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Welcome to CS231n

4/4/20172

Top row, left to right: 
Image by Augustas Didžgalvis; licensed under CC BY-SA 3.0; changes made 
Image by Nesster is licensed under CC BY-SA 2.0 
Image is CC0 1.0 public domain 
Image is CC0 1.0 public domain

Middle row, left to right 
Image by BGPHP Conference is licensed under CC BY 2.0; changes made 
Image is CC0 1.0 public domain 
Image by NASA is licensed under CC BY 2.0; chang 
Image is CC0 1.0 public domain

Bottom row, left to right 
Image is CC0 1.0 public domain 
Image by Derek Keats is licensed under CC BY 2.0; changes made 
Image is public domain 
Image by Ted Eytan is licensed under CC BY-SA 2.0; changes made

http://www.didzgalvis.lt/
http://www.didzgalvis.lt/
http://www.didzgalvis.lt/
https://creativecommons.org/licenses/by-sa/3.0/
https://www.flickr.com/photos/nesster/3950387840
https://www.flickr.com/photos/nesster/
https://creativecommons.org/licenses/by-sa/2.0/
https://pixabay.com/en/drone-aerial-photo-djee-1142182/
https://creativecommons.org/publicdomain/zero/1.0/
https://www.pexels.com/photo/red-hand-iphone-smartphone-80673/
https://creativecommons.org/publicdomain/zero/1.0/
https://www.flickr.com/photos/bgphp/30244259766/
https://creativecommons.org/licenses/by/2.0/
https://pixabay.com/en/selfie-couple-photography-dragooste-1363970/
https://creativecommons.org/publicdomain/zero/1.0/
https://www.flickr.com/photos/gsfc/8145474144
https://www.flickr.com/photos/gsfc/
https://creativecommons.org/licenses/by/2.0/
https://pixabay.com/p-1566884/
https://creativecommons.org/publicdomain/zero/1.0/
https://www.pexels.com/photo/police-blue-sky-security-surveillance-96612/
https://creativecommons.org/publicdomain/zero/1.0/
https://www.flickr.com/photos/dkeats/6363420863
https://www.flickr.com/photos/dkeats/
https://creativecommons.org/licenses/by/2.0/
https://commons.wikimedia.org/wiki/File:Dashcams_P1210466.JPG
https://www.flickr.com/photos/taedc/9278192929
https://www.flickr.com/photos/taedc/
https://www.flickr.com/photos/taedc/
https://creativecommons.org/licenses/by-sa/2.0/
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Related Courses @ Stanford
• CS131 (Fall 2016, Profs. Fei-Fei Li & Juan Carlos Niebles): 

– Undergraduate introductory class 

• CS 224n (Winter 2017, Prof. Chris Manning and Richard 
Socher) 

• CS231a (Spring 2017, Prof. Silvio Savarese) 
– Core computer vision class for seniors, masters, and PhDs 
– Topics include image processing, cameras, 3D reconstruction, 

segmentation, object recognition, scene understanding 

• CS231n (this term, Prof. Fei-Fei Li & Justin Johnson & 
Serena Yeung) 
– Neural network (aka “deep learning”) class on image 

classification 
• And an assortment of CS331 and CS431 for advanced 

topics in computer vision

4/4/20175
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Today’s agenda

• A brief history of computer vision 

• CS231n overview

4/4/20176
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543million years, B.C.
This image is licensed under CC-BY 3.0

This image is licensed under CC-BY 2.5

This image is licensed under CC-BY 2.5

Evolution’s Big Bang

https://en.wikipedia.org/wiki/Cambrian_explosion#/media/File:Opabinia_BW2.jpg
https://creativecommons.org/licenses/by/3.0/
https://en.wikipedia.org/wiki/Cambrian_explosion#/media/File:DickinsoniaCostata.jpg
https://creativecommons.org/licenses/by/2.5/
https://en.wikipedia.org/wiki/Cambrian_explosion#/media/File:Olenoides_serratus_oblique_with_antennas.jpg
https://creativecommons.org/licenses/by/2.5/
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Camera Obscura

4/4/20178

Leonardo da Vinci, 
16th Century AD

This work is in the public domain

This work is in the public domain

Gemma Frisius, 1545

This work is in the public domain

Encyclopedie, 18th Century

https://en.wikipedia.org/wiki/Camera_obscura#/media/File:Camera_obscura.jpg
https://en.wikipedia.org/wiki/File:1545_gemma_frisius_-_camera-obscura-sonnenfinsternis_1545-650x337.jpg
https://en.wikipedia.org/wiki/File:1545_gemma_frisius_-_camera-obscura-sonnenfinsternis_1545-650x337.jpg
https://en.wikipedia.org/wiki/File:Da_vinci_-_camera_obscura_(from_notebooks_71)_0071-q75-644x596.jpg
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Stimulus

