM 䜢ሗ᥎⸀䛻㐺⏝䛧䠈 ₯ᅾᅉᏊ䝧䜽䝖䝹䜢᥎ᐃ䛩䜛䛣䛸䛷ண ホ౯್䜢
ồ䜑䜛ᡭἲ䛜ᥦ䛥䜜䛶䛔䜛. 䛧䛛䛧䛺䛜䜙, 䛭䜜䜙䛿 SVD (Singular Value Decomposition) 䛺䛹䛾ᚑ᮶ᡭἲ䜘䜚䜒
」㞧䛛䛴, ィ⟬䝁䝇䝖䛾㧗䛔䝰䝕䝹䜢⏝䛧䛶䛔䜛䛻䜒䛛䛛䜟䜙䛪, ༑ศ䛺⢭ᗘྥୖ䛜ᚓ䜙䜜䛺䛔䛣䛸䜒ᣦ䛥䜜
䛶䛔䜛. ⢭ᗘྥୖ䛻ྥ䛡䛯ᨵⰋ䜢᳨ウ䛩䜛䛯䜑䛻䛿₯ᅾᅉᏊ᥎ᐃ䛻䛚䛡䜛 RBM 䛾ᣲື䜢⌮ゎ䛩䜛ᚲせ䛜䛒䜛䛸

⪃䛘䜛䛜䠈 ඛ⾜◊✲䛻䛚䛔䛶RBM䛾ᣲື䛻㛵䛩䜛⪃ᐹ䛿༑ศ䛺䛥䜜䛶䛔䛺䛔. ᮏ✏䛷䛿ඛ⾜◊✲䛸䛿␗䛺䜛ᵓ
㐀䛷 RBM 䜢༠ㄪ䝣䜱䝹䝍䝸䞁䜾䛻⏝䛔䜛ᡭἲ䜢ᥦ䛧䠈 䛭䛾ᣲື䜢ゎᯒ䛩䜛. ேᕤ䝕䞊䝍䜢⏝䛔䛯ᐇ㦂䜢⾜䛳䛯
⤖ᯝ, ᮲௳䛻䜘䛳䛶䛿ホ౯್⾜ิ䛾⏕ᡂ䛻⏝䛔䛯ඖ䛾₯ᅾᅉᏊ䝧䜽䝖䝹䜢䛻ඖྍ⬟䛷䛒䜛䛣䛸䜢♧䛩.  

�ࢻ࣮࣮࣡࢟ ไ㝈ࣥࢩ࣐࣐ࣥࢶࣝ࣎��ሗ᥎⸀��ホ౯್⾜ิ��⾜ิศゎ 

1  䛿䛨䜑䛻 

ᮏ✏䛷䛿, ホ౯್⾜ิ䛛䜙䛾₯ᅾᅉᏊ᥎ᐃ䛻㐺⏝
䛧䛯㝿䛾 RBM(Restrected Boltzman Machine) 䛾ᣲື䜢
ゎᯒ䛧䛯⤖ᯝ䛻䛴䛔䛶ሗ࿌䛩䜛. ሗ᥎⸀䛾ศ㔝䛻䛚
䛔䛶ホ౯್⾜ิ䜈䛾⾜ิศゎἲ䛾㐺⏝䛜◊✲䛥䜜䛶

䛔䜛[6]. ⾜ิศゎἲ䛷⏝䛔䜙䜜䛶䛔䜛䛺ᩘᏛⓗᡭἲ
䛿ホ౯್䜢₯ᅾᅉᏊ䝧䜽䝖䝹䛾ෆ✚䛸䛧䛶䝰䝕䝹䛧, 
䛒䜛ไ⣙䜢‶䛯䛩䜘䛖䛻₯ᅾᅉᏊ䝧䜽䝖䝹䜢ồ䜑䜛䜒䛾

䛷䛒䜛. 䛘䜀, ≉␗್ศゎ(SVD)ἲ䛷䛿 2 ㄗᕪ䜢
᭱ᑠ䛧, ☜⋡ⓗ⾜ิศゎἲ(PMF)[6]䛷䛿ᚋ☜⋡
䜢᭱䛩䜛.  
ไ㝈䝪䝹䝒䝬䞁䝬䝅䞁(RBM)[1]䛿୍⯡䛥䜜䛯⤫ィ

䝰䝕䝹䛷䛒䜚, PMF, SVD 䛸ྠ䛨䜾䝷䝣ᵓ㐀䜢ᣢ䛳䛶䛔䜛. 
Salakhutdinov 䜙䛿 RBM 䜢ホ౯್⾜ิ䛻㐺⏝䛩䜛䛣䛸

䜢ヨ䜏, 䝋䝣䝖䝬䝑䜽䝇䝴䝙䝑䝖䜢ྍどᒙ䛻ᣢ䛴 RBM
䜢ྛ䝴䞊䝄䛻䜚ᙜ䛶, 䛭䜜䜙䜢䛴䛺䛠㎶䛾㔜䜏ಀᩘ
䛿ྠ䛨䜰䜲䝔䝮䛻ᑐ䛧䛶䛩䜉䛶䛾䝴䞊䝄䛷ඹ᭷䛩䜛䝰

䝕䝹䜢ᥦ䛧䛯. ศᕸ䛾㏆ఝ⢭ᗘ䛿 SVD䛻༉ᩛ䛩䜛䜒
䛾䛷䛒䛳䛯䛜, 㧗ィ⟬ᐜ㔞䜢ᚲせ䛸䛩䜛䛻䜒㛵䜟䜙䛪, 
䛝䛺⢭ᗘྥୖ䛜ᚓ䜙䜜䛺䛛䛳䛯䛣䛸䛜ሗ࿌䛥䜜䛶䛔䜛. 
䜎䛯, 䛭䛾ཎᅉ䛻ᑐ䛩䜛ᩘᏛⓗഃ㠃䛛䜙䛾ヲ⣽䛺㆟ㄽ
䛿䛺䛥䜜䛶䛔䛺䛔.  
ᮏ✏䛷䛿 RBM 䜢⏝䛔䛯༠ㄪ䝣䜱䝹䝍䝸䞁䜾䛾᪂䛯䛺

