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Image classification

ImageNet Classification with Deep Convolutional
Neural Networks

Alex Krizhevsky Ilya Sutskever Geoffrey K. Hinton
University ol Toronto University of Toronto University of Toronto
kriz#cs. utoronto.ca ilvalos. utoronto.ca  hintondes.,utoronto.o
Abstract

We trained a large, deep convolutional nearal network o elassity the 1.2 million
high-resolution images in the ImageNet LSVRC-2010 contest into the 1000 dif
terent classes. On the test data, we achieved top-1 and top-5 error rates of 37.5%
and 17.0% which is considerably better than the previous state-of-the-art. The
neural network, which has 60 million parameters and 650,000 neurons, consists
af five convolutional layers, some of which are followed by max-pooling layers,
and three fully-connected layers with a final 1000-way softmax. To make train-
ing faster, we used non-saturating nevrons and a very efficient GPU implemen
tation of the convalution operation, 'To reduge ting in the fully-conneeted
layers we employed a recently-developed regularization method called “dropout™
that proved to be very effective, We also entered a varlant of this model in the
ILSVRC-2012 competition and achieved a winning top-5 test ervor rate of 15.3%,
compared 10 26.2% achieved by the second-best entry
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Image classification

https://github.com/tensorflow/models

toaster (score = 0.99288)

space heater (score = 0,00071)

iPod (score = 9,00034)

printer (score = 0.00024)

pay-phone, pay-station (score = ©.00016)

mountain bike, all-terrain bike, off-roader (score = ©.80308)
picket fence, paling (score = 0.01216)

bicycle-built-for-two, tandem ycle, tandem (score = 0.00893)
disk brake, disc brake (score = 0.00346)

sleeping bag (score = 0,00307)
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Image classification

https://github.com/tensorflow/models

borzoi, Russian wolfhound (score = 0.46677)
quilt, comforter, comfort, puff (score = 0.06664)
whippet (score = 0.06200)

sleeping bag (score = 0.05488)
Cardigan, Cardigan Welsh corgi (score = 0.02153)
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Image classification

https://github.com/tensorflow/models

barn (score = 0.19133)

planetarium (score = 0.12688)

dome (score = 0.06614)

church, church building (score = 8.05428)
Library (score = 0,03213)
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Image classification

https://github.com/tensorflow/models

barn (score = 0.19133)

planetarium (score = 0.12688)

dome (score = 0.06614)

church, church building (score = 8.05428)
Library (score = 0,03213)

cinema, movie theater, movie theatre, movie house, picture palace (score = 0,47794)
restaurant, eating house, eating place, eatery (score ©8.10927)

planetarium (score 0.037085)

Library (score = @,835206)

palace (score = @,03506)
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AlphaGo

P e S AlphaGo seals 4-1 victory over Go
grandmaster Lee Sedol

Mastering the game of Go with deep . o a . . .
& g g f DeepMind’s artificial intelligence astonishes fans to defeat
neural networks and tree search human opponent and offers evidence computer software

has mastered a major challenge

Koray Kavukcuoglu, Thore Graapel & Demis Haszal St(’\"ﬁ’" HUTOWit‘C

Tue 15 Mar 2016 1012 GMT

Niatara 829, ARA-ARD (2R January 2016) vodd: 11 Navembaer 2015

1 10,1038/ 0 ature 16961 I+ 0% January

| Cltation ublishid: 27 January 2618

Abstract

The game of Co has long been viewed as the most challenging ol classlc
games for artificlal Intelligence owlng to its enormous search space ancd
the difficulty of evaluating board positions and moves, Here we
introduce a new approach Lo computer Go thial uses ‘value networks' 1o
evaluate board positions and “policy networks' w select moves. These
deep nearal networks are trained by o novel combination of supervised
learning fram human expert games, and roinfarcement learning from
pames of aelf-play. Without any lookahead search, the neural networks

play Go at the level of state-of-the-art Monte Carlo tree search

=l
Falnd

programs that simulate thousands of random games of sell-play. We
also Introduce o new search algorithm that combines Monte Carlo https://www.theguardian.com
simulation with value and policy networks, Using this search algorithm,

i nchieved o 09,

aur program Alpha inning rate against other o

, und defeated the human European Go champl nmes

. This {8 the first time that a computer program has defeated a

1‘u|m.|n professional player in the full-sized game of Go, a feat previously PERIMETER
b ot ol e 2016 SCHOLARS
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Self-driving cars