Electrical signal 
from brain

Stimulus Response

Cat image by CNX OpenStax is licensed 
under CC BY 4.0; changes made

Simple cells:  
Response to light 

orientation 

Complex cells: 
Response to light 

orientation and movement 

Hypercomplex cells: 
response to movement with 

an end point

Hubel & Wiesel, 1959

No response Response 
(end point)

https://commons.wikimedia.org/wiki/File:Figure_35_03_05.jpg
http://cnx.org/
http://cnx.org/
https://creativecommons.org/licenses/by/4.0
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Block world
Larry Roberts, 1963

(a) Original picture (b) Differentiated picture (c) Feature points selected
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David Marr, 1970s
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This image is CC0 1.0 public domain This image is CC0 1.0 public domain

Input image Edge image 2 ½-D sketch 3-D model

Input 
Image

Perceived 
intensities

Primal 
Sketch

Zero crossings, 
blobs, edges,  

bars, ends,  
virtual lines, 

groups, curves 
boundaries

2 ½-D 
Sketch

Local surface 
orientation and 
discontinuities 
in depth and in 

surface 
orientation

3-D Model 
Representation

3-D models 
hierarchically 
organized in 

terms of surface 
and volumetric 

primitives

Stages of Visual Representation, David Marr, 1970s

https://pixabay.com/en/basketball-court-ball-game-sport-390008/
https://creativecommons.org/publicdomain/zero/1.0/deed.en
https://pixabay.com/p-1658052/?no_redirect
https://creativecommons.org/publicdomain/zero/1.0/deed.en
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• Generalized Cylinder • Pictorial Structure
Brooks & Binford, 1979 Fischler and Elschlager, 1973 
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David Lowe, 1987

Image  is CC BY-SA 4.0

https://commons.wikimedia.org/wiki/File:Edge_detection.png
https://commons.wikimedia.org/wiki/File:Edge_detection.png
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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Normalized Cut (Shi & Malik, 1997)
Image  is CC BY 3.0 Image  is public domain Image  is CC-BY SA 3.0

https://en.wikipedia.org/wiki/Theravada#/media/File:Phra_Ajan_Jerapunyo-Abbot_of_Watkungtaphao..jpg
https://en.wikipedia.org/wiki/Theravada#/media/File:Phra_Ajan_Jerapunyo-Abbot_of_Watkungtaphao..jpg
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://pixabay.com/en/umbrellas-people-bird-s-eye-view-218421/
https://pixabay.com/en/umbrellas-people-bird-s-eye-view-218421/
https://commons.wikimedia.org/wiki/File:Hoover_Tower_Stanford_January_2013.jpg
https://commons.wikimedia.org/wiki/File:Hoover_Tower_Stanford_January_2013.jpg
https://creativecommons.org/licenses/by-sa/3.0/
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Face Detection, Viola & Jones, 
2001

Image is public 
domain 

https://commons.wikimedia.org/wiki/File:Face_detection_example_openCV.jpg
https://commons.wikimedia.org/wiki/File:Face_detection_example_openCV.jpg
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“SIFT” & Object Recognition, David Lowe, 1999

Image  is public domain
Image is CC BY-SA 2.0

https://commons.wikimedia.org/wiki/File:Stop_sign_(1).jpg
https://commons.wikimedia.org/wiki/File:Stop_sign_(1).jpg
https://www.flickr.com/photos/thecrazyfilmgirl/3248283617
https://creativecommons.org/licenses/by-sa/2.0/
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Spatial Pyramid Matching, Lazebnik, Schmid & Ponce, 2006

Level 0 Level 1

Image is CC0 1.0 public domain 

https://pixabay.com/en/mountain-desert-landscape-nature-2143877/
https://pixabay.com/en/mountain-desert-landscape-nature-2143877/
https://creativecommons.org/publicdomain/zero/1.0/
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Histogram of Gradients (HoG) 
Dalal & Triggs, 2005

