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 ½¹ ½wùjGithub

wÑ¾ĊöÝûvĀ·v½Ā~2

Name release Star Fork

Tensorflow Nov 1, 2015 44k 20k

caffe Sep 8, 2013 15k 10k

keras Mar 22, 2015 11k 4k

mxnet Apr 26, 2015 8k 3k

torch Jan 22, 2012 6k 2k

theano Jan 6, 2008 5k 2k
Last  update: 2017 22 January



 ½¹ ½wùjGithub

wÑ¾ĊöÝûvĀ·v½Ā~3

Name release Star Fork

Tensorflow Nov 1, 2015 111k 68k

caffe Sep 8, 2013 25k 15k

keras Mar 22, 2015 34k 13k

mxnet Apr 26, 2015 15k 5k

pytorch Jan 22, 2012 19k 4.5k

theano Jan 6, 2008 8.5k 2.5k
Last  update: September 30, 2018



ôñĀñ ½¹ Ā« ÿ ¢Æ« ½wùj

wÑ¾ĊöÝûvĀ·v½Ā~4

https:// trends.google.com/trends/explore?date= 2015 - 01- 06%202018 - 09-

30&q=tensorflow% 20tutorial,pytorch% 20tutorial,keras% 20tutorial,caffe% 20tutorial,Mxnet% 20tutorial

https://trends.google.com/trends/explore?date=2015-01-06 2018-09-30&q=tensorflow tutorial,pytorch tutorial,keras tutorial,caffe tutorial,Mxnet tutorial


wÑ¾ĊöÝûvĀ·v
½Ā~5

öå½ĀÆþ£ Ĉýw{ùĀ

V ôñĀñ ã½Á ć¾Ċñ¹wĉ ë½ÿ øĉ¾å Ăí ¾{ùvĀý ½¹-+,0 Ăz ¾Ê¤þù ¿wz ü¤ù ¡½ĀÍ
¢Åv āºÉ)

Vć¾Ċñ è¤Êù ÿ ĂþĊĄz Ĉ£w{Åw´ù ¡wĊöúÝ

Vãv¾ñ ûwĉ¹v¾ñ ć Ă{Åw´ù



K¢ÆĊ¯ ½ĀÆþ£

wÑ¾ĊöÝûvĀ·v½Ā~6

V Iā¹wÅ ¡½w{Ý Ăz ć Ăĉv½jn¹vºÝv ¿v ćºÞz



ā¹v¹ ûwĉ¾« ãv¾ñ

wÑ¾ĊöÝûvĀ·v½Ā~7

V Āöå½ĀÆþ£ äĉ¾Þ£¡w{Åw´ù ¿vv¾«vÅv ā¹¾í vº« v½¢)

 ÷wñ, 5Ĉ£w{Åw´ù ãv¾ñ äĉ¾Þ£

÷wñ- 5ãv¾ñ üĉv ½¹ ¡wĊöúÝ ćv¾«v ćv¾z ¢ÆÊý ìĉ ¿v ā¹wæ¤Åv)



ā¹v¹ ûwĉ¾« ãv¾ñ

import tensorflowas tf

a = tf.add(2, 3)

wÑ¾ĊöÝûvĀ·v½Ā~8

 v¾¯xÿyK!
ºă¹ Ĉù ¢{Æý ÷wý wă ûj Ăz ½wí¹Ā· ¡½ĀÍ Ăz Āöå½ĀÆþ£ IºĊþîý ć½v¼ñ ÷wý v½ Ĉ£w{Åw´ù ãv¾ñ ÃĀt½ ²ĉ¾Í ¡½ĀÍ Ăz ¾ñv)

ów¨ù üĉv ½¹

Çx = 2

Çy = 3



  ¿v ā¹wæ¤Åv ć ā¹wÅ ć Ăùwý¾znumpy

wÑ¾ĊöÝûvĀ·v½Ā~9



Āöå½ĀÆþ£ wz ĈÆĉĀý¿wz

wÑ¾ĊöÝûvĀ·v½Ā~10

In [ 2]: import tensorflow as tf

In [ 3]: tf. InteractiveSession ()

In [ 4]: a = tf.zeros (( 2,2 )); b = tf.ones (( 2,2 ))

In [ 5]: tf.reduce_sum (b, reduction_indices =1). eval ()

Out[ 5]: array([ 2., 2.], dtype =float 32)

In [ 6]: a.get_shape ()

Out[ 6]: TensorShape ([ Dimension ( 2), Dimension ( 2)])

In [ 7]: tf.reshape (a, ( 1, 4)). eval ()

Out[ 7]: array([[ 0., 0., 0., 0.]], dtype =float 32)

sessionK!