ᐇ䜢ᥦ䛩䜛. ᥦᡭἲ䛿༢୍䛾 RBM 䜢ᣢ䛱, ホ
౯್⾜ิ䜢ྍどᒙ䛾ᮇᚅ್䛸䛧䛶䛒䜙䜟䛩. 㞃䜜ᒙ䛾
≧ែ䛿䜰䜲䝔䝮₯ᅾᅉᏊ䝧䜽䝖䝹䜢♧䛧, 䜋䛛䛾䝙䝳䞊

䝷䝹䝛䝑䝖䝽䞊䜽䛸䛾」ྜ䝅䝇䝔䝮䛾ᵓ⠏䜢ᐜ᫆䛻䛩䜛. 
ᮏ✏䛷䛿㞃䜜ᒙ, ྍどᒙ䛾䝴䝙䝑䝖䛾≧ែ䜢ྍど䛧, 
䛭䛾ᣲື䜢ゎᯒ䛧䛯⤖ᯝ䜢ሗ࿌䛩䜛. ேᕤ䝕䞊䝍䝉䝑䝖
䜢⏝䛔䛯ᐇ㦂䛻䛚䛔䛶, ᮲௳䛻䜘䛳䛶䛿ඖ䛾₯ᅾᅉᏊ
䝧䜽䝖䝹䜢䛻ඖྍ⬟䛷䛒䜛䛣䛸䜢♧䛩.  

2  㛵㐃◊✲ 

2.1  ༠ㄪ䝣䜱䝹䝍䝸䞁䜾 
ホ౯್⾜ิ䛿䝴䞊䝄䛾䜰䜲䝔䝮䜈䛾ホ౯್䛛䜙ᵓᡂ

䛥䜜, ㏻ᖖ, ⾜䛿ྛ䝴䞊䝄, ิ䛿ྛ䜰䜲䝔䝮䛻ᑐᛂ䛧, 
୍⯡䛻䛿ኚ䛺⾜ิ䛷䛒䜛. ᥎⸀䝅䝇䝔䝮䛿ᮍホ౯
㡯┠䛾ホ౯್䜢ண 䛧, 䜘䜚㧗䛔್䛾䜰䜲䝔䝮䜢䝴䞊䝄
䛻♧䛩. ホ౯್⾜ิ䜢⏝䛔䛶᥎⸀䜢⾜䛖ᡭἲ䛿୍⯡ⓗ
䛻༠ㄪ䝣䜱䝹䝍䝸䞁䜾(CF)䛸䜀䜜䜛. [3]. ึ䜑䛻ᥦ䛥
䜜䛯 CF䛿 k-᭱㏆ഐἲ䛷䛒䜚, ⾜ิศゎἲ䜒䜎䛯 CF䛻
ศ㢮䛥䜜䜛[4]. 
ᮏ✏䛷䛿 ܷ  䛿䝴䞊䝄䛾㞟ྜ䜢⾲䛧, ܷ  䛿䜰䜲䝔䝮

݆䜢ホ౯䛧䛯䝴䞊䝄䜢ព䛩䜛. ܲ  䛿䜰䜲䝔䝮䛾㞟ྜ䜢
ព䛧, ܲ   䛿䝴䞊䝄 ݅  䛻䜘䛳䛶ホ౯䛥䜜䛯䜰䜲䝔䝮䛾
㞟 ྜ 䜢 ព  䛩 䜛 ࡴ . ൌ ሼ݄ȁ� ݆ ൌ ͳǡ ʹǡ ǥ ǡ ȁܲȁǡ ݇ ൌ
ͳǡ ʹǡ ǥ ǡ  ,ሽ  䛿䜰䜲䝔䝮䛾₯ᅾᅉᏊ䝧䜽䝖䝹䛾㞟ྜ䛷䛒䜚ܭ
ࢃ ൌ ሼݓȁ� ݅ ൌ ͳǡ ʹǡ ǥ ǡ ȁܷȁǡ ݇ ൌ ͳǡ ʹǡ ǥ� ǡ ሽ  䛿䝴䞊䝄ܭ
䛾₯ᅾᅉᏊ䝧䜽䝖䝹䛾㞟ྜ䛷䛒䜛. ࡾ  䛿ホ౯್⾜ิ䛷 
ȁܷȁ ൈ ȁܲȁ䛾ḟඖ䜢ᣢ䛱, ྛせ⣲䛿 ݎ䛷⾲䛥䜜䜛.  
༠ㄪ䝣䜱䝹䝍䝸䞁䜾䛻ඹ㏻䛾┠ⓗ䛿, ホ౯್⾜ิ䛛䜙

ᮍホ౯䜰䜲䝔䝮䛾ண ホ౯್䜢⟬ฟ䛩䜛䛣䛸䛷䛒䜚, k-
᭱㏆ഐἲ䛷䛿䝴䞊䝄݅  䛸᥎⸀ᑐ㇟䝴䞊䝄ݐ䛸䛾䝢䜰䝋䞁
┦㛵ಀᩘ䜢ᘧ(1)䛻䜘䜚ィ⟬䛩䜛. Copyright is held by the author(s).  

The article has been published without reviewing.  
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� �

� � �

䛣䛣䛷, ܲ௧ ൌ ܲ ת ௧ܲ䛷䛒䜚, ߚ  䛿ศẕ䛜 0 䛻䛺䜛ሙ
ྜ䜢㑊䛡䜛䛯䜑䛾, ṇ䛾ᚤᑠ್䛷䛒䜛.  
㧗䛔ݏ௧䛾್䜢ᣢ䛱, 䜰䜲䝔䝮݆䜢ホ౯䛧䛶䛔䜛䝴䞊䝄

䛾㞟ྜܺ௧䛜䛘䜙䜜䛯䛸䛝, 䝴䞊䝄ݐ䛾䜰䜲䝔䝮݆  䛻ᑐ
䛩䜛ண ホ౯್䛿ᘧ(3)䛷䛘䜙䜜䜛.  

