CptS111 Laboratory 4. Lists, Loops, and Some Stats

Goal: This lab uses lists and theange() function in various ways. The goal is to make you
comfortable with some of the ways lists can be used and taemisat you understand the behavior
of ther ange() function.

You are free to help your classmates and seek help from your classmates. Collaboration is
strongly encouraged. However, please make sure the help you provide takes thedbexplain-
ing things and you do not merely provide the answers/salatio

For this lab you should ensure the TA notes your completigh@following “graded” tasks:

Task 2: Usingr ange() to Blast Off.
Task 3: Obtaining d i st of Numbers.
Task 4: Summing d i st the Hard Way.
Task 5: Finding the Average.

Task 6: Finding the Standard Deviation.

Task 1: |i sts,f or-Loops, and theappend() Method.

Al i st can be empty, meaning that it has no elements. By themselvgsy dists are not very
useful. However, in some applications we start with an enfiptyand then build it up. Alterna-
tively, in other applications we start with a non-empty asid remove elements from the list, one
at a time, doing something with each element before movinig dime next one. We stop when the
list is empty. An empty list consists of square brackets wittelements.

Recall that the template forfeor -loop is

for <itenP in <iterable>:
<body>

where<i t er abl e> produces one value for each pass of the loop. On each pase tidp
this value is assigned ta t en». As we will see in the coming weeks, in Python various things,
including | i st s are iterables. Thus, at the start of the first pass of the lhed i st’s first
element is assigned td t ent. At the start of the second pass, its second element is &sktgn

<i tenP, and so on<i t en® serves as the “loop variable.” Any valid identifier can bedus®

<i t en>. In some loops we are interested in us#ig en® in the body of the loop while in other
loops this value is ignored (in such loogst en® is typically being used as a counter and there
may be no need to use this counter).

The following code starts by demonstrating the behaviormdraemptyl i st . The listx defined
inline 1 has three elements and is subsequently used in Ipothrat () statementandfaor -loop.
Following this, arempty list is created and also used ipai nt () statement and fior -loop.
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>>> x = [7, 10, 2] # X is a non-enpty list.

>>> print(x) # print(x) shows the entire |ist.

[0, 1, 2]

>>> # Use a for-loop to print each elenment of x and sonme text.

>>> for itemin Xx: # Three itens in x, thus three lines of output.

print(item "hello")

7 hello

10 hello

2 hello

>>> y =[] # y is an enpty list.

>>> print(y) # print(y) shows brackets but nothing inside.

[]

>>> for itemin vy: # There are no itenms in y, so no output is produced.

print(item "hello")
>>>

Recall thatl i st s have a method callemppend() that appends its argument to the end of the
givenl i st. The following code starts with an empty list The user is then solicited for two
values that are appendedzo

>>> 7z =[]

>>> nunber = float(input("Enter a nunber: "))
Enter a nunber: 27.3

>>> z. append( nunmber)

>>> nunber = float(input("Enter a nunber: "))
Enter a nunber: 4.9876

>>> z. append( nunber)

>>> print(z)

[27.3, 4.9876]

A li st can be returned by a function. This is illustrated in thedwihg code. Here the code for
prompting the user for two values is placed in a functionezhdlet -t wo() .

>>> def get _two():
z =[]
nunber = float(input("Enter a nunber: "))
z. append( nunber)
nunmber = float(input("Enter a nunber: "))
z. append( nunber)
return z

>>> xlist = get_two()
Enter a nunber: 47
Enter a nunber: 52
>>> print(xlist)
[47.0, 52.0]



If you have no questions about any of this code, you may mowue tre following task. If you do
have questions, now is the time to ask!

Task 2: Usingr ange() to Blast Off.

range() is described in Sec. 6.5 of the textbook. Technically it is“is@rator” but you can
think of it as a function that generates ast of integerst In practicer ange() generates the
elements of thi$ i st one at a time and as needed. But, as will be demonstratedyshestcan
forcer ange() to generate all the integers at once by enclosiagge( ) in the built-in function
list().?

range() can be passed either one, two, or three parameters. All péeasrmust be integers or
expressions that evaluate to integers. With the one-paeauftem,r ange() will generate a list
of integers from zero up to one less than the parameter. SEexémple) i st (r ange(5)) will
return the list

[0, 1, 2, 3, 4]

Note that this list has five elements, i.e., the number of el@min the list corresponds to the
argument of ange( ) , and yet the maximum value in the list is one less than thisraemt. When
range() has a single parameter, this is theop value: The numbers produced by r ange()
never include the st op value! It is important to remember thatange( n) produces integers
ranging fromO ton - 1.

The three-parameter form of thenge( ) function, i.e., the most general formyriange(start,
stop, increnent). The firstparametest art, is the starting valuest ar t defaults to zero
if not given explicitly.

The third parameter,ncr enent , is the step (or increment) between the values tlzatge( )
produces.i ncr enent defaults to one if not given explicitlyi ncr enment can be negative, in
which case the values in the list are decreasing insteact#asing.

The second parametest op, is, as mentioned above, the stop value. If two parametersyseci-
fied, they are assumed to correspondt@rt andst op.

To reiterate, the values producedibgnge(start, stop, inc) aregiven by
[start, start + inc, start + 2 = inc, start + 3 = inc, ... ]

This sequence stops just prior to theop value (much as you are supposed to stop in front of a
stop sign, even if only barely).

1For the remainder of the course we will typically refertange() as a function.
2In practice we woulchot use thel i st () function to force this kind of behavior. We are just using étréa to
facilitate seeing the valugsange() generates.
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To demonstrate howange() behaves, enter the following at the interactive prompt aaéten
sure you understand the results.

list(range(10))
list(range(3, 10))
list(range(3, 10, 3))
list(range(10, 0))
l'ist(range(10, 0, -1))
list(range(10, -1, -1))

Now, please answer the following questions (and be preparsetdow your answers to the TA at
the completion of this task):

1. Which of thecallstor ange() shown above produces an empty list?

2. What should be the parametersfor r ange() to produceintegersthat start at 1 and
go up to, and include, 10?

3. Assumeyou havethelist x| i st inyour code. Giventhat | en() returnsthelength of
its argument, what would you use asthe argument to ther ange() function to produce
alist of numbersthat has as many elementsasthelength of x| i st ?

Now our goal is to write a function calleciount down() that generates specific output. It takes
no arguments. When rugount down() uses the nput () function to prompt the user for a
positive integer. It records the input and then uses tnege( ) function and & or -loop to print

a countdown that goes from the user-specified value to zerthah point the function prints the
words “Blast off!”

Here is an example where the function is behaving correctly:

>>> count down()
Enter a positive integer: 5

OFR, NWM~OU

Bl ast of f!
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Note! There is one slightly new concept that comes into play in filmetion having to do with
“nesting” (but we have mentioned nesting in connection wli# definition of functions). The
count down() function will include af or -loop. We say that thé or -loop is nested in the
function. You already know we have to indent the body of thecfion, but we have to further
indent the “body” of the code associated with fhar -loop since the loop is nested in the function.
So, the structure of the code will be something like this:

def countdown():
# any code that cones before the for-Ioop
for
# code within the body of the for-1oop
# any code that conmes after the for-1oop

Remember, indentation is a way of identifying blocks of cdus aire tied together in some context.
We indent statements as part of a function definition becawesevant to identify them as the
function body. The same thing applies to the bodiesaf-loops—to be identifