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HANDWRITTEN DIGIT RECOGNITION

The problem we’re trying to solve here is to classify grayscale images of 

handwritten digits (28 × 28 pixels) into their 10 categories (0 through 9).

MNIST 
Dataset

A set of 60,000 training images, 

plus 10,000 test images, 

assembled by 

the National Institute of Standards and Technology 

(the NIST in MNIST) 

in the 1980s.
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¾]°? ·﹆>y ﹏Ç1h﹞ `\ ¶\1﹀Fi0 \`³﹞ «Â½1﹀﹞

CONCEPTS USED IN CLASSIFICATION PROBLEMS

·Fi\
Category

¾]°? ·﹆>y ¾ ·¨Æh﹞ `\ ·Fi\ ﹉Ã ª³¼﹀﹞ ·﹆>y
Class

f﹑﹋
Class

¾]°? ·﹆>y ¾ ·¨Æh﹞ `\ ¶\0\ ¾ ·x﹆± ﹉Ã ª³¼﹀﹞ ·±³¬±
Sample

¾0 ¶\0\ ·x﹆±
Data Point

Ei0 ¶]m ¶\0\ E>h± ®2 ·? n1[ ¾ ·±³¬± ﹉Ã ·﹋ ¾0 ·﹆>y =hSa?
Label
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HANDWRITTEN DIGIT RECOGNITION

MNIST sample digits

The MNIST dataset comes preloaded in Keras, 

in the form of a set of four Numpy arrays.
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¶\0\ ·︻³¬N﹞ ®\a﹋ `1?

from tensorflow.keras.datasets import mnist

(train_images, train_labels), (test_images, test_labels) = 

mnist.load_data()

>>> train_images.shape

(60000, 28, 28)

>>> len(train_labels)

60000

>>> train_labels

array([5, 0, 4, ..., 5, 6, 8], dtype=uint8)

>>> test_images.shape

(10000, 28, 28)

>>> len(test_labels)

10000

>>> test_labels

array([7, 2, 1, ..., 4, 5, 6], dtype=uint8)

Loading the MNIST dataset in Keras
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·﹊>m ¾`1¬︺﹞ ︿Ãa︺G

from tensorflow import keras

from tensorflow.keras import layers

model = keras.Sequential([

layers.Dense(512, activation="relu"),

layers.Dense(10, activation="softmax")

])

The network architecture
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LAYER

·Ã﹐
Layer

 aF¨Â﹁ ﹉Ã ®0³°︻ ·? 0` ®2 ®0³G ¿﹞ ·﹋ ¶\0\ jb0\aC ²لd1﹞ ﹉ÃĚ¿﹁1q ę﹋ `³pG\aĊ
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Dense 

Layer

Softmax

Layer
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G0 ︹?1G﹑ف
Loss Function

 ¿mb³﹞2 ¾ ·︻³¬N﹞ ¾²` a? 0` \³[ ¿Ã2`1﹋ \³m `\1﹇ ·﹊>m ·﹊°Ã0 ¾0a?
]½\ `0a﹇ Ei`\ aÂh﹞ `\ 0` j\³[ ]±0³F? ®2 ﹅Ãay b0 ² ]°﹋ ¾aÂ﹎ ¶b0]±0Ċ

b1i ·°Â¼?
Optimizer

°Â? ¿﹞ ·﹋ ¿Ã1½ ¶\0\ f1i0 a? 0` j\³[ ·﹊>m ®2 ﹅Ãay b0 ·﹋ ¿¬hÂ±1﹊﹞ ² ]
]°﹋ ¾b1i ª1﹍°½ ·? ف﹑G0 ︹?1GĊ

D`1|±  ﹉ÃaF﹞
Monitoring Metrics

kÃ1﹞b2 ² jb³﹞2 ¯ÂW `\ ·﹊>m a? D`1|± ¾0a? ¾`1Â︺﹞
Ě E﹇\ ]°±1﹞– Accuracy č]±]m ¾]°? ·﹆>y Ei`\ ·﹋ ¾aÃ²1pG E>h±ę
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¿>p︻ ¾ ·﹊>m ®\a﹋ ﹏Ã1B﹞1﹋ ª1﹎

model.compile(optimizer="rmsprop",

loss="sparse_categorical_crossentropy",

metrics=["accuracy"])

