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Library Class Time (ms)
CuDNNI[R4]-fp16 (Torch) cudnn.SpatialConvolution 71
CuDNN[R4]-fp32 (Torch) cudnn.SpatialConvolution 81

Nervana-fp16 ConvLayer 92

Worker

Worker

Worker

Worker

BAANGPU_E/NE R BIE AL T (e.g. 1287K & ) W

AEURFIAIRE

N BRI
AN [eXeXo) CXeXel

)

N —

000000

~101 & T ~107 2%
~1015 & ~1 010 4=

PIER AP W 4%
[eXeXeXoXeXe)

00060000

~1010 72%;&
~1010 %?ﬁ

(EShiE

2004: MapReduce

10 535, 10 #>%}

6GB/s with PCI-E
6GB/s with InfiniBand
GPU %7t 10TFLOPS

2013: Spark

2015: SGD with GPU

1 b4 100 =

= Geekbang>. [nfoQ

IR



VRS ST B B
=5 > A N PASATA

NMAE

R T {ES49EFAISERRERR . E f m = nl {Jo\m ‘7\10%

IRSE . ,
: -. Microsoft g g Palantlr g .\ ‘
NUANCE/ irvrex

SRR R SRS azon —
Zu re |\ S o - - o
services M S Lok =g ) 4Paradigm B NS S TN

BizE

5 Microsoft- “.'..

il

>

SRR IR I e S e R R I ,1 (P
Google DeepMind esea rC Facebook Al Research

REHR = - L paddiepaddie
PRSI AR A s dm/C Caffe | e ‘%
GBS TensorFIow mxnert NEYieessi Cogmtwe Toolkit @ Y * torch Artisans SparK

E =

e Horizon .
BFzimfl&imtitE | FHEFMNER RS % M @ %PIRI(; !u /é ., R 0 b Ot' CS E a m b r I C 0 n
Ve NS‘E?ZE

AiCOI’I = Geekbang>. InfoQ

ERATEESNBFFIRARAE



TABLE OF CONTENTES

B
Alcon = @eelcbangy. |nfo (s

SRATEES B[R IRAKE



P22 il e -5- 2808 i

XvTY
aXa
4 —a

o oe

In oK

Program Memory Data Memory Memory

NN FLLEDI
E - - C

: b —| 4 o
v \
-

Figure 2. A comparison of control flow and dataflow programs. On the
left a control flow program for a computer with memory-to-memory
instructions. The arcs point to the locations of data that are to be used or
created. Control flow arcs are indicated with dashed arrows; usually most
of them are implicit. In the equivalent dataflow program on the right only
one memory is involved. Each instruction contains pointers to all instruc-

tions that consume its results. 77 Geelcbangy. |nfoQ
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e JiFen i R: Pattern match gk Pass

o L HCHLVE S (Dead code elimination)

o NIETF-FRF (Common sub expression)

o FVERFREIE (Operator fusion)
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Ty el

Numpy TensorFlow PyTorch

import numpy as np

import torch
np.random.seed(0)

import numpy as np
from torch.autograd import Variable

np.random.seed(0) import tensorflow as tf
- N, D=3, 4
N, D=3, 4 N, D=3, 4
with tf.device('/qgpu:0'): X = Variable(torc?.randn(N, D).cuda(),
X = np.random.randn(N, D) x = tf.placeholder(tf.float32) e req“;res-gr?dz'fme) .
| _ = y = Variable(torch.randn(N, D).cuda(),
= no.random.randn(N. D Y tf.placeholder(tf.float32) .
Y i 3 {Ha ) z = tf.placeholder(tf.float32) requires_grad=True)
z = np.random.randn{(N, D) z = Variable(torch.randn(N, D).cuda(),
a=x*y requires grad=True)
a = x *® v b=a+ 2
. — = .
o=@ e c tf.reduce_ sum(b) : 5 :a( : Z
= np.sum{b} grad_Xx, grad y, grad z = tf.gradients(c, (X, Y, 2]) ¢ = torch.sum(b)
grad ¢ = 1.0 with tf.Session() as sess: c.backward()

values = {

grad b = grad ¢ * np.ones( (N, D)) X: np.random.randn(N, D),

print(x.grad.data)

grad a = grad b.copy() y: np.random.randn(N, D), print(y.grad.data)
grad z = grad b.copy() } z: np.random.randn(N, D), print(z.grad.data)
grad X = grad a * y -

out sess.run([c, grad x, grad y, grad z],
grad a * X feed _dict=values)
c_val, grad_x val, grad y val, grad z val = out

grad y
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