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Life Changing Education

Cho1. gad 72

CHO1_01.
CHO1_02.
CHO1_03.
CHO1_04.

learning)

CHO1_05.
CHO1_06.
CHO1_07.
CHO1_08.
CHO1_09.
CHO1_10.
CHO1_11.
CHO1_12.
CHO1_13.
CHO1_14.
CHO1_15.

g2 72 - Overview

gefd HE - 3]s, filad, gy
22 JH2 - &t&(learning) 2 ZHE 1t 22|
cC

=

1214 72 - 2| =55 (supervised learning) 2} H| 2| =&H5 (unsupervised

==

M35| 7 (linear regression) (1)

LIt
T oC
NN
==

o rh

AME3| 7 (linear regression) (2)

= o0 oo

Oﬁ oX
02 o

f(neural networks) (1)
A AL (neural networks) (2)
72| & (weight matrix)
ZAFSHYH (gradient descent)
Optimizere| 2%

o M} (backpropagation) (1)
o X IH(backpropagation) (2)
AT EHA (softmax)

J=AAJEZT(cross-entropy)

Ch 02. CNN 742

CHO02_01.
CHO02_02.
CHO02_03.
CHO02_04.
CHO02_05. CNN
CHO02_06. CNN
CHO02_07.
CHO02_08.
CHO02_09.

CHO2_10.
CHO2_11.

CH10_12.
CHO02_13.
CHO2_14.
CHO2_15.

Overview

O|O|R| ZE|(filters)
& (convolution)
q45 )

e

]

AL (1)
AL (2)

(convolution
(convolutional neural networks) (1)
(convolutional neural networks) (2)
CNN 1}

CV Task - O|0|Z| &F (image classification)
CV Task - Zix| A= (object detection)

CV Task - 24| 24 (object tracking)

CV Task - < &&(segmentation)

0|0| 2] =4 2| (preprocessing)

H|0l&f 2@ (imbalance)

L H I &l (overfitting)

00|12 S (augmentation)
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Ch01.0]

202 21 72
CHO1_01.
CHO1_02.
CHO1_03.
CHO1_04.
CHO1_05.
CHO1_06.
CHO1_07.

CHO1_08.

overview
linear_algebra
probability
OpenCV_matplotlib
PIL
pytorch_torchvision_1
pytorch_torchvision_2
logging_wandb

Ch 02, nM2{Ql ARE{H|M 0|2

CHO02_01.
CHO02_02.
CHO02_03.
CHO02_04.
CHO02_05.
CHO02_06.
CHO02_07.
CHO02_08.
CHO02_09.
CHO2_10.
CHO2_11.
CHO2_12.
CHO2_13.
CHO2_14.
CHO02_15.
CHO2_16.
CHO02_17.
CHO2_18.
CHO2_19.
CHO02_20.

overview

local_image_features

convolution

edge_and_corner
edge_detection_&&
harris_corner_detection_&&
blob_detection

blob_detection_A&
scale_invariant_feature_transform(SIFT)
SIFT_&&

ORB_&&
model_fitting_least_square

RANSAC

RANSAC_A&

DEGENSAC_&&

Hough_transform
Hough_transform_&&
fitting_and_matching
image_representation_local_features
classification_models

Ch 03. ©2{'dat ZAFEH|M

CH03_01 Overview

CHO03_02 Neural Network optimization
CHO03_03 CNNs

CHO03_04 Overfitting and Network initialization
CHO03_05 AlexNet, LeNet, VGG
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CHO3_06 AlexNet A&
CHO03_07 VGG A&

CHO03_08 Explainable CNN A&
CHO3_09 ResNet

CHO03_10 ResNet &
CHO3_11 Skip Connection &4&

CHO03_12 Batch normalization and its' variation 4!

CHO03_13 Beyond ResNet
CHO3_14 DenseNet, SENet & &
CHO3_15 EfficientNet A&
CHO03_16. Efficient CNN 7H2

CHO3_17.

CHO3-18.
CHO3_19.
CHO03-20.
CHO3_21
CHO03_22
CHO3_23.
CHO3_24.
CHO3_25.
ch 03_26.
ch 03_27.

