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Install TensorFlow

1. Anaconda3 4.2.0 | 2 X]| (Python 3.5)
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Install TensorFlow

1. Anaconda3 4.2.0 | 2 X]| (Python 3.5)

' G anaconda - Google 2+ X Y %

& C | & CHHE | https:y//www.google.co.krfwebhp?hl=ko&sa=X8&ved=0ahUKEwjKx-abg57SARWCW
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Download Anaconda Nowl! | Continuum

https:/fwww. continuum io/downloads « O] H| 0| x| HE Tl

Anaconda is the leading open data science platform powered by Python. The open source version of
Anaconda is a high performance distribution of Python and ..

Anaconda Overview Quick Start
Why Anaconda? - Anaconda If so, this Quick Start is for you. Our
Enterprise - Anaconda Pro - ... experts work with your team to ...

Why Anaconda?
Cloudera CDH Parcels that make it a
snap to deploy Anaconda to ..

Training Overview
All training curriculum is designed and

Anaconda changelog
... 30 characters. No new Anaconda
meta-packages ..

Open Source
While much of the software we write

System¥Eaboratory;



Install

1. Anaconda3 4.2.0 {7 A X| (Python 3.5)

' A) Download Anaconda N X YRR

& C | & °tXE | https://www.continuum.io/downloads & | £

Login Support Search Contact

ANACONDA

Powered by Continuum Analytics ANACONDA COMMUNITY CONSULTING TRAINING ABOUT RESOURCES

DOWNLOAD
ANACONDA NOW

Download for -- ’ A




Install TensorFlow

1. Anaconda3 4.2.0 | 2 X]| (Python 3.5)

’_{D Download Anaconda h: X v [ Anaconda installer archi x YW %

C | & 2tFEE | httpsy/repo.continuum.io/archive/index.htm i :

Anaconda installer archive

Fi lenane Size Last Modified HD5

snacondaZ—4.3.0, 1 W indows 86 exe 33N 2070202 14:19:06  dbf {7Mdect (229a097 b afd? 96 cad
hnacondaz-4. 3.0, 1 Windows 8664, exe 284 20017-02-02 14:20:08  SEb181af1960dedleb7bbe fE0E1 2am2
snacondad-4.3.0.1Windows—+86. exe 347.eM 200202 14:21:2  BddOafh(9ahebbicSd 002d c2Bd6f 31 492
dnacondad-4. 3.0 1 Windows—+86_64, exe 421,20 20017-02-02 14:22:10  0Teabcha?30Gactfabt 30PEAEEZATET
dnaconda2-4. 3. 0-Linue—=86.sh 39684 2017127 14:14:15  BERdEPEcdadefdbb a2 deeded b E03
dnacondaZ—4, 3. 0-Linux —=86_64, sh 4611 20170127 14:16:08  GfZcibdB0ddbdCOe2! 3f Fal fc2fbbbthd
hnacondaz—4, 3, 0-MacOSK-=06_64 . pka 844 20070127 14:26:23 899e90455db 31 2005584024496 cdeede
dnacondaZ—4. 3. 0-HacsK-#E6_64 . sh 3E0a 2017027 14:26:08  Bb"H53{cE0ad 37 1dB0e Thaf BRETECL
dnacondaZ—4, 3. 0-Windows -85, axe 33AM 0 20070127 141706 { {dE2%dedb IBS6BAchdcehifadl Oeldd
dnacondaz-4. 3. 0¥ indows—»E5_64. exe Mz.aM 2007027 14175 2c02:21 e542d61 7TH0CE:1 b fOb305E e
dnacondad-4. 3. 0-Linus—+=E6.5h 3344 2017027 14:14:23 3f173aalab2cbbab 3f Babhd2eB827 fd7
Anacondsd—4. 3. 0L inux <8664, sh 473 A4 20070127 14:15:21 dbedeTadecal 23643be 2 caacdbZ2T
snacondad—4. 3. 0-HaclsK-+E6_64 . pka 42310 20170127 14:26:32  30b108a3cbebd21 RaR0187c 5deBSc 459
snacondad—4, 3, 0-MacOsK-#06_64 . sh 362 .6M 20170127 14:26:15  eB0cH0E:27d5c072d3e329ee 1822641
Anacondad—4. 3. 0¥ indows—x05 exe 3T 2007027 14:18:45 aeTecITS2cf 81 c01983 fe f0dd f8d Voo 2
snacondad-4. 3. 0-Windows—xE5_64. exe 421,24 2017-01-27 14:19:41 13704305 386051 29677R9f clea" 651 4
hnacondaz—4, 2, 0-Mac0SK-=06_64 . pka 403,94 20016-10-17 19:33:11 cd2oo o091 b7 BOX33536Td 804031 T
snacondad—4. 2. 0-Hac(sK-+E6_64 . pka A07. 1M 2016-10-17 19:33:47  Sled?f9af 74364l a23065:b 005090 Bad
dnacondaZ-4. 2. 0-Linus—+E6.5h 3B 20160927 15:60:20 e26R02ebdfld982e] Ba fhohdf RPcEeel
hnacondaz—4. 2. 0-Linux <8664, sh A6 .04 20160927 15:49:54  ald1{bed701 4671 cEEAd M6 b A03F 217
dnacondazZ—4. 2. 0-MacOsK-»06_64 . sh 346,44 2016-09-27 15:60:(2  G2fthTelcdfeSThe o297 of debof14
hnacondaz—4. 2. 0-Windows—E5 . axe 324M 20160027 15:64:50 {4 12af 8811 TE0eR646de o f BadB4063d
snacondaZ-4. 2. 0-Windows—«85_64. exe 3804 2016-08-27 15:R6:47  (a30dA0956372ddactael T3e1 39059037
dnacondad-4. 2. 0-Linus—+E6.5h T3 20160927 15:60:33  Tacal (eleabhSdbadl thdeed 2R34T
hnacondad-4. 2. 0-Linux <8654, sh A5 O 20160027 15:60:d 46021 Tl EcB2debAfaBhEdTEf Of Ga b
snacondad-4. 2. 0-MacOsK-#86_64 . sh 349.8M  2016-09-27 15:60:07  TchEl e3FhebAEle3d2a5e 2723023 375
hnacondad-4. 2. 0-Windows—E6. axe 3334 20160927 15:66:30 96e5f elR2b22d667da0560f bdedoe 263

