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Are we heading towards the singularity?

kurzweilai.net

• Elon Musk at MIT AeroAstro Symp:
• If I were to guess at what our

biggest existential threat is, it’s
probably that...

• With artificial intelligence, we are
summoning the demon..

• Inofficial quotes (email to friend):
• The risk of something seriously

dangerous happening is in the five
year timeframe. 10 years at most,

• Unless you have direct exposure to
groups like Deepmind, you have no
idea how fast — it is growing at a
pace close to exponential.

• mashable.com/2014/11/17/elon-musk-
singularity/
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Growth in computer power



Using the term artificial intelligence is new to me

Demis Hassabis, DeepMind CEO mission statement: “solving
(general artificial) intelligence, and then using that to solve
everything else”



Part 2:
Neural network primer



Major areas in AI

• Speech recognition
• Image classification
• Machine translation
• Question-answering
• Self-driving vehicles
• Dialogue systems
• General

unsupervised
learning
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Deep learning

• Feedforward neural networks
• Convolutional neural networks (CNN) - images
• Recurrent neural networks - sequences

Approx. 1011 neurons and 1014 synapses in a human brain



Feed forward neural networks
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Part 3:
The deep learning

revolution - some cases



Achilles’ heel of traditional AI:
Perception in natural environment

xkcd.com/1425



ImageNet - image classification



Convolutional neural networks



Feature engineering vs engineered models

www.cs.toronto.edu/~fritz/absps/imagenet.pdf

www.cs.toronto.edu/~fritz/absps/imagenet.pdf


Imagenet classification challenge

AlexNet - A Krizhevsky et al. (2012) won with huge margin
(16.4% error compared to 26.2%) by deep learning.
Soon everyone started using deep learning and GPUs.



We need bigger brains
• AlexNet (2012): 16.4% error, 8 layers, 1.4 Gflop

• ResNet (2016): 3.5% error, 152 layers, 22.6 Gflop.

• (This is a so-called DenseNet and not a ResNet.)
• Source: Source Jen-Hsun Huang, CEO NVIDIA, GTC Europe, 2016

https://www.youtube.com/watch?v=npzRyTimcZo
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All filters are learned from training data

• First layer filters

• www.cs.toronto.edu/~fritz/absps/imagenet.pdf

www.cs.toronto.edu/~fritz/absps/imagenet.pdf


Emergent higher level abstractions

• Look at output of filter in 5th layer!

Yosinski et. al., ICML, google: deepvis

https://youtu.be/AgkfIQ4IGaM
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Speech recognition breakthrough

Plot from Yoshua Bengio



Recurrent neural networks – DeepSpeech

Deep speech 2: ∼human level performance + realtime server



DeepSpeech



Overview recurrent achitectures

From Andrej Karpathy blog: The Unreasonable Effectiveness of Recurrent Neural Networks

http://karpathy.github.io/2015/05/21/rnn-effectiveness/


Encoder-decoder - machine translation



We need bigger brains II

Wu et. al., Google’s Neural Machine Translation System:
Bridging the Gap between Human and Machine Translation,
2016.



Part 4:
Deep data science and

(big) data



Deep learning – DTU and KU research group

• End-to-end!
• Structured data - sequences+
• Bioinformatics

• Information retrieval - search in
findzebra

• Green tech – Siemens
Windpower and
greengoenergy.com

• Document interpretation -
tradeshift.com

• Variational un- and
semi-supervised learning

findzebra
greengoenergy.com
tradeshift.com
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Document interpretation with tradeshift.com

tradeshift.com


FindZebra search - Ellen’s case story

For 25 years, Ellen struggled to find a
diagnosis for the multitude of debilitating
symptoms that seemed to increase year
after year.

• Her symptoms included muscle cramps, intense
headaches, rapid weight gain, fatigue, edema, intolerance
to heat, excessive sweating, joint pain, tingling in her
hands and feet, frequent bone fractures, acid reflux,
intense anxiety and panic attacks, high blood pressure,
high cholesterol, high blood sugar, sleep apnea, menstrual
irregularities, peripheral vision loss and double vision.

