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TA (TEACHING ASSISTANCE)
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CoMPUTATIONAL THINKING
FOR THE MODERN
PROBLEM SOLVER

Davio D. RiLey
Kenny A. HUNT

computational thinking for modern problem solver

- David D.Riley / Kenny A.Hunt
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Computational Thinking

It represents a universally applicable attitude and skill set everyone, not just
computer scientists, would be eager to learn and use.

omputstional chinking
Clmilds on the power and
limits of computing
processes, whether they are cxe-
cuted by  human ar by a
‘machinc. Computational
methods and madcls give us
the courage to solve prob-
lems and design systems that nio onc of us would
be capable of tackling alonc. Computational dhink-
ing confronts the riddle of machine incclligence:
What can humans do berter than computers? and
What can computers do better than humans? Most
fundamentally it addresses the question: What is
computable? Taday, we know only parts of the
answers to such questions.

Computationsl thinking is 1 fundamentl skil for
everyone, not justfor computcr scientiss. To read-
ing, vriting, and arithmetic, we should add compu-
sational chinking to cvery childs analyrical abiliy
Just a5 the printing press facilitated the spread of the
three Rs, what is appropriately incestuous about this
vision is that computing and computers facilitare the
spread of computational thinking,

« I thinking involves solving prob-

iscly. Seting the diffculy of 3 problem accounts
r the underlying power of the machinc—the com-
puting device that will run the solution. We must
consider the machinc’ inseruction sc, itsresource
constrints, and ifs aperating environmen.

In sobving a problem cfficicnty, we might furthce
ask whether an approximare solution is good
cnough, whether we can use randomization to our
advantage, and whether falsc positives or filse nega-
tives are allowed. Computatinal thinking is rcfor-
mulating a sccmingly difficult problem into one we
know how o solve, perhaps by reduction, embed-
ding, transformation, or simubion.

~ is shinking recurdvely. Ie
i paralle] proccssing. It is mtcrpreting code as data
and data as code. I is type checking as the gencrale
iration of dimensional analyss. It i recognizing,
both the virrucs and the dangers of lising, or giv-
ing somconc o something more than onc name. It
s recognizing borh the cost and power of indirccr
addressing and procedure cal. It s judging a pro-
g not just for correctness and effciency bus for
acstherics, and a syste's design for simpliciry and
clegance.

G I chinking is using ab d

p
lems, desgning systems, and understanding human
behavior, by drawing on the concepts fandamental
ta computer science. Computational thinking
includes a rnge of menal tools hat reflect che
brcacith of the ficld of compuc scicnec.

Having 1o solve a particular problem, we might
askc How dificult is i to solv? and What's the best

a0 solve i Computcr scicnce ress on sold the-

decomposirion when artacking a large complex task
ar designing a large comple system. It i separation
of concerns. It s choosing an apprapriste represent-
tion fora problem or modcling the relevant aspects
of a problem o make i tactable. It i using imar-
ants to describe a syscem’s behavior succinctly and
dechaativly. It s having the confidence we can
safely use, modify, and influcnce a large complex

arctical to answer such g pre- system without fing s cvry detail. It is
i T P S 3 3
230 A. M. Torive [Nov. 12,

ON COMPUTABLE NUMBERS,

WITH AN APPLICATION TO

‘THE ENTSCHEIDUNGSPROBLEM

By A M. Tenove.

(Recesved 28 bay, 1936 —Read 12 November, 1835}

The *'computable " numbers may be deseribed briefly as the real
numbers whose expressions as & decimal are caloulable by finite means,
Althongh the subject of this paper is stensibly the computable nambers,
it is almost equally easy to define and investigate computable functions
of an integral variable or a real or computable variable, computable
predicates, and so forth. The fundamental problems involved are,
however, the same in ench case, and [ have choson the computable numbers

for explicit treatment o5 invol

ng the least cumbrous technique. T hope

shartly ta give an account of the relations of the computable numbers,
functions, and 0 forth to one ancther. This will include a development
of the theory of functions of a real variable expressed in terms of com-
putable numbers.  According to my definition, a number is computable
if its decimal can be written down by a machine,

In§§0,10Tg

i

the
computable numbers inlude all numbers which could naturally e
regurded as computable. In particular, T show that certain large classes
of numbers are computable, They include, for instance, the real parts of
all algebraic numbers, the real parts of the zeros of the Bessel functions.
the numbers =, ¢, eto. The computable numbers do not, however, include
all definable numbers, and an example is given of a definable number

which is not computable.

Although the class of computable numbers is so great, and in many
ways similar to the class of real numbers, it is nevertheless enumerable.
In §8T examine certain arguments which would seen 10 prove the contrary.
By the correet application of ane of these arguments, conclusions are
reached which are superficially similar to those of Godelf. These results

.+ Eber formmal uentacheidhars Sitrs der Principia Diathemetica und ver-
T3S,

=
wondter ystemna,

 Manotahefic Math, Piys., 38 (1931

computational thinking

= Jeannette Marie Wing

on computable numbers, with an applicable to the
Entscheidungsproblem

Alan Mathison Turing
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