hnacondasd-4. 2. 0-Windows—xE5_F4. exe 39144 20160827 15:57:21 (cabe f4dc feB43TEaad 0730 bb 3f 84600




Install TensorFlow

2. TensorFlow 2X| - CcPU HHA

- cmd& 0] pip install tensorflow 24

Ed cmd.exe =B -,

D:@>pip install tensorflow =




Install TensorFlow

3. 4% ol

-

- Python2 2 A|7] 2 import tensorflowE Sl 0 2{7} Lt=X| 20l

cma.exe - python | A

D:{#>python

Python 3.5.2 iAnaconda 4.2.0 <{(64-hitdi {(default, Jul 5 20816, 11:41:13> [MSC v.1
900 64 bhit (AMD64>1 on win32

ype “"help", “copyright', “credits" or "license" for more information.

>>> import tensorflow

>>>

l:j_l‘ ImagelSystemiliaboratory



Install TensorFlow

GPU HH X[ 1-d

1. CUDA 8.0 H{& & X| (https://developer.nvidia.com/cuda-downloads )

NVIDIA ACCELERATED COMPUTING ownloads  Training c n  Forums

LEARN MORE

Learn more about CUDA Toolkit 8.0:
« Read the Introduction to CUDA C and C++ Parallel Forall Blog Post.
« Read the CUDA 8 Features Revealed Parallel Forall Blog Post.
« Review the What's New in CUDA 8 webinar.
« Review the CUDA 8 Performance Overview Webinar, Slides

IBM Power8 Users: Download CUDA 8 from the CUDA Toolkit for IBM Power 8 Page.

For Linux users upgrading from previous versions of the CUDA Toolkit, click to see instructions in this section before proceeding.

Related Links

Select Target Platform @

Click on the green buttons that describe your target platform. Only supported platforms will be shown. CUDA ck Start Guide

Operatina Svstem m m m sueA
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Install TensorFlow

NVIDIA ACCELERATED COMPUTING Downloads Training Ecosystem Forums

GPU Accelerated Deep Learning

The NVIDIA CUDA® Deep Neural Network library (cuDNN] is a GPU-accelerated library of primitives for
. cuDNN provides highly tuned implementations for standard routines such as forward and backward
convolution, pooling, normalization, and activation layers. cuDNN is part of the D

Deep learning researchers and framework developers worldwi

e rely on cuDNN for high-performance GPU

acceleration. It allows them to focus on training neural networks and developing software applications rather than

spending time on low-level GPU performance tuning. cuDNN accelerates widely used deep learning frameworks,

including C ,and C! . See s for more details.

cuDNN is freely available to members of the A ted C t De

Data scientists and researchers can take advantage of cuDNN by downloading a De | ea frame or C
. DIGITS lets you interactively manage data, perform training on multiple GPUs, and expo’t the best performing
model for deployment without the need to write code.

