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Introduction to lecture

@ This week'’s lecture & practical consider mainly separate topics.

@ Much of the lecture will consider how to write high-quality code.
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Introduction to lecture

@ This week'’s lecture & practical consider mainly separate topics.
@ Much of the lecture will consider how to write high-quality code.

@ We take “high-quality code” to mean the following:

e code that is readable; and
e code that is correct.
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Introduction to lecture

@ This week'’s lecture & practical consider mainly separate topics.
@ Much of the lecture will consider how to write high-quality code.

@ We take “high-quality code” to mean the following:

e code that is readable; and
e code that is correct.

@ We will consider each of these in turn, using examples of code
from the last few weeks’ practicals as motivation.
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Introduction to lecture

@ This week'’s lecture & practical consider mainly separate topics.
@ Much of the lecture will consider how to write high-quality code.

@ We take “high-quality code” to mean the following:

e code that is readable; and
e code that is correct.

@ We will consider each of these in turn, using examples of code
from the last few weeks’ practicals as motivation.

@ In the practical, we'll write some programs that use graphics.

o We'll take a brief look at graphics towards the end of this lecture.
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What is readable code?

@ What do we mean by readable code, and why is it significant?
@ We will consider program code to be readable if it can be easily
understood by anyone who is:
o familiar with programming in the language (here, Python); but
e unfamiliar with what the code is meant to do.
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What is readable code?

@ What do we mean by readable code, and why is it significant?
@ We will consider program code to be readable if it can be easily
understood by anyone who is:
o familiar with programming in the language (here, Python); but
o unfamiliar with what the code is meant to do.
@ Writing code that is readable is important since:

o Software in industry is often written by teams of people.
o Successful software is not just written; it is maintained
(modified and extended), over many years, by many people.
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What is readable code?

@ What do we mean by readable code, and why is it significant?
@ We will consider program code to be readable if it can be easily
understood by anyone who is:
o familiar with programming in the language (here, Python); but
o unfamiliar with what the code is meant to do.
@ Writing code that is readable is important since:

o Software in industry is often written by teams of people.
o Successful software is not just written; it is maintained
(modified and extended), over many years, by many people.

@ (Unreadable code will also lose you marks in this unit and in
future programming units.)
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How to write readable code

@ It is not difficult to write readable code. (And there is no reason
at all to first write unreadable code and then make it readable!)
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How to write readable code

@ It is not difficult to write readable code. (And there is no reason
at all to first write unreadable code and then make it readable!)
@ Restricting ourselves to the programming concepts seen so far,
the following are important:
e good use of variables and variable (and function) names;
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e good use of whitespace;
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at all to first write unreadable code and then make it readable!)
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e good use of variables and variable (and function) names;
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How to write readable code

@ It is not difficult to write readable code. (And there is no reason
at all to first write unreadable code and then make it readable!)

@ Restricting ourselves to the programming concepts seen so far,
the following are important:
e good use of variables and variable (and function) names;
e good use of whitespace; and
e good documentation.

@ Let's consider each of these in turn...
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How to write readable code

@ It is not difficult to write readable code. (And there is no reason
at all to first write unreadable code and then make it readable!)
@ Restricting ourselves to the programming concepts seen so far,
the following are important:
e good use of variables and variable (and function) names;
e good use of whitespace; and
e good documentation.
@ Let's consider each of these in turn...

@ It is obvious from the following example that good use of
variables can enhance the readability of even very simple code.
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Good use of names

Poor use of names

def q3(0):
x = input("Please enter diameter: ")
print 1.5 * math.pi * (x / 2.0) **x 2

Good use of names

def cost0fPizza():
diameter = input("Please enter diameter in cm: ")

area = math.pi * (diameter / 2.0) ** 2
pencePerSquareCm = 1.5

cost = area * pencePerSquareCm

print cost
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Choosing good names

@ The name of a variable or function has first to be legal:

e it must begin with a letter or underscore “_", and only consist
of letters, digits and underscores;

o (So xyz_123 is legal but 1p and num 1 are not);

e it must not be a keyword such as def or print.
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Choosing good names

@ The name of a variable or function has first to be legal:
e it must begin with a letter or underscore “_", and only consist
of letters, digits and underscores;
o (So xyz_123 is legal but 1p and num 1 are not);
e it must not be a keyword such as def or print.

