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Introduction

* What is ML

e Limitations of explicit programming

. b

gertMe!

© rash

- Spam filter : many rules - Automatic driving : too many rules

 Machine learning : “Field of study that gives computers the ability to learn
without being explicitly programmed” - Arhur Samuel(1959)




Introduction

¥ Supervised/Unsupervised learning

e Supervised learning
- Learning with labeled examples (training set)
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« Unsupervised learning : un-labeled data

- Google news grouping
- Word clustering
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Introduction

* Supervised learning

 Most common problem type in ML

- Image labeling : learning from tagged images
- Email spam filter : learning from labeled (spam or ham) email

- Predicting exam score : learning from previous exam score and time spent
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Introduction

* Supervised learning

« Type of supervised learning

- Predicting final exam score based on time spent — Regression
- Pass/non-pass based on time spent — Binary classification

- Letter grade (A, B, C, D and F) based on time spent— Multi-label classification
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Linear regression

* Concept

Predicting final exam score based on time spent

10 90
9 80 | Regression .65
— —
3 50
2 30
Train ‘é % 6 h
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Linear regression

* Hypothesis and Cost
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(Linear)Hypothesis
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Linear regression

% Cost function(Loss function)

P
<

(HX®P) - y®) +(HX®) - y?)* +(H(x®?) - y*?)’
3

w N -
w N -

cost = - i (H (xMy—y® )2

M3

cost(W,b) =

%ZE(H (X(i))—y(i))2 ‘/ Minimize
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Linear regression

* Gradient descent

°F
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Linear regression

* Gradient descent

1 1 Y
2 2 SR
: : I

W =W —aiZ(\Nx(i) — yD)x®
m =
WO :O, (04 :Ol
0.1
W, =0-—-(-1-4-9)=0.433

W, =W, ——{(o 433—1)1+(0.866 — 2)2 + (1.299 — 3)3} = 0.6976
W, =0.83872
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Linear regression

* Multi variable(feature)

X(hours) Y(score) X2
10 90 10 5 90

9 80 9 5 80
50 3 2 50

2 60 2 4 60

11 40 11 1 40

H(x) =Wx+b H (X, X,) =W, X, +W,X, +b
1 H (X, X5, X, ) = WX, + W, X, +--+W X +D
. X1 T

b w - w]" H(X)=WTX

_Xn_
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Logistic Classification

* Concept

Y A

1(pass)

0(fail)
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Logistic Classification

* Hypothesis

H(x)=wx+b | e ;

(x) i // _
Z=WX+Db pd z

1 /’/

Z) = | EEmmm——md
9(2) (1+e?) /
Z=W"X | SaaEas

/
| , //
H(X)=9(2) T
.
1 | A . . | | |

H(X): —(WTX) .\—-———z/da i i 2 8 ‘AJ

1+e
Sigmoid function

Logistic function
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Logistic Classification

* Cost

cost(W, b) = %Zm: (H(Xx®) - yOf

i=1

H(x) =Wx+Db

1
)= 1+e"'X
) [

' 5
Local minima '\v/

Global minima
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Logistic Classification

* Cost

cost(W) = %iC(H (x),y)

~ [=log(H (x))
C(H(x),y)= {_ log(1—H (X))
y=1 H()=1 cost=0

H(x)=0 cost=o0
y=0 H(x)=0 cost=0
H(x)=1 cost=o0

C(H(x),y)=-ylog(H(x))-(1-y)log@-H(x))

16
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—log(x)

“log-x)
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Logistic Classification

* Minimize cost

cost(W) = —%i ylog(H (x))+ (1—y)log(l— H(x))

0
W =W —a ——cost
W W)
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Softmax Classification

* Concept

X2
X1(hours) Y(grade)