The compilation step
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1¼±2 =hSa? ² 1½ ¶\0\ ¾b1i ¶\1﹞2

train_images = train_images.reshape((60000, 28 * 28))

train_images = train_images.astype("float32") / 255

test_images = test_images.reshape((10000, 28 * 28))

test_images = test_images.astype("float32") / 255

Preparing the image data

from keras.utils import to_categorical

train_labels = to_categorical(train_labels)

test_labels = to_categorical(test_labels)

Preparing the labels
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>>> model.fit(train_images, train_labels, epochs=5, batch_size=128)

Epoch 1/5

60000/60000 [===========================] - 5s - loss: 0.2524 - acc: 0.9273

Epoch 2/5

51328/60000 [=====================>.....] - ETA: 1s - loss: 0.1035 - acc: 0.9692

>>> test_digits = test_images[0:10]

>>> predictions = model.predict(test_digits)

>>> predictions[0]

array([1.0726176e-10, 1.6918376e-10, 6.1314843e-08, 8.4106023e-06,

2.9967067e-11, 3.0331331e-09, 8.3651971e-14, 9.9999106e-01,

2.6657624e-08, 3.8127661e-07], dtype=float32)
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>>> test_loss, test_acc = model.evaluate(test_images, test_labels)

>>> print(f"test_acc: {test_acc}")

test_acc: 0.9785

Evaluating the model on new data

overfitting



https://nbviewer.org/github/fchollet/deep-learning-with-python-

notebooks/blob/master/chapter02_mathematical-building-blocks.ipynb
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TENSOR

`³h±1G
Tensor

¾]︺?]°S ¾ ·Ã0`2č
\0]︻0 ¾²1W

]︺Ö?
Dimension

 Ø﹐³¬︺﹞ ċ]︺Ö? ·? ċ1½`³h±1G D1Â?\0 `\Ğ`³V﹞ ĝ\³m ¿﹞ ·F﹀﹎Ċ

\³O³﹞ ¿°Âm1﹞ ¾aÂ﹎\1Ã ¾1½ «FhÂi ¾ ·¬½ ċ¿¨﹋ `³y ·?
]°°﹋ ¿﹞ ¶\1﹀Fi0 \³[ ¾ ·Ã1C ¾ ¶\0\ ®1¬F[1i ®0³°︻ ·? 1½`³h±1G b0Ċ

`³V﹞
Axis

a﹀q `³h±1G!¾]︺? ča©1﹊i0
﹉Ã `³h±1G!¾]︺? č`0\a?

²\ `³h±1G!¾]︺? čgÃaG1﹞
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SCALARS (0D TENSORS)

 1½a©1﹊i0Ěa﹀q ¾1½`³h±1G!¾]︺?ę

>>> import numpy as np

>>> x = np.array(12)

>>> x

array(12)

>>> x.ndim

0

a﹀q `³h±1G�¾]︺?
0D Tensor

]m1? \]︻ ﹉Ã ¾²1W w﹆﹁ ·﹋ ¾`³h±1Gč
a﹀q `³h±1G ċa©1﹊i0 `³h±1G ċa©1﹊i0!¾]︺?

 Ei0 `³V﹞ a﹀q ¾0`0\ ċa©1﹊i0 `³h±1GĚndim == 0ę

·>G`
Rank

`³h±1G ﹉Ã ¾1½`³V﹞ \0]︺G
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VECTORS (1D TENSORS)

 1½`0\a?Ě﹉Ã ¾1½`³h±1G!¾]︺?ę

>>> x = np.array([12, 3, 6, 14])

>>> x

array([12, 3, 6, 14])

>>> x.ndim

1

﹉Ã `³h±1G�¾]︺?
1D Tensor

\0]︻0 b0 ¾0 ·Ã0`2č
`0\a?

﹉Ã `³h±1G! Ei0 `³V﹞ ﹉Ã ¾0`0\ ċ¾]︺?Ěndim == 1ę

 `0\a? ﹉Ã ċ1ل ﹁³قJ﹞%  ¾]︺?Ě4-dimensional vector ęEi0Ċ



21 ىادگىری عمىق
P

re
p

a
re

d
 b

y
 K

a
z
im

 F
o

u
la

d
i  

 |
  

 S
p

ri
n

g
 2

0
2

5
  

 |
  

 4
th

E
d

it
io

n

1½`³h±1G

MATRICES (2D TENSORS)

 1½ gÃaG1﹞Ě²\ ¾1½`³h±1G!¾]︺?ę

>>> x = np.array([[5, 78, 2, 34, 0],

[6, 79, 3, 35, 1],

[7, 80, 4, 36, 2]])

>>> x.ndim

2

²\ `³h±1G�¾]︺?
2D Tensor

1½`0\a? b0 ¾0 ·Ã0`2č
gÃaG1﹞

²\ `³h±1G! Ei0 `³V﹞ ²\ ¾0`0\ ċgÃaG1﹞ ċ¾]︺?Ěndim == 2ę
 axi 1¼±2  ·? ·﹋Ěrow ę ®³Fi ²Ěcolumn ę]°Ã³﹎ ¿﹞Ċ

Ei0 \0]︻0 b0 ²ل]O ﹉Ã ċgÃaG1﹞Ċ
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3D TENSORS AND HIGHER-DIMENSIONAL TENSORS

 ·i ¾1½`³h±1G!aG﹐1? \1︺?0 ¾1½`³h±1G ² ¾]︺?

>>> x = np.array([[[5, 78, 2, 34, 0],

[6, 79, 3, 35, 1],

[7, 80, 4, 36, 2]],

[[5, 78, 2, 34, 0],

[6, 79, 3, 35, 1],

[7, 80, 4, 36, 2]],

[[5, 78, 2, 34, 0],

[6, 79, 3, 35, 1],

[7, 80, 4, 36, 2]]])

>>> x.ndim

3
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KEYATTRIBUTES

¾]Â¨﹋ ¾1½ ·pÂp[

1½`
³h

±1G
 ¾

]Â¨
﹋ ¾

1½ ·
p

Âp
[

K
ey

 A
tt

ri
b

u
te

s 
o

f 
Te

n
so

rs

 1½`³V﹞ \0]︺GĚ·>G`ę
Number of Axes (Rank)

ndim

﹏﹊m
Shape

﹋ ¿﹞ ®1Â? 0` `³h±1G `³V﹞ a½ \0]F﹞0 `\ \1︺?0 \0]︺G ·﹋ =Ga﹞ ¿Ã1G]°S ﹉Ã]°Ċ
shape   eg. (3,5)  (3,3,5)  (5,)  ()

¾0 ¶\0\ ~³±
Data Type

`³h±1G `\ \³O³﹞ ¾1½  ¶\0\ ~³±
dtype eg. uint8  float32   float64

 ~³± b0 `³h±1Gchar \³m ¿﹞ ¶\1﹀Fi0 D`]± ·?Ċ
 `\ ¾0 ·Fm` `³h±1GNumPy  \`0]± \³O²Ě·|﹁1W oÂpZG D1|W﹑﹞ ﹏Â©\ ·?Ċę
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KEYATTRIBUTES

¾]Â¨﹋ ¾1½ ·pÂp[ č1لJ﹞

from keras.datasets import mnist

(train_images, train_labels), (test_images, test_labels) = mnist.load_data()

>>> print(train_images.ndim)

3

>>> print(train_images.shape)

(60000, 28, 28)

>>> print(train_images.dtype)

uint8
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aÃ³pG kÃ1¬±

digit = train_images[4]

import matplotlib.pyplot as plt

plt.imshow(digit, cmap=plt.cm.binary)

plt.show()

Displaying the fourth digit



26 ىادگىری عمىق
P

re
p

a
re

d
 b

y
 K

a
z
im

 F
o

u
la

d
i  

 |
  

 S
p

ri
n

g
 2

0
2

5
  

 |
  

 4
th

E
d

it
io

n

1½`³h±1G

MANIPULATING TENSORS IN NUMPY

 `\ 1½`³h±1G ¾`1﹋ Ei\Numpy

`³h±1G ja?
Tensor Slicing

`³h±1G ﹉Ã `\ n1[ aq1°︻ <1ZF±0

>>> my_slice = train_images[10:100]

>>> print(my_slice.shape)

(90, 28, 28)

my_slice = train_images[:, 14:, 14:]

my_slice = train_images[:, 7:-7, 7:-7]
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THE NOTION OF DATA BATCHES

¶\0\ ¾1½ ·Fi\ ª³¼﹀﹞

¶\0\ ¾ ·Fi\
Data Batch

\³m ¿﹞ ¶\0\ ·﹊>m ·? ®1﹞c¬½ `³y ·? jb0\aC ¾0a? ·﹋ 1½ ¶\0\ b0 ¾0 ·︻³¬N﹞Ċ

# one batch of our MNIST digits, with batch size of 128 (index: 0..127)

batch = train_images[:128] 

 ċ﹅Â¬︻ ¾aÂ﹎\1Ã `\ ¶\1﹀Fi0 \`³﹞ ¾1½ ¶\0\  ·︻³¬N﹞ `\
`³h±1G `³V﹞ ¯ÂFhZ± 1½ ·±³¬± `³V﹞Ěsamples axis ęEi0Ċ

Ď]°°﹋ ¿¬± jb0\aC ®1﹞c¬½ ² ¶`1? ﹉Ã D`³q ·? 0` ¶\0\ ·︻³¬N﹞ ﹏﹋ ċ﹅Â¬︻ ¾aÂ﹎\1Ã ¾1½ ل]﹞
 ¿﹊S³﹋ ¾1½ ·Fi\ ·? 0` 1½ ¶\0\ ·﹊¨?Ěsmall batches ę]°°﹋ ¿﹞ «Âh﹆GĊ

# the second batch of our MNIST digits, with batch size of 128

batch = train_images[128:256]

# the n-th batch of our MNIST digits, with batch size of 128

batch = train_images[128 * n:128 * (n + 1)]

 ċ`³h±1G ³` ²0لV﹞ ·? ·Fi\ `³V﹞Ěbatch axis  ę 1Ã ·Fi\ ]︺?Ěbatch dimension ę«ÂÃ³﹎ ¿﹞Ċ
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REAL-WORLD EXAMPLES OF DATA TENSORS

¾0 ¶\0\ ¾1½`³h±1G b0 ¿︺﹇0² ¾1Â±\ ¾1½ 1لJ﹞

¾`0\a? ¾1½ ¶\0\
Vector Data

﹏﹊m ·? ¾]︺?²\ ¾1½`³h±1Gč
(samples, features)

¿±1﹞b ¾1½ ¾ai ¾1½ ¶\0\  ď
¾0 ·©1>±\ ¾1½ ¶\0\

Timeseries Data / Sequence Data

﹏﹊m ·? ¾]︺? ·i ¾1½`³h±1G
(samples, timesteps, features)

1½aÃ³pG
Images

¾1½ ﹏﹊m ·? ¾]︺?`1¼S ¾1½`³h±1G
(samples, height, width, channels)

(samples, channels, height, width)

³Ç]Ã²
Video

¾1½ ﹏﹊m ·? ¾]︺? M°C ¾1½`³h±1G
(samples, frames, height, width, channels)

(samples, frames, channels, height, width)
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¿>p︻ ¾1½ ·﹊>m ¾0a? 1½ ¶\0\ ¿Ã1¬±b1?

VECTOR DATA

¾`0\a? ¾1½ ¶\0\

¾`0\a? ¾1½ ¶\0\
Vector Data

﹏﹊m ·? ¾]︺?²\ ¾1½`³h±1Gč
(samples, features)

ĊĊĊfeatures

samples
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TIMESERIES DATA OR SEQUENCE DATA

¾0 ·©1>±\ ¾1½ ¶\0\ 1Ã  ¿±1﹞b  ¾ai ¾1½ ¶\0\

¿±1﹞b ¾1½ ¾ai ¾1½ ¶\0\  ď
¾0 ·©1>±\ ¾1½ ¶\0\

Timeseries Data / Sequence Data

﹏﹊m ·? ¾]︺? ·i ¾1½`³h±1G
(samples, timesteps, features)

 ª²\ `³V﹞ ·lÂ¬½ ®1﹞b ċ\0\`0a﹇ ﹅>yĚ gÃ]±01 ęEi0Ċ
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¿>p︻ ¾1½ ·﹊>m ¾0a? 1½ ¶\0\ ¿Ã1¬±b1?

IMAGE DATA

aÃ³pG ¾1½ ¶\0\

1½aÃ³pG
Images

¾1½ ﹏﹊m ·? ¾]︺?`1¼S ¾1½`³h±1G
(samples, height, width, channels)

(samples, channels, height, width)

A 4D image data tensor (channels-first convention) [Theano]
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¿>p︻ ¾1½ ·﹊>m ¾0a? 1½ ¶\0\ ¿Ã1¬±b1?

VIDEO DATA

³Ç]Ã² ¾1½ ¶\0\

³Ç]Ã²
Video

¾1½ ﹏﹊m ·? ¾]︺? M°C ¾1½`³h±1G
(samples, frames, height, width, channels)

(samples, frames, channels, height, width)

A video can be understood as a sequence of frames, each frame being a color image.
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¾`³h±1G D1Â¨¬︻

THE GEARS OF NEURAL NETWORKS: TENSOR OPERATIONS

¿>p︻ ¾1½ ·﹊>m ¾1½ ¶]±\ XaS

 ¿Ã²\²\ D1Â¨¬︻ b0 ¿﹊S³﹋ ¾ ·︻³¬N﹞ ·? Ø1FÃ1¼± ¾aG³ÂB﹞1﹋ ¾ ·﹞1±a? a½ ·﹋ ·±³﹎ ®1¬½
¿Ã²\²\ ¾1½ ¾\²`² ¾²` a?

Ě ]°±1﹞AND ċOR ċNOR ċĊĊĊę
ċ]?1Ã ¿﹞ k½1﹋

ċ]±³m ¿﹞ ·F﹁a﹎\1Ã ﹅Â¬︻ ¿>p︻ ¾1½ ·﹊>m wi³G ·﹋ ¿Ã1½ ﹏Ã]>G ¾ ·¬½
 ·﹋ ¾`³h±1G D1Â¨¬︻ ¾\0]︺G ·? ]°±0³G ¿﹞

ċ\³m ¿﹞ 0\¶ ½1¾ ︻[\¾  0︻¬1ل\ b0 ¿Ã1½`³h±1G ¾²` a?
]°?1Ã k½1﹋Ċ

output = relu(dot(W, input) + b)
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¾`³h±1G D1Â¨¬︻

ELEMENT-WISE OPERATIONS

ap°︻ ·? ap°︻ D1Â¨¬︻

ap°︻ ·? ap°︻ D1Â¨¬︻
Element-wise operations

\³m ¿﹞ ³` 0︻¬1لh±1G b0 ·Ã0`\ a½ ¾²` a? ﹏﹆Fh﹞ `³y ·? ·﹋ ¿G1Â¨¬︻Ċ
Ě⇐  ¶³>±0 ¾b0³﹞ ¾1½ ¾b1i ¶\1ÂC ¾0a? ﹐1? EÂ¨?1﹇ Ė¶]m ¾`0\a? ¾b1i ¶\1ÂCę
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¾`³h±1G D1Â¨¬︻

ELEMENT-WISE OPERATIONS

ap°︻ ·? ap°︻ D1Â¨¬︻

ap°︻ ·? ap°︻ D1Â¨¬︻
Element-wise operations

\³m ¿﹞ ³` 0︻¬1لh±1G b0 ·Ã0`\ a½ ¾²` a? ﹏﹆Fh﹞ `³y ·? ·﹋ ¿G1Â¨¬︻Ċ
Ě⇐  ¶³>±0 ¾b0³﹞ ¾1½ ¾b1i ¶\1ÂC ¾0a? ﹐1? EÂ¨?1﹇ Ė¶]m ¾`0\a? ¾b1i ¶\1ÂCę
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BROADCASTING

kZC

Ĉ«Â°﹋ ︹¬O «½ 1? 0` 1¼±2 «Â±0³G ¿﹞ ·±³﹍S ċ]m1? D²1﹀F﹞ «½ 1? `³h±1G ²\ ﹏﹊m ¿F﹇²

 ċ]m1? ·Fm0]± \³O² ¿﹞1¼?0 ·±³﹎ QÂ½ ² ]m1? ¯﹊¬﹞ ¶1﹎a½
 \³m ¿﹞ kZC aF﹊S³﹋ `³h±1GĚbroadcasted ę]°﹋ 0]ÂC E﹆?1x﹞ aF﹎`c? `³h±1G ﹏﹊m 1? 1GĊ

\³m ¿﹞ ﹏Â﹊lG ·¨Wa﹞ ²\ b0 kZC ﹏¬︻č
۱. ¿Ã1½`³V﹞ĚkZC ¾1½`³V﹞ čbroadcast axes ę 1? 1G \³m ¿﹞ ·﹁1u0 aF﹊S³﹋ `³h±1G ·?ndim  `³h±1G

]°﹋ 0]ÂC E﹆?1x﹞ aF﹎`c?Ċ
۲.C E﹆?1x﹞ aF﹎`c? `³h±1G ﹏﹋ ﹏﹊m 1? 1G \³m ¿﹞ `0a﹊G ]Ã]O ¾1½`³V﹞ ¯Ã0 ¾1Fi0` `\ aF﹊S³﹋ `³h±1G]°﹋ 0]ÂĊ

Ex. Consider X with shape (32, 10) and y with shape (10,). 

First, we add an empty first axis to y, whose shape becomes (1, 10). 

Then, we repeat y 32 times alongside this new axis, 

so that we end up with a tensor Y with shape (32, 10), where Y[i,:] == y for i in range(0, 32). 

At this point, we can proceed to add X and Y, because they have the same shape.
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BROADCASTING

kZC č1لJ﹞
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¾`³h±1G D1Â¨¬︻

BROADCASTING

kZC č¾b1i ¶\1ÂC

ċ\³m ¿¬± ·F[1i aG گ`c? ¾ ¶b0]±0 1? ·|﹁1W `\ ¾]Ã]O `³h±1G ċ¾b1i ¶\1ÂC `\
]F﹁0 ¿﹞ 1ق﹀G0 ¿¬FÃ`³﹍©0 Uxi `\ `1﹋ ¯Ã0Ċ

Ei0 aÃb D`³q ·? kZC ﹏¬︻ ª1[ ¾b1i ¶\1ÂC ·±³¬± ﹉Ãč
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¾`³h±1G D1Â¨¬︻

BROADCASTING

kZC č1لJ﹞

With broadcasting, you can generally apply two-tensor element-wise operations 

if one tensor has shape (a, b, … n, n + 1, … m) 

and the other has shape (n, n + 1, … m). 

The broadcasting will then automatically happen for axes a through n - 1.
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¾`³h±1G D1Â¨¬︻

TENSOR DOT

 ¾`³h±1G ¾0 ·x﹆± <au– ¾`³h±1G <au

import numpy as np

z = np.dot(x, y)

z = x . y

¿u1Ã` ¾`0_﹎\1¬± 1?č

 ¾`³h±1G <auĚap°︻ ·? ap°︻ <au ف﹑[ a?ę]°﹋ ¿﹞ =Â﹋aG 0` ¾\²`² ¾1½`³h±1G `\ \³O³﹞ ¾1½ ·Ã0`\ ċĊ



41 ىادگىری عمىق
P

re
p

a
re

d
 b

y
 K

a
z
im

 F
o

u
la

d
i  

 |
  

 S
p

ri
n

g
 2

0
2

5
  

 |
  

 4
th

E
d

it
io

n
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TENSOR DOT

 ¾`³h±1G ¾0 ·x﹆± <au– ¾`³h±1G <au č`0\a? ²\ ¾0 ·x﹆± <au
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¾`³h±1G D1Â¨¬︻

TENSOR DOT

 ¾`³h±1G ¾0 ·x﹆± <au– ¾`³h±1G <au č`0\a? ² gÃaG1﹞ ¾0 ·x﹆± <au
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TENSOR DOT

 ¾`³h±1G ¾0 ·x﹆± <au– ¾`³h±1G <au č﹉Ã b0 aG گ`c? \1︺?0 1? `³h±1G ²\ ¾0 ·x﹆± <au

Ei0 gÃaG1﹞ ²\ ¾0 ·x﹆± <au ċE©1W ¯ÃaG ²0ل]F﹞č
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TENSOR DOT

 ¾`³h±1G ¾0 ·x﹆± <au– ¾`³h±1G <au
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¾`³h±1G D1Â¨¬︻

TENSOR RESHAPING

`³h±1G ﹏﹊m aÂÂ︽G

`³h±1G ﹏﹊m aÂÂ︽G
Tensor Reshaping

®2 ¾1½ ®³Fi ² 1½axi ¿Ã0`2b1? ¿°︺﹞ ·? ċ`³h±1G ﹉Ã ﹏﹊m aÂÂ︽G
Ei0 ]p﹆﹞ ﹏﹊m 1? ﹅?1xG ¾0a?Ċ

>>> x = np.array([[0., 1.],
[2., 3.],
[4., 5.]])
>>> print(x.shape)
(3, 2)

>>> x = x.reshape((6, 1))
>>> x
array([[ 0.],
[ 1.],
[ 2.],
[ 3.],
[ 4.],
[ 5.]])
>>> x = x.reshape((2, 3))
>>> x
array([[ 0., 1., 2.],
[ 3., 4., 5.]])
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¾`³h±1G D1Â¨¬︻

TENSOR RESHAPING

`³h±1G ﹏﹊m aÂÂ︽GĚ čn1[ E©1W č®\a﹋ ¶\1¼±0aGę

®\a﹋ ¶\1¼±0aG
Transposition

ċgÃaG1﹞ ﹉Ã ¶\a﹋ ¶\1¼±0aG
Ei0 gÃaG1﹞ ®2 ¾1½ ®³Fi 1? 1½axi sÃ³︺G ¿°︺﹞ ·?Ċ
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¾`³h±1G D1Â¨¬︻

GEOMETRIC INTERPRETATION OF TENSOR OPERATIONS

¾`³h±1G D1Â¨¬︻ ¿i]°½ aÂ>︺G

 `³h±1G ﹉Ã ap°︻ a½n! ¾1t﹁ `\ ·x﹆± ﹉Ã =©1﹇ `\ ċ¾]︺?n!Ei0 kÃ1¬± ﹏?1﹇ ¾]︺?Ċ
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GEOMETRIC INTERPRETATION OF TENSOR OPERATIONS

¾`³h±1G D1Â¨¬︻ ¿i]°½ aÂ>︺G

`0\a? ²\ ︹¬Oč
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GEOMETRIC INTERPRETATION OF TENSOR OPERATIONS