End to End Learning for Self-Driving Cars

Mariusz Bojarski Dravide Del Te Dianiel Dworakowski Bernhard Firne
NVIDIA Corporation  NVIDIA Corperation  NVIDIA Corporation NVIDIA Corporation
Helmdel, NJU7735 Hulmdel, NJ 07735 Holmdel, N 07735 Hulmelel, NJ Q7735
Bent Flepp Prasoon al Loawrence 1, Jackel Mathew Maonfort
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& Urs Muller Jiukal Zhong Xin Zhang Juke Zhao -
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Synithesizod
(g Kurol Zivha - i Image of road as
- NVIDIA Corporation Lit { rocorded fos would be seen from
l Hedmdel, NJ 07735 Ibrary of recorded last simulatad vahlole Matwark
bt ' roules: videos and time- computed
s aynchronized steoring alaaring
= commands Update car command
Abstraet position and -
ofientation

Wo tealned 0 convolutional neural network (CNN) o map A
wily o steering commpmumds. This eod-tomend approse

e
Iy powerful, v ) 1 from humans

prlal

Figure §: Block-dingram of the drive simulator.

LIRUTTR T T IO
X rprising
[§ tem learns e drive in allic

i

- inirkings o
such

in parking

systeny automatically learns internal representations of the necessary process
whons detecting wselul road Teatures withonly the buman steering angle
nang signal, We never caplicitly trnined it w deteer, forexample, the out-

line of rouls.

Compared to explicit decomposition of the problem, such as lane marking derec
s Lo, puth planning, und control, our end-toeemd system optimizes all processing

slops stmultanco We argue that this will eventunlly lead 1o better perfor-

rance anel smaller systems. Hetter performance will result hecause the
i porlorine
tim Such orlteriu
it which docsn't nuto

pponents sell-optimiao o mas iz

timizing human selecied inermediane criter

¢ . lane

understundubily are selected for cose of human interpsetal
mnticnlly guaraniee moximum system performance. Smaller networks are possi
ble becuwse the system leams wosolve the problem with the mimimul number o

processing staps
We used an NVIL PevBox and Toreh 7 for wawmang and an NVIDIA
DRIVE™PY seli=driving car computer also running Torch 7 for detenmining
where o drve, The system operates ut 30 frames per second (FPS)
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Language translation

roople’'s Neural Machine Translation System: Brideing the Gap
Google's N I Macl [h Int Syst Bridging the Gay

bhetween Human and Machine Translation

Yonghui Wu, Mike Schuster, Zhifeng Chen, Quoe Vo Le, Mohammad Norouzi
yonghui,schuster,zhifengc,qvl ,mnorouzi@google. com

Waolfgang Machereyv, Maxim Kreikun, Yoan Cao, Qin Gaa, Klans Macherey,
v Jell Klingner, ;\|]Hl\il Shah, Melvin Johnson, Xianobing Liu, Eukasz Kaiser,
Stophan Gouws, Yoshikivo ato, Taka Koado, Hideto lazawa, Keith Stevens,
- George Warian, Nishant Patil, Wei Wang, CHIT Young, Jason Smith, Jason Riesa,
Alex Rudnick, Orial Vinyals, Greg (

orraco, Macdoft Hughes, Jeffrey Dean -
3] 1
= - 100
®
e Abutraet I II
Mol Mowching Translation (NS ban ond-to-end Tonrning appronch for satomoted ranslation, 0 . I_ I
) 4 y "

with the potentinl toovereome mnny of Hhe wen ko

rnl il hivied tramslatlon systome L '

! Unfortunately, NET systenis are known to ba computy epensive both in tenining and in translaticn BAMT - GNMT » Hurmar
- Ilerence  sometles prolibitively sofo e case ol very lirg Severnl suthors