SqueezeNet, Shift
MobileNet_shuffleNet
SqueezeNet, ShuffleNetV2 &
MobileNetV2, MobileNetV3 4 &

. Vision Transformer 1- Attention Mechanisms
. Vision Transformer 2- Transformer

Vision Transformer 3- ViT
Multi-head Attention 2&
Vision Transformer &
Swin_Transformer
Swin_Transformer_V2

Ch 04. BE3i5tE& (Representation learning)

CH 04_01
CH04_02

CHO04_10

. Overview
. Metric_Learning_1_Similarity_and_Distance
CH 04_03.
CH 04_04.
CH 04_05.
CH 04_06.
CH 04_07.
CH 04_08.
CH 04_09.

Metric_Learning_2_Classical_Metric_Learning
Metric_Learning_3_Deep_Metric_Learning

Metric_Learning_4_Sampling_Matters

Metric_Learning_5_Quadruplet_Network

Metric_Learning_6_Applications
face_recognition_faceNet
content-based_image_retrieval

. visual_place_recognition_NetVLAD
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CH 04_11. visual_place_recognition_DELF

CH 04_12. average_precision_loss_APLoss

CH 04_13. Image_Cluster_Kmeans_Mahalanobis

CH 04_14. Image_Cluster_unsupervised_metric_learning
CH 04_15. Image clustering 3- t-SNE

CH 04_16. Data Augmentation 1- Rule-based Approach

CH 04_17. Data_augmentation_2_GAN_based

CH 04_18. Data_augmentation_3_AutoML_based
CHO4_19. overview

CHO04_20. Proxy_tasks 1_exemplar

CHO4_21. Proxy_tasks 2_context_prediction_jigsaw_puzzles
CHO4_22. Proxy_tasks 3_counting_multi_tasks

CHO04_23. Proxy_tasks 4_rotation_prediction

CHO4_24. NPID_MoCo

CH04_25. SimCLR_MoCoV2
CHO4_26_SimCLRv2_MaskFeat

CHO04_27. BYOL_DINO

CHO04_28. overview

CHO04_29. entropy_minimization_consistency_regularization
CHO04_30. holistic_methods_MixMatch_ReMixMatch_FixMatch
Ch 05. ZHA|Et2|(Object Detection)2} 2&tH(Segementation)
CH 05_01. Overview

CH 05_02. Basic Concepts of Object Detection

CH 05_03. Classical Object Detection - SVM

CH 05_04. Classical Object Detection - HOG

CH 05_05. Pedestrian Detection &
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CH 05_06. Region proposal - Selective Search, EdgeBox
CH 05_07. R-CNN, Fast R-CNN

CH 05_08. Faster R-CNN, Mask R-CNN

CH 05_09. One stage detector - YOLO v1, v2, v3, v4
CH 05_10. Feature Pyramid Networks (FPN)

CH 05_11. PANet, EfficientDet

CH 05_12. Detection Transformer (DETR)

CH 05_13. Semantic Segmentation - overview

CH 05_14. Fully convolutional network (FCN), DeeplLab
CH 05_15. DeConvNet, U-Net

CH 05_16. Instance-Aware Semantic Segmentation

CH 05_17. Improving Techniques for Segmentation

CH 05_18. Segmenter - Transformer for Segmentation
Ch 06. F4H(Video) Ci|O| E

CHO06-01.
CHO06-02.
CH06-03.
CHO06-04.
CHO06-05.
CH06-06.
CHO06-07.
CHO06-08.

Overview

Optical Flow1

Optical Flow2
Video_Recognition_1
Video_Recognition_2
Video_Recognition_3
Video_Recognition_4
Visual Object Tracking-

Ch 07. Multiview geometry

CHO7-01.
CHO7-02.
CHO7-03.
CHO7-04.
CHO7-05.
CHO7-06.
CHO07-07.
CHO7-08.
CHO7-09.
CHO7-10.