A

A
B
B
C

10 5
9 5
3 2
2 4

11 1
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Softmax Classification

* Concept "y ]
P X,
[Wl W2 W3 X2
X z Y | X3
w ) ) - X, .
X Y
W [Wl W2 W3 X2
X — 2N o . | X3 |
w X,
[Wl W2 W3 X2
X3
WAl WA2 WA3 Xl WAlxl + WA2 X2 == WA3 X3 yA
WBZ WBZ WB3 X2 — Wlel + WBZXZ + WB3X3 = yB
_Wc:1 Weo Wcs__xs_ _Wc31X1 + Weo X, +WC3X3_ _yc_
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Softmax Classification

* Softmax

_ . 4 .o Pp=07 1) 0~1
War Xy +Wpo X + WagXg Ya 20— o 2) Z =1

=| Wgy Xy + WX, +WesX; | =| Vg | =| 1.0 ’A’X

| Wy X+ Weo X, +WeaXs || Ve 0.1 ,EOL»X

_ One-hot
2.0 o) oY 0.7 encoding 1

SUYi) = .
10 | S (EEpo: WP o X
0.1 j 0.1 0 X
Score Probabilities
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Softmax Classification

%* Cost (Cross entropy)
S(y)=y L=y

0.7 1
0.2 o D(S,L)=-2 Llog(s)
0.1 0

= _Z I—i Iog(yi)
= 3" (L) <~ log(¥))
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Softmax Classification

%* Cost (Cross entropy)

= Z(Li)X—log(yi)

L= 0 \7—_0_ Costl _O_® lo 'o‘_‘o‘@‘oo‘_‘o =) 0+0=0
"1 1 1717 1% 0] 7|0 P
- |1 0] 1] [0]_[o0] [o

Y = CostT ®—lo _ ® _ _
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Lot \7—_1_ Cost | _1_® lo _1_—_1_®_0_—_0 = 0+0=0
|0 “lo 0" 0|7 0] 0| 0T
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Softmax Classification

* Cost(Loss) function & minimization

L :%Z D(S(wx, +b),L,)
LossI

Minimization->Gradient descent
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Implementation

DOCS

EVENTS COMMUNITY  SUPPORT  TRAINING PARTNERS BLOG  LOG-IN SIGN-UP

What is Docker? Solutions Get Docker Pricing ©Open Source Company

Welcome to Docker for Windows!

Docker is a full development platform for creating containerized apps, and Docker for Windows is the best way to get started with Docker on Windows systems.

Already have Docker for Windows? If you already have Docker for Windows installed, and are ready to get started, skip down to Step 3. Check versions of
Docker Engine, Compose, and Machine to work through the rest of the Docker for Windows tour, or jump over to getting started tutorials at Learn Docker.

Download Docker for Windows

If you have not already done so, please install Docker for Windows. You can download installers from the stable or beta channel. For more about stable and beta

channels, see the FAQs.

Stable channel

This installer is fully baked and tested, and comes with the latest GA version of Docker Engine
along with experimental features in Docker Engine, which are enabled by default and
configurable on Docker Daemon settings for experimental mode.

This is the best channel to use if you want a reliable platform to work with. (Be sure to disable
experimental features for apps in production )

These releases follow a version schedule with a longer lead time than the betas, synched with
Docker Engine releases and hotfixes.

©On the stable channel, you can select whether to send usage statistics and other data.

Click
Get Docker for Windows [stable)

Beta channel

This installer provides the latest Beta release of Docker for Windows, offers cutting edge
features along with experimental features in Docker Engine, which are enabled by default and
configurable on Docker Daemon settings for experimental mode.

This is the best channel to use if you want to experiment with features under development, and
can weather some instability and bugs. This channel is a continuation of the beta program,
where you can provide feedback as the apps evolve. Releases are typically more frequent than
for stable, often one or more per month.

We collect all usage data on betas across the board

Get Docker for Windows (beta)
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* Docker

Implementation
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Implementation

We provide 4 Docker images:

* pcr.io/tensorflow/tensorflow: TensorFlow CPU binary image.
* pcr.io/tensorflow/tensorflow: latest-devel: CPU Binary image plus source code.
*» pcr.io/tensorflow/tensorflow: latest-gpu: TensorFlow GPU binary image

* pcr.io/tensorflow/tensorflow: latest-devel-gpu: GPU Binary image plus source
code.