K!eval

TensorShape

 ôLL¨ùtuple ½¹ wLLă
þþîĊù ½w¤å½ ûĀ¤ĉw~º



 ¿v ā¹wæ¤Åv ć ĂÆĉwêùnumpy ÿTensorflow

wÑ¾ĊöÝûvĀ·v½Ā~11

Numpy TensorFlow

a= np. zeros (( 2, 2)); b = np. ones(( 2, 2)) a= tf . zeros (( 2, 2)), b = tf . ones(( 2, 2))

np. sum( b, axis =1) tf . reduce_sum( a, reduction_indices =[ 1])

a. shape a. get_shape ()

np. reshape ( a, ( 1, 4)) tf . reshape ( a, ( 1, 4))

b * 5 + 1 b * 5 + 1

np. dot ( a, b) tf . matmul( a, b)

a[ 0, 0], a[:, 0], a[ 0,:] a[ 0, 0], a[:, 0], a[ 0,:]



²ĉ¾Í Ĉzwĉ¿½v Ăz Āöå½ĀÆþ£ ¿wĊý¹½v¹

wÑ¾ĊöÝûvĀ·v½Ā~12

In [ 5]: a = np. zeros (( 2, 2))

In [ 6]: ta = tf . zeros (( 2, 2))

Āöå½ĀÆþ£ìĉãv¾ñĈ£w{Åw´ù
äĉ¾Þ£ºþí ĈùĂíw£Ĉýwù¿Ăí¿½vĈzwĉ
¹ĀÊý®Ċă½vºêùć¹ºÝ¹½vºý!

In [ 7]: print ( a)

[[ 0. 0.]

[ 0. 0. ]]

In [ 8]: print ( ta)

Tensor ( " zeros_ 1:0 " , shape=( 2, 2), dtype =float 32)

In [ 9]: print ( ta . eval ())

[[ 0. 0.]

[ 0. 0. ]]



 ¢ÆÊý sÉ$session  # ½¹ Āöå½ĀÆþ£$,#

wÑ¾ĊöÝûvĀ·v½Ā~13

έ iĈÉ ìĉsessionĈÖĊ´ùºþí Ĉù ć¿wÅ ĂõĀÆ í v½ ºýĀÉ Ĉù Ĉzwĉ¿½v ½ĀÆþ£ iwĊÉv ûj ½¹ Ăí!άTensorflow_Docs

In [ 1]: a = tf . constant ( 5.0 )

In [ 2]: b = tf . constant ( 6.0 )

In [ 3]: c = a * b

In [ 4]: with tf . Session () as sess :

....: print ( sess . run ( c))

....: print ( c. eval ())

....:

30.0

30.0

c.eval() ó¹wÞùsess.run(c) ½¹
 ć ā¹ÿº´ùsessionówÞå!

https://www.tensorflow.org/api_docs/python/tf/Session


 ¢ÆÊý sÉ$session  # Āöå½ĀÆþ£ ½¹$-#

wÑ¾ĊöÝûvĀ·v½Ā~14

ìĉSessionüîúù¢ÅvĈÞzwþù½¹½wĊ¤·vĂ¤å¾ñºÉwzÿwú¤³ºĉwzºÞz¿vā¹wæ¤Åvwă ûjv½í¹v¿jøĊþ)



ãv¾ñ ¿v ¾¤ÊĊz Ĉĉwă  ów¨ù$,#

x = tf.constant ( 2)

y = 3

op1 = tf.add (x, y)

op2 = tf.mul (x, y)

op3 = tf.pow (op 2, op 1)

with tf.Session () as sess :

op3 = sess.run (op 3)

wÑ¾ĊöÝûvĀ·v½Ā~15



 ¿v ¾¤ÊĊz Ĉĉwă  ów¨ùãv¾ñ$-#

x = 2

y = 3

op1 = tf.add ( x, y )

op2 = tf.mul ( x, y )

useless = tf.mul ( x, op 1)

op3 = tf.pow ( op2, op 1)

with tf.Session () as sess :

op3 = sess.run ( op3)

wÑ¾ĊöÝûvĀ·v½Ā~16

Vwzćv¾«vop3ć¿wĊýĂzuseless¹ĀÊĊúý)
Ä~¢ÆÊýûjv½v¾«vºþí Ĉúý)
ÇĈĉĀ« Ăå¾Í½¹¡w{Åw´ù



 ¿v ¾¤ÊĊz Ĉĉwă  ów¨ùãv¾ñ$.#

x = 2

y = 3

op1 = tf.add ( x, y )

op2 = tf.mul ( x, y )

useless = tf.mul ( x, op 1)

op3 = tf.pow ( op2, op 1)

with tf.Session () as sess :

op3, not_useless = sess.run ( [ op3, useless ] )

wÑ¾ĊöÝûvĀ·v½Ā~17

V½¹üĉv¢õw³uselessÀĊýĂ{Åw´ù¹ĀÉ Ĉù)