What's New in cuDNN 5

12

QUICKLINKS

CUDA GPUs

Tools & Ecosystem

OpenACC

Programming

GPU Computing ¥F

CUDA, GPU Computing

Congrats to the @Te F teamon
their launch at#TF Learn more
about @G e's latest announcement

[=E——_—Tree) —
L@_‘.E‘By@’m



Install TensorFlow

3. CcuDNN L} &9 &t=E7|

4. ZAUE L} -+ bin, include, lib 2GS CUDAZ AX|El 422 2510 20 E7|

Ly M EZ (D)o ZAE ZT » cudnn-8.0-windows7-x64-v5.1 » cuda »
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Install TensorFlow

5. Tensorflow dX| - GPU B
cmdZH 0]l pip install tensorflow-gpu 2 2

. CPUB{TIT} OREIZIX| 2 X\ 7} B Q=X ol

Bl cmd.exe (== |-

D:Wrpip install tensorf low—gpu




Install TensorFlow

-

EE 22| Rk cmd.exe - python.exe = | [E 2

D:W>cd ProgramFiles
D :WProgramFiles>cd Python
D:WProgramFilesWPython>cd Python3b

D:WProgramFilesWPythonWPython35 >python . exe

Python 3.5.2 <vw3.5.2:4def2a2901a5, Jun 25 2816, 22:18:55> [MSC v.19688 64 hit <AM
DE4>]1 on win32

Type "help". “"copyright", “credits
>>> import tensorf low

I c:tf_jenkinsthomebthiworkspacethrelease—wintdevicetlgputtosthewindowsthensorf lowltstre
am_executorbidzo_loader.cc:128]1 successfully opened CUDA library cublas64_86.d11

locally

I c:tf_genkinsthomebhrworkspacethrelease—wintdevicetlgputtostheindowsttensorf lowltstre
am_executorbidso_loader.cc:128] successfully opened CUDA library cudnné4_5.d11 lo
cally

I c:tf_genkinsthomebhrworkspacethrelease—wintdevicetlgputtostheindowsttensorf lowltstre
am_executorbidso_loader.cc:128]1 successfully opened CUDA library cufft6d_868.d11 1
ocally

I c:tf_genkinsthomebhrworkspacethrelease—wintdevicetlgputtostheindowsttensorf lowltstre
am_executorbidso_loader.cc:128]1 successfully opened CUDA library nvcuda.dll local
1y

I c:tf_genkinsthomebhrworkspacethrelease—wintdevicetlgputtostheindowsttensorf lowltstre
am_executorbidso_loader.cc:128]1 successfully opened CUDA library curandé4d_86.d11

" or "license" for more information.

6. quit)= &5l python 3=

—_—



nstall TensorFlow

=  MNIST 0| X E st=5A|7{ 5% 201 (3 hidden layer )

BN 2E|FAFE cmd.exe = @ =

major: 3 minor: 5 memoryClockRate (GHz)> B.8755

pciBusID AAOA:A1:08.8

Total memory: 6.BBGiB

Free memory: 5.70GiB

I c:¥f_jenkinsWhomeWworkspacelhrelease—wintdevicellgpullostvindowsWtensorf lowlicore

Mcommon_runtimelgpulgpu_device.cc:=9861 DMA: @

I c:f_jenkinsWhomethworkspacelirelease—winWdeviceWyputtostheindowsttensorf lowlicore = TechPowerUp GPU-Z 1160 | == || .S

Hcommon_runtimeWgpulgpu_device.cc:2161 A: ¥

I c:¥f_jenkinsWhometuworkspacebhrelease—wintdeviceWgpultoswindowsW¥tensorf lowlcore Graphics Card | Sensors | Validation =

Hcommon_runt imellgputtgpu_device .cc:275]1 Creating TensorFlow device (Agpu:B> -> (d

evice: B, name: GeForce GIE TITAM, pci bus id: PBBR:B1:80.8> GPU Care Clock - 836.1 MHz .
||

WARNING:tensorf low:From test.py:4? in train_neural_network.: initialize_all vari
lables (from tensorflow.python.ops.variahles? is deprecated and will bhe removed a GPU Memory Clock - [ 1502.3 MHz

fter 2017-A3-82.
o GPU Temperature - 430°C

Instructions for updating:

Use “tf.global variables_initializer' instead. Fan Speed (%) - 31 %
B completed out of 18 loss: 1847534.2769%1

L
L

1 completed out of 18 loss: 386838.85885 Fan Speed (RPM) - 1270 RPM
2 completed out of 18 loss: 288952.875657
3 completed out of 18 loss: 128279 .985643 Memory Used i 35 .
4 completed out of 10 loss: 70081 .6126813
5 conmpleted out of 18 loss: 44156.2774823 GPU Load M 45% Y T 1
6 completed out of 18 loss: 26982.88W532 '
7 completed out of 10 loss: 24727.8853252
8 completed out of 10 loss: 19213.7519197
9 completed out of 10 loss:- 15453.5376992
Accuracy: B.9516
D :WProgranFilesWPython >
e



cmd - jupyter notebook

C | @ localhost8888/tree#notebooks

Z Jupyter

Files Running Clusters

Select items to perform actions on them.