Deformable Part Model 
Felzenswalb, McAllester, Ramanan, 2009

orientation

Image is CC0 1.0 public domain 

https://pixabay.com/en/photo-model-white-black-man-1214320/
https://pixabay.com/en/photo-model-white-black-man-1214320/
https://creativecommons.org/publicdomain/zero/1.0/
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PASCAL Visual Object Challenge  
(20 object categories) 

[Everingham et al. 2006-2012]

Airplane

Image is CC0 1.0 public domain 

Image  is CC BY-SA 3.0

Train

This image is licensed under  
CC BY-SA 2.0; changes made

Person 

https://pixabay.com/en/airplane-aircraft-commercial-744865/
https://pixabay.com/en/airplane-aircraft-commercial-744865/
https://creativecommons.org/publicdomain/zero/1.0/
https://commons.wikimedia.org/wiki/File:GM43_train.JPG
https://commons.wikimedia.org/wiki/File:GM43_train.JPG
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://www.flickr.com/photos/goldberg/277490365
https://www.flickr.com/photos/goldberg/277490365
https://creativecommons.org/licenses/by-sa/2.0/
https://creativecommons.org/licenses/by-sa/2.0/


Lecture 1 -  Fei-Fei Li & Justin Johnson & Serena Yeung 4/4/201722

22K categories and 14M images

www.image-net.org

Deng, Dong, Socher, Li, Li, & Fei-Fei, 2009 

• Animals 
• Bird 
• Fish 
• Mammal 
• Invertebrate 

• Plants 
• Tree 
• Flower 

• Food 
• Materials

• Structures 
• Artifact 

• Tools 
• Appliances 
• Structures

• Person 
• Scenes 

• Indoor 
• Geological 

Formations 
• Sport Activities 
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Output: 
Scale 
T-shirt 

Steel drum 
Drumstick 
Mud turtle

Steel drum

✔ ✗
Output: 

Scale 
T-shirt 

Giant panda 
Drumstick 
Mud turtle

The Image Classification Challenge: 

1,000 object classes 

1,431,167 images

Russakovsky et al. arXiv, 2014
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Steel drumThe Image Classification Challenge: 

1,000 object classes 

1,431,167 images

Russakovsky et al. arXiv, 2014
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Today’s agenda

• A brief history of computer vision 

• CS231n overview

4/4/201725
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CS231n focuses on one of the most important 

problems of visual recognition –  
image classification

4/4/201726
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Image by Kippelboy is licensed under CC BY-SA 3.0 Image by Christina C. is licensed under CC BY-SA 4.0

Image by US Army is licensed under CC BY 2.0 Image is CC0 1.0 public domain

https://commons.wikimedia.org/wiki/File:Augmented_reality_at_Museu_de_Matar%C3%B3_linking_to_Catalan_Wikipedia_(18).JPG
https://commons.wikimedia.org/wiki/User:Kippelboy
https://creativecommons.org/licenses/by-sa/3.0/
https://commons.wikimedia.org/wiki/File:Augmented_Reality_for_eCommerce.jpg
https://creativecommons.org/licenses/by-sa/4.0/
https://www.flickr.com/photos/soldiersmediacenter/6689264031
https://www.flickr.com/photos/soldiersmediacenter/
https://creativecommons.org/licenses/by/2.0/
https://pixabay.com/en/phone-smartphone-cafe-1874428/
https://creativecommons.org/publicdomain/zero/1.0/


Lecture 1 -  Fei-Fei Li & Justin Johnson & Serena Yeung

There is a number of visual recognition problems 

that are related to image classification, such as  
object detection, image captioning

4/4/201728
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• Object detection 

• Action classification 

• Image captioning 

• …
This image is licensed under CC BY-NC-SA 2.0; changes made

Person

Hammer

This image is licensed under CC BY-SA 2.0; changes made

Person Bike

Person on Bike

This image is licensed under CC BY-SA 3.0; changes made

https://c1.staticflickr.com/9/8299/29099672601_3f005cd93b_b.jpg
https://creativecommons.org/licenses/by-nc-sa/2.0/
https://www.flickr.com/photos/goldberg/277490365
https://creativecommons.org/licenses/by-sa/2.0/
https://commons.wikimedia.org/wiki/File:Cyclist-189.JPG
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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Convolutional Neural Networks (CNN) have 

become an important tool for object recognition

4/4/201730
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GoogLeNet VGG MSRASuperVision

[Krizhevsky NIPS 2012]

Year 2012 Year 2014Year 2010
NEC-UIUC

[Lin CVPR 2011]

[Szegedy arxiv 2014] [Simonyan arxiv 2014]