Variable Āöå½ĀÆþ£ ½¹ wă$,#

Ç Ĉùwòþăøĉ½v¹ ¾Ċâ¤ù äĉ¾Þ£ Ăz ¿wĊý wă ¾¤ùv½w~ ć½v¹ Ăòý ćv¾z IøĊă¹ Ĉù Ç¿Āùj v½ óºù ìĉ Ăí  )
variable ºÉwz ¾Ċâ¤ù ĈýwÅ½ ¿ÿ½ Ăz Ăz ¿wĊý Ăí ºýÿ½ Ĉù ½wí Ăz ć¹½vĀù ½¹ wă  )

TensorFlow_Docs

ÇĂî{É ćwă û¿ÿ ºþýwù

Ç ÛĀý ¿v ºÉ ĂÚ³Ēù üĊÊĊ~ ćwăºĉĒÅv ½¹ Ăí ćwă½ĀÆþ£ ÷wú£constantºý¹Āz!

wÑ¾ĊöÝûvĀ·v½Ā~í ¾¤Æz ¾z ã½Á ć¾Ċñ¹wĉ ¹¾îĉÿ½ wz ôĊö´£ ĈúöÝ Ătv½v  ÷½wĄ¯ ĂÆö«ā¹v¹ ûĒ18

https://www.tensorflow.org/how_tos/variables/


Variable Āöå½ĀÆþ£ ½¹ wă$-#

In [ 32]: W1 = tf . ones (( 2, 2))

In [ 33]: W2 = tf . Variable ( tf . zeros (( 2, 2)), name="weights")

In [ 34]: with tf . Session () as sess :

print ( sess . run ( W1))

sess . run ( tf . initialize_all_variables ())

print ( sess . run ( W2))

....:

[[ 1. 1.]

[ 1. 1. ]]

[[ 0. 0.]

[ 0. 0. ]]

wÑ¾ĊöÝûvĀ·v½Ā~19

 ĈývĀ·v¾åtf. global_ variables_ initializer ćv¾zĂĊõÿv Ĉă¹ ½vºêù

Ç Üzw£tf. initialize_all_variables() ¹ĀÉ Ĉù ã¼³ ć¹ÿ¿ Ăz.
ÇüĉÀòĉw« 5tf.global_variables_initializer



Variable Āöå½ĀÆþ£ ½¹ wă$.#

ÅVariable ºýĀÉ ĂĊõÿv Ĉă¹½vºêù ºĉwz wú¤³ Āöå½ĀÆþ£ ½¹ wă$initialize#

Å wz ĂÆĉwêùconstantK!

wÑ¾ĊöÝûvĀ·v½Ā~20

In [ 38]: W = tf . Variable ( tf . zeros (( 2, 2)), name="weights")
In [ 39]: R = tf . Variable ( tf . random_normal (( 2, 2)), name=" random_weights ")
In [ 40]: with tf . Session () as sess :
....: sess . run ( tf.global_variables_initializer ())
....: print ( sess . run ( W))
....: print ( sess . run ( R))
....:

iwĊÉvvariablev½ĈùûvĀ£ wz¢zw§ wă $constant #wĉ¾ĉ¹wêùĈå¹wÎ£Ĉă¹½vºêùĂĊõÿv¹¾í

āºÉ Ì¸Êù Ē{é ¾ĉ¹wêù wz wă¾Ċâ¤ù ÷wú£ ĂĊõÿv Ĉă¹ ½vºêù)



 ìĉ ĈýwÅ½ ¿ÿ½ Ăzvariable

wÑ¾ĊöÝûvĀ·v½Ā~21

In [ 63]: state = tf . Variable ( 0, name="counter")

In [ 64]: new_value = tf . add( state , tf . constant ( 1))

In [ 65]: update = tf . assign ( state , new_value )

In [ 66]: with tf . Session () as sess :

....: 

sess . run ( tf.global_variables_initializer () )

....: print ( sess . run ( state ))

....: for _ in range ( 3):

....: sess . run ( update)