� ��

� ���

⾜ิศゎἲ䛷䛒䜛 SVD 䛿ホ౯್⾜ิ䜢ᘧ(5)䛷䛘
䜙䜜䜛݂䜢᭱ᑠ䛩䜛䛣䛸䛷㏆ఝ䛩䜛.  

� �

� �

䛣䛣䛷, ߣ䛿ṇ๎ಀᩘ䛷䛒䜚, ܫ䛿䝴䞊䝄݅䛾䜰䜲䝔
䝮݆䛻ᑐ䛩䜛ホ౯䛜Ꮡᅾ䛩䜛ሙྜ1䜢ྲྀ䜚, 䛭䛖䛷䛺䛡䜜
䜀 0 䜢ྲྀ䜛. 䜎䛯, ݎƸ䜢ண ホ౯್䛸䛧䛶⏝䛔䜛.  

2.2  ไ㝈䝪䝹䝒䝬䞁䝬䝅䞁 
ไ㝈䝪䝹䝒䝬䞁䝬䝅䞁[1]䛿┦㛵䛾ᙉ䛔㧗ḟඖ䛾ศ

ᕸ䜢㏆ఝ䛩䜛䛯䜑䛻⏝䛔䜙䜜䜛. 䛣䛾ᛶ㉁䜢⏝䛔䛶༠
ㄪ䝣䜱䝹䝍䝸䞁䜾䜢ᐇ䛩䜛.  
䝪䝹䝒䝬䞁䝬䝅䞁(BM)䛾≧ែኚᩘܢ䛾ศᕸሺܢǢ ሻ䛿ߠ

ᘧ(7)䛷䛘䜙䜜䜛.  

� �

� �

䛣䛣䛷, ߠ䛿䝟䝷䝯䞊䝍䛾㞟ྜ䛷䛒䜚, ܼሺߠሻ䛿ศ㓄㛵

ᩘ䛸䜀䜜䜛. σ ൌ σ σ ܢሼǡଵሽאሼǡଵሽ௭భאሼǡଵሽ௭మאȁܢσ௭ȁڮ   䛿

≧ែኚᩘܢ䛾ྲྀ䜚䛖䜛⤌䜏ྜ䜟䛫䛻䛚䛡䜛⥲䜢ព
䛩䜛. ܧሺܢǢ ሻ䛿䜶䝛䝹䜼䞊㛵ᩘ䛷䛒䜚, ᘧ(9)䛷ᐃ⩏䛥ߠ
䜜䜛.  

� ��

䛣䛣䛷, ܿ א 䜢⤖䜆㎶ݖ䛸ݖ䛿ݓ ,䛿䝞䜲䜰䝇䛷䛒䜚ࢉ
䛾㔜䜏ಀᩘ䛷䛒䜛. RBM 䛾ሙྜ, ᘧ(9)䛿ܝǡ �ܐ א 䜢 ,ܢ
⏝䛔䛶ᘧ(10)䛾䜘䛖䛻⾲䛥䜜䜛. 

� ��

䛣䛣䛷, ܽ א ǡࢇ ܾ א ǡݑ䛿䛭䜜䛮䜜  ࢈ ݄䛻ᑐ䛩䜛䝞䜲

䜰䝇䛷䛒䜛.  
RBM 䜢᭱ᑬ᥎ᐃἲ䛷Ꮫ⩦䛩䜛䛯䜑䛻䛿, ࿘㎶ศᕸ

䜢ィ⟬䛧䛶, 㞃䜜ᒙ䜢䝕䞊䝍䛾ศᕸ䛛䜙㝖እ䛩䜛ᚲせ
䛜䛒䜛. ࿘㎶ศᕸ䛾カ⦎䝕䞊䝍䛻ᑐ䛩䜛ᑐᩘᑬᗘ㛵ᩘ
䜢ᘧ(11)䛻♧䛩.  

� ��

䛣䛣䛷, ܰ䛿カ⦎䝕䞊䝍䛾ᩘ䛷䛒䜚, ࢛୬䛿ྛカ⦎䝕䞊

䝍䛷䛒䜛. ݓ䜢໙㓄ୖ᪼ἲ䛻䜘䜚᭦᪂䛩䜛䛯䜑䛾ᑐᩘ

ᑬᗘ㛵ᩘ䛾໙㓄䛿, ᘧ(11)䜢ݓ䛷ᚤศ䛩䜛䛣䛸䛻䜘䜚, 
ᘧ(12)䛷䛘䜙䜜䜛. 

௧ݏ ൌ
σ ൫ݎ െ ௧ݎҧᇱ൯൫ݎ െ אҧ௧ᇱ൯ݎ

ߚ  ටσ ൫ݎ െ ҧᇱ൯ݎ
ଶ

א ටσ ൫ݎ௧ െ ҧ௧ᇱ൯ݎ
ଶ

א

� ����

ҧᇱݎ ൌ
ͳ

ȁ ܲ௧ȁ
 ݎ

א
� ����

Ƹ௧ݎ ൌ ҧ௧ݎ 
σ ݎ௧൫ݏ െ ೕאҧ൯ݎ

σ ೕא௧ݏ
� ����

ҧݎ ൌ
ͳ
ȁ ܲȁ

 ݎ
א

� ����

݂ ൌ
ͳ
ʹܫ൫ݎƸ െ ൯ݎ

ଶ  ൛ߣ ݄
ଶ  ݓ

ଶ ൟ


൩


� ����

Ƹݎ ൌ ݓ� ݄


� ����

Ǣܢሺ ሻߠ ൌ
���൫െܧሺܢǢ ሻ൯ߠ

ܼሺߠሻ � ����

ܼሺߠሻ ൌ ���൫െܧሺܢǢ ሻ൯ߠ
ܢ

� ����

Ǣܢሺܧ ሻߠ ൌ െܿݖ


െݓݖݖ
ǡ�

� ����

ǡܝሺܧ Ǣܐ ሻߠ ൌ െܽݑ


െ ܾ ݄


െݓݑ ݄


�
�����

݈ሺߠሻ ൌ�� ���൫െܧሺ࢛ǡ Ǣܐ ሻ൯ߠ
ܐ

ே



െ ܰ �� ����ሺെܧሺܢǢ ሻሻߠ
ܢ

�

�����

 