UL, Smenge Systam Rebumseny
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Implementation

* Docker

Here is the complete set of keyboard shortc

o
- Ju pyter Logout shortcut | Action
Shift-Enter | run cell
) . Ctrl-Enter | run cell in-place
Files Running Clusters -
Alt-Enter run cell, insert below
Select items to perform actions on them. Upload | New~ | & Cul-mx | cutcell
Ctrl-m ¢ copy cell
O -~ & Ctrl-m v paste cell
Ctrl-md delete cell
[J & 1_hello_tensorflow.ipynb
Ctrl-m z undo last cell deletion
L] & 2 getting_started.ipynb cul-m- | split cell
. . Ctrl-m a insert cell above
L & 3 mnist_from_scratch.ipynb -
- - - Ctrl-m b insert cell below
U & Linear Regression.ipynb Running Curl-mo | toggle output
i ctrl-m O toggle output scroll
U & Logistic classification.ipynb Running :
ctrl-ml toggle line numbers
O & Multivariable.ipynb Running Ctrl-m s save notebook
0 . Ctrl-m j move cell down
& Multivariable_matmul ipynb Running GHEE | st
O & softmax.ipynb Running Ctrl-my code cell
Ctrl-m m markdown cell
L O3 odtrain b ctrl-mt raw cell
O [ 05train txt Ctrl-m 1-6 | heading 1-6 cell
Ctrl-m p select previous
U O3 Buip Ctrl-mn select next
O [ LICENSE ctrl-mi interrupt kernel
Ctrl-m . restart kernel
O O traintxt ctrl-m h show keyboard shortcuts
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* Docker

Implementation

10 April 2019

In [£]:

import tensorfleow as tf

helle = tf.constant ("Hellow,
print helle

segzs = tf.Session()

print =zsess.run(hellc)

TensorFlow! ")

Tenscr{"Const 1:0", shape={), dtype=string)

Hellow, TenscrFlow!

In [3]:

In [ ]:

a = tf.constant(2)
b = tf.constant (3)

c = atb
print c

print sess.run(c)

Tengcr {"add:0", shape=(), dtype=intiZ)

3
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Implementation

* Linear Regression

In [8]: import tensorflow as tf 540 3.2685e-13 [ 0.890995034] [ 1.43538921e-06]
_ 560 9.473%e-14 [ 0.9899%9958] [ B8.71122386e-07]
#Train data, w=1, b=0 580 6.15804e-14 [ 0.0599995864] [ 6.72450426e-07]
x_data = [1, 2, 3] 600 &.15804e-14 [ 0.58959876] [ 5.45253915e-07]
y_data = [1, 2, 2] 620 2.36848e-14 [ 0.59959988] [ 2.7508610%9e-07]
640 1.89478e-14 [ 0.589959594] [ 1.16140292e-07]
w = tf.Variakle {tf.random_unifc:rm{[l], —l.':l, l':l:l} &80 0.0 [ l] [ E.ESEZDGE].E—GE]
b = tf.Variakle {tf.random_unifc:rm{[l], —l.':l, l':l:l} 20 Q.0 [ l] [ 5.2562':'051&—05]
_ 700 0.0 [ 1.1 [ 5.25620081e-08]
#Hypothesis 720 0.0 [ 1.1 [ 5.25620081e-08]
hypothesis = w¥x_data +b 740 0.0 [ 1.1 [ 5.25620081e-08]
#cost 760 0.0 [ 1.1 [ 5.25&820081e-08]
cost = tf.reduce mean{tf.sguare(hypothesis - y data}) 780 0.0 [ 1.] [ 5.25620081e-08]
Ll ) BOO 0.0 [ 1.1 [ 5.25620081e-08]
a = tf.Variakle (0.1} #LIearning rate, alphs 820 0.0 [ 1.] [ 5.25620081e—08]
optimizer = tf.train.GradientDescentOptimizer(a) 840 0.0 [ 1.] [ 5.25620081e-08]
train = optimizer.minimize (cost)