• Source: http://www.uptodate.com/
• Any suggestions?

http://www.uptodate.com/


FindZebra search — findzebra.com

“When you hear hoofbeats behind you, don’t expect to see a zebra”

findzebra.com


Visualizing latent representation for characters
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Visualizing latent representation for words

disease

disorder

illness

high blood pressurehypertension

insulin resistance
diabetes

obesity

hyperglycemia

hypoglycemia triglycerides
lipids

myocardium

heart

osteobone

cancertumor

liver
hepatic

leptin insensitivity

alveoliBronchiole

inflammationimmune reaction



Example queries
Query Disease Combined Chars2Words2Doc Solr

Rank Rank Rank
  - syndromecharacterized by the following tumors: medullary thyroid, adrenomedullary,

parathyroid
men type 2 1 1 1

  - diagnosis associated with abdominal obesity, elevated triglycerides, low hdl,
hypertension, and elevated glucose

metabolic syndrome 1 1 1

  - cystic lung disease in womenof childbearing age lymphangioleiomyomatosis 1 1 1
  - 8 months old, male, progressive signs of respiratory distress, tachypnea, pulmonary

hypertension, tortuosity of aortic arch, facial dysmorphisms
arterial tortuosity syndrome 1 1 1

  - eponymfor acute pericarditis 2 weeks after myocardial infarction dressler's syndrome 1 2 1
  - diagnosis for otalgia, ear discharge, and pruritus otitis externa 1 2 1
  - hemolytic anemia associated with igm antibodies directed against rbc i/i antigens cold agglutinin disease 1 2 1
  - recurrent unilateral retro-orbital headache with remissions and relapses cluster headache 1 2 1
  - most likely diagnosis causing generalized pruritus in the setting of inflammatory bowel

disease
primary sclerosing cholangitis 1 7 1

  - diagnosis associated with anion gap acidosis, osmolar gap, and urinary calcium oxalate
crystals

ethylene glycol poisoning 1 9 1

  - diagnosis whenplatelet count > 600,000/Âµl in absence reactive thrombocytosis essential thrombocythemia 2 1 2
  - autism spectrum disorder characterized by social impairment and repetitive behaviors

but normal language and cognition development (final jeopardy)
asperger syndrome 2 1 2

  - cancer associated with hepatitis c hepatocellular carcinoma 2 1 10
  - diagnosis for regular tachycardia associated with intermittent jugular cannon waves ventricular tachycardia 2 1 21
  - myocardial complication in patients who receive mantle-field radiation for hodgkin's

disease
myocardial infarction 2 1 23

  - most commoncause of goiter worldwide iodine deficiency 3 4 2
  - personality disorder characterized by unstable interpersonal relationships,

impulsiveness, and self-destructive behaviors
borderline personality 3 5 2

  - most commontype of paroxysmal reentrant supraventricular tachycardia atrioventricular nodal reentrant tachycardia 3 5 3
  - tropical zoonosis associated with hemorrhage, abdominal pain, hepatosplenomegaly and

this finding
leptospirosis 3 20 2

  - most consistent radiographic finding associated with ankylosing spondylitis sacroiliitis 3 46 2
  - "signature injury" of soldiers deployed to iraq and afghanistan traumatic brain injury 3 69 2
  - periodic headache classically found in male smokers cluster headache 3 408 2
  - agent causing conjunctivitis and umbilicated papular lesions on lid margins molluscum contagiosum 3 774 2
  - syndromecharacterized by acute swelling and pain in the legs and arms that evolves

into a brawny, indurated edemain patients who have performed unaccustomedphysical
exertion

eosinophilic fasciitis 3 1009 2

  - hereditary condition suggested by genital edemain a child riding a bicycle hereditary angioedema 4 2 40
  - characterized by lack of expression of cd55 and cd59 on erythrocytes paroxysmal nocturnal hemoglobinuria 5 53 3
  - gene mutation associated with familial adenomatouspolyposis apc gene 6 4 17
  - eponymapplied to a painless nodule in the palmar aponeurosis dupuytren contracture 7 7 4
  - diagnosis classically associated with low-back pain and stiffness that worsens at night

and improves with physical activity or a hot shower
ankylosing spondylitis 8 4 26