7 I s cluegod Gt NAMT sysloms lwlk rolstn meticularly when inpul senlences contnin rore words,

J Phwwer spnes have hinderod W% use in practlenl depliymonts wned sorviees, whore Both aeenvaey aned

_ apecd v essentinl T this worle, we present GRMT, Cloogle's Newral Machine Ty arcnn, which English i b b st
I altompta to address many of these isaues. Our model consists aof w deop LSTM nolwa I 8 oneador 1 \l-"“HIH.I\-“ in o I:-"w"u which
~ il 8 devader Tayers using vesidual conmedtions o el s altention connections from aler network haslsiuld
- L the encodor. o improve paeallelisi and therolore decroase trnining Lime, oure atlontion mechnnisan
| oonnects the hotton laver of the decoder toothe tap Tnver of the encader, To acoclerate the Hoal tranglntion
w— 5 L v uploy low-procision arithunetic duving inforones computations. To fmprove oodling of vaee
A sy we dibvide worde nbo s nded set ol common subeword i (fwordpleces") Tor bat b lnpal sl
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— pmproves the sverall acenrney of the systen, Our bemn searel teehmigue eaploys o lengt enormalization
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Iikedy fan vowirr all the words Tt

o mentence, il sehi trnnslation BEEL .
at lenrning, but we fownd Chat the improvoment
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€he New ork Times

The Great A.L
Awakening

How Google used artificial Intelligence to transform Google
Translate, one of its more popular services — and how
machine learning Is polsed to reinvent computing Itself.

BY GIDEON LEWIS-KRAUS DEC. 14, 2018

Y
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€he New ork Times

The Great A.L
Awakening

How Google used artificial Intelligence to transform Google
Translate, one of its more popular services — and how
machine learning Is polsed to reinvent computing Itself.

BY GIDEON LEWIS-KRAUS DEC. 14, 2018

Translation #1: Translation #2:
Kilimanjaro is 19,710 feet of the mountain covered with Kilimanjaro is a mountain of 19,710 feet covered with

snow, and it is said that the highest mountain in Africa. snow and is said to be the highest mountain in Africa.

Top of the west, “Ngaje Ngai” in the Maasai language, The summit of the west is called "Ngaje Ngai” in Masai,

has been referred to as the house of God. The top close the house of God. Near the top of the west there is a dry

Lo the wesl, there is a dry, [rozen carcass of a leopard. and frozen dead body of leopard. No one has ever

Whether the leopard had what the demand at that explained what leopard wanted at that altitude.

altitude, there is no that nobody explained.
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Medical diagnosis

CheXNet: Radiologist-Level Pneumonia Detection on Chest X-Rays
with Deep Learning

Pranay Rajpurkar ™' Jeromy Irvin' ' Kaylie Zhu ' Brandon Yang ' Hershal Maohta!

Tony Duan' Dainy Ding ' Aarti Bagal' Robyn Lo Ball* Curtis Longlota ! Katio Shpanskaya

Matthew P Lungren”' Androw ¥, Ng'!

Abstract

——
We develop an algorithin that can dete

photmonin from chest Xerays at a lovol ox

coeding practicing radiol 5 i nlp

e, CleXNel, bwn 121 1 eotvolutional

nevral network tradned on Chest Xeray 1L, e
rontly the legost publicly nvnilable chost. X

w
Input
Chest X-Ray Image

oy dabiset, containing over TO0000 Trontal

view Nearay lmnges with DL disenses, Four

practicing nondemnte rndi annotade o

ot et on which we eom

\II:‘\.IH:E' ol CheXNet to il of radiologisi= CheXNet

d shat CheXN s average ro- :
i perfarmsanes on the F1netrdo, We 121-layer CNN

Clie XNt to detect all 11 diseases in
Chost X-ray I and nchiove state of the art ro-

the paerfor

Output

Preumnonla Posltive (B5%)

i

Flgare 1 ChoXNet i 121 Dnyer o
worl that takes n ehoat Xeray |
Whie pr

silts on all 14 discnsdes

olutiona] neurad e

s e, atel o
winple, CheXner
lizvs arvas in e

vorrertly 4
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Generating art

https://deepart.io/

Step 2: Choose style

Step 1: Upload photo —
@;‘ " e &
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Generating art

https://deepart.io/

Step 1: Upload photo Coose tye

o
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What is machine learning?