ണ 1 [1]Ͷ͕͜Ζ RBM ߑଆͳՃߨ 
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䛻㛵䛩䜛⥲䛾㡯䜢㏆ఝィ⟬䛩䜛䛯䜑䛻䛿ᣢܢ䜔ܐ
⥆ⓗ Contrastive Divergence (PCD)ἲ[2]䛜⏝䛔䜙䜜䜛. 
┤᥋䛣䜜䜙䛾㡯䜢ィ⟬䛩䜛䛯䜑䛻䛿�ሺʹȁܢȁሻ䛾ィ⟬㛫
䜢㈝䜔䛥䛺䛡䜜䜀䛺䜙䛺䛔䛜, PCD 䛿�ሺͳሻ䛾ィ⟬㛫
䛷῭䜐. CDἲ䛷䛿≧ែኚᩘܢ䜢䝰䞁䝔䜹䝹䝻ἲ䛻䜘䜚䝃
䞁䝥䝹䛩䜛䛯䜑, ᘧ(13)䛷䛘䜙䜜䜛᮲௳☜⋡䛜ᚲ
せ䛸䛺䜛.  

� ��

䛣䛣䛷, �ሺݔሻ ൌ ͳȀሺͳ  �ି௫ሻ䛿䝻䝆䝇䝔䜱䝑䜽㛵ᩘ䛷
䛒䜚, ݇ିܢ䛿ݖ䜢ܢ䛛䜙㝖እ䛩䜛䛣䛸䜢ព䛩䜛.  

RBM 䜢ホ౯್⾜ิ䛻㐺⏝䛩䜛䛯䜑䛻䛿䛔䛟䛴䛛䛾

ᕤኵ䛜ᚲせ䛸䛺䜛. Salakhutdinov 䜙[1]䛿䝴䞊䝄ẖ䛻ಶ
ู䛾 RBM 䜢䜚ᙜ䛶, 㔜䜏䜢䛭䜜䛮䜜䛾䜰䜲䝔䝮䛻ᑐ
ᛂ䛥䛫, 䝴䞊䝄䛾ホ౯䜢䝰䝕䝹䛩䜛⾲⌧ᒙ䛸䛧䛶䝋䝣
䝖䝬䝑䜽䝇䝴䝙䝑䝖䜢᥇⏝䛧䛯. 䛣䛾ᙧᘧ䛷䛿㞃䜜䝴䝙䝑
䝖䛿䝴䞊䝄䛾₯ᅾᅉᏊ䝧䜽䝖䝹, 㔜䜏ಀᩘ䛜䜰䜲䝔䝮䛾
₯ᅾᅉᏊ䝧䜽䝖䝹䛻ᑐᛂ䛧, ྠ䛨䜰䜲䝔䝮䛾ホ౯䛻⏝䛔
䜛㔜䜏ಀᩘ䛿ྛ䝴䞊䝄䛾RBM㛫䛷ඹ᭷䛩䜛. ᅗ 1 䛻
Salakhutdinov 䜙䛾ᡭἲ䜢♧䛩. ୖ䛷㏙䜉䛯䜘䛖䛻, ୍
䛴䛾RBM䛜ྛ⾜䛻䜚ᙜ䛶䜙䜜, ྛ䝴䞊䝄䛻ᑐᛂ䛧䛶
䛔䜛. 䜎䛯, RBM 䜢Ꮫ⩦䛩䜛䛸䛝, ᮍホ౯್䛿ཧ↷䛧䛺
䛔.  

3  ᥦᡭἲ 

ᥦᡭἲ䛷䛿㞃䜜ᒙ䜢䜰䜲䝔䝮䛻䜚ᙜ䛶䜛. ᅗ 2 
䛻䛭䛾䜾䝷䝣ᵓ㐀䜢♧䛩. ᩥ⊩[1]䛾䜘䛖䛻」ᩘ䛾 RBM
䜢⏝ព䛩䜛௦䜟䜚䛻, ᮏᡭἲ䛿ホ౯್䜢䛘䜛䜰䜲䝔䝮
䜢㆑ู䛩䜛䛯䜑䛻, ㆑ู䝴䝙䝑䝖(Identifying units)䜢ᑟ
ධ䛧䛶䛔䜛. ㆑ู䝴䝙䝑䝖䛸㞃䜜ᒙ䛾㔜䜏ಀᩘ䛜䜰䜲䝔
䝮䛾₯ᅾᅉᏊ䝧䜽䝖䝹䛻ᑐᛂ䛩䜛. ᮏᵓ㐀䛾㛗ᡤ䛾୍
䛴䛸䛧䛶, 䜋䛛䛾䝙䝳䞊䝷䝹䝛䝑䝖䝽䞊䜽䛸䛾」ྜ䝰䝕䝹
䜢ᵓ⠏ྍ⬟䛺䛣䛸䛜䛒䛢䜙䜜䜛. ᅗ 3 䛿」ྜ䝰䝕䝹䛾
ᴫᛕᅗ䜢♧䛩. ᅗ 1 䛾ᵓ㐀䛷䛿䜰䜲䝔䝮䛾⾲⌧䜢㔜
䜏ಀᩘ䛻ᑐᛂ䛥䛫䛶䛚䜚, 㞃䜜ᒙ䛻䜚ᙜ䛶䛶䛔䛺䛔
䛯䜑, 䜾䝷䝣ᵓ㐀䜢⥔ᣢ䛧䛯䜎䜎䝁䞁䝔䞁䝒ሗ䜢㏣ຍ
䛩䜛䛣䛸䛜㞴䛧䛔䛸⪃䛘䜛. ᅗ 3 䛾䜘䛖䛻㞃䜜䝴䝙䝑䝖⮬
య䛻䜰䜲䝔䝮䛾₯ᅾᅉᏊ䛜⌧䜜䜛ᵓ㐀䛷䛒䜜䜀, ୍⯡
ⓗ䛺䝙䝳䞊䝷䝹䝛䝑䝖䝽䞊䜽䛾ฟຊ䜢ྠᵝ䛾䜾䝷䝣䜱䜹䝹