@ We will stick to the convention of using “lowerCamelCase”,
since this allows for easyToReadMultipleWord names.
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Choosing good names

@ The name of a variable or function has first to be legal:

e it must begin with a letter or underscore “_", and only consist
of letters, digits and underscores;

o (So xyz_123 is legal but 1p and num 1 are not);

e it must not be a keyword such as def or print.

@ We will stick to the convention of using “lowerCamelCase”,
since this allows for easyToReadMultipleWord names.
@ When writing code, take time to think about names:

e use informative names (to help explain what the code means);
e try to avoid abbreviations like diam;

use multi-word names if they are appropriate (& not too long);

single-letter names are ok in a few places (e.g. i for loops).
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Using whitespace

@ Whitespace means spaces, tabs and blank lines in programs.
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Using whitespace

@ Whitespace means spaces, tabs and blank lines in programs.
@ Whitespace is more critical in Python than in other languages.

@ You have probably realised that the “bodies” of functions and
loops must be indented consistently for them to work.
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Using whitespace

@ Whitespace means spaces, tabs and blank lines in programs.
@ Whitespace is more critical in Python than in other languages.
@ You have probably realised that the “bodies” of functions and
loops must be indented consistently for them to work.
@ Stick to “standard” conventions for other uses of whitespace:
e Leave a blank line between function definitions.
o Use a single space either side of an assignment symbol and
operator, but not before or after containing parentheses; e.g.:
area = math.pi * (diameter / 2.0) ** 2
e Use a single space after commas; e.g.:

print "There are", pizzasLeft, "pizzas left."
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Using whitespace

@ Whitespace means spaces, tabs and blank lines in programs.
@ Whitespace is more critical in Python than in other languages.
@ You have probably realised that the “bodies” of functions and
loops must be indented consistently for them to work.
@ Stick to “standard” conventions for other uses of whitespace:
e Leave a blank line between function definitions.
o Use a single space either side of an assignment symbol and
operator, but not before or after containing parentheses; e.g.:
area = math.pi * (diameter / 2.0) ** 2
e Use a single space after commas; e.g.:
print "There are", pizzasLeft, "pizzas left."
@ Do not put whitespace between function names and
parentheses, or before colons, as in for i in range (5)
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Documentation (comments)

@ Another technique you can use to produce readable code is to
document it, using English text.

@ Documentation of code can take the form of comments, which
appear to the right of the # symbol.

@ We have used comments so far to identify the contents, author
and date of our Python files.
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Documentation (comments)

@ Another technique you can use to produce readable code is to
document it, using English text.

@ Documentation of code can take the form of comments, which
appear to the right of the # symbol.

@ We have used comments so far to identify the contents, author
and date of our Python files.

@ Comments are also useful to explain to the reader something
that might not be obvious on reading the code; e.g.,

Acceptable use of a comment
# apply Pythagoras’s theorem
distance = ((x2 - x1) **x 2 + (y2 - yl) **x 2) **x 0.5
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Documentation (comments)

@ Many people think that: more comments = better code.

@ This is wrong—if your code is well written, it should be
understandable without the need for too many comments.
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Documentation (comments)

@ Many people think that: more comments = better code.

@ This is wrong—if your code is well written, it should be
understandable without the need for too many comments.