Overview

Model Fitting Techniques

2D Geometric Transformations
3D Geometric Primitives
Camera Models Pinhole Camera
Camera Calibration

Two View Geometry

Epipolar Geometry

Essential Matrix

Fundamental Matrix
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CHO7-12.
CHO7-13.
CHO7-14.
CHO7-15.
CHO7-16.
CHO7-17.
CHO7-18.
CHO7-19.
CHO7-20.
CHO7-21.
CHO7-22.
CHO7-23.
CHO7-24.
CHO7-25.
CHO7-26.
CHO7-27.
CHO7-28.
CHO7-29.
CHO7-30.
CHO7-31.
CHO7-32.
CHO7-33.
CHO7-34.
CHO7-35.
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Stereo Matching 1 Image Rectification

Stereo Matching 2 Depth Estimation
Wide-Baseline Matching Overview

Learning Keypoint Detector KeyNet

Learning Keypoint and Orientation REKD

Learning Patch-based Local Descriptors

Learning Dense Visual Descriptors

Joint Detection and Description 1 LIFT, LF-Net, RF-Net
Joint Detection and Description 2 SuperPoint

Joint Detection and Description 3 D2-Net

Joint Detection and Description 4 R2D2

Learning Local Region Information - OriNet, AffNet
Learning Local Region Information SelfScaOri
Learning to Find Good Correspondences

Matching with Graph Neural Networks SuperGlue
End-to-End Matching LoFTR, COTR, DKM

Stereo, Multiview Camera Pose Estimation Summary
Semantic Matching Overview

Spatial Transformer Network

Semantic Alignment GeoCNN, A2Net, Weakalign
4D Convolution for Matching NCNet, SparseNCNet
6D Convolution for Matching CHM

Semantic Flow 1 UCN, Proposal Flow

Semantic Flow 2 Hyperpixel Flow, Dyanmic HPF
Semantic Flow 3 SFNet
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Ch 08. 3D Vision

CHO08-01.
CHO08-02.
CHO08-03.
CHO08-04.
CHO08-05.
CHO08-06.
CH08-07.
CHO08-08.
CHO08-09.
CHO8-10.
CHO8-11.
CHO8-12.
CHO8-13.
CHO8-14.
CHO8-15.

Overview

3D representations Point cloud, Voxel, Mesh

Point Cloud Recognition 1 PointNet

Point Cloud Recognition 2 PointNet

Point Cloud Recognition 3 Point Transformer

3D Point Cloud Registration 1 Surface Registration.mp4

3D Point Cloud Registration 2 Sparse Conv, FCGF, DGR.mp4
Neural Radiance Fields 1 NeRF.mp4

Neural Radiance Fields 2 mip-NeRF, NeRV, GIRRAFE ... mp4
3D Sensors

3D Scene Datasets

3D Object Datasets

3D Library Open3D, COLMAP

3D Reconstruction Pipeline Overview

3D Human reconstruction
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Ch 09. M2 dl(Generative Models)Z} 12§ A (Graphics)

CHO09-01.
CHO09-02.
CH09-03.
CHO09-04.
CHO09-05.
CH09-06.
CHO09-07.
CH09-08.
CH09-09.
CHO9-10.
CHO9-11.
CHO9-12.
CHO9-13.
CHO09-14.
CHO9-15.
CHO9-16.
CHO9-17.
CHO9-18.
CHO09-19.
CH09-20.

Overview

Camera ISP

Replacing ISP to a Single Deep Model

Learning Exposure Times with Digital Gimbal

Image Restoration 1 Demosaicking

Image Restoration 2 Denoising

Deep Joint Demosaicking and Denoising

Image Enhancement 1 Deblurring

Learning to Deblur

Image Enhancement 2 Super Resolution EDSR
Super Resolution with Generative Adversarial Networks
Image Enhancement 3 Low Light Enlightening SID
Seeing Motion in the Dark

Learning to See Moving Objects in the Dark

Optical Flow in the Dark

Physics-based Noise Formation Model

Video Deblurring with Handheld Cameras

Burst Image Processing Overview

Deep Burst Super-Resolution and Reparametrization
Burst Image Restoration and Enhancement

» Fast campus



CURRICULUM

03.

HBEH|H
SgRoF AL

n2UE

OtEYH ~ZA|2H19:55:47

Life Changing Education

Ch 01. Introduction

CHO1_01. Introduction - &2 HE A7f 9l 2by

Ch 02. Image Classification

CHO02_01. Image classification - 24|42| & A5H|0|E{All AY

CH02_02. Image classification - Classification 2712} H&Al2|, CNNE AtE3H=
Ol&

CH02_03. Image classification - Covid chest x-ray G|O|E{Al ATHE 7|

CHO02_04. Image classification - HIO|E{Al F2& 0} HALZ [T HINHE 2

A E235t7(-01

CHO02_05. Image classification - Pretrained VGG 19 O}7|Elx{ £2{27|

CHO02_06. Image classification - Cross-entropy loss fucntion2t SGDM Z| A3}
4 gst7|