䝰䝕䝹䛷⤖ྜ䛩䜛䛣䛸䛜ᐜ᫆䛸䛺䜛. 䜎䛯ᅗ 1䛾ᵓ㐀䛷
䛿㔜䜏ಀᩘ䛾ඹ᭷䛸䛔䛖㏻ᖖ䛾䝙䝳䞊䝷䝹䝛䝑䝖䝽䞊䜽

䛻䛿䛺䛔ᶵ⬟䜢ᐇ䛧䛺䛡䜜䜀䛺䜙䛺䛔䛜, ᅗ 3 䛷䛿
䛭䛾ᶵ⬟䜢㆑ู䝴䝙䝑䝖䛻ᣢ䛯䛫䜛䛣䛸䛷ぢ㏻䛧䛾Ⰻ䛔

ᵓ㐀䜢ᐇ⌧䛧䛶䛔䜛. 

3.1  㐃⥆್ 
ᮏ✏䛷䛿ホ౯್䛾䝰䝕䝹䛻≧ែኚᩘ䛾ᮇᚅ್䜢

⏝䛔, 㐃⥆್䜢⾲⌧ྍ⬟䛺ᐇ䜢ᥦ䛩䜛. ⾲⌧ᒙ䝴
䝙䝑䝖䛾ᮇᚅ್䛸䛧䛶㐃⥆್䜢⾲⌧䛩䜛䛯䜑䛻, ᘧ(12)
䜢ᘧ(14)䛾䜘䛖䛻ಟṇ䛩䜛. 䛣䛾ᐇ䛾䛯䜑䛻䝞䝑䝏䝃
䞁䝥䝹ᩘܰ 䛿 1 䛸䛩䜛.  

� ��

䛣䛣䛷, ሺܝሻ䛿ᘧ(15)䛷ᐃ⩏䛥䜜䜛 Bernoulli ศᕸ䛷
䛒䜚, u 䛾ᮇᚅ್䛜䝃䞁䝥䝹䝕䞊䝍䛷䛒䜛ホ౯್⾜ิ䛾
ิ䝧䜽䝖䝹䛻➼䛧䛟䛺䜛.  

� ��

߲݈ሺߠሻ
ݓ߲

ൌ  ݑ ݄ሺܐȁ࢛ሻ
ܐ

ே



െ ܰ ݑ ݄ ሻܢሺ
ܢ

�

�����

ݖሺ ൌ ͳȁିܢǢ ሻߠ ൌ �ఙሺܿ ݓݖ


ሻ� �����

ሻߠሺܮ߲
ݓ߲

ൌ ݑ ݄ሺܝሻሺܐȁܝሻ
ܢ

െ ݑ ݄ ሻܢሺ
ܢ

� �����

ሻܝሺ ൌෑݎ
௨ሺͳ െ ሻଵି௨ݎ



� �����

 

ണ 3. εητϞ 

 

ണ 2.  ҌͤΖ RBM ͳՃߨଲԢ.  
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䛣䛣䛷, ܿ  䛿ホ౯್⾜ิ䛾ิ䛻ᑐ䛩䜛䜲䞁䝕䝑䜽䝇䛷
䛒䜚, 䛹䛾䜰䜲䝔䝮䛾ホ౯䛜䛘䜙䜜䛶䛔䜛䛛䜢㆑ู䛩
䜛. Ꮫ⩦䛾᪉⛬ᘧ䛿ᘧ(16)䛷䛘䜙䜜䜛.  

�

� � �

䛣䛣䛷, ߳䛿Ꮫ⩦ಀᩘ, ௦݂䛿䝇䝟䞊䝇ṇ๎㡯, ߤ䛿
័ᛶ㡯ಀᩘ, ߚ䛿䝇䝟䞊䝇ṇ๎ಀᩘ[5], ߩ䛿┠ᶆ
άᛶ⋡, ॱሾήሿ䛿カ⦎䝃䞁䝥䝹䛻䛚䛡䜛ᮇᚅ್䛷䛒
䜚, ᐇ㝿䛾άᛶ⋡䛻➼䛧䛔. ᮏᡭἲ䛷䛿䛣䛾ᮇᚅ್
䜢䝟䝹䝇ᐦᗘኚㄪ(PDM)[9]䛻䜘䜚㏆ఝ䛧, 䛭䛾ᚤศ᪉
⛬ᘧ䛿ᘧ(18)䛷䛘䜙䜜䜛.  

� ��

� ��

䛣䛣䛷, ߬  䛿ᐃᩘ䛷䛒䜛. 㞳ᩓᘧ䛿, ᘧ(20)䛷䛘
䜙䜜䜛.  

� ��

䛣䛣䛷, ߳䛿้݊䛻䛚䛡䜛Ꮫ⩦ಀᩘ䛷䛒䜛.  

3.2  ㆑ู䝴䝙䝑䝖 
㆑ู䝴䝙䝑䝖䛿䛭䜜䛮䜜݀ଵǡ ݀ଶǡ ǥǥ ǡ ݀ȁ� ȁ䛷⾲䛥䜜 , 

ホ౯್䜢䛘䜛䜰䜲䝔䝮䜢♧䛩䝴䝙䝑䝖䛰䛡䛜 1 䜢ྲྀ䜚, 
㛵ಀ䛾䛺䛔䜒䛾䛿 0 䜢ྲྀ䜛. 3 ⠇ෑ㢌䛷㏙䜉䛯㏻䜚, ㆑
ู䝴䝙䝑䝖䛿ఝⓗ䛺䝁䞁䝔䞁䝒ሗ䜢㞃䜜ᒙ䛻䛘, 
ู䛾ᒙ䛛䜙ධຊ䛥䜜䜛ᐇ㝿䛾䝁䞁䝔䞁䝒ሗ䛸⤫ྜ䛩䜛

䛣䛸䛜䛷䛝䜛. 䛩䛺䜟䛱, ᥦᡭἲ䛷䛿ෆᐜ䝧䞊䝇, ༠
ㄪ䝣䜱䝹䝍䝸䞁䜾ᡭἲ䛾ΰྜ䝅䝇䝔䝮䜈ᣑᙇྍ⬟䛷䛒䜛. 