4/4/201731

Year 2015

Dense descriptor grid: 
HOG, LBP

Coding: local coordinate, 
super-vector

Pooling, SPM

Linear SVM

Lion image by Swissfrog is  
licensed under CC BY 3.0

Image

conv-64

conv-64

maxpool

conv-128

conv-128

maxpool

conv-256

conv-256
maxpool

conv-512

conv-512

maxpool

fc-4096
fc-4096

fc-1000

softmax

conv-512

conv-512

maxpool

Pooling 
Convolution 
Softmax 
Other

[He ICCV 2015]Figure copyright Alex Krizhevsky, Ilya 
Sutskever, and Geoffrey Hinton, 2012. 
Reproduced with permission. 

https://commons.wikimedia.org/wiki/File:African_Lion_3.jpg
https://creativecommons.org/licenses/by/3.0/deed.en
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Convolutional Neural Networks (CNN)  
were not invented overnight

4/4/201732
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1998

2012

LeCun et al.

Krizhevsky et al.

# of transistors # of pixels used in training

# of transistors # of pixels used in training

107

1014

106

109

GPUs

4/4/201733

K
Input

Image Maps

Convolutions
Subsampling

Output

Fully Connected

Figure copyright Alex Krizhevsky, Ilya 
Sutskever, and Geoffrey Hinton, 2012. 
Reproduced with permission. 
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The quest for visual intelligence  
goes far beyond object recognition…

4/4/201734
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Image is CC0 1.0 public domain 

Laptop

Glass

Desk

Wall

Wire

Image  is CC BY-SA 4.0

Image is GFDL

Image  is CC BY-SA 2.0

Waving

https://commons.wikimedia.org/wiki/File:Image-segmentation-example-segmented.png
https://commons.wikimedia.org/wiki/File:Image-segmentation-example-segmented.png
https://creativecommons.org/publicdomain/zero/1.0/
https://en.wikipedia.org/wiki/File:Silhouette_tracking.PNG
https://en.wikipedia.org/wiki/File:Silhouette_tracking.PNG
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://commons.wikimedia.org/wiki/File:Render_palazzo_Porto_(Festa)_Vicenza_ricostruzione.jpg
https://commons.wikimedia.org/wiki/File:Render_palazzo_Porto_(Festa)_Vicenza_ricostruzione.jpg
https://en.wikipedia.org/wiki/GNU_Free_Documentation_License
https://www.flickr.com/photos/wherearethejoneses/1341937768
https://www.flickr.com/photos/wherearethejoneses/1341937768
https://creativecommons.org/licenses/by-sa/2.0/
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Johnson et al., “Image Retrieval using Scene Graphs”, CVPR 2015 
Figures copyright IEEE, 2015. Reproduced for educational purposes
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Some kind of game or fight. Two groups of two 
men? The man on the left is throwing 
something. Outdoors seemed like because i 
have an impression of grass and maybe lines on 
the grass? That would be why I think perhaps a 
game, rough game though, more like rugby 
than football because they pairs weren't in pads 
and helmets, though I did get the impression of 
similar clothing. maybe some trees? in the 
background. (Subject: SM)

PT = 500ms

Fei-Fei, Iyer, Koch, Perona, JoV, 2007

4/4/201737

Image is licensed under CC BY-SA 3.0; changes made

https://en.wikipedia.org/wiki/File:Three-man_cup_defense_in_ultimate.jpeg
https://creativecommons.org/licenses/by/3.0/


Lecture 1 -  Fei-Fei Li & Justin Johnson & Serena Yeung 4/4/201738

This image is copyright-free United States government work 

Example credit: Andrej Karpathy

https://www.flickr.com/photos/obamawhitehouse/5307108415
http://www.usa.gov/copyright.shtml
http://karpathy.github.io/2012/10/22/state-of-computer-vision/
http://karpathy.github.io/2012/10/22/state-of-computer-vision/
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Computer Vision Technology 
Can Better Our Lives

4/4/201739

Inside four images, clockwise, starting from top left: 
Image is CC0 1.0 public domain 

Image by Tucania is licensed under CC BY-SA 3.0; changes made 
Image by Intuitive Surgical, Inc. is licensed under CC BY-SA 3.0; changes made 

