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1.͡Ίʹ
ࣝৠཹTeacher NetworkͷࣝΛStudent Network

ʹ͑Δ͜ͱͰɼਫ਼ԼΛ੍ͭͭ͠ϞσϧαΠζΛѹॖ
͢Δख๏Ͱ͋Δ. Teacher Networkͱ Student Networkͷ
ϞσϧαΠζʹେ͖ͳΪϟοϓ͕͋ΔͱɼStudent Network
ͷਫ਼্͕͠ͳ͍͕͋ΔɽຊڀݚͰɼαΠζͷҟ
ͳΔෳͷ Teacher NetworkΛ༻͍ΔMultiple Teacher
NetworkΛఏҊ͠ɼࣝৠཹͷߴਫ਼ԽΛతͱ͢Δɽ
2.ࣝৠཹͱ
ࣝৠཹʹɼTeacher Networkͷग़ྗΛར༻͢ΔKnowl-

edge Distillation (KD)[1] ͱɼதؒใΛར༻͢Δ Con-
trastive Representation Distillation(CRD)[2]͕͋Δɽද
1ʹ Student NetworkΛResNet20ʹͨ͠߹ͷKDʹΑ
Δৠཹޙͷਫ਼ͱ Teacher NetworkͷϞσϧαΠζ (ύϥ
ϝʔλ)Λࣔ͢ɽTeacher Network͕WRN40 2ΑΓେ
͖ͳϞσϧαΠζʹͳΔͱɼେ෯ͳਫ਼ԼΛট͘͜ͱ͕Θ
͔ΔɽຊڀݚͰɼ͜ͷ͕ൃੜ͢Δ Teacher Network
Λ Large Teacher Network(LTN)ɼൃੜ͠ͳ͍ Teacher
Network Λ Medium Teacher Network(MTN) ͱݺশ͢
Δɽ͜ͷΛղܾ͢Δख๏ͱͯ͠ɼTeacher Networkͱ
Student Network ؒʹ Teacher Assistant(TA) ͱݺͿϞ
σϧΛஔ͠ɼஈ֊తʹৠཹ͢Δख๏ [3]͕ఏҊ͞Ε͍ͯ
Δ͕ɼஈ֊తͳֶशΛඞཁͱ͢Δɽ

ද 1: ResNet20ʹର͢Δৠཹޙਫ਼
Teacher Network WRN28 1 ResNet32 WRN28 2 WRN40 2 WRN28 6 WRN28 10

ύϥϝʔλ 371,347 466,457 1,147,251 2,248,991 13,155,603 36,497,171

ਫ਼ 71.27 71.12 70.98 70.25 70.14 69.60

3.ఏҊख๏
ຊڀݚͰɼਤ 1ʹࣔ͢Α͏ʹෳͷTeacher Network

͔Βৠཹ͢ΔMultiple Teacher NetworkΛఏҊ͢Δɽ͜
ͷͱ͖ɼͲͷΑ͏ʹTeacher NetworkΛબ͢ΔͱޮՌత
Ͱ͋Δ͔ௐࠪ͢ΔɽఏҊख๏ͰɼTeacher Networkͷ
Έ߹ΘͤΛMTN+LTNͱ͠ɼMTNʹ Student Network
ͱ LTN ͷڮ͠తͳׂΛظ͢Δɽ·ͨɼMTN ͷΈ
ͰৠཹΛͨͬߦ߹ΑΓɼLTN ΛؚΊͯৠཹ͢Δ͜ͱ
Ͱɼͦͷࣝ׆༻Ͱ͖Δͱ͑ߟΔɽ
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ਤ 1: ఏҊख๏ͷ֓೦ਤ

ຊڀݚͰͷ Student Networkͱ Teacher Networkؒͷৠ
ཹख๏ʹɼKDɼCRDͷ͍ͣΕ͔Λ༻͍ΔɽKDͷଛࣦ
ؔΛࣜ (1)ʹࣔ͢ɽ

LKD = αLhard + (1− α) τ2Lsoft (1)

͜͜Ͱɼαɼτ ԹύϥϝʔλΛࣔ͢ɽCRDͷଛ
ࣦؔΛࣜ (2)ʹࣔ͢ɽ
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͜͜Ͱɼτ ԹύϥϝʔλɼM σʔληοτͷΧʔσΟ
φϦςΟͰɼσʔλͷछྨ͕Ͳͷ͘Β͍͋Δ͔ͷ߹͍Λ
ද͍ͯ͠ΔɽN ೖྗσʔλͷඇྨࣅϖΞͷͰ͋ΔɽgS

ͱ gT ֤ωοτϫʔΫͷग़ྗखલ͔Βநग़ͨ͠ग़ྗΛ
ઢܗมͤ͞ɼL2ϊϧϜͰਖ਼نԽͨ͠ͷͰ͋Δɽ

·ͨɼ࠷ऴతͳଛࣦࣜ (3)ʹࣔ͢௨ΓɼશͯͷଛࣦΛ૯
ͨ͠ʹͳΔɽ

Ltotal =
n∑

i=0

LiKDorCRD (3)

