


BOLT 2019 Fall Trip Application is LIVE!

Info sessions on 4/8 @ 7PM in Friedman 102 and 4/9 @ 7PM in Salomon 003

Brown Outdoor Leadership Training is recruiting for rising sophomores, 

new transfers and new RUEs for our 2019 Fall Trip and Program! 

BOLT commences with a 5 -day backpacking trip in the White Mountains, NH right before the Fall semester starts. 

It continues throughout the semester with group get -togethers, leadership development workshops & community 

events that aim to foster community, mentorship, personal reflection & leadership in the outdoors & back at Brown.

Everyone is welcome to apply - no hiking experience needed! Financial aid, gear and boot rentals available!

For more information: email bolt@brown.edu and visit brown.edu/bolt

mailto:bolt@brown.edu
https://boltatbrown.wordpress.com/


Francois Chollet- https://blog.keras.io/the-limitations-of-deep-learning.html

https://twitter.com/fchollet


3rd November 2017



¸ŜǎΣ ƛǘΩǎ ŀ 
blue brain 
image :  (



Su et al., One pixel attack for fooling deep neural networks
https://arxiv.org/abs/1710.08864

https://arxiv.org/abs/1710.08864


https://arxiv.org/pdf/1707.07397.pdf







Connectomics:
Neuralnets for 
neural nets

[PatricHagmann]



Vision for understanding the brain

1mm cubed of brain

Image at 5-30 nanometers

How much data?

[Kaynig-Fittkau et al.]



Vision for understanding the brain

1mm cubed of brain

Image at 5-30 nanometers

How much data?

1 Petabyte ς
1,000,000,000,000,000

~ All photos uploaded to 
Facebook per day

[Kaynig-Fittkau et al.]



[Kaynig-Fittkau et al.]



[Kaynig-Fittkau et al.]



Vision for understanding the brain

Instance segmentation (but the instances sometimes look quite different!)



[Haehn et al.]



[Haehn et al.]



Network Architecture

[Haehn et al.]



[Haehn et al.]



Big space of designs!
.ǳǘ ǿŜ ǎǘƛƭƭ ŘƻƴΩǘ ŜǾŜƴ ƪƴƻǿ Ƙƻǿ Ƴŀƴȅ ƭŀȅŜǊǎ ǿŜ ƴŜŜŘΦ









VERY DEEP CONVOLUTIONAL NETWORKS 
FOR LARGE-SCALE IMAGE RECOGNITION

Karen Simonyan& Andrew Zisserman 2015

These are the pre-trained ñVGGò networks 

that you use in project 4

Beyond AlexNet







Google LeNet(2014)

22 layers

6.67% error
ImageNet top 5



Inception!



Parallel layers



ResNet(He et al., 2015)

ResNetwon ILSVRC 2015 with 
a top-5 error rate of 3.6% 

Depending on their skill and 
expertise, humans generally 
hover around a 5-10% error.

Superhuman performance!
But the task is arguably
not well defined.







CIFAR-10

Å60,000 32x32 color images, 10 classes







Vanishing/exploding gradient problem

Backpropagation:

- Computegradientupdate for every neuron which 
was involved in the output across layers

Involves chaining partial derivates over many layers!

- If derivative < 1, gradient gets smaller and smaller 
as we go deeper and deeper -> vanishing gradients!

- If derivative> 1, gradient gets larger and larger as 
we go deeper and deeper -> exploding gradients!



Vanishing/exploding gradient re: activation

- If derivative < 1, gradient gets smaller and smaller 
as we go deeper and deeper -> vanishing gradients!

- If derivative> 1, gradient gets larger and larger as 
we go deeper and deeper -> exploding gradients!

ReLUSigmoid „ᾀ ÍÁØπȟὼ





Regular net



Residual Unit



Residual Unit

The inputs of a lower layer is made 
available to a node in a higher layer.





Why so steep?



Flat regions in energy landscape



Compute vs. parameters / multiply-adds

IƳƳΧŜŦŦƛŎƛŜƴǘ ƴŜǘǎΧ
might be useful for final project ???

James, do we haveto go deeper?

https://www.infoq.com/news/2017/06/google-mobilenets-tensorflow
https://arxiv.org/abs/1704.04861

https://www.infoq.com/news/2017/06/google-mobilenets-tensorflow
https://arxiv.org/abs/1704.04861
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άǘŀōōȅ Ŏŀǘέ

1000-dim vector

< 1 millisecond

ConvNets perform classification

end-to-end learning

[Slides from Long, Shelhamer, and Darrell]
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R-CNN: Region-based CNN

Figure: Girshick et al.



Stage 2: Efficient region proposals?

ÅBrute force on 1000x1000 = 250 billion rectangles
ÅTesting the CNN over each one is too expensive

Å[ŜǘΩǎ ǳǎŜ .Φ/Φ ǾƛǎƛƻƴΗ .ŜŦƻǊŜ /bbǎ
ÅHierarchical clustering for segmentation

Uijlingset al., 2012, Selection Search Thanks to Song Cao



Remember clustering for segmentation?

Oversegmentation Undersegmentation

Hierarchical Segmentations



Cluster low-level features

Å5ŜŦƛƴŜ ǎƛƳƛƭŀǊƛǘȅ ƻƴ ŎƻƭƻǊΣ ǘŜȄǘǳǊŜΣ ǎƛȊŜΣ ΨŦƛƭƭΩ

ÅGreedily group regions together by selecting 
the pair with highest similarity

ïUntil the whole image become a single region

ÅDraw a bounding box around each one

ïInto a hierarchy



Thanks to Song Cao

Vs Ground Truth



Thanks to Song Cao
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R-CNN: Region-based CNN

Figure: Girshick et al.

млΣллл ǇǊƻǇƻǎŀƭǎ ǿƛǘƘ ǊŜŎŀƭƭ лΦффм ƛǎ ōŜǘǘŜǊΧΦ
but still takes 17 seconds per image to generate them.
Then I have to test each one!



Fast R-CNN

RoI = Region of Interest

Figure: Girshick et al.

Multi-task loss



Fast R-CNN

Figure: Girshick et al.

- Convolve whole image into feature map (many layers; abstracted)
- For each candidate RoI:

- Squash feature map weights into fixed-ǎƛȊŜ ΨRoIǇƻƻƭΩ ςadaptive subsampling!
- Divide RoIinto H x W subwindows, e.g., 7 x 7, and max pool

- Learn classification on RoIpool with own fully connected layers (FCs)
- Output classification (softmax) + bounds (regressor)



Martian lava field, NASA, Wikipedia



Old Man of the Mountain, Franconia, New Hampshire



Pareidolia

http://smrt.ccel.ca/2013/12/16/pareidolia/



Reddit for more : )
https://www.reddit.com/r/Pareidolia/top/

https://www.reddit.com/r/Pareidolia/top/


Pareidolia

{ŜŜƛƴƎ ǘƘƛƴƎǎ ǿƘƛŎƘ ŀǊŜƴΩǘ ǊŜŀƭƭȅ ǘƘŜǊŜΧ

DeepDreamas reinforcement pareidolia