@ Some comments are pointless, and too many comments can
make the code more difficult to read. For example:

Overuse of pointless comments

def cost0fPizza():
diameter = input() # read diameter from user
area = math.pi * (diameter / 2.0) ** 2 # calc area
cost = area * 1.5 # calculate cost

print cost # display cost
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Testing your code

@ A common mistake is to assume that if your code produces
some output, then the output must be correct.
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Testing your code

@ A common mistake is to assume that if your code produces
some output, then the output must be correct.
@ To take an extreme example from Practical Worksheet 1:

>>> futureValue()

Matthew Poole (SoC, UoP) PYTHON lecture 4-High-Quality Code 26th October 2009 10 / 20



Testing your code

@ A common mistake is to assume that if your code produces
some output, then the output must be correct.
@ To take an extreme example from Practical Worksheet 1:

>>> futureValue()
Enter amount of money:
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Testing your code

@ A common mistake is to assume that if your code produces
some output, then the output must be correct.
@ To take an extreme example from Practical Worksheet 1:

>>> futureValue()
Enter amount of money: 300
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Testing your code

@ A common mistake is to assume that if your code produces
some output, then the output must be correct.
@ To take an extreme example from Practical Worksheet 1:

>>> futureValue()
Enter amount of money: 300

Enter number of years:
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Testing your code

@ A common mistake is to assume that if your code produces
some output, then the output must be correct.
@ To take an extreme example from Practical Worksheet 1:

>>> futureValue()
Enter amount of money: 300

Enter number of years: 5
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Testing your code

@ A common mistake is to assume that if your code produces
some output, then the output must be correct.
@ To take an extreme example from Practical Worksheet 1:

>>> futureValue()

Enter amount of money: 300
Enter number of years: 5
Future value is 3480871.875
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Testing your code

@ A common mistake is to assume that if your code produces
some output, then the output must be correct.
@ To take an extreme example from Practical Worksheet 1:

>>> futureValue()

Enter amount of money: 300
Enter number of years: 5
Future value is 3480871.875

@ Huh?! — nice bank!! In this case, obviously:
e the function contains a fault (or bug); therefore
e the programmer made an error.
@ Code that produces incorrect output is worse than code that
“crashes” with an error message—why?
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Testing your code

@ It is vital that functions are tested after they are written to
check that they work properly.

@ To test a function, we first choose some test inputs— values
for which we know what the corresponding outputs should be.

@ Which test inputs (and how many) we should choose depends on
the particular function, and can be difficult to decide.
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Testing your code

@ It is vital that functions are tested after they are written to
check that they work properly.

@ To test a function, we first choose some test inputs— values
for which we know what the corresponding outputs should be.

@ Which test inputs (and how many) we should choose depends on
the particular function, and can be difficult to decide.
@ For the futureValue function, good test data might include:
e any amount for 0 years: the output should be the same amount;
e £100 for 1 year: the future value is easy to to calculate in your
head, £105.5 (remember that the interest rate is 5.5%).

e £100 for 2 years: the future value is easily calculated from the
previous value: £111.30250.
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Testing your code

@ Test data is often presented in tabular form:

Test Input Expected Output

amount | period

123.35 0 123.35
100 1 105.5
100 2 111.30250
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Testing your code

@ Test data is often presented in tabular form:

Test Input Expected Output

amount | period

123.35 0 123.35
100 1 105.5
100 2 111.30250

@ The function is then tested on each of the test inputs:
o If it fails to produce one of the expected outputs, the function

definition contains a bug;
o If it produces all of the expected outputs, we consider the

function correct (although we can't be certain—why?).

12 / 20
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An introduction to simple graphics

o We'll now take a very brief look at graphics.

@ Practical Worksheet 4 will cover this in more detail; and Chapter
5 of the textbook contains an even more complete discussion.
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An introduction to simple graphics

o We'll now take a very brief look at graphics.

@ Practical Worksheet 4 will cover this in more detail; and Chapter
5 of the textbook contains an even more complete discussion.

@ Each of the remaining practical worksheets (and the mini
project) will include some exercises that will use graphics.
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An introduction to simple graphics

We'll now take a very brief look at graphics.

Practical Worksheet 4 will cover this in more detail; and Chapter
5 of the textbook contains an even more complete discussion.