4.ධՁ࣮ݧ
ఏҊख๏ͷ༗ޮੑΛධՁ͢ΔͨΊɼධՁ࣮ݧΛ͏ߦɽTA

ͱൺֱ͠ධՁ͢Δɽ

ཁ֓ݧ࣮.4.1
σʔληοτʹ CIFAR-100 Λ༻͠ɼֶश࣌ͷΤ

ϙοΫ 200ɼόοναΠζ 64 ͱ͢ΔɽֶशϞσϧ
 Student Network ʹ ResNet20ɼLTN ʹWRN40 2ʙ
WRN28 10ɼMTNʹWRN28 1ʙWRN28 2Λ༻͍Δɽ

Ռ݁ݧ࣮.4.2
ද 2 2ͭͷ Teacher NetworkΛ༻͍ͯৠཹͨ͠ਫ਼

Λࣔ͢ɽTN1ɼ2ɼ3ʹͦΕͧΕҟͳΔϞσϧΛ༻͠ɼ
TN3TN2TN1ΑΓେ͖͘ɼTN2TN1ΑΓେ͖͍
ϞσϧͰ͋ΔɽTeacher NetworkͷΈ߹ΘͤɼMTN
ͷΈɼMTN+LTNɼLTNͷΈͷ 3छྨ͋Δɽ

ද 2: 2ͭͷ Teacher NetworkͰৠཹͨ͠ਫ਼
Teacher Network ఏҊख๏

TN1 TN2 TA KD CRD

MTNͷΈ ResNet32 WRN28 2 71.12 71.26 72.13

MTN+LTN ResNet32 WRN28 6 70.83 71.24 71.73

MTN+LTN ResNet32 WRN28 10 70.24 71.37 71.61

LTNͷΈ WRN28 6 WRN28 10 69.37 69.92 70.75

ද 2͔ΒɼMTNͷΈͷ߹͕࠷ਫ਼͕͘ߴɼLTNͷ
Έͷ߹͕࠷͘ͳͬͨɽMTN+LTNͷ߹ɼLTN
ͷΈΑΓਫ਼͕͍ߴɽҎ্ΑΓɼ2ͭͷ Teacher Network
ͷ͏ͪ 1 ͭΛ MTN ʹ͢Δ͜ͱͰɼStudent Network ͱ
LTNؒͷৠཹͰੜ͡ΔΛճආ͢Δ͜ͱ͕Ͱ͖Δɽ

ද 3: 3ͭͷ Teacher NetworkͰৠཹͨ͠ਫ਼
Teacher Network ఏҊख๏

TN1 TN2 TN3 TA KD CRD

MTNͷΈ WRN28 1 ResNet32 WRN28 2 71.18 71.92 72.19

MTN+LTN ResNet32 WRN28 2 WRN28 6 70.24 71.06 71.83

MTN+LTN WRN28 2 WRN28 6 WRN28 10 68.87 70.15 71.00

LTNͷΈ WRN40 2 WRN28 6 WRN28 10 68.99 70.01 70.55

ද 3 3ͭͷ Teacher NetworkΛ༻͍ͯৠཹͨ͠ਫ਼
Λࣔ͢ɽද 3͔ΒɼMTN+LTNͷ߹ɼਫ਼ԼΛ੍
͢Δ͜ͱ͕Ͱ͖ͳ͍͜ͱ͕͜ͱ͕Θ͔ΔɽMTNͷΈͷ
ਫ਼Ͱ͋ΔɽҎ্ΑΓɼTeacherߴ࠷͕߹ NetworkΛ
૿ͯ͠ LTN͕͋Δ߹ɼߴਫ਼Խ͕͍͜͠ͱ͕
໌ͨ͠ɽ
5.͓ΘΓʹ
ຊڀݚͰɼྗࠩͷ͋Δ Student NetworkͱTeacher

NetworkؒͷৠཹͷࡍʹɼMTN+LTNͷ߹ͤΛؚΊͯ
ͦΕΒΛಉ࣌ʹৠཹͤ͞Δ͜ͱΛఏҊͨ͠ɽ͜ΕʹΑΓɼ
Teacher Network Λ 2 Δ߹ਫ਼ͷԼΛ͢༺ͭ
͑ɼMTNͷΈͷਫ਼ʹඖఢ͠ɼ͞Βʹ Teacher Network
͕ 1ͭͷΈͰৠཹΛͨͬߦ߹ΑΓਫ਼্͕͢Δ͜ͱ
Λ֬ೝͨ͠ɽ·ͨɼTAͱҟͳΓஈ֊తͳֶशΛඞཁͱͤ
ͣɼͦͷֶशؒ࣌ΛॖͰ͖Δ͜ͱ֬ೝͨ͠ɽ
ݙจߟࢀ
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