Image by Oyundari Zorigtbaatar is licensed under CC BY-SA 4.0

Outside border images, clockwise, starting from top left: 
Image by Pop Culture Geek is licensed under CC BY 2.0; changes made 
Image by the US Government is in the public domain 
Image by the US Government is in the public domain 
Image by Glogger is licensed under CC BY-SA 3.0; changes made 
Image by Sylenius is licensed under CC BY 3.0; changes made 
Image by US Government  is in the public domain

https://creativecommons.org/publicdomain/zero/1.0/
https://en.wikipedia.org/wiki/File:DiffusionMRI_glyphs.png
https://creativecommons.org/licenses/by-sa/3.0/
https://commons.wikimedia.org/wiki/File:Da_Vinci_action_023874_10x7_150dpi.jpg
https://creativecommons.org/licenses/by-sa/3.0/
https://commons.wikimedia.org/wiki/File:Augmented-reality.jpg
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://www.flickr.com/photos/popculturegeek/6764013293
https://www.flickr.com/photos/popculturegeek/
https://creativecommons.org/licenses/by/2.0/
https://commons.wikimedia.org/wiki/File:Barack_Obama,_How_to_Train_Your_Dragon_2,_DreamWorks_Animation,_2013.jpg
https://commons.wikimedia.org/wiki/File:Legged_Squad_Support_System_robot_prototype.jpg
https://commons.wikimedia.org/wiki/File:MediatedReality_on_iPhone2009_07_13_21_33_39.jpg
https://creativecommons.org/licenses/by-sa/3.0/
https://commons.wikimedia.org/wiki/File:Face_detection.jpg
https://commons.wikimedia.org/wiki/User:Sylenius
https://creativecommons.org/licenses/by/3.0/
https://commons.wikimedia.org/wiki/File:Secretary_Kerry_Sits_Inside_One_of_Google's_Self-Driving_Cars_at_the_2016_Global_Entrepreneurship_Summit's_Innovation_Marketplace_at_Stanford_University_(27250516143).jpg
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Who we are

4/4/201740

Instructors Emeritus

Teaching  
Assistants
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Course Logistics

• Keeping in touch: 
– Piazza 
– cs231n-spring1617-staff@lists.stanford.edu 

• Optional textbook: 
– Deep Learning by Goodfellow,  

Bengio, and Courville 
– Free online

4/4/201741

https://www.amazon.com/Deep-Learning-Adaptive-Computation-Machine/dp/0262035618/ref=sr_1_sc_1?ie=UTF8&qid=1491281164&sr=8-1-spell&keywords=goodfelow
http://www.deeplearningbook.org/
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Our philosophy
• Thorough and Detailed. 

– Understand how to write from scratch, debug and train 
convolutional neural networks. 

• Practical. 
– Focus on practical techniques for training these networks at 

scale, and on GPUs (e.g. will touch on distributed optimization, 
differences between CPU vs. GPU, etc.) Also look at state of 
the art software tools such as Caffe, TensorFlow, and (Py)Torch 

• State of the art. 
– Most materials are new from research world in the past 1-3 

years. Very exciting stuff! 

• Fun.  
– Some fun topics such as Image Captioning (using RNN) 
– Also DeepDream, NeuralStyle, etc.

4/4/201742
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Our philosophy (cont’d)
• Fun.  

– Some fun topics such as Image Captioning (using RNN) 
– Also DeepDream, NeuralStyle, etc.

4/4/201743
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Grading policy

• 3 Problem Sets: 15% x 3 = 45% 
• Midterm Exam: 15% 
• Final Course Project: 40% 

– Milestone: 5%  
– Final write-up: 35% 
– Bonus points for exceptional poster presentation  

• Late policy 
– 7 free late days – use them in your ways 
– Afterwards, 25% off per day late 
– Not accepted after 3 late days per PS 
– Does not apply to Final Course Project 

• Collaboration policy 
– Read the student code book, understand what is ‘collaboration’ and 

what is ‘academic infraction’

4/4/201744
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Pre-requisite

• Proficiency in Python, some high-level familiarity 
with C/C++ 
– All class assignments will be in Python (and use numpy), 

but some of the deep learning libraries we may look at 
later in the class are written in C++.  

– A Python tutorial available on course website 
• College Calculus, Linear Algebra 
• Equivalent knowledge of CS229 (Machine 

Learning) 
– We will be formulating cost functions, taking derivatives 

and performing optimization with gradient descent.

4/4/201745
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Syllabus

• Go to website… 

http://cs231n.stanford.edu/

4/4/201746

http://cs231n.stanford.edu/
http://cs231n.stanford.edu/
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• Hubel, David H., and Torsten N. Wiesel. "Receptive fields, binocular interaction and functional 
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