- &
3 deep-anpr-master
3 models
3 openimif-master
3 pydoc
[ testset
O tmp
& nn3.ipynb

Untitled.ipynb

%O RN BT

Data type

17

Upload Fad

Text File
Folder

Terminals Unavailable

Motebooks
Python [conda root]
Python [default]

—
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Data type

jupyter notebook - h

Keyboard shortcuts

The Jupyter Notebook has two different keyboard input modes. Edit mode allows you to type code/text
into a cell and is indicated by a green cell border. Command mode binds the keyboard to notebook level
actions and is indicated by a grey cell border with a blue left margin.

Command Mode (press to enable)

: find and replace : extend selected cells below
[CtrI=Hiit-F]: open the command palette - insert cell above
[Enter]: enter edit mode s insert cell below
[Ehift-Enter]: run cell, select below - cut selected cells
[Cri=Enter]: run selected cells - copy selected cells
[ATt=Enter]: run cell, insert below - paste cells above
[]: to code . paste cells below
[H]: te markdown - undo cell deletion
[F]: to raw . delete selected cells
[1]: to heading 1 - merge selected cells, or
[]: to heading 2 current cell with cell below if
; to heading 3 only cne cell selected
[4]: to heading 4 [CEri=5]: Save and Checkpoint
; to heading 5 : Save and Checkpoint
@; to heading & : toggle line numbers
[F]: select cell above [0]: toggle output of selected

select cell above cells

select cell below shiftt-0): toggle cutput scrolling of
selected cells

[H]: show keyboard shortc uts
[T].[T]: interrupt kemel

LY Iy RSP TR PR [ S Y

[=]

select cell below

extend selected cells above

: extend selected cells above

18




Data type

X https://www.tensorflow.org/versions/r0.12/api_docs/python/

InEuts and Readers > Placeholders

Constants, Sequences, and Random Values > Constant Value Tensors

Memb
tf.placeh()lder(dtype' shape:None, Insertsaplaceholderforatensor sl always

name=None) fed. tf.zeros(shape, dtype=tf.float32, name=None) Creates a tensor with all
elements set to zero.

Variables > Variables

tf.zeros_like(tensor, dtype=None, name=None, Creates a tensor with all
optimize=True) elements set to zero.
tf-ones{Shape‘ dtype:tf.floats?‘ name:NOHE) Creates s tenser wih al
elements setto 1.
class tf.Variable See the [Variables How To]
(../../how_tos/variables/index.md) tf.ones_like(tensor, dtype=None, name=None, Creates a tenser with all
for a high optimize=True) elements setto 1.
tf.Variable.__init__(initial_value=None, trainable=True, |Creates anew variable with value tf.fill(dims, value, name=None) Creates a tensor filled with a
—————————— ————————
collections=None, validate_shape=True, initial_value. scalar value.
e v§r1able_def:None, tf.constant(value, dtype=None, shape=None, name='Const', | Creates a constanttensor.
dtype=None, expected_shape=None, import_scope=None) . =
verify_shape=False)

19




Data type

import tensorflow as tf

ph = tf.placeholder(dtvee = tf. float32, shape=[3,3])

var = tf. Yariable([1, 2, 3, 4, 5], dtvpe = tf. float3z2)

const = tf.constant (10, 20, 30, 40, 501, dtvee = tf.float32)
print(ph)

Tensor("Placeholder_1:0", shape=(3, 3), dtvee=floatd2)

printivar)

Tensor({"Variablefread:0", shape=(5,7, dtvpe=fleat32)

print{const)

Tensor( "Const:0", shape=(5,], dtvpe=float3z)
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D(Std)t3(1t2)=¢
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Data type

Q' F- R P

D(Std)t3(1t2)=¢

&0

22 'lﬁ_l, ImagelSystemiltaboratory.



Data type

Q' F- R P

D(Std)t3(1t2)=¢
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Data type

e = =PV PY

D(Std)t3(1tr)=¢

@———ﬂ- (X

4_

24 '.Zﬁ_l, ImagelSystemylfaboratory,



Data type

Q' F- R P

D(Std)t3(1t2)=¢
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Data type

Q' F- R P

D(Std)t3(1t2)=¢

26 'lﬁ_l, ImagelSystemiltaboratory.



Data type

Q' F- R P

D(Std)t3(1t2)=¢
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Data type

Q' F- R P

D(Std)t3(1t2)=¢

28 'lﬁ_l, ImagelSystemiltaboratory.