ujo
40
T

CHO02_07. Image classification - Classifier st&

<
]
H
b
N
=
ng J
5}
©
QU
n
N
C
=
QU
(9]
<

CHO02_08. Image classification - Top N accurac
A ttst7|

CH02_09. Image classification - Classifier 2&at& 0t E|AESH?|-02

CH02_10. Image classification - Summary

Ch 03. Sementic segmentation

CHO03_01. Semantic segmentation - 24| 42| L M&H|O|E{Al 274

CHO03_02. Semantic segmentation - Sematic segmentation 2742} 2 A}z
CH03_03. Semantic segmentation - CTO|0| 2| G|O|E{All ATHE 7|

CH03_04. Semantic segmentation - H|O|E{Al &t AL 2|5 HIMBHE 25
2hdst7|

CHO03_05. Semantic segmentation - U-Net O}7 |Elx{ 125512 7|

CH03_06. Semantic segmentation - Dice similarity coefficient (DSC) A& &
T35

CHO03_07. Semantic segmentation - Loss function 3 & SGDM 2| A3} 4&57|

24
CHO03_08. Semantic segmentation - Semantic segmentation &S {/st 2=
2EM5}7|

— O

-

CHO03_09. Semantic segmentation - 22! E|AE & Morphological filtering
283517

CHO03_10. Semantic segmentation - Summary
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Ch 04, Transfer learning

CHO4_01. Transfer learning - 24|42 & ASC|O[E{ Al A4

CHO04_02. Transfer learning - Transfer learning 2|2} At&3tH= 0|7
CHO4_03. Transfer learning - CTO|O| 2| Cf|O|E{Al ATHE 7|

CHO04_04. Transfer learning - G|O|E{All 2} A4S 2|5t HIMEHE RF 24d5t7|
CHO4_05. Transfer learning - VGG 16 Backbone 2 0|88 U-Net O7|&l%]
THSHEY|

CHO04_06. Transfer learning - Semantic segmentation Loss?t &2 = 2Hd5tH7|
CHO4_07. Transfer learning - Weight initialization2} transfer learning 2235t 2 &l
ElimE W

CHO04_08. Transfer learning - Summary

Ch 05. Object detection

CHO5_01 24142l L AEH(0E Al A7Y

CHO5_02 Two-stage detection & Faster R-CNN & &

CHO5_03 Bus-truck Cf|O|E{All ATHE 7|

CHO5_04 H|O|E{Al L5t AHAbS 2o HIMHASH HESHE Y|

CHO5_05 Faster R-CNN detector OF7 [El3 £2{27|

CHO5_06 Detector 8t&2 28t ZE 2Hdsi27|

CHO5_07 Confidence threshold & Non-maximum suppresion(NMS) 2712t
HEHE|

CHO05_08 E2|dsdSS 2Ist A& 27 L HEsl2 7

CHO5_09 Faster R-CNN 2% HIAES{E 7|

CHO5_10 Summary

Ch 06. Advanced object detection

CHO6_01 24142l L AEH(0E Al A7Y

CHO06_02 Real-time processing 2 One-stage detection 47

CHO06_03 Bus-truck GIO|E{Al AT &£ 7|

CHO6_04 H|O|E{Al L5t AALS 2| ot HIMEHSH 25 22|

CH06_05 YOLOV1 Of7 B2 75152 7|

CHO6_06 YOLOV1 Loss function 270 & 357

CHO6_07 Detector 8t52 28t RE 2dsiE 7|

CHO06_08 Confidence threshold &' Non-maximum suppresion(NMS) 2712t
2257

CHO6_09 BRI HsHSS RIS A7 471 L Aol
CHO6_10 YOLOV1 2% HAESHE 7|
CHO06_11 Summary
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Ch 07. Data augmentation

