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Curry–Howard Correspondence

The Curry–Howard correspondence (also known as the
Curry–Howard isomorphism or equivalence, or the
proofs-as-programs and propositions- or formulate-as-types
interpretation) is the direct relationship between computer
programs and mathematical proofs.
Teacher/scientists can use this relation and create computer
programs from mathematical formulations and mathematical
formulations from computer programs.
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Turing Machine

A Turing machine is a mathematical model of computation
describing an abstract machine that manipulates symbols on a
strip of tape according to a table of rules. Despite the model’s
simplicity, it is capable of implementing any computer
algorithm.
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Turing Complete Programming Languages in
Teaching

Any Turing complete programming language (e.g.
C,C++,Python, Java etc.) can express wide class of
algorithms.
This gives teachers a tool to work interactively online on
problems with practically arbitrary complexity.
To use this tool, it is necessary to represent a mathematical
problem in a form of computer code and then the students by
using webpages can interact with this code to check their
progress. In the same way it is possible to work with research
problems with arbitrary complexity.
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How to Evaluate Mathematical Expression
Given as a String?

Example

Expression: sqrt(2)*6

Value:
√
2 · 6

Example

Expression: sqrt2*6

Value:
√
2 · 6

Example

Expression: Sqrt[2]6

Value:
√
2 · 6

Example

Expression: SQRT[2]6

Value:
√
2 · 6
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Infix Notation, Prefix Notation, Postfix Notation

Different notation for arithmetic expressions.

Infix notation (5 + 6)x7

Prefix notation x + 567

Postfix notation 756 + x

Typical evaluation process of arithmetic expressions.

InfixToPrefix((5 + 6)x7)=x + 567

EvaluatePrefix(x + 567)=77
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WebAssign Questions from Code
(HTML, Perl etc.)

The following code in Answer accepts two values between 20
and 100, and then requires your students to multiply them:

<EQN $A=userinput(20,100,50)>

<EQN $B=userinput(20,100,50)>

<EQN $SIMPLIFIED=1; $A * $B>

To require students to perform the computations instead of
stating their response as a mathematical expression, set the
$SIMPLIFIED, $FRACTION, or $PROPERFRACTION
variables to 1 as you would for any other numerical question.
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TCP/IP

The Internet protocol suite, commonly known as TCP/IP, is a
framework of organizing the set of communication protocols
used in the Internet and similar computer networks according
to functional criteria. The foundational protocols in the suite
are the Transmission Control Protocol (TCP), the User
Datagram Protocol (UDP), and the Internet Protocol (IP). In
the development of this networking model, early versions of it
were known as the Department of Defense (DoD) model
because the research and development were funded by the
United States Department of Defense through DARPA.
ARPANET started in 1969.
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HTML

The HyperText Markup Language or HTML is the standard
markup language for documents designed to be displayed in a
web browser. It can be assisted by technologies such as
Cascading Style Sheets (CSS) and scripting languages such as
JavaScript. Initial release 1993, Tim Berners-Lee, CERN
(European Organization for Nuclear Research).
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Automated Development of Mathematical
Description

General formulation of the problem.

Formulation of possible special cases.

Construction of the search space for a given problem.

Finding possible limitations and stopping criteria.
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Conversion to Computer Code

Mathematical formulation can be represented by a
computational graphs.

Graphs can be translated into computer code in given
programming language.
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Uploading Code to the Server

#!/bin/bash

HOST="hostname"

USER="username"

PASSWORD="password"

DESTINATION=$1

NEWDIR=$2

FILE=$3

ftp -inv $HOST <<EOF

user $USER $PASSWORD

cd $DESTINATION

pwd

mkdir $NEWDIR

cd $NEWDIR

pwd

passive

mput *.aspx34 / 41
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Goal Oriented Self-adaptive Development of Online
Assignments

In some cases it is possible to construct very specific
computational graph which is related to given problem.

Computational graph for a given problem can be
represented in many different ways.

Family of computational graphs can be translated into
specific computer code.

Computer code can be embedded into existing online
learning framework and formulated as an assignment for
student.
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Example - Finding Eigenvalues

Generate a matrix A with known eigenvalues.
Write characteristic equation.
anλ

n + an−1λ
n−1 + ...+ a1x + a0 = 0

Find eigenvalues λ1, ..., λn.
Find related eigenvectors and generalized eigenvectors
(v1, v2, ..., vn) and construct related Jordan form of the
matrix J = P−1AP.
Apply the primary decomposition theorem
S = N((A− λ1I )

k1)⊕ ...⊕ N((A− λmI )
km)

Presented problem has many special cases and related
assignments require appropriate software which controls steps
of the calculations.
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Example - Discrete Least Square Approximation

Specify the model ϕ(x ,w) (w = (w1,w2, ...,wm)).

Specify the loss function L(x , y , ϕ(x ,w)) for given discrete
set of values x = (x1, ..., xn), y = (y1, ..., yn).

Specify an algorithm for finding
w = argminw L(x , y , ϕ(x ,w))

Find parameters w and specify the model ϕ(x ,w).

In presented assignment it is possible to consider various loss
functions and models ϕ (polynomial approximation, neural
networks, etc.) and optimization algoritms (direct
optimization,gradient decent, stochastic gradient descent etc.).
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Example - Weak Formulation and FEM Method

For the following boundary value problem
d
dx

(
EAdu

dx

)
+ n = 0, u(0) = 0, u(L) = 0

Find related variational equation
a(u, v) = l(v)∀v ∈ H1

0 (Ω)
After calculations we know that
a(u, v) =

∫ L
0 EAdu

dx
dv
dx dx , l(v) =

∫ L
0 nvdx

∥u∥W k,p(Ω) =
(∑

|α|⩽k ∥Dαu∥pLp(Ω)

) 1
p

In presented assignment it is possible to consider various
approximation spaces Vh ⊂ H1

0 (Ω), geometry of the problem,
and loads. The Lax-Milgram theorem can be applied to prove
existence and uniquness of the solution.
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Numerical Symulations
in Linear/Nonlinear Elasticity

Equation of motion
∇ · σ + F = ρü
Constitutive equations
σ = C : ε
where σ is the Cauchy stress tensor, ε is the infinitesimal strain
tensor, u is the displacement (vector), C is the fourth-order
stiffness tensor, F is the body force per unit volume, ρ is the
mass density.
Cijkl = K δij δkl + µ (δikδjl + δilδjk − 2

3 δij δkl
σij = Kδijεkk + 2µ

(
εij − 1

3δijεkk
)

εrs =
1
2

(
∂ur
∂xs

+ ∂us
∂xr

+ ∂uk
∂xr

∂uk
∂xs

)
≈ 1

2

(
∂ur
∂xs

+ ∂us
∂xr

)
In presented assignment it is possible to consider diffrent
geometry of the problems, loads, shape functions,
approximation spaces etc.
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Conclusions

Turing complete programming languages give teachers a
tool to work interactively online on problems with
practically arbitrary complexity.

By using Turing complete computer languages it is
possible to implement very wide class of mathematical
problems by using computer code.

Many engineering problems can be describe by using
mathematical models, because of that it is possible to
generate automatically online assignments for students.

It is continent to create a set of goal-oriented assignments.

In some cases every step of generation of online learning
assignments can be fully automated and speed up by using
autonomous computational algorithms.
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Thank You
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