Data type

Q' F- R P

D(Std)t3(1t2)=¢
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Data type

Q' F- R P

D(Std)t3(1t2)=¢
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Data type
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Data type

Q' F- R P

D(Std)t3(1t2)=¢
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2
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Data type

Q' F- R P

D(St4)t3(1tr)=¢
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Data type

« Oz dd

D(Std)t3(1t2)=¢

X
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®
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Data type

« Oz dd
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Data type
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Data type

« Oz dd

D(Std)t3(1t2)=¢
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Data type
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EH| A E - constant

In [1]:

In

(2]

Data type

import tensorflow as tf

ph = tf.placeholder(dtype = tf. float32, shape=[3,3])
var = tf.Variable([1, 2, 3, 4, 5], dtype = tf. float32)
const = tf.constant([10, 20, 30, 40, 501, dtvpe = tf.floatd2)

print (ph)
Tensor("Flaceholder:0", shape=(3, 3), dtype=floatdz)

print{var)

Tenzar("Yariablefread:0", shape=(R, ), dtype=float3?)

print{const )

Tensor("Const:0", shape=(5,), dtvpe=float3z)

tf.constanti[2])
tf.constanti[3])
tf.constant([5])
axhtc

rintid

oo T
| | |

Tenzor("add:0", shape=(1,), dtyvpe=int3z)



Data type

EH| A E - constant

In [F]: a = tf.constant([Z]}
b = tf.constant([3])
¢ = tf.constant([5])
d = azbtc
printi(d)

Tensor("add:0", shape=(1,), dtvpe=int32)

In [7]: sess = tf.Session()
res = sess. run(d)
printires

[11]



HAE - variable

In [7]:

Data type

sess = tf,Session()
res = sess.run(d)

print(res)

[11]

var_a = tf.Yariable([Z])
var_b = tf VYariable([10])
yar_c = tf.Yariable([7])

var_d = var_a + var_b + var_c
print Cvar_d)

Tensor("add_1:0", shape=(1,],

dtype=int32)



HAE - variable

In [&]:

Data type

yar_res = sess, runivar_d)

FailedPreconditionError Traceback (most recent call last)

U tanacondadtl i bitsite-packagestt ensor f | ontiowthonticl ient Hsession. py in _do_cal | (sel
1020 try

== 1021 return fnl+args
1022 except errors OpError as e

D #anacondadtl i b¥site-packasesttensor flowliovthonticl ient ¥session. oy in _run_fn{sess
etadata)
1002 feed_dict, fetch_list, target_list
- 1003 status, run_metadata)
1004
D anacondadt| ibfcontext lib.py in __exit__(=self, twpe, value, traceback)
Ba try
-—=> Bf nextlsel f.gen
&7 except Stoplteration

0 Hhnacondadl i bisite—packagestt ensor f lowdiovt honfif rameworkferrors_impl .oy in raise

1 — toam ot D s fancse f Lo TR Maccaanl ot atias

Variable2 HE 9| X7|35}7} = 2 &h
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Data type

HAE - variable

O #anacondaatl ibtsite-packagesttensor flowtiowt hontiframeworkferrors_impl .oy in raise
AcO. meain

Fomm kmnek D non b emeeas £ L TE Meameamnd ok ados

In [10]: init = tf.global_variables_initializer()
sess. runlinit)
var_res = sess, runivar_d)
printivar_res

[27]

e
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Data type

H A E - placeholder

valuel = 10
valuesd = 50
valued = 14

ph_d = ph_a + ph_b + ph_c
tensor_map = {ph_a @ valuel, ph_b @ valueZ, ph_c @ valuedt

print (ph_a)
print (ph_b)
print(ph_c)
print {ph_d)

Tensor("Placeholder_1:0", dtyvpe=float32)
Tensor("Placeholder_2:0", dtype=float32)
Tensor("Flaceholder_3:0", dtype=float3z2)
Tensor({"add_2:0", dtype=flcat3z)

In [12]: ph_res = sess. runiph_d, feed_dict=tensor_map)
printiph_res

a14.0

In I 1:



Linear regression + Plot

import numpy as np
import matplotlib.pvplot as plt
import tensorflow as tf

nun_point = 1000

vectors_set = []

for i in rangelnum_point):
¥ = np. random.normal (0.0, 0.55)
vyl =% =+ 0.3+ 0.4+ np,rancon. normal (0,0 + 0,1)
vectors_set, appendl [x1, ¥1]1)

¥_data = [v[0] for v in vectors_set]
v_data = [v[1] for v in vectors_set]

plt.plot(x_data, v_data, 'ro')
plt. show )

l.z T T T T T T T

1.0 |

0.8 -

0.6 -

0.4 -

0.2 |

0.0 -

—0.2

_0.4 i | 1 1 1 1 1 1
-25 -20 -15 -1.0 -05 0.0 0.5 1.0
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Linear regression

In [G]:

W= tf Variable(tf. randon_uniform{[1], —1.0, 1.0))
b = tf Variable(tf. zeros([1]))
y =W =+ x_data + b

loss = tf, reduce_meanitf.squarely — v_datal) # cost fumction
optimizer = tf.train.GradientDescentOptinizer (0.5) #3/= G205
train = optimizer.mininizelloss)