¾`³h±1G D1Â¨¬︻ ¿i]°½ aÂ>︺G

¾`0\a? ︹¬O ®0³°︻ ·? ¿Ã1O ·?1O
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GEOMETRIC INTERPRETATION OF TENSOR OPERATIONS

¾`³h±1G D1Â¨¬︻ ¿i]°½ aÂ>︺G

 ¾]︺?²\ ®0`²\Ě\a﹎ E︻1i\1C ę¾0 ·x﹆± <au ®0³°︻ ·?
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GEOMETRIC INTERPRETATION OF TENSOR OPERATIONS

¾`³h±1G D1Â¨¬︻ ¿i]°½ aÂ>︺G

¾0 ·x﹆± <au ®0³°︻ ·? ¾]︺?²\ f1Â﹆﹞ aÂÂ︽G
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GEOMETRIC INTERPRETATION OF TENSOR OPERATIONS

¾`³h±1G D1Â¨¬︻ ¿i]°½ aÂ>︺G

·V﹀q `\ ¯Â﹁2 ﹏Ã]>G
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GEOMETRIC INTERPRETATION OF TENSOR OPERATIONS

¾`³h±1G D1Â¨¬︻ ¿i]°½ aÂ>︺G

 EÂ©1︺﹁ ︹?1G ®2 1ل>±\ ·? ·﹋ ¯Â﹁2 ﹏Ã]>Grelu Ei0 ¶]﹞2
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¾`³h±1G D1Â¨¬︻

A GEOMETRIC INTERPRETATION OF DEEP LEARNING

﹅Â¬︻ ¾aÂ﹎\1Ã ¿i]°½ aÂ>︺G

² ]±0 ¶]m ﹏Â﹊lG ¾`³h±1G D1Â¨¬︻ b0 ¾0 ·©1>±\ b0 ¿>p︻ ¾1½ ·﹊>m
Ei0 ®2 ¾\²`² ¾1½ ¶\0\ ¾²` a? ¿i]°½ ﹏Ã]>G ﹉Ã Ø1﹆Â﹇\ ¾`³h±1G D1Â¨¬︻ a½ Ċ

 ¿﹍±` _︾1﹋ ²\Ěf﹑﹋ ²\ ę \³m ·F[1i @³G ﹉Ã 1G «Â°﹋ ¿﹞ ·©1R﹞ 0` 1¼±2 ² «Â½\ ¿﹞ `0a﹇ «½ ¾²` 0`Ě¾\²`² ¾1½ ¶\0\Ċę
\³m b1? ¿﹍©1R﹞ E©1W b0 @³G ¯Ã0 ·﹋ ]°﹋ ¾b1i ¶\1ÂC 0` ¿¨Ã]>G ]Ã1? ¿>p︻ ¾ ·﹊>mĊ

 ¶]ÂRÂC ¿i]°½ ﹏Ã]>G ﹉Ã ª1﹎ ·? ª1﹎ ¾ ·ÃcNG ċ﹅Â¬︻ ¾aÂ﹎\1Ã \a﹋ ¾²`
Ei0 ¿Ã0]F?0 ¾1½ ﹏Ã]>G b0 ¿±﹐³y ¾ ¶aÂN±b ﹉Ã ·?Ċ

]°﹋ ¿﹞ b1? ¿¬﹋ 0` 1½ ¶\0\ ·﹋ ]°﹋ ¿﹞ 0︻¬1ل ﹏Ã]>G ﹉Ã ﹅Â¬︻ ¾ ·﹊>m ﹉Ã `\ ·Ã﹐ a½
]°﹋ ¿﹞ aÃ_C ®1﹊﹞0 0` ¶]ÂRÂC `1Âh? ¿﹎]mb1? ]°Ã2a﹁ ﹉Ã 1½ ·Ã﹐ b0 ﹅Â¬︻ ¾ ·FlC ﹉Ã ²Ċ



﹅Â¬︻ ¾aÂ﹎\1Ã

 ﹅Â¬︻ ¾aÂ﹎\1Ã ¾1½b1Â± kÂCĚ۱ę

�

︹?1°﹞
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