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My Grand Vision

ωComputational thinkingwill be a fundamental skill used by 
everyone in the world by the middle of the 21st Century.

ςJust like reading, writing, and arithmetic.

ς Incestuous: Computing and computers will enable the spread of 
computational thinking.

ς In research:ǎŎƛŜƴǘƛǎǘǎΣ ŜƴƎƛƴŜŜǊǎΣ ΧΣ ƘƛǎǘƻǊƛŀƴǎΣ ŀǊǘƛǎǘǎ

ς In education:K-мн ǎǘǳŘŜƴǘǎ ŀƴŘ ǘŜŀŎƘŜǊǎΣ ǳƴŘŜǊƎǊŀŘǎΣ Χ

WΦaΦ ²ƛƴƎΣ ά/ƻƳǇǳǘŀǘƛƻƴŀƭ ¢ƘƛƴƪƛƴƎΣέ CACMViewpoint, March 2006, pp. 33-35.
Paper off http://www.cs.cmu.edu/~wing/ 

http://www.cs.cmu.edu/~wing


What is Computational Thinking?

Computational thinking is the thought processes involved in 
formulating a problem and expressing its solution(s) in such a 
way that a computerτhuman or machineτcan effectively 
carry out.



Computational Thinking, Philosophically

ω Complements and combines mathematical and engineering thinking

ςC.T. draws on math as its foundations

ωBut we are constrained by the physics of the underlying machine

ςC.T. draws on engineering since our systems interact with the real world

ωBut we can build virtual worlds unconstrained by physical reality

ω Ideas, not artifacts

ςLǘΩǎ ƴƻǘ Ƨǳǎǘ ǘƘŜ ǎƻŦǘǿŀǊŜ ŀƴŘ ƘŀǊŘǿŀǊŜ ǘƘŀǘ ǘƻǳŎƘ ƻǳǊ Řŀƛƭȅ ƭƛǾŜǎΣ ƛǘ ǿƛƭƭ 
be the computational concepts we use to approach living.

ω LǘΩǎ ŦƻǊ ŜǾŜǊȅƻƴŜΣ ŜǾŜǊȅǿƘŜǊŜ
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Sample Classes of Computational Concepts

ω Algorithms
ς E.g., mergesort, binary search, string matching, clustering

ω Data Structures
ς E.g., sequences, tables, trees, graphs, networks

ω State Machines
ς E.g., finite automata, Turing machines

ω Languages
ς 9ΦƎΦΣ ǊŜƎǳƭŀǊ ŜȄǇǊŜǎǎƛƻƴǎΣ ΧΣ ±5aΣ ½Σ ΧΣ a[Σ IŀǎƪŜƭƭΣ ΧΣ  WŀǾŀΣ tȅǘƘƻƴ

ω Logics and semantics
ς E.g., Hoare triples, temporal logic, modal logics, lambda calculus

ω Heuristics
ς E.g., A* (best-first graph search), caching

ω Control Structures
ς Parallel/sequential composition, iteration, recursion

ω Communication
ς E.g., synchronous/asynchronous, broadcast/P2P, RPC, shared 

memory/message-passing

ω Architectures
ς E.g., layered, hierarchical, pipeline, blackboard,  feedback loop, client-

server, parallel, distributed, fault-tolerant

ω Χ NOT
ωComputer literacy, i.e., how to use Word and Excel or even Google or Bing
ωComputer programming, i.e., beyond Java Programming 101



Examples of Computational Thinking 
in Other Disciplines



One Discipline, Many Computational 
Methods



Computational Thinking in Biology

ωShotgun algorithmexpedites sequencing
of human genome

ωAbstract interpretation in systems biology
ωModel checking applied to arrhythmia,

diabetes, pancreatic cancer
ωDNA sequences are strings in a language
ωBoolean networksapproximate dynamics

of biological networks
ωCells as a self-regulatory system are like electronic circuits
ωProcess calculimodel interactions among molecules
ωStatechartsused in developmental genetics
ωProtein kinetics can be modeled as computational processes
ωRobot Adam discovers role of 12 genes in yeast
ωPageRank algorithminspires ecological food web

Insight: Models and languages for expressing computational processes 
are good for expressing the dynamics of biological processes.



Stem Cell Prediction 

ά5ŜŦƛƴƛƴƎ an essential transcription
factor program for naïve pluripotencyΣέ Science,
June 2014, pp. 1156-1160]



Self-renewing:

Divide indefinitely

Embryonic Stem (ES) Cells

Transient in tissue: 

A culture-dependent 

phenomenon

Pluripotent: Generate all adult cell types, 

and can be re-injected back into the 

developing embryo

We can reprogram adult 

cells to this state



Extrinsic Signals Control ES Cell Behaviour

The signals required to sustain ES cells in 

culture have been progressively refined. Any 

two of LIF, CH and PD are sufficient.

LIF

CH

PD

Stat3

{2i

Whether an ES cell will remain self-renewing, or differentiate towards an adult cell 

lineage depends on the signals that it receives.

We can measure the expression of key genes 

under different combinations of signals to gain 

insight into the dynamic behavior of the system.

P
lu

ri
p
o
te

n
c
y
 g

e
n

e
s



A Reasoning Engine for Interaction Networks

RE:IN is a tool built on Z3 that 

utilizes Satisfiability Modulo 

Theories to synthesize only those  

(out of 10^43) Boolean networks 

that provably satisfy experimental 

constraints.

IF ( signalA AND signalB
AND NOT signalC /2 ƛƾ 

THEN remain a stem cell
ELSE (IF NOT signalA ƛƾ 

differentiate

Examine 

correlations



Biological Computation in Stem Cells

ÅThe set of possible models was constrained by experimentally-observed behaviours

ÅThis set was used to make a large number (53) of non-intuitive predictions of the 
response of the network to genetic perturbations.  These predictions were experimentally 
validated with over 70% accuracy rate.

ÅThe highlighted interactions show the minimal set required to explain stem cell 
behaviour: the essential program governing naïve pluripotency



One Computational Method,

Many Disciplines

Machine Learning has transformed the field of Statistics.



Machine Learning in the Sciences

Credit: LiveScience

- fMRI data analysis to understand language
via machine learning

Neurosciences

Credit: SDSS

- Brown dwarfs and fossil galaxies discovery
via machine learning, data mining, data federation

- Very large multi-dimensional datasets analysis
using KD-trees

Astronomy

- Anti-inflammatory drugs
- Chronic hepatitis
- Mammograms
- Renal and respiratory failure

Medicine

- Tornado formation

Meteorology



Spammers mutate 
their messages to 
work around filters

Solution: Go after 
the weak link

HIV mutates to avoid 
attack by immune 
system

Solution: Go after the 
weak link

http://www.viewzone.com/synthetic-HIV.jpg
http://www.viewzone.com/synthetic-HIV.jpg




aminoacid 
sequence protein begin end

KAFSPEVIPMF p24 30 40

RLRDLLLIVTR gp41 259 269

GIPHPAGLK pr 192 200

HTQGYFPDW nef 116 124

AEAMSQVTNS p2 1 10

SAEPVPLQL rev 67 75

QAISPRTLNAWp24 13 23

RIKQIINMW gp120 419 427

From data from hundreds of controllers and non-controllers, 
machine learninghelped identified 8 regions of HIV

proteins where controllers are much more likely to attack.