H#OD T AN S

#E = EIE S A E

init = tf.alobal _variables_initializer()
sess = tf.Session()

sess.runfinit)

for step in range(10)
sess.runftrain)
print{step, sess.run(W), sess.run(b), sess.runiloss))
#OOME EE
plt.plot (x_data,
A (nrad)
plt.plot (x_data,

v_data, 'ro')
sess, run(ll) + x_data + sess.run(b))
plt.xlabel( x")

pltovlabel (v )
plt.show()

+ Plot

0 [-0.514495858] [ 0.42089418] 0.212177

2.0 T T T T T T T

1.0+

—0.5
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| inear raaraccinn + Pint

Fueisaraaeeimam & DPlad -

OO ++= BV

0.6

0.5}

0.4}

0.3}

0.2+

2.0

1l

X=-0.0564516 y=0503314

o e——
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MNIST

When one learns how to program, there's a tradition that the first thing you do is print "Hello World."

Just like programming has Hello World, machine learning has MNIST.

784

mnist.train.xs

>

",

L,{

/

mnist.train.ys

10|

55000
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MNIST
When one learns how to program, there's a tradition that the first thing you do is print "Hello World."

Just like programming has Hello World, machine learning has MNIST.

0

(=]

(=]

=]

4

3

0
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MLP

Input layer - 3 hidden layer — output layer

import tensorflow as tf
from tensorflow exanples. tutorials.nnist import input_data
mnist = input _data. read_data_sets("/tnp/data’”, one_hot = True)

n_nodes_hl1 = 500
n_nodes_hl2 = 500
n_nodes_hl3 = 500

n_classes = 10
batch_size = 100

tf.placeholder (' fleat', [Mone, 784]
tf.placeholder (' fleat ')

X
¥

hidden_1_layer = { weights 'tf Variableltf. randon_normal {[784, n_nodes_hl11)),

111
‘biases'tf Mariableltf. randon_normal ( [n_nodes_hI1]))}

hidden_2_laver = {'weights' 't f Yariablelt . randon_normal { [n_nodes_hI1, n_nodes_hl12])),

‘biases' tf. Yariable(tf.randon_normal ( [n_nodes_hl12] 1)}

hidden_3_laver = {'weights':tf.Yariableltf.randon_nornal { [n_nodes_hI2, n_nodes_hl3])7,

‘biases'tf Yariableltf.randon_normal ( [n_nodes_hI3])0}

autput _laver = {'weights'tf Yariable(tf. randon_normal { [n_nodes_hl3, n_classes])),
‘biases'tf.Mariable(tf. randon_normal { [n_classes] 1), t

1 = tf additf. matnul (x, hidden_1_laver["weichts']), hidden_1_laver['biases'])

tf.nn.relul 1)

l2 = tf.additf.matoul (11, hidden_2_laver ['weights' 1), hidden_2_laver['biases'])
12 = tf.nn.relul12)

13

tf.add(tf.matnul {12, hidden_3_laver['weights']), hidden_3_laver['biases'])
= tf.nn.relull3)

w
I



MLP

Input layer - 3 hidden layer — output layer
autput = tf.matmul (13, cutput _laver ["weights']) + output _laver['biases']

prediction = output
cost = tf, reduce_mean{ tf.nn.softmax_cross_entropy_with_legitsiprediction,y) )
optimizer = tf.train. AdanOptinizer() nininizelcost)

fm_epochs = 10
sess = tf.Session()
sess, runitf.global _variables_initializer()

for epoch in range(hm_epochs) :
epoch_loss = [0
for _ in rangelint (nnist. train. nun_exanplesfhatch_size) ):
epoch_x, epoch_y = mnist.train.next_batchi{batch_size)
_, ¢ =zess.runf [optinizer, cost], feed_dict={x: epoch_x, ¥ epoch_v})
epoch_loss += ¢

print("Epoch', epoch + 1, 'completed out of ', hm_epochs, ' loss: ', epoch_l 0ss)
correct = tf.equal (tf.aramaxiprediction, 11, tf. aramax(y, 1))

accuracy = tf,reduce_nean(tf,casticorrect, 'float'))
print("dccuracy: ', sess, runf{accuracy, feed dict = {x!mnist.test.inages, v:nnist.test,labels}k))

Extracting /ftop/data/train-inages-idid-ubvte, gz
Extracting /tnp/dataltrain-labels-idxl-ubvte. gz
Extracting /ftop/data/t 10k-inages-idxI-ubvte, gz
Extracting /tnp/data/t10k-1abels-idxl-ubvte. gz
Epoch | completed out of 10 loss: 1607E90.13811
Epoch 2 completed out of 10 loss: 395378, 241097
Epoch 3 completed out of 10 loss: 212075, 841237
Epoch 4 completed out of 10 loss: 124842, 024561
Epoch 5 completed out of 10 less: 73650, 338987
Epoch B completed out of 10 loss: 45980, 5750535
Epoch 7 completed out of 10 loss: 29941, 5561811
Epoch B conpleted out of 10 loss: 23685, 460072 -
Epoch 9 completed out of 10 loss: 19176, 7452043
Epoch 10 completed out of 10 loss: 17872, 4552318
Accuracy: 0.9494