#initialize tf.initialize all variables()->tf.global variables initializer
#will be removed after Z017-03-02Z2.

init = tf.glcbal variables initializer()
#Launch the graph
sesz = tf.Session()

gegg.run{init)
#Fit the line
for step in xrange (2001):
gezs.run(train)
if step % 20 ==0:
print step, sess.run{cost), sess.run(w}, sess.run(b)
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* Linear Regression with placeholder

In [S3]:

Implementation

import tensorflow as tf

¥_data [1., 2., 3.]
y_data = [1., 2., 3.]

w = tf.Variable (tf.random uniform([l], -1.0, 1.0
b = tf.Variable (tf.random uniform([1], -1.0, 1.0

¥ = tf.placeholder (tf.fleoat32)
¥ = tf.placeholder (tf.float32)

#Hypothesis

hypothesis = w*X +b

#cost

cost = tf.reduce mean(tf.square{hypothesis - ¥])
fminimize

a = tf.vVariable (0.1} #Learning rate, alpha
optimizer = tf.train.GradientDescentCptimizer (a)

train = optimizer.minimize{cost)

#initialize tf.initialize all variables()->tf.global wariables initializer

#will be removed after Z017-03-02.

init = tf.glcbal wvariables initializer()
#Launch the graph
sezz = tf.Seszion()

gezs.runi{init)
#Fit the line
for step in xrange (2001):

sess.run(train, feed dict={X:x data, Y:y data})

if step % 20 ==0:

print step, sess.run(coat, feed dict={X:x data, ¥:v data}), sess.rur

#Learn best fit is w=[1], b=[0]
print sess.run(hypothesis, feed dict={X:5.}]
print sess.run(hypothesis, feed dict={K:2.5})}

10 April 2019

1300
1820
1240
1380
1380
2000
[ 3.]
[ 2.3]
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L85162248=-08]
L051622482-08]
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L05162248=-08]
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In [2]:

Implementation

¥ Logistic classification

import tensorflow as tf
import numpy as np

Xy = np.lecoadtzt ("04train.txt’, unpack=True, dtype="flcat32'}

x data = xy[0:-1]

y data = =xy[-1]

¥ = tf.placeholder(tf.flocat32)

¥ = tf.placeholder(tf.flcat32)}

W = tf.Variable (tf.random uniform([l, len{x data)], -1.0, 1.0})
h = tf.matmul (W, X)|

hypothesis = tf.div(l., 1. + tf.exp(-h)}

cost = —tf.reduce mean(¥ * t£f.log(hypothesis}) + (1 - ¥} * tf.log(l - hypothesis})

a = tf.Variable (0.1} # learning rate, alpha

optimizer = tf.train.GradientDescentOptimizer(a)

train = optimizer.minimize {cost} # goal is minimize cost
init = tf.glcbal variables initializer()

sess = tf.Session()

sess.run{init)

for step in xrange (Z2001):
sess.run(train, feed dict={X: x data, ¥: y_data}}

if step % 20 == 0:
print step, sess.runcost,

[[11, 21, [211}F) = 0.3
[L11, 31, [311F) = 0.3
[y, 11, [4, 31, [2, 3111})

gess.run (hypothesis, feed dict={X:
gess.run (hypothesis, feed dict={X:

gess.run{hypothesis, feed dict={X: > 0.3

31
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1 #x0 =1 =2 vy

211 2 1 ]