3.3  RBM䛾Ꮫ⩦ 
ᅗ 2 䛻䛚䛔䛶, ྛิ䛿୍䛴䛾カ⦎䝕䞊䝍䛻ᑐᛂ䛩

䜛. RBM 䜢Ꮫ⩦䛩䜛䛸䛝, ᮍホ౯್䛻ᑐᛂ䛩䜛⾲⌧䝴
䝙䝑䝖䛿 0䛾್䛻䛩䜛. 䛣䜜䛿ᮍホ౯್䜢↓ど䛩䜛䛣䛸䛸
ྠ䛨䛷䛒䜚, ᵓ㐀䛿㐪䛖䛜ᅗ 1 䛷♧䛧䛯」ᩘ RBM 䛻䜘

䜛ᐇ䛿䛣䜜䛸ྠ䛨ຠᯝ䜢ᣢ䛴. 䜎䛯, ㆑ู䝴䝙䝑䝖䛸㞃
䜜䝴䝙䝑䝖䛾⤖ྜ䛿༢᪉ྥᛶ䛷䛒䜛. ᮏᡭἲ䛿୍䛴䛾
カ⦎䝕䞊䝍䜢ఱᅇ䜒Ꮫ⩦䛻⏝䛔䜛. ணഛᐇ㦂䛻䛚䛔䛶, 
㐺⏝䛿Ꮫ⩦䜢䜘䜚Ᏻᐃ䛻䛧, CD 䛾䝃䞁䝥䝹ᅇᩘ䜢

ୖ䛢䜛䜘䜚䜒ຠᯝ䛜䛒䜛䛣䛸䜢☜ㄆ䛧䛯䛯䜑䛣䛾䜰䝥䝻䞊

䝏䜢᥇⏝䛩䜛.  

4  ホ౯ᐇ㦂 

4.1  䝕䞊䝍䝉䝑䝖 
ᮏ✏䛷䛿䝻䝆䝇䝔䜱䝑䜽㛵ᩘ�䜢⏝䛔䛶ホ౯್䛾್䜢

ᘧ(21)䛾䜘䛖䛻(0, 1)䛻ไ㝈䛩䜛.  

� ��

ᐇ㦂䛷䛿␗䛺䜛₯ᅾᅉᏊ䝧䜽䝖䝹䛛䜙⏕ᡂ䛥䜜䛯2✀
㢮䛾ேᕤ䝕䞊䝍䝉䝑䝖䜢⏝䛔䜛. 䛹䛱䜙䛾ሙྜ䛷䜒, ݓ

䛻䛴䛔䛶䛿ሾെͳǡ ͳሿ䛻ศᕸ䛩䜛୍ᵝᩘ䛷䛘䜛.  
4.1.1 ᇶᗏࣝࢺࢡ࣋ 
䜰䜲䝔䝮䛾₯ᅾᅉᏊ䝧䜽䝖䝹䜢ᘧ(22)䛻ᚑ䛔䛘䜛.  

� �

� �

䛣䛣䛷, ܯ䛿ᇶᗏ䝧䜽䝖䝹䛾ᩘ䛷䛒䜛. ܆୨୫䛿ᘧ(23)䛾
ศᕸ䛻ᚑ䛖☜⋡ኚᩘ䛷䛒䜛. ᘧ(22)䛻䛚䛔䛶, ᇶᗏ䝧䜽
䝖䝹䛿䜽䝻䝛䝑䜹䞊䛾䝕䝹䝍ߜ௦௧䛻䜘䜚䛘䜙䜜䛶䛔䜛. 
䛘䜀, ݇ א ሼͳǡǥ ǡ ͷሽ㻌 䛾, ߜଷ䛻ᑐᛂ䛩䜛ᇶᗏ䝧䜽䝖䝹
䛿ᘧ(24)䛾䜘䛖䛻䛺䜛.  

� �

 ࣝࢺࢡ࣒࣋ࢲࣥࣛ 4.1.2

݄䜢ሾͲǡ ͳሿ䛻ศᕸ䛩䜛୍ᵝᩘ䛷䛘䜛. 䛺䛚, 䛣䜜
䛿↓㝈䛾ᇶᗏ䝧䜽䝖䝹䜢⏝䛔䛯ሙྜ䛻ᑐᛂ䛩䜛.  

4.2  SVD䛾Ꮫ⩦ 
RBM 䛾㞃䜜ᒙ, ⾲⌧ᒙ䛾᮲௳☜⋡䛿䝻䝆䝇䝔䜱䝑

䜽㛵ᩘ䛷䛘䜙䜜䛶䛚䜚, ್ᇦ䛿(0,1)䛷䛒䜛. 䛣䜜䛸ẚ
㍑䛩䜛䛯䜑 SVD 䛾ண ホ౯್䚸䜰䜲䝔䝮䛾₯ᅾᅉᏊ䜒
䛭䜜䛮䜜䝻䝆䝇䝔䜱䝑䜽㛵ᩘ䛷⾲䛥䜜䜛䜒䛾䛻䛩䜛. ල
యⓗ䛻䛿, 2.1 ⠇䛷ㄝ᫂䛧䛯 SVD䛾┠ⓗ㛵ᩘ, ᘧ(5)䛾
௦䜟䜚䛻, ᘧ(25)䜢⏝䛔䜛.  

