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Computational Thinking

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

“Computational Thinking is the
thought processes involved In
formulating problems and
their solutions ... Ina form
that can be effectively carried
out by an information-

processing agent.”
- Cuny, Snyder, Wing
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Characteristics of Computational Thinking:

Break 1 complex problem into
a collection of smaller/simpler
problems

Mathematical modelling
» Symbolic representation
* Block diagrams

Formulating solution as a
series of steps

Transforming between
Modelling paradigms

What happens
when ?
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Characteristics of Computational Thinking: HOW dOeS MATLAB
. Break 1 complex problem into Support COmPUtatlonaI

a collection of smaller/simpler

previems Thinking ?

Centralize

Narration
- . _ _ ‘ + Rationale
Mathematical modelling « Implementation

Abstraction . Symbol-lc representation
* Block diagrams
NZ

Formulating solution as a <

Decomposition

Algorithms series of steps
+
Automation Transforming between <:
Modelling paradigms
Makes it easy
hd ‘ to do this
Simulation What happens
when ?
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Characteristics of Computational Thinking:

Decomposition

Abstraction

Algorithms
+

Automation

Simulation

Break 1 complex problem into
a collection of smaller/simpler
problems

Mathematical modelling

» Symbolic representation
* Block diagrams

J

Formulating solution as a <

series of steps
Transforming between <:j
Modelling paradigms

e

What happens
when ?

Centralize:

* Narration
‘  Rationale
* Implementation

Makes it easy
to do this

How does this
foster
curiosity ?

Tedium is reduced.

Spend more time thinking
about the core science.

There is a pathway from
small to big problems
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Computational Thinking
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Using Computationa

Centralization of thought
process

Tedium busters

MATLAB
Live scripts

Explore the dynamics of a 4-dof Robotic manipulator

In this example we're going to derive and then implement the equations of motion for a 4-dof robotic manipulator
Specifically we're going to derive the equations of motion using's Lagrange’s method. The system that we're going
10 explore is shown below. At each joint we have:

= 1, ° Acluation torques (eg: by electric motors)

« BB - Viscous damping torques

The system equation of motion that we'll be deriving has the following general form
M(q,q.G + Cla,q).q + K(a)g + glq) = Qr,a)
Background:

In last week's class we practiced applying Lagrange's equation to a Spring Mass Damper (SMD) system. Today
we're going 1o follow exactly the same process as the SMD case, ie:

Define Model Parameters
Apply the governing physics

Apply Lagrange's equation

Isolate our expression for M, C, K, g, @

Convert our Analytical expression for M, C, K, g, Qinto a Simulink block
Simulate of model of this dynamic system

L

Euler-Lagrange equations:

The Euler-Lagrange formula will be used to derive the equations of motion for our robotic manipulator, and it has the
form:

GO _SL_g for k=12..n

dt 8g,  8qx
where nis the DOF of the system, {q;, g .., 4.} IS @ set of generalized coordinates, {Q,, @, ..., @} is the set of
generalized forces with those rdinates, and the Lagrangian: L= T - V, is defined as the difference
between the Kinetic and potential enerav of the n- DOF svstem. The Generalised forces can also be defined in terns

>> diff ()

>> matlabFunctionBlock ()

g(t) = sin(z(t))z

dg dt(t) =

2 cos(z(t)) sin(z(t)) 9 Z(t)

Modelling Choices
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| Student’s desires:

- How does what | already know:
— Extend to NEW things
— Scale from simple to complex things

= | do NOT want to do boring things

Explore the dynamics of a 1-dof Spring Mass Damper

In this example we're going to derive and then implement the equations of motion for 1-dof Spring Mass Damper
system. Specifically we're going to derive the equations of motion using's Lagrange's method. The system that

we're going to explore is shown below.
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Background:

From our year 1 class in physics and mechanics, we derived using Newton's 2nd law. the equation of motion for the
dynamics of a Spring Mass damper system. Recall that it had the following form:

mx + bk + k.x=F(t)