Each of the remaining practical worksheets (and the mini
project) will include some exercises that will use graphics.

The idea is not to write programs with complex user interfaces.

Instead, we'll write programs that will use familiar concepts; e.g

e points & lines
e circles & rectangles
e colours

to learn more of the basics of programming.
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Using the graphics module

@ The graphics system that we will use is not built in to the
Python language.

e Instead, it is a Python module (i.e. file) written by the author of
the unit textbook.
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Using the graphics module

@ The graphics system that we will use is not built in to the
Python language.

e Instead, it is a Python module (i.e. file) written by the author of
the unit textbook.

@ After copying this file to your file-space (see worksheet 4), you
need to import it; e.g. using the shell:

>>> from graphics import * \
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Using the graphics module

@ The graphics system that we will use is not built in to the
Python language.

e Instead, it is a Python module (i.e. file) written by the author of
the unit textbook.

@ After copying this file to your file-space (see worksheet 4), you
need to import it; e.g. using the shell:

>>> from graphics import * \

@ This is a variation on the “import math” line used earlier.

o It means “import all the definitions in the graphics module so we
can use them without using the graphics prefix.”
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Creating a graphics window

@ We can now create a graphics window and assign it to a variable:

>>> win = GraphWin()
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Creating a graphics window

@ We can now create a graphics window and assign it to a variable:

>>> win = GraphWin() l

@ This will give a graphics window of dimensions 200 x 200 pixels

(picture elements):

pixel (0, 0)

pixel (0, 199)

Graphics Window E”E,&l

\

pixel (75, 40)

pixel (199, 0)

pixel (199, 199)

Matthew Poole (SoC, UoP)

PYTHON lecture 4-High-Quality Code
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Graphical data

@ We now wish to draw points, lines, circles etc. on the window.
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Graphical data

@ We now wish to draw points, lines, circles etc. on the window.
@ All of these things are further examples of data types.
@ So, just as Python includes some built-in data types; e.g.:
o int (with values 12, -3 etc.)
o float (with values 3.14, -123.45 etc.)
e str (with values "hello” and “3" etc.)
the graphics module contains definitions of programmer-
defined data types; including:
o Point
o Circle
o GraphWin
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Graphical data

@ We now wish to draw points, lines, circles etc. on the window.
@ All of these things are further examples of data types.
@ So, just as Python includes some built-in data types; e.g.:
o int (with values 12, -3 etc.)
o float (with values 3.14, -123.45 etc.)
e str (with values "hello” and “3" etc.)
the graphics module contains definitions of programmer-
defined data types; including:
o Point
o Circle
o GraphWin
@ You'll define your own data-types, using object-oriented
programming in Java, next semester.
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Creating graphical objects

@ It is easy to use/create data of the built-in types in a program:

>>> x = 1.23 !
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Creating graphical objects

@ It is easy to use/create data of the built-in types in a program:

>>> x = 1.23 !

@ How can we create a point or circle?

@ We use the name of the data type with some defining values.

@ For example, a point is defined/given by its x and y coordinates;
so to create a point at x = 10 and y = 20, we do:

>>> p = Point (10, 20) l
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Creating and manipulating graphical objects

@ The value of the variable p now refers to a point with
coordinates (10, 20).
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Creating and manipulating graphical objects

@ The value of the variable p now refers to a point with
coordinates (10, 20).
@ We now wish to manipulate the point in various ways; e.g.
o display it in the graphics window;
e change its colour, or move it.
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Creating and manipulating graphical objects

@ The value of the variable p now refers to a point with
coordinates (10, 20).
@ We now wish to manipulate the point in various ways; e.g.
o display it in the graphics window;
e change its colour, or move it.

@ These operations are examples of methods, which are part of
the Point data type.

@ We use methods using the “dot” notation; for example:

>>>
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Creating and manipulating graphical objects

@ The value of the variable p now refers to a point with
coordinates (10, 20).
@ We now wish to manipulate the point in various ways; e.g.
o display it in the graphics window;
e change its colour, or move it.
@ These operations are examples of methods, which are part of
the Point data type.

@ We use methods using the “dot” notation; for example:

>>> p.draw(win)
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Creating and manipulating graphical objects

@ The value of the variable p now refers to a point with
coordinates (10, 20).
@ We now wish to manipulate the point in various ways; e.g.
o display it in the graphics window;
e change its colour, or move it.
@ These operations are examples of methods, which are part of
the Point data type.

@ We use methods using the “dot” notation; for example:

>>> p.draw(win)
>>>
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Creating and manipulating graphical objects

@ The value of the variable p now refers to a point with
coordinates (10, 20).
@ We now wish to manipulate the point in various ways; e.g.
o display it in the graphics window;
e change its colour, or move it.
@ These operations are examples of methods, which are part of
the Point data type.

@ We use methods using the “dot” notation; for example:

>>> p.draw(win)
>>> p.setOutline("red")
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Creating and manipulating graphical objects

@ The value of the variable p now refers to a point with
coordinates (10, 20).
@ We now wish to manipulate the point in various ways; e.g.
o display it in the graphics window;
e change its colour, or move it.
@ These operations are examples of methods, which are part of
the Point data type.

@ We use methods using the “dot” notation; for example:

>>> p.draw(win)
>>> p.setOutline("red")
>>>
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Creating and manipulating graphical objects

@ The value of the variable p now refers to a point with
coordinates (10, 20).
@ We now wish to manipulate the point in various ways; e.g.
o display it in the graphics window;
e change its colour, or move it.
@ These operations are examples of methods, which are part of
the Point data type.

@ We use methods using the “dot” notation; for example:

>>> p.draw(win)
>>> p.setOutline("red")
>>> p.move(50,10)
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Creating and manipulating objects

@ Let's also create a circle with centre coordinates (20, 30) and

radius 10, fill it in blue and display it:

>>>
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Creating and manipulating objects

@ Let's also create a circle with centre coordinates (20, 30) and
radius 10, fill it in blue and display it:

>>> ¢ = Circle(Point (20, 30), 10)

Matthew Poole (SoC, UoP) PYTHON lecture 4-High-Quality Code 26th October 2009 19 /20



Creating and manipulating objects

@ Let's also create a circle with centre coordinates (20, 30) and
radius 10, fill it in blue and display it:

>>> ¢ = Circle(Point (20, 30), 10)
>>>
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Creating and manipulating objects

@ Let's also create a circle with centre coordinates (20, 30) and
radius 10, fill it in blue and display it:

>>> ¢ = Circle(Point (20, 30), 10)
>>> c.setFill("blue")
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Creating and manipulating objects

@ Let's also create a circle with centre coordinates (20, 30) and
radius 10, fill it in blue and display it:

>>> ¢ = Circle(Point (20, 30), 10)
>>> c.setFill("blue")
>>>
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Creating and manipulating objects

@ Let's also create a circle with centre coordinates (20, 30) and
radius 10, fill it in blue and display it:

>>> ¢ = Circle(Point (20, 30), 10)
>>> c.setFill("blue")
>>> c.draw(win)
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Creating and manipulating objects

@ Let's also create a circle with centre coordinates (20, 30) and

radius 10, fill it in blue and display it:

>>> ¢ = Circle(Point (20, 30), 10)
>>> c.setFill("blue")
>>> c.draw(win)

@ (The top part of) our graphics window will now look like:

Graphics Window |Z| !E|E|

Matthew Poole (SoC, UoP) PYTHON lecture 4-High-Quality Code 26th October 2009



Reading & Next lecture

@ In next week's lecture, we'll consider how to use functions to
write larger high-quality programs.

@ This lecture will be based on Chapter 6 of the unit textbook, so
try to make sure to read this before the lecture.

@ Note that from next week, the practical worksheets will be
assessed as part of your portfolio for the unit.
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