S a) i=plinagelSystemblzaboratory



MLP

Input layer - 3 hidden layer — output layer

import numpy as np

s = Bl

arr = np.arrayimnist.test.inages[s])
arr.shape = (28, 28)

import matplotlib.pyplot as plt

plt. imshow(arr)
plt.show()

arr.shape = (1, 784)
print('GT ¢ ', np.aromax{mnist.test.labels[s]))
print('Pred @ ',np.argnax(sess.run{output, feed_dict={x:arr})))

Pred : 8
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Failure

import numpy as np

s =34

arr = np.array
!

mnist.test. inages[s])
arr.shape = (28,

28)

(
8

import matplotlib.pyplot as plt

plt. imshow(arr)
plt.shou()

arr.shape = (1, 784)
print('GT ', np.argnax(mnist.test. labels(s]))
print('Pred : ',np.argnax(sess.run(output, feed_dict={x'arr})))

0

10

15

20

25

import numpy as np

s=8

arr = np.array
!

mnist.test. inages[s])
arr.shape = (28,

28)

(
8

import matplotlib.pyplot as plt

plt. imshow(arr)
plt.shou()

arr.shape = (1, 784)

print('GT ', np.argnax(mnist.test. labels(s]))
print('Pred : ',np.argnax(sess.run(output, feed_dict={x'arr})))
0

10

15

20

25

GT : 5
Pred : 6
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import numpy as np

s =33

arr = np.array(
28

mnist.test. inages[s])
arr.shape = (28,

28)

import matplotlib.pyplot as plt

plt. imshow(arr)
plt.shou()

arr.shape = (1, 784)

print('GT ', np.argnax(mnist.test. labels(s]))
print('Pred : ',np.argnax(sess.run(output, feed_dict={x'arr})))
0
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Failure

import numpy as np

s =34

arr = np.array
!

mnist.test. inages[s])
arr.shape = (28,

28)

(
8

import matplotlib.pyplot as plt

plt. imshow(arr)
plt.shou()

arr.shape = (1, 784)
print('GT ', np.argnax(mnist.test. labels(s]))
print('Pred : ',np.argnax(sess.run(output, feed_dict={x'arr})))

0

10

15

20

25

import numpy as np

s=8

arr = np.array
!

mnist.test. inages[s])
arr.shape = (28,

28)

(
8

import matplotlib.pyplot as plt

plt. imshow(arr)
plt.shou()

arr.shape = (1, 784)

print('GT ', np.argnax(mnist.test. labels(s]))
print('Pred : ',np.argnax(sess.run(output, feed_dict={x'arr})))
0

10

15

20

25

GT : 5
Pred : 6
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import numpy as np

s =33

arr = np.array(
28

mnist.test. inages[s])
arr.shape = (28,

28)

import matplotlib.pyplot as plt

plt. imshow(arr)
plt.shou()

arr.shape = (1, 784)

print('GT ', np.argnax(mnist.test. labels(s]))
print('Pred : ',np.argnax(sess.run(output, feed_dict={x'arr})))
0

10

15

20
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CNN ( ConvNet)

zess = tf.Session()
sess. runltf.alobal _variables_initializer())

for i in range(20000): #2000
batch = mnist. train. next_batchi50)
if i %1000=0m:
train_accuracy = sess, runfaccuracy, feed dict={
s:batch[0], v_: batch[1], keep_prob: 1.0+
print("step #d, training accuracy %o"%(i, train_accuracy))
sess.runltrain_step, feed_dict={x batch[Ol. v_: batchl[1], keep_prob: 0.5}

step 0, training accuracy 0,12
step 1000, training accuracy 0.94

step 2000, training accuracy 0,96 H-I X~ Ak -“ "'H 74
step 3000, training accuracy | CPU I—-I ﬂx E o =
step 4000, training accuracy 0,98
step 5000, training accuracy |

step 6000, training accuracy .96 s python = =
step 7000, training accuracy 1
step B0OO, training accuracy 0.93 Pythone| &= 0| =X| &4 L Ch

step 9000, training accuracy 0.96

step 10000, training accuracy 0.98 ST LMY ZEI® B=0| =X A= LCHL Windows
step 11000, training accuracy MM e ZEOEE S0 sHE LEO| Q=X ¥HELLCE

0.

