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��%ðĄ

• GPU.;÷ĐĕĞÉcû$Âû�1²� (all-reduce) Ĉ¬å
• GPUûÓ¼%úøĀùäGPUÈķĢĸğÈ»�ûÓ¼%èÃ¯øùĄ
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• ĝĊĸħıĸĠĶĎúæäöj¾ù»��PüĻ
• ¥#÷»�¼Pķ�PĈj¾%ðĄúüĻ

• DL÷ü'�Pz#Ec�c (32 bit) āăĀ�Pû�äc�²�è¾�
*¤÷ãĄøäćąöäĄ
• NVIDIA Volta GPU÷üTensor Core (|-�P��İĠěĞ) Ĉb¹
• �ÁûDLĥĴĸĬĵĸč÷ü��Pù»�ĉĳđĲĖĬĈ_�

• 1 bit SGD (MicrosoL CNTK), 16 bit all-reduce (ChainerMN)
• ��îąĄ²��PûwAüBÒ�ù�°úāĄøìĆè>éä

Tensor CoreúāĄ4ß4¬�� [1]

DNNûĝĸę��@ 

AdaPrec ��PAll-reduceB­
• ¾-� (ADAptive) ú»��P (PRECision) Ĉ<iðĄZx

1. ®cû�ùĄ»��P÷�AĕĜěħĈ@ 
2. v4û1. Ç?fû`·�P (Top-N accuracy) Ĉ@ h�Įĝĳ [2]
úāă�~

3. '�fÈãóăû`·�Pû/�èj>û»��PĈ�äöîĂú
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apZx (AdaPrec)

W(t)

∇Li (W(t))

ģěĚiúôäö
ûĐĕĞÉcLû
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• ®cû�ùĄMPI "�all-reduceĉĳđĲĖĬĈB­
• '�P (float): »MûMPI_FLOAT
• 8 bit (fp8) [3]: �¥A�û8 bitz#Ec�5úāă»��Ĉ�+%
• ��ÏPú7õê�+% (Table-N): 99k/2N-1ĤĸėĶęċĳ

(k=1,..2N-1) Ĉ#�ú²�ï�ÿĄ
• Ĵċįĸíøû»�¼Pú7õê»� (Fastest)

• ĨĶĚĪĸčû�oĺ��-G÷üTable-1ĺ�þºþG÷ü
fp8ĺģċĉĕúôäöüfloatĈ_�

* http://image-net.org/

[1] L. Durant, O. Giroux, M. Harris and N. Stam, "Inside Volta: The World’s Most Advanced Data Center GPU," May 2017, hbps://devblogs.nvidia.com/inside-volta/.
[2] A. Klein, S. Falkner, J. T. Springenberg, and F. Huber, "Learning Curve Predicfon with Bayesian Neural Networks," in Internafonal Conference on Learning 
Representafons (ICLR) 2017 Conference Track, 2017.
[3] >Hy
, Äl2Q, �«¢À, nI¡, "ĝĊĸħıĸĠĶĎûĝĸę��@ úæëĄF�Pz#Ec�cĈ�äó»�Åû }," X8��@���
80, Vol. 2017-HPC-158, 2017.

Ģĸğc 120

CPU Intel Xeon E-2695v4ß2

- ĭĮĲCÅ 256 GiB (DDR4)

GPU NVIDIA Tesla P100ß2

-��V¤ ('�P) 10.6 TFlop/s

-��V¤ (&�P) 21.2 TFlop/s

- ĭĮĲCÅ 16 GiB (HBM2)

- ĭĮĲL6N 732 GiB/s

ċĶęĸĐġčĞ 4xFDR Infinibandß2

-L6N 14 GiB/s

DLĥĴĸĬĵĸč Caffe 1.0 (MPIDU�[3])

CUDA 8.0

MPI OpenMPI 2.1.1

• CaffeNet (AlexNetúÑ
ïóCNN) Ĉm	>@X87�ėĶęĸ Reedbush-Hû4 GPU÷@ 
• �AEpochû@ úæäöâ'�û�»��P (fp8, Table-1) ÷@ ðĄ9-ø.�û¼Pçô'�P (float) Ĉ
�4Ą`·�PĈ½Y

• »�¼Pú�ąĄè`·�PúWRÎĈ(ýð»�Zx (Table-1) Ĉ>Á�ûďĸĕ÷Ì=ðĄìøúY!

µ��: (Reedbush-H)

Įĝĳ CaffeNet

-Ĥıĭĸęc 61.0 M

īĠģěĚĒċĖ 256

ĝĸęėěĞ ILSVRC2012ĝĸęėěĞ
�û16čıĕ

Optimizer Momentum SGD

Learning rate 0.01 (1-(Epochc)/100)2

Momentum 0.9

Epochc 100
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CaffeNetû@ h�
Ĺü,»�Zxûj§Accuracy

áĺàüñąòąAdaPrec (apZx) ûĕĜěħ1.ĺ3. Ç?f�
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+ 32ß2N-1 bit (ĜĶĘĳíøû�+%ĜĸĦĳ)

Fastest (1�32 bit) ←Ĵċįĸíøú*<→
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fp8: 71.9%
Table-1: 60.1%
Fastest: 72.3%

AdaPrec (apZx): 74.4%

float: 73.6%
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