� �

䛣䛣䛷, ߣ䛿ṇ๎ಀᩘ䛷䛒䜛. ண ホ౯್ݎכ䛿 

ݓ
ାଵ ൌ ݓ

  ߳ ቈ
ሻߠሺܮ߲
ݓ߲

 ௦݂  ݓ൫ߤ
 െ ݓ

ିଵ൯� �����

௦݂ ൌ ൫ͳߩ൛ߚ െ ॱൣ ݄൧൯
െ ሺͳ െ ሻॱሾߩ ݄ሿൟ� ॱሾݑሿ�

�����

߬
ܫ�
ݐ� ൌ െܫ  �ݖ �����

ॱሾݖሿ̱ܫ� �����

߬
ାଵܫ െ ܫ

߳ ൌ െܫ  �ݖ �����

ݎ ൌ � ൭� ݓ ݄


൱� �����

݄ ൌ
ͳ
ܯ  ೕߜ

ெ
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܆൫ ൌ ݇൯ ൌ
ͳ
�ܭ �����

ଷߜ ൌ ሺͲǡ Ͳǡ ͳǡ Ͳǡ Ͳሻ� �����

݂ ൌ
ͳ
ʹ൫�ఙ൫ݎכ ൯ െ ൯ݎ
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ᘧ(26)䛷䛘䜙䜜, SVD 䛸 RBM 䜢ẚ㍑䛩䜛䛯䜑, ݄௧
䛾್ᇦ䜢ᘧ(27)䛻䜘䜚(0, 1)䛻ไ㝈䛩䜛.  

� ��

� ��

ᘧ(25)䜢ᚤศ䛧, 䜰䜲䝔䝮ݐ , 䝴䞊䝄ݏ䛻䛚䛡䜛┠ⓗ㛵
ᩘ䛾໙㓄䛿, ᘧ(28), ᘧ(29)䛷䛘䜙䜜, 䛣䜜䜢⏝䛔䛶
໙㓄㝆ୗἲ䛻䜘䜚Ꮫ⩦䛩䜛. 

� �

� �

4.3  ᐇ㦂⤖ᯝ 
RBM 䛾ᡭἲ䛸 SVD 䛻䜘䜛Ꮫ⩦⤖ᯝ䜢, Root Mean 

Squared Error(RMSE)䛻䜘䜚♧䛩. 䜎䛯ྛ≧ែኚᩘ䛾ྍ
ど⤖ᯝ䜒♧䛩.  
䛶䛾⤖ᯝ䛻ඹ㏻䛾᮲௳䜢䛣䛣䛷♧䛩. Ꮫ⩦ಀᩘ䛿

ᘧ(30)䛾ᘧ䛷䛘䜙䜜䜛↝䛝䛺䜎䛧ἲ䛻䜘䜚Ỵᐃ䛩䜛.  

� ��

䛣䛣䛷, ݐ ൌ Ͳ  䛿ィ⟬䛾㛤ጞ䜢, 1 䛿⤊䜟䜚䜢ព䛩
䜛. Ꮫ⩦ಀᩘ䛿᭱⤊ⓗ䛻ึᮇ್䛾ͳȀܣ䛻䛺䜛. Ꮫ⩦ಀ
ᩘ䛾ึᮇ್䛿 0. 001 䛸䛧, ܣ ൌ ͳͲ䛸䛧䛯. 䝇䝟䞊䝇ṇ๎

                                                           
1 ᭷ຠホ౯⋡ߩ䛿, ߩ ൌ σȁ ܲȁ Ȁሺȁࢁȁȁࡼȁሻ䛷䛘䜙䜜䜛. 

䛾ྛಀᩘ䛿߬ ൌ ͲǤ ͳǡ ߚ ൌ ͲǤ Ͳͳǡ ߩ ൌ ͲǤ ʹ䛸䛧, ័ᛶ
㡯ಀᩘ䛿ߤ ൌ ͲǤ ͻ, PCD䛾䝃䞁䝥䝹ᅇᩘ䛿 1, ண ホ౯
್䛾⟬ฟ䛻䛿ᖹᆒሙ㏆ఝ[1]䜢⏝䛔䛯. 䝕䞊䝍䝉䝑䝖䜢
⏕ᡂ䛩䜛₯ᅾᅉᏊ䝧䜽 䝖䝹䛾ḟඖ䛿 5, ȁܷȁ ൌ
ͳͲͲǡ ȁܲȁ ൌ ͳͲͲ䛷䛒䜛. ྛᏛ⩦䝃䞁䝥䝹䛻ᑐ䛧, 30 ᅇ䛾
㐺⏝䜢⾜䛔, ⥲ィͷ ൈ ͳͲᅇ䛾Ꮫ⩦䜢⾜䛳䛯.  

4.3.1 ᇶᗏࣝࢺࢡ࣋ 
䛣䛣䛷䛿ᇶᗏ䝧䜽䝖䝹䛾Ꮫ⩦⤖ᯝ䜢♧䛩. ᮏ✏䛷䛿

ܯ ൌ ͳ䛾ሙྜ䛰䛡䜢ᢅ䛖. 䜎䛯, 㞃䜜ᒙ䛿 10䛷䛒䜛.  
ᅗ 4 䛿 SVD 䛜 RBM 䛻ẚ䜉, RMSE 䛻䛚䛔䛶᭷ຠ

ホ౯⋡1䛜 20%, 90%䛾ሙྜ䛻ప䛟, 30%, 10%䛾ሙྜ䛻
㧗䛟䛺䛳䛶䛔䜛䛣䛸䜢♧䛧䛶䛔䜛. ᅗ 5 䜢ぢ䜜䜀, RBM
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ϓ. Ճི 10%, 20%, 30%, 90%ͳඬ६ยࠫ(SD) 
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ണ 6 ఊϗέφϩ, RBM, SVD, ިԿͪ͢خ SVD(SVD+O)
ΠτϞઞࡑҾࢢϗέφϩՆࢻԿ. ༙ްՃི 90%. 