  - diagnosis associated with hepatitis, negative viral serology, psychiatric symptomsand
family history of hepatitis

wilson's disease 8 7 19

  - most commoncause of goiter and hypothyroidism in usa hashimoto disease 10 6 7
  - nameof childhood illness caused by parvovirus b 19 erythema infectiosum 14 7 14
  - diagnosis associated with space-occupying lesion in the liver and a positive amebic

serology
amebic liver abscess 20 11 1186

  - rheumatological diagnosis associated with anti-jo-1 antibody dermatomyositis 22 11 163
  - diagnosis associated with sentinel loop sign and colon cutoff sign acute pancreatitis 23 271 12
  - cardiac arrest, exercise, young hypertrophic obstructive cardiomyopathy 24 18 32
  - an obstructive pulmonarydisorder associated with connective tissue diseases,

especially rheumatoid arthritis
bronchiolitis obliterans 35 25 23

  - most commonkidney syndromeassociated with aa amyloidosis nephrotic syndrome 49 54 56
  - cancer that is associated with new onset left sided varicocele and hydrocele renal cell carcinoma 105 75 76
  - most commonbenign tumor of the liver hemangiomas 107 251 81
  - in addition to cataracts, eye disorder caused by uv light age-related macular degeneration 121 310 92
  - most likely diagnosis suggested by flow volume loop chronic obstructive pulmonary disease 170 99 359
  - disease associated with corkscrew conjunctival vessels sickle cell disease 203 161 147
  - metabolic condition that can set off airport metal detector hemochromatosis 366 205 3786
  - Intestinal lipophagie whipple's disease. 589 365 479
  - diagnosis associated with an increase in serum creatinine concentration by 20%

following an angiotensin-converting enzymeinhibitor
renal artery stenosis 784 494 896

  - buttock rash, renal failure, edema cryoglobulinaemia 1064 654 1848
  - fever, bilateral thigh pain, weakness ehrlichiosis 1371 951 1200
  - biopsy findings associated with erythroplakia carcinoma in situ 2655 7041 2122
  - most commoncause of episodic tinnitus age-related hearing loss 5824 4897 nan



Results

• SOLR and C2W2D make different errors (Recall@20)

• Simple combination:
MRR=0.373, Recall@10=0.657 and Recall@20=0.738
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Part 5:
Attempt to demystify

DeepMind’s reinforcement
learning



Reinforcement learning

• An agent learning to take actions in an environment so as
to maximize some notion of cumulative reward.

• Actions taken now will affect future reward.



Deep Q learning on Atari games



AlphaGo

• s = state = game position
• Game breadth: b
• Game depth. d
• Complexity: bd for calculating v∗(s)

• Chess: b ≈ 35, d ≈ 80
• Go: b ≈ 250, d ≈ 150
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Rollout policy, SL and RL policy and value networks



Policy and value networks



Step 1: supervised learning (SL) policy pσ(a|s)

• a = action
• s = state
• We have large database of expert games.
• Train classifier to imitate expert moves (s,a):

∆σ ∝ ∂ log pσ(a|s)

∂σ

• Supervised learning (SL) policy



Step 2: reinforcement learning (RL) policy pρ(a|s)

• The policy network pρ(a|s) plays against (a younger
version of itself).

• Record whether it wins/losses: zt = r(T ) = +1/− 1
• Train classifier to imitate expert moves (s,a):

∆ρ ∝ ∂ log pρ(at |st )

∂ρ
zt

• Better than SL policy.



Step 3: RL value function νθ(s)

• Remember that value function v∗(s) is unknown.
• We can try to learn the value function of our RL policy

network by a network: νθ(s):

∆θ ∝ ∂ log νθ(s)

∂θ
(z − νθ(s))

• We can use this as an ingredient in a Monte Carlo tree
search

• to score positions s



Step 4: Monte Carlo tree search

• SL (and not RL) policy network used for to propose moves
in tree search

• SL better for exploration!
• RL value function used for scoring positions.



An example



Where humans excel & RL mostly fails



Summary
• Expect fast progress in coming years!

• Deep learning will dominate data-rich natural perceptional
data settings: vision, speech, text, . . . .

• But not for small n large p.
• Deep learning needs lots of data whereas
• natural learning is often one-shot.
• Reinforcement learning is difficult!

http://science.sciencemag.org/content/350/6266/1332.full
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