21 3 2 0

411 2 3 0

S L) ] 1

1 7 5 1

71 2 ] 1
1840 0.341e48 [[-5.7%43778 0.469%536521 1.0073cB21]]
1860 0.341405 [[-5.8161501% O0.47053B851 1.0111444 1]
1880 0.3411ee [[-5.8376731% 0.471535278 1.0148B173]]
1900 0.3409%32 [[-5.838853205 0.47253782¢ 1.01B85B103]]
15920 0.340704 [[-5.879099249 (0.47354575 1.02224302]]
15940 0.34048 [[-3.50079832 0.474459553% 1.025B6B3 ]]
1560 0.340262 [[-5.821375373 0.475342834 1.02545376%]]
1980 0.340048 [[-5.9417285%9 (0.47634441 1.03301191]1]
2000 0.3359B3% [[-5.961B62059 0.4772442 1.036533145]]
[[Fal=ze]]
[[ True]]
[[False True]]

feed dict={X: x data, ¥: y_data}), sess.run(W)
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In [3]:

xy = np.loadtxt('053train.txt’, unpack=True,

x _data =
y_data =

X
T

W

hypothesis = tf.nn.softmax(tf.matmal (X, W))

learning rate = 0.01

Implementation

* Softmax classification

import tensorflow as tf
import numpy as np

dtype="£float32")

np.transpose (xy[0:3])
np.transpose {xy[3:])

tf.placeholder("flcat"™, [None,
tf.placeholder("flcat"™, [None,

31}
31}

tf.Variable(tf.zerca({[3, 3]1)})

L :%Z D(S(wx, +b), L))

cost = tf.reduce mean(-tf.reduce sum(¥ * tf.log(hypothesis), reduction indices=1)

optimizer = tf.train.GradientDescentOptimizer (learning rate).minimize (cost)

init = tf.global_wariables initializer()

with tf.Session() as =sess:

print

print "all

zZezss.run(init)

for step in zrange (2001):
sess.run{optimizer, feed dict={X: x data, ¥: y_data})
if step % 200 == 0:

print step, sess.run(cost, feed dict={X: x data, ¥: y datal),

a = sess.run(hypothesis, feed dict={X: [[l, 11, 711})}
print "a :", a, sess.run(tf.arg max(a, 1))
b = sess.run{hypothesis, feed dict={X: [[1, 3, 411}
print "b :", b, sess.run(tf.arg max(b, 1))
c = sess.run(hypothesis, feed dict={X: [[1l, 1, 0]1})

"o :", o, sess.run(tf.arg maxic,

1}})

all = sess.run(hypothesis, feed dict={X:[[1,11,7]1,0[1,3,4]1,[1,1,011})
:",all, sess.run(tf.arg max(all,l))

sess.run (W)

32
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1 #x0 =1 =2 y[& B ]
21 2 1 0 0 1
i1 2 2 0 0 1
41 el 4 0 0 1
51 5 3 0 1 0
61 7 o] 0 1 0
71 2 ] 0 1 8]
g1 & & 1 0 i
91 7 7 1 a o]
1200 0.78085838 [[-1.0€231125% -0.2e7272353 .32858325]
[ 0.06B0B005 -0.11823834 0.03013873]
[ 0.17550454 0.23514733 -0.41085112]]
1400 0.756543 [[-1.15854808 —-0.29c70808 .49525583]
[ 0.075914358 -0.11214777 0.03623381]
[ 0.1945%85%38: 0.237331 -0.43232018]]
1600 0.735B83 [[-1.32743537 -0.322182Z21 .64551684]
[ 0.08333746 -0.1055758%8 0.022243 ]
[ 0.21336642 0.23823628 -0.431e0189]]
1800 0.717269 [[-1.449594974 —-0.344077491 L 79402602]
[ 0.09020081 -0.09902246 0.008B2213]
[ 0.23098c25 0.23841871 -0.465941414]]
2000 0.70084% [[-1.566857358 -0.36275655 LB2585221]
[ 0.09c43649 -0.09271803 -0.00371792]
[ 0.24811e05 0.23818412 -0.4B0259922]]
a : [[ 0.8B845&77 0.26731515 0.04418808]171 [0]
b o: [[ 0.243222¢8 0.44183081 0.314%463 [1]
c ¢ [[ 0.02874808 0.082084c6 0.8881&72 [2]
all [[ 0.6B84%¢77 0.26731515 0.04418808]
[ 0.24322268 0.44183081 ©0.314594&5 ]
[ 0.02574808 0.082084ce 0.88BE1e72 1] [0 1 2]
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