1
step 12000, training accuracy 1
step 13000, training accuracy |
step 14000, training accuracy 0.93

1
1
1
1
1

IEEEECEIEEEETEEE

step 18000, training accuracy
step 16000, training accuracy
step 17000, training accuracy
step 18000, training accuracy
step 19000, training accuracy

print{"test accuracy ¥o"¥ sess.run(
accuracy, feed_dict={x! mnist.test.inages, v_' mnist.test.labels, keep_prob: 1.0}])
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CNN ( ConvNet

In [12]: cross_entropy = —tf. reduce_suniv_=tf. loolv_conv))
train_step = tf.train. AdamOpt inizer(1e-4) . mininizelcross_ent ropy)
correct_prediction = tf.equal (tf.aramax(v_conv, 1), tf.aromax(y_, 1))
accuracy = tf. reduce_mean(tf. cast (correct _prediction, “fleat”))

In [13]: sess = tf.Session()
sess.run(tf.global _variables_initializer(}))

In [19]: print{"&ccuracy : sess. runfaccuracy, feed_dict={x: nnist.test. images, v_: nnist. test.labels, keep_prob: 1.0}))

focuracy o 0,9927

k! LT, d L LIT Y
step 3000, training accuracy 1
step 4000, training accuracy 1
step 5000, training accuracy 0,598
step 6000, training accuracy |
step 7000, training accuracy 1
step 8000, training accuracy |
step 9000, training accuracy |
step 10000, training accuracy
step 11000, training accuracy
step 12000, training accuracy
step 13000, training accuracy
step 14000, training accuracy
step 15000, training accuracy
step 16000, training accuracy
step 17000, training accuracy
step 18000, training accuracy
step 19000, training accuracy

e
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Before any opt

print_accuracyl )

hoouracy on test-set: 9,8%

plot _example_errors()

L

True: 7, Pred: 0 True: 2, Pred: 0

[

True: 4, Pred: 0 True: 1, Pred: 0

<

True: 9, Pred: 0 True: 5, Pred: 0

63

True: 1, Pred: 0

True: 4, Pred: 0

True: 9, Pred: 0
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After 1 opt iter

opt imizelnun_iterations=1)

print_accuracyl )

hoouracy on test-set: 40, 7%

plot _exanple_errors() plot_weights()
Weights: 0 Weights: 3
True: 2, Pred: 6 True: 4, Pred: 0 True: 9, Pred: 6 i - g
“
Weights: 4 Weights: 5 Weights: 6 Weights: 7
True: 5, Pred: 6 True: 9, Pred: 6 True: 6, Pred: 0 ' -
i Weights: 8 Weights: 9
True: 9, Pred: 6 True: 1, Pred: 6 True: 5, Pred: 0
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opt imize(nun_iterations=9)

print _accuracy()

doouracy on test-set: 78.2%

After 10 opt iter

# Mo have already performed 1 iteration,

plot _weights()

plot_exanple_errors()
@ M 2 &
. | &
- ( .. e |
s Weights: 0 Weights: 1 Weights: 2 Weights: 3
- -
L J - ”» —
True: 9, Pred: 4 True: 5, Pred: True: 9, Pred: 7 “ 3.
- - : %
; s
Weights: 4 Weights: 5 Weights: 6 Weights: 7
-
- 4 Y
True: 6, Pred: 2 True: 5, Pred: True: 9, Pred: 4 . .- ‘
> -
w Weights: 8 Weights: 9
True: 9, Pred: 7 True: 6, Pred: 4 True: 5, Pred: 8

e
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After 1000 opt iter

# e fhave already periformed 10 Qleralions,

apt imizelnun_iterat i ons=990)

print _accuracy()

dccuracy on test-set: 91, 7%

plot_weights()

plot_exanple_errors()
— -
& - . A ‘
o) W =, &
LW ° o’
_— \-_ - a - -~
Weights: 0 Weights: 1 Weights: 2 Weights: 3
) | —
- l’ -
True: 5, Pred: 6 True: 4, Pred: 6 rue: 3, Pred: z v :ﬂ L ’ ".
' ) s )
» AN -
‘ 2 Weights: 4 Weights: 5 Weights: 6 Weights: 7
~ "
— - p . "
True: 9, Pred: 7 True: 2, Pred: 7 rue: 9, Pred: ’, e o 2P
. e
7 Weights: 8 Weights: 9
True: 7, Pred: 4 True: 2, Pred: 9 True: 9, Pred: 4
\
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After 1000 opt iter

1050

900
print _confusion_matrix() 750
[[ 957 0 3 g 1 5 N ] ] al
[ onog 2z 2z 1 2z 4 2 14 0 v 600
[ 4 9 914 19 15 B 13 14 3R 4] =
[ 1 0 16 828 n 28 g 14 13 ]| 1450
[ 1 1 3 2 94 o 10 i § 18]
[ 10 3 d 53 10 B4 17 E 19 7]
[ 8 3 3 2 11 1495 1 1 0 1300
[ 3 9 2 g K ] 0 4859 2 17l
[ & g g J8 11 40 14 18 B25 4]
[ 11 Fi ] 13 7 13 ] 39 4 BAR]] 4150

L0
Predicted
\
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