....: print ( sess . run ( state ))

....:

ó¹wÞùnew_value = state + 1

ó¹wÞùstate = new_value

ó¹wÞù
state = 0

print(state)

for _ in range( 3):

state = state + 1

print(state)

VĈ«ÿ¾·ºí ĂÞÖé5
0

1

2

3



 ĈÊívÿVariable Āöå½ĀÆþ£ ½¹ wă$,#

wÑ¾ĊöÝûvĀ·v½Ā~22

In [ 82]: input 1 = tf . constant ( 3.0 )

In [ 83]: input 2 = tf . constant ( 2.0 )

In [ 84]: input 3 = tf . constant ( 5.0 )

In [ 85]: intermed = tf . add( input 2, input 3)

In [ 86]: mul = tf . mul( input 1, intermed )

In [ 87]: with tf . Session () as sess :

....: result = sess . run ([ mul, intermed ])

....: print ( result)

....:

Ĉ«ÿ¾·5
[ 21.0 , 7.0 ]

ĈývĀ·v¾åsess.run(var) ½¹ìĉ¢ÆÊýI½vºêùûj¾Ċâ¤ùv½ºă¹ Ĉù.

ûvĀ£ Ĉùüĉºþ¯¾Ċâ¤ùv½ûwùÀúăĈÊívÿ(fetch)¹¾í.



 ĈÊívÿVariable Āöå½ĀÆþ£ ½¹ wă$-#

wÑ¾ĊöÝûvĀ·v½Ā~23

input 1 = tf . constant ( 3.0 )

input 2 = tf . constant ( 2.0 )

input 3 = tf . constant ( 5.0 )

intermed = tf . add( input 2, input 3)

mul = tf . mul( input 1, intermed )

with tf . Session () as sess :

result = sess . run ([ mul, 

intermed ])

print ( result)



ć¹ÿ½ÿ

Çºý¹Āz āºÉ äĉ¾Þ£ Ĉ¤Å¹ ¡½ĀÍ Ăz wă½ĀÆþ£ üĊÊĊ~ ćwăºĉĒÅv ÷wú£ ½¹)
ÁKøĊăºz ć¹ÿ½ÿ ûj Ăz Āöå½ĀÆþ£ ¿v ûÿ¾Ċz ¿v ĂýĀò¯!

oConstant

oVariable

oK!

wÑ¾ĊöÝûvĀ·v½Ā~24

Vā¹wÅ ô³ āv½ 5 ¿v ā¹wæ¤Åvnumpy



 ¿v ā¹wæ¤Åv wz ć¹ÿ½ÿnumpy

wÑ¾ĊöÝûvĀ·v½Ā~25

In [ 93]: a = np. zeros (( 3, 3))

In [ 94]: ta = tf . convert_to_tensor ( a)
In [ 95]: with tf . Session () as sess :
....: print ( sess . run ( ta ))
....:
[[ 0. 0. 0.]
[ 0. 0. 0.]
[ 0. 0. 0. ]]



 wz  ć¹ÿ½ÿPlaceholder  ÿFeed Dictionary

wÑ¾ĊöÝûvĀ·v½Ā~26

In [ 96]: input 1 = tf . placeholder ( tf . float 32)

In [ 97]: input 2 = tf . placeholder ( tf . float 32)

In [ 98]: output = tf . mul( input 1, input 2)

In [ 99]: with tf . Session () as sess :

....: print ( sess . run ([ output ], feed_dict ={ input 1:[ 7. ], input 2:[ 2. ]}))

....:

[ array ([ 14. ], dtype =float 32)]

 iwĊÉv äĉ¾Þ£ǘŦΦǇƭŀŎŜƘƻƭŘŜǊwă ā¹v¹ ¹ÿ½ÿ ćv¾z

Feed data into
computation graph.

Fetch value of output

from computation 
graph.

V ¿v ā¹wæ¤Åv wz ć¹ÿ½ÿnumpy¢ÆĊý ¾ĉ¼~ ÃwĊêù wùv I¢Åv ¢³v½ ÿ ¾ĉ¼~ ûwîùv)

V ¿v ā¹wæ¤Åvtf.placeholder ÿfeed_dict



ów¨ù

wÑ¾ĊöÝûvĀ·v½Ā~27



 wz  ć¹ÿ½ÿPlaceholder ÿFeed Dictionary $.#

wÑ¾ĊöÝûvĀ·v½Ā~28

In [ 96]: input 1 = tf . placeholder ( tf . float 32)

In [ 97]: input 2 = tf . placeholder ( tf . float 32)