CHO7_01 24142l Y ASH(0lE Al A7Y

CHO7_02 Overfitting 42 Data augmentation 274

CHO7_03 Bus-truck G|O|E{4l HTHZ7|

CHO7_04L|0|E{ Al F2&1} Data augmentation 7|8 2832 7|

CHO7_05 YOLOv1 OFZ|&l2{ 2} Loss function L& 7|

CHO7_06 Detector SH&2 2[5t 2= Y512 7|

CHO07_07 Data augmentation 4&0]| ([}£ d5 H|wsiE 7|

CHO07_08 Data augmentation 285t YOLOv1 2& HAES{E Y|

CHO7_09 Summary

Ch 08. Image similarity

CHO8_01. Image similarity - 24|22 L A&C|O[E{Al A4

CHO08_02. Image similarity - Image similarity measure @& A715t7|
CHO08_03. Image similarity - MNIST &24| 2}0|0|Z| C|O|E{ Al ATHE 7|
CHO8_04. Image similarity - Euclidean distance2t cosine similarity 7351 £7|
CHO08_05. Image similarity - Distance 7|8t RAt= H7tEA O = 713 RALSH 2R
ZFEot7]

CHO08_06. Image similarity - Summary

Ch 09. One-shot learning

CHO09_01. Few-shot learning - 24182 & A&H|0[E{Al A4

CH09_02. Few-shot learning - Few-shot learning 2 Siamese network &%
CHO09_03. Few-shot learning - ORL face Cl|O|E{Al ATHE 7|

CHO09_04. Few-shot learning - HIO|E{Al 221} HARS Q|5 BIMHE 25 2H4517|
CHO09_05. Few-shot learning - Siamese network O}7|Ellx{ Ao} LG 7|
CHO09_06. Few-shot learning - Contrastive loss function 4% 2 76512 7|
CH09_07. Few-shot learning - Face recognition € 2[5t SF5ZE 22 7|
CHO09_08. Few-shot learning - 3t&6t ZHIS A2 HAEF L]

CHO09_09. Few-shot learning - Summary
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Ch 10. Image feature analysis

CH10_01. Feature visualization - 2|2 2| & A&C|0E{Al A4

CH10_02. Feature visualization - Embedding space 2} {2 A 7|8 A

CH10_03. Feature visualization - ORL face Gl|O|E{All ATHE 7|

CH10_04. Feature visualization - GIO[E{All 21} HALS 2|5t HIMEBIS B E 214517
CH10_05. Feature visualization - Siamese network O}7|El2{2} Loss function

TS|

CH10_06. Feature visualization - Few-shot learning € 2|5t &t
25

CH10_07. Feature visualization - TensorboardE &&
A Ztatsli 27|

CH10_08. Feature visualization - Summary
Ch 11. Ending
CH11_01. Ending - A&Z 24 E H2|

S

2ol 27|

t0 embedding space
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Ch 01. Context Understanding

CH 01-01. Overview

CH 01-02. Transformer

CH 01-02. Transformer (&&) 1

CH 01-02. Transformer (X&) 2

CH 01-03. Visual Transformer

CH 01-04. Transformer for OD and HOI

CH 01-04. Transformer for OD and HOI (&) 1
CH 01-04. Transformer for OD and HOI (&) 2
CH 01-04. Context Understanding - Transformers for OD and HOI (A&)_3
CH 01-05. Transformers for Vertical Tasks

Ch 02. Scene Understanding

CH 02-01. Overview

CH 02-02. Scene Represenstation Learning (data)

CH 02-03. Convolution on grid and on graph
CH 02-03. Convolution on grid and on graph
CH 02-03. Convolution on grid and on graph
CH 02-03. Convolution on grid and on graph

CH 02-03. Convolution on grid and on graph
CH 02-03. Convolution on grid and on graph
CH 02-03. Scene Understanding - Convolutio
CH 02-04. Graph Neural Networks

CH 02-04. Scene Understanding - Graph Neural Networks
CH 02-04. Scene Understanding - Graph Neural Networks
CH 02-05. Scene Graph In Computer Vision

CH 02-06. Other 'Vision Graph' Papers

(o
(A
(A
CH 02-03. Convolution on grid and on graph (&
(
(4
no
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Ch 03. Human Motion Understanding
CH 03-01. Overview

CH 03-02. Pose Estimation

CH 03-03. Human Motion Application

CH 03-04. Human Motion Understanding - Human Motion Understanding

(2a)_1

CH 03-04. Human Motion Understanding - Human Motion Understanding

(H8)_2

Ch 04. Video Understanding

CH 04-01. Overview

CH 04-02. Action Genome

CH 04-03. High-level Computer Vision for Video Data (1)
CH 04-04. High-level Computer Vision for Video Data (2)
CH 04-05. Video Understanding - Video Understanding (

38
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(if, elif, else) 2-&35t7|

(if, elif, else) &&35}7|
Olsli5t7|(while) - 1
Olafist7[(while) - 2
Olaliat?|(for), A&=Al - 1
Olalist7| (for), AE=Al - 2
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Ch 06. S22t AAHA

01.
02.
03.
04.
05.
06.
07.

222 & LEHE (object) 0|3517]
iAol L ARESHY|

AAMZE(init_ ) O|a L AR5t

self 7|/ E9| 0|5 L ARS7|

method, static method 2| & At25}7|
BeflA Aol 0|5 (REE AMAIRSHY| 2)

Zeia AL A Y| Ol E AL

Mot re2E9| ALE - 1
FHEHAY reRE2 ALE -2
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Ch.00 [Appendix] 7|45t

CH 00_00.
CHO01_01.
CHO01_02.
CHO01_03.
CHO01_04.
CH02_01.
CH02_02.
CH 02_03.
CH 02_04.
CH 02_05.
CH 02_06.
CH 02_07.
CH 02_08.
CH 02_09.
CH02_10.
CHO02_11.
CH03_01.
CH03_02.
CH 03_03.
CH 03_04.
CH 03_05.
CH 03_06.
CH 03_07.
CH04_01.
CH04_02.
CH 04_03.
CH 04_04.
CH 04_05.
CH 04_06.
CH04_07.
CH 04_08.
CH 04_09.
CHO04_10.
CHO4_11.
CHO04_12.
CHO04_13.
CHO04_14.

Orientation

Orientation

Algebraic Properties

Identities and Inverses

Equations

Sets

Usages of Set

Cardinality of Sets

Inclusion and Exclusion

Unary Set Operations

Intersections and Unions1

Intersections and Unions2

Set Differences’

Set Differences2

Cartesian Products

Partitions

Propositions

Logical Operations1

Logical Operations2

Logical Implications1

Logical Implications2

Logical Computations1

Logical Computations2

Linear Equations

Linear Inequalities

Powers

Calculations of Powers

Quadratic Expressions

Multiplication Rules of Quadratic Expressions
Factorizations of Quadratic Expressions
Two Representations of Quadratic Expressions
Cubic Expressions

Polynomials

Multiplications, Divisions of Polynomials
Solutions of Quadratic Equations
Solutions of Cubic Equations

Solutions of Polynomial Equations
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CH05_01.
CH 05_02.
CH 05_03.
CH 05_04.
CH 05_05.
CH 05_06.
CH 05_07.
CH 05_08.
CH 05_09.
CH05_10.
CHO5_11.
CHO05_12.
CHO05_13.
CH05_14.
CHO05_15.
CHO05_16.
CHO05_17.
CH05_18.
CHO05_19.
CH 05_20.
CHO05_21.
CHO05_22.
CH05_23.
CH 05_24.
CH06_01.
CH06_02.
CH 06_03.
CH 06_04.
CH 06_05.
CH 06_06.
CH 06_07.
CH 06_08.
CH07_01.
CH07_02.
CH 07_03.

CH07_04

intervals

operations on intervals

the coordinate plane

functions

Composite, Inverse Functions
Univariate Functions

Linear Functions(Slope a)

Linear Functions(y-intercept b)
Fixed Parameters and Linear Functions
Parallel, Perpendicular Lines
Quadratic Functions

Vertex Form and Graphs

Vertices and Discriminants

Cubic Functions

Polynomial Functions

Reflection of Functions
Translations of Functions

Dilations of Functions.
Concatenations of Transformations
Piecewise-defined Functions
Symmetric Functions

Properties of Symmetric Functions.
Decomposing Functions into Even, Odd Functions
Functions and Inequalities

Rational Expressions

Rational Expressions

Rational Rational Functions

More General Rational Functions
Rational Expressions and Inequalities
Irrational Expressions

Properties of Roots

Irrational Functions
Exponentiations
Exponentiations(2)

Logarithms

. Properties of Logarithm
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CH 07_05.
CH 07_06.
CH 07_07.
CH 07_08.
CH 07_09.
CH07_10.
CHO7_11.
CH 08_01.
CH 08_02.
CH 08_03.
CH 08_04.
CH 08_05.
CH 08_06.
CH 08_07.
CH 08_08.
CH 08_09.
CH08_10.
CHO08_11.
CH 09_01.
CH 09_02.
CH 09_03.
CH 09_04.
CH 09_05.
CH 09_06.
CH 09_07.
CH 09_08.
CH 10_01.
CH 10_02.
CH 10_03.
CH 10_04.
CH 10_05.
CH11_01.
CH11_02.
CH 11_03.
CH12_01.
CH12_02.
CH 12_03.

Properties of Logarithm(2)

Properties of Logarithm(3)
Exponential Functions

Logarithmic Functions

Exponential, Logarithmic Equations
Increasing, Decreasing Functions
Exponential, Logarithmic Inequalities
Degrees and Radians

Deg2Rad and Rad2Degree
Trigonometric Ratios

Trigonometric Ratios on the Coord. Plane
Trigonometric Functions
Trigonometric Functions(2)
Transforms of Trigonometric Functions
Inverse Trigonometric Functions
Reciprocal Trigonometric Functions
Trigonometric Formulas(1)
Trigonometric Formulas(2)

Conic Sections

Circles

Mathematical Definition of Parabola
More General Parabolas

Parabola Exercises

Mathematical Definition of Ellipse
Equations of Ellipses

Hyperbolas

Bivariate Functions

Lines, Planes in the Coord. Space
Multivariate Functions

Linearity

Linear Systems

System of Equations

Systems of Linear Equations(1)
Systems of Inequalities

Composite Functions

Decomposing Composite Functions
Domains, Codomains of Composite Functions
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Ch.01 E2{'d HES3 2| AM

CH 00_00.
CH 00_01.
CH 00_02.
CHO01_01.
CHO01_02.
CHO01_03.
CHO01_04.
CH02_01.
CH02_02. [0
CH 02_03.
CH 02_04.
CH 02_05.
CH 02_06.
CH 02_07.
CH03_01.
CH 03_02.
CH 03_03.
CH 03_04.
CH04_01.
CH04_02.
CH 04_03.
CH 04_04.
CH 04_05.
CH 04_06.
CH04_07.
CH05_01.
CH 05_02.
CH 05_03.
CH 05_04.
CH 05_05.
CH 05_06.
CH06_01.
CH06_02.
CH 06_03.[
CH07_01.[
CH07_02.[+
CH 07_03.

CH 07_04.

Orientation

Introduction

Colaboratory

[o|2Z9|]Parameteric Functions and Datasets
[0]2Z9]]Artificial_Neurons

(73
(73

FO|]Affine_Functions
FO|]Artificial_Neurons

[
|o

to|]_Dense_Layers

lO

—

to|]_The_First_Dense_Layer.

lO

o o

tO|]_Generalized_Dense_Layers.

S
|o

FO|]_Minibatches_in_Dense_Layers.

lO

4

to|]_Dense_Layers

lO

4

tO|]_Cascaded_Dense_Layers

4

FO|]_Model_Implementation_with_Dense_Layers

)
lO

tO|]_Logit_and_Sigmoid.

[
|o

Fo|]_Softmax_Layer

lO

4

tO|]_Binary_Classifiers

lO

4

FO|]_Multiclass_Classifiers

lO

FO|]_Mean_Squared_Error.
t9|]_Binary_Cross_Entropy.

S 3 S

lO

tO|]_Categorical_Cross_Entropy

|O

—

FO|]_Toy_Datasets_for_Regression_and_Binary_Classification

lO

—

tol]_Toy_Datasets_for_Multiclass_Classification.
FO|]_MSE_and_BCE

fol]_SCCE_and_CCE
fol]_Image_Tensors_and_Classical_Correlation.

lO

—

lO

S 44 4
lo

S
|o

FO|]_Computations_of_Conv_Layers.

©
lO

...._ ol |—H-|_| ol ol ol r|.m |—|f|_| rHu ol | rel ol o |—H-|_| r|.m |—|f|_| ol rer |—H-|_| rH-u ol | relren |—|f|_| rHu |'H'|J |—H-|_| el o

FO|]_Conv_Layers_for_Multichannel_Input

lO

4

tO|]_Conv2D_Layers
FO|]_Conv2D_with_Filters
FO|]_Model_Implementation_with_Conv2D_Layers

|O

4

o i

tO|]_Pooling_Layers

0\.I o\l O\I 0\.I O\I O\l Ou O\I 0\.I o\l O\I 0\.I O\I C{\l Ou O\I 0\.I o\l O\I 0\.I O\I O\l Ou O\I 0\.I o\l O\I 0\.I
]