“Machine learning is a field of computer science that uses statistical techniques
to give computer systems the ability to ‘learn" (i.e., progressively improve
performance on a specific task) with data, without being explicitly programmed.”

hitps./en.wikipedia.org
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What is machine learning?

“Machine learning is a field of computer science that uses statistical techniques
to give computer systems the ability to ‘learn” (i.e., progressively improve
performance on a specific task) with data, without being explicitly programmed.”

hitps./en.wikipedia.org

“[Machine learning] is about finding out regularities in data and making use of
them for fun and profit.”

L.-G. Liu, §-H. Liand L. Wang, http:/wangleiphy. github.io
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Artificial Intelligence

Machine Learning

Neural Networks
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PIRIMETER Machine Learning for Many-Body Physics

SCHOLARS Spring 2018
INTERNATIONAL Lauren Hayward Sierons

Homework 3:
Blog post on ( PHYSICS | MACHINE LEARNING )

Due date: Friday, May 4, 2018

Subril onfine waing e link dn the PST ueki

The ohjeetive of this homework assigniment I8 to write o blog-style article about current ldens and
resoarch within the intersection of physics and machine learning, The besat article will be posted
otiline to the blog section of httpm: //phyeicenl. github. 1o, which ir & wobsite currently run by
PT graduate student Anna Golubova

You can elther work alone or form a group of 2-3 students. If you choose to work in a group,
then you must also submit a short deseription of ench student's contributions. You can choose to
write about work that has already been done by other researchers, or you can write about your
own ldens for Interdisciplinary research combining physics and machine learning (see below for
more nformation and suggestions). For those students who are writing their PSI essay on toples
related to mochine learning, vou must choose n different tople for this asslgnment. You must
inform Lauren of your group and article tople by Friday, April 27, and each group's article must
wddress o different tople.

The target audioneo for your article should be physicists who are non-experts in both machine
learning and the physics subdiscipline of your topic, Your article should be at loast 1000 words in
lengdh, You are encouraged Lo Incorporate oreatlvi vlkonlbzations and anlmations, A PDT copy
of the artlels as well as all documents required o generate Hmust bo submitied noa 210 file by
Friday, May 4,

Far inspirntion, you are highly oncouraged Lo rond throngh pasts on Blogs sueh as

o hitps://www ethe. ch/content/upecialintervnt/phys /theoret lcal-physice/cotn/en hinl,

o httpa://physiceml.github. ia/categary/articlen. htal,

o httpn://despuind. com/blog (not physics related),

o httpar//dintill. pub (nol physios relabed ),

Option 1: Summarize a recent research paper or idea

Ax n firat oplion, you may choose b write shont rocent work done by other resoarchors, During
this conrsn, you will have opportunitios Lo atbond bwo journal club meotings and one eolloguinm
thal will prosent current resonreh combining physies and machine Tonening, Yo mny choose to
wrila about ane of the topies from those presentations, Allornatively, you ean summarize an idos
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presented in an article (or articles) of your cholee. A list of relevant papers can be found at
htps://physicenl github. io/pages/papers html, or you can discuss other options with Louren.

Option 2: Write about your own ideas

Asnnother option, you e gel croative and wrile about your own idens or work, Much of the
rosoareh wilhin Che intarsoetion of physies and mnehine lonrning can b divided into two calogories.
Tho firat catogory uses exdsting tochniques from machine loarning to study probloms in physica
(such s phoso transitions in many-body phyeics), Porhaps you have idons for some aross of
physics resoarch that could benefit from vwsing machine learning as o tool, Tho socond catogory of
rogoarch uses idens from theorotical physics (such as tensor notworks and renormalization group
theory) to improve machine learning methods and algorithms, You may develop idoos for how to
uge intuition snd theory from physics to axplain phenomena in machine learning.
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