In [ 98]: output = tf . mul( input 1, input 2)

In [ 99]: with tf . Session () as sess :

....: print ( sess . run ([ output ], feed_dict ={ input 1:[ 7. ], input 2:[ 2. ]}))

....:

[ array ([ 14. ], dtype =float 32)]



wÑ¾ĊöÝûvĀ·v
½Ā~30

 ów¨ù
ĈöúÝ



 ½ÿ¾ù)))

wÑ¾ĊöÝûvĀ·v½Ā~31



ā¹wÅ ów¨ù

wÑ¾ĊöÝûvĀ·v½Ā~32



Softmax

ὣ ὛέὪὸάὥὼὢȢὡ ὦ

wÑ¾ĊöÝûvĀ·v½Ā~33

ĈþĊz ÈĊ~
╨ ȟ

¾ĉÿwÎ£
╧ ȟ

wă û¿ÿ
╦ ȟ

Ãwĉwz
Â

ĈÆĉ¾£wù x¾Ñ



SoftmaxĀöå½ĀÆþ£ ½¹

ὣ ὸὪȢὲὲȢίέὪὸάὥὼὸὪȢάὥὸάόὰὢȟὡ ὦ

wÑ¾ĊöÝûvĀ·v½Ā~34

╧ ȟ ╦ ȟ Â

ĈÆĉ¾£wù x¾Ñ

Tensor shapes:



ὣȢÌÏÇὣ

wÑ¾ĊöÝûvĀ·v½Ā~35

Cross entropy: actual probabilities, άone-hotέ encoded

computed probabilities

P



ĂĊõÿv Ĉă¹½vºêù

wÑ¾ĊöÝûvĀ·v½Ā~36

import tensorflow as tf

X = tf. placeholder (tf.float 32, [ None, 28, 28, 1])

W = tf. Variable ( tf.zeros ([ 784, 10]))

b = tf. Variable ( tf.zeros ([ 10]))

init = tf.initialize_all_variables ()



½wĊÞù

wÑ¾ĊöÝûvĀ·v½Ā~37

# model

Y = tf.nn.softmax ( tf.matmul ( tf.reshape (X, [ - 1, 784]), W) + b)

# placeholder for correct answers

Y_ = tf. placeholder (tf.float 32, [ None, 10])

# loss function

cross_entropy = -tf.reduce_sum(Y_ * tf.log(Y))

# % of correct answers found in batch

is_correct = tf.equal ( tf.argmax (Y, 1), tf.argmax (Y_, 1))

accuracy = tf.reduce_mean ( tf.cast ( is_correct , tf.float 32))



Ç¿Āùj

wÑ¾ĊöÝûvĀ·v½Ā~38

optimizer = tf.train. GradientDescentOptimizer ( 0.003 )

train_step = optimizer.minimize ( cross_entropy )



v¾«v

wÑ¾ĊöÝûvĀ·v½Ā~39

sess = tf.Session ()
sess.run ( init )
for i in range( 1000):

# load batch of images and correct answers
batch_X , batch_Y = mnist.train.next_batch ( 100)
train_data ={X: batch_X , Y_: batch_Y }
# train

sess.run(train_step, feed_dict=train_data)
# success ?

a, c = sess.run([accuracy, cross_entropy], 

feed_dict=train_data)
# success on test data ?
test_data ={X: mnist.test.images , Y_: mnist.test.labels }
a,c = sess.run ([accuracy, cross_entropy , It], feed =test_data )



wÑ¾ĊöÝûvĀ·v½Ā~40



āºÉ Üĉ¿Ā£ ¡w{Åw´ù

wÑ¾ĊöÝûvĀ·v½Ā~41

Å ćÿ½ ć¿vĀù ćv¾«v ćv¾z v½ Ĉ£w{Åw´ù ãv¾ñ ûvĀ£ Ĉùcpu
 IwăGPUÆê£ ¢úÆé ºþ¯ Ăz äö¤¸ù ćwă āwò¤Å¹ ÿ wă øĊ
¹¾í)

with tf.device (' /gpu: 2'):
a = tf.constant ([ 1.0 , 2.0 , 3.0 , 4.0 , 5.0 , 6.0 ], name=' a')

b = tf.constant ([ 1.0 , 2.0 , 3.0 , 4.0 , 5.0 , 6.0 ], name=' b')

c = tf.matmul (a, b)



wÑ¾ĊöÝûvĀ·v
½Ā~42

Üzwþù
¤ÊĊz ¡wÞõwÖù ÿ¾