4

FO|]_Max_and_Average_Pooling_Layers
& 2Z2l]_Padding_and_Strides
0|22Z2]|]_Convolutional_Neural_Networks
&122|]_Shapes_in_CNNs.
[F322]]_CNN_Implementation
[#51Z2]]_LeNet_Implementation
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Ch.02 Jacobian Matrix2t Backpropagation

CH 00_01.0Orientation

CH 01_01.Trainable_Variables_and_Gradients

CH 01_02.Gradient-based_Learning_Implementation

CH 01_03.Backpropagation

CH 01_04.Why_Jacobian_Matrices

CH 02_01.Rate_of_Changes

CH 02_02 Differentiation_and_Derivatives

CH 02_03.Diff_of_Constant_and_Power_Functions

CH 02_04 Diff_of_Log_and_Exp_Functions

CH 02_05.Diff_of_Trigonometric_and_Piece-wise_Defined_Functions
CH 02_06.Constant_Multiplie_and_Sum_Rules

CH 02_07 LTI_System_and_Differentiation

CH 02_08.Product_and_Quotient_Rules

CH 02_09.Composite_Functions_and_Chain_Rule

CH 02_10.Backpropagation_Modules

CH 03_01.Multivariate_Functions

CH 03_02.Partial_Derivatives_and_Parameter_Updates

CH 03_03.Partial_Derivatives_and_Gradients

CH 03_04.Gradient_and_Parameter_Update

CH 03_05.Jacobians_of_Affine_Functions

CH 03_06.Artificial_Neuron_and_Backpropagation

CH 03_07.Jacobians_for_Minibatches

CH 03_08.Jacobians_of _MSE_and_BCEE

CH 03_09.Jacobians_of_CCEE

CH 03_10.Jacobians_of_Softmax

CH 04_01 Linear_Regression_(Theory)

CH 04_02.Linear_Regression_(Implementation, 1 Feature)
CH 04_03.Linear_Regression_(Implementation, N Features)
CH 04_04 Logistic_Regression_(Thoery)_and_Slgmoid_s_Params
CH 04_05.Properties_of_Logistic_Regression

CH 04_06.Logistic_Regression_(Implementation, 1 Feature)
CH 04_07 .Logistic_Regression_(Implementation, n Features)
CH 05_01.Vector_Functions

CH 05_02.Jacobians_of_Vector_Functions

CH 05_03.Affine_Function_as_a_Vector_Function1

CH 05_04 .Affine_Function_as_a_Vector_Function2

CH 05_05.Jacobians_of_Softmax
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CH 06_01.Diagonal_Matrices
CH 06_02.Unary_Element-wise_Operations

CH 06_03.Jacobians_of_Activation_Functions

CH 06_04.Backpropagation_within_Dense_Layers

CH 06_05 Artificial_Neuron_and_Mini-batches

CH 06_06.Binary_Element-wise_Operations

CH 06_07.Backpropagation_within_Loss_Functions

CH 07_01 Linear_Regression_with_Mini-batches_Theory

CH 07_02.Linear_Regression_with_Mini-batches_Implementation
CH 07_03.Logistic_Regression_with_Mini-batches

CH 08_01.Multipath_of_Functions

CH 08_02.Total_Derivative1

CH 08_03.Total_Derivative2

CH 08_04 .Vector_Functions_and_Total_Derivative

CH 08_05.Linear_Logistics_Regression_and_Total_Derivatives

CH 09_01 .Introduction_to_Expanded_Jacobians

CH 09_02 .Keypoints_of_Expanded_Jacobians

CH 09_03.Unary_Element-wise_Operations_and_Expanded_Jacobians
CH 09_04 Binary_Element-wise_Operations_and_Expanded_Jacobians
CH 10_01.MSE_BCEE_and_Expanded_Jacobians

CH 10_02.CCEE_and_Expanded_Jacobians

CH 10_03.Softmax_and_Expanded_Jacobians

CH 10_04.Matrix_Multiplication_Revisited

CH 10_05.Matrix_Multiplication_and_Expanded_Jacobians

CH 10_06.Bias_Addition_and_Expanded_Jacobians

CH 11_01.MLP_Theory

CH 11_02 Training_MLP_Using_Expanded_Jacobians
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