 

(a) 

(b) 

ണ 5 ઞࡑҾࢢϗέφϩՆࢻԿ. (a) ༙ްՃི 10%Ճ
ఊϗέφϩ, RBM, SVDخ , (b)ߨ ΠτϞઞࡑҾࢢϗέφϩ 
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䛿 10%䛾ሙྜ䛻䜋䜌ඖ䛾䝧䜽䝖䝹䜢ඖ䛧䛶䛔䜛䛣䛸, 
ᅗ 6 䛛䜙䛿 90%䛾ሙྜ䛻䛚䛔䛶䛻ඖ䛾䝧䜽䝖䝹䜢
ඖ䛧䛶䛔䜛䛣䛸䛜䜟䛛䜛.  
ᅗ 6 䛻䛿 SVD 䛛䜙ᚓ䜙䜜䛯₯ᅾᅉᏊ䝧䜽䝖䝹䛻䜾䝷

䝮䝅䝳䝭䝑䝖䛾┤ἲ䜢㐺⏝䛧, ್ᇦ䜢[0, 1]䛻ᣑᙇ䛧
䛯⤖ᯝ䜒♧䛧䛶䛔䜛. 䛣䛾⤖ᯝ䜘䜚, SVD 䛷䛿┤䜢

⾜䛳䛶䜒ඖ䛾䝧䜽䝖䝹䛜ඖ䛷䛝䛶䛔䛺䛔䛣䛸䛜䜟䛛䜛.  
 ࣝࢺࢡ࣒࣋ࢲࣥࣛ 4.3.2
ᮏ㡯䛷䛿䝷䞁䝎䝮䛺ᇶᗏ䝧䜽䝖䝹䜢Ꮫ⩦䛧䛯⤖ᯝ䜢♧

䛩. 㞃䜜ᒙ䛾ᩘ䛿 20 䛸䛧䛯.  
ᅗ 7 䛿 SVD 䛜 RBM 䛻ᑐ䛧䛶䛩䜉䛶䛾ሙྜ䛷ඃ䜜

䛶䛔䜛䛣䛸䜢♧䛧䛶䛔䜛. 䜎䛯, ᅗ 8䛻♧䛩䜘䛖䛻, RBM
䛿䝷䞁䝎䝮䛺䝧䜽䝖䝹䜢⾲⌧䛩䜛䛯䜑䛻ᇶᗏ䝧䜽䝖䝹䛾

ሙྜ䛻ẚ䜉䜘䜚ከ䛟䛾㞃䜜ᒙ䜢ᚲせ䛸䛧䛶䛔䜛䛣䛸䛜䜟

䛛䜛. 䝷䞁䝎䝮䛺䝧䜽䝖䝹䜢 2 ್䝴䝙䝑䝖䛷⾲⌧䛩䜛䛯䜑
䛻䛿ከ䛟䛾ᇶᗏ䛜ᚲせ䛻䛺䜛䛣䛸䛜ཎᅉ䛷䛒䜛䛸ᛮ䜟䜜

䜛. 䝷䞁䝎䝮䛺䝧䜽䝖䝹䛻ᑐ䛩䜛ᑐฎἲ䛾୍䛴䛸䛧䛶, 
Rectified Linear Unit (ReLU)[8]䛾ᑟධ䛜⪃䛘䜙䜜䜛䛜, 
ᐇ㝿䛾䝴䞊䝄䛿ఱ䜙䛛䛾₯ᅾⓗせᅉ䛻ᇶ䛵䛝ホ౯䜢

⾜䛳䛶䛔䜛䛣䛸䛜ᐃ䛥䜜䜛䛯䜑, ᑐᛂ䛩䜛ᚲせᛶ䛿ప
䛔䛸⪃䛘䜛.  

5  ⤖ㄽ 

ᮏ✏䛷䛿 RBM 䛻䜘䜛᪂䛯䛺༠ㄪ䝣䜱䝹䝍䝸䞁䜾ᡭἲ

䜢ᥦ䛧䛯. ேᕤ䝕䞊䝍䝉䝑䝖䜢⏝䛔䛯ホ౯ᐇ㦂䛾⤖ᯝ, 
ᥦᡭἲ䛷䛿ᑡ䛺䛔ᇶᗏ䝧䜽䝖䝹䛛䜙⏕ᡂ䛥䜜䛯䝕䞊

䝍䝉䝑䝖䛻ᑐ䛧䛶ప䛔 RMSE 䜢㐩ᡂྍ⬟䛷䛒䜚, ᭷ຠホ
౯⋡䛻䜘䛳䛶䛿 SVD 䜘䜚䜒Ⰻ䛔ᛶ⬟䛜ᚓ䜙䜜䜛䛣䛸䜢♧
䛧䛯. 䜎䛯, ඖ䛾䝧䜽䝖䝹䜢䛻ඖ䛩䜛䛣䛸䜒♧䛧䛯
䛜, 䛣䛾䛣䛸䛿, ホ౯್⾜ิ䛻 RBM 䜢㐺⏝䛧䛯ሙྜ䛾

ᣲື⌮ゎ䛻㈉⊩䛩䜛䛸⪃䛘䜛. ᮏᡭἲ䛾≉ᚩ䛿, ᮇᚅ
್䛻䜘䜛㐃⥆್䛾⾲⌧, ㆑ู䝴䝙䝑䝖, 䝅䝇䝔䝮䛻༢୍
䛾 RBM 䛻䜘䜛ᵓᡂ䛷䛒䜚, 䜎䛯, 」ྜ䝅䝇䝔䝮䜈ᣑᙇ
ྍ⬟䛺Ⅼ䜒㔜せ䛺≉ᚩ䛾୍䛴䛷䛒䜛. ᚋ䛿ᐇ㝿䛾䝕

䞊䝍䝉䝑䝖䛻㐺ᛂ䛧, ᭷ຠᛶ䛚䜘䜃≉ᛶ䛾᳨ド䜢⾜䛖ண
ᐃ䛷䛒䜛. 

ㅰ㎡ 
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ണ 7 ϧϱξϞ͵ϗέφϩͶ͕͜Ζ SVD ͳ RBM 
RMSE ήϧϓ. Ճི 10%, 20%, 30%, 90%ͳඬ६ยࠫ(SD) 
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