Today we'll use the Lagrangian approach to derive the same equations of motion for our spring mass damper.
We're going to break this problem down into the following 6 steps:

. Define Model Parameters

. Apply the governing physics

. Apply Lagrange's equation

. Isolate our expression for & (¢ )

. Convert our Analytical expression for & into a Simulink block
. Simulate of model of this dynamic system

[

Euler-Lagrange equations:

Recall our earlier class where we derived and summarised the fundamental Lagrangian equations that allow us to

Solution
pathway

derive system equations of motion:

4oL _0L_p  where
dt ag, 9qx
where:
= L isthesystem Lagrangian, ie: L = KE - PE

is the k™ generalised co-ordinate
is the generalised force associated with the k* generalised co-ordinate g,

is the number of active NON conservative forces
ic tha numhar of actius MOK tiua TODOIIE
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Professor’s desires:

= | do want my students to:
— focus on the science/engineering
— Think, explore, build

Explore the dynamics of a 4-dof Robotic manipulator

In this example we're going to derive and then implement the equations of motion for a 4-dof robotic manipulator.
Specifically we're going to derive the equations of motion using's Lagrange's method. The system that we're going
to explore is shown below. At each joint we have:

= 1, : Actuation torques (eg: by electric motors)|

= b& - Viscous damping torques
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The system equation of motion that we'll be deriving has the following general form:
Mg 44 + Clg.q).q + Kiggq + glgq) =Qt.g
Background:

In last week's class we practiced applying Lagrange's equation to a Spring Mass Damper (SMD) system. Today
we're going to follow exactly the same process as the SMD case. ie:

. Define Model Parameters

. Apply the governing physics

. Apply Lagrange's equation

_ Isolate our expression for M,C, K, g, Q

Convert our Analytical expression for M, C, K, g, @into a Simulink block
_ Simulate of model of this dynamic system

@ oo oW M

Euler-Lagrange equations:

The Euler-Lagrange formula will be used to derive the equations of motion for our robotic manipulator, and it has the
form:

where nis the DOF of the system, {q,, g, ..., q,} i5 a set of generalized coordinates, {@,, @, ..., @,} is the set of
generalized forces associated with those coordinates, and the Lagrangian: L= T - V, is defined as the difference
between the kinetic and potential enerav of the n- DOF svstem. The Generalised forces can also be defined in terns 9
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How is Computational Thinking Introduced ?

- N
COmputationaI Do students just “pick up”
Thinking computational thinking?
< Y
VS VS

Isn’t math taught

Math Skills systematically and reinforced
throughout the curriculum?
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How Math Is
Introduced In the
curriculum

How is Computational
Thinking introduced?

Humanities

General
Chemistry

Intro to
Engineering

Calculus |

Year 1

Humanities

Physics |

Programming

Calculus Il

Humanities

Circuits

Physics Il

Linear

Algebra

>

Humanities

Algorithms

Digital
Systems

Siagr~'

Semi-
Conductors

Electr~

Micro-
electronics

Contre’
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Year 4

- Core Math
Courses

- Courses using

Math Skills

Students’ cumulative

math skill proficiency

Humanities Humanities Micro-
electronics

Humanities Humanities Circuits Algorithms Semi- Controls Technical Technical

Conductors Elective Elective
General Physics | Physics Il Digital Electronics Energy & RF & Optics Technical

Chemistry Systems Power Elective
Intro to Programming Linear Signals & Electro- Embedded Comm Technical

Engineering Algebra Systems magnetics Systems Elective
Calculus | Calculus Il Calculus Il Differential Numerical Statistics Capstone Capstone
Equations Methods Design | Desior '

—Z“\ )
Year 1 Year 2 Year 3

- Computational
Courses

v

Students’ cumulative
computational proficiency
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Computational Thinking

MATLAB
Technical Computing
Environment

Decomposition Abstraction AIgoThms S
: (Model Building) | Simulation
Automation
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Fostering a
Curiosity to
Learn:

- There is a pathway

from simple to
complex problems

= Tedium is reduced.

= Spend more time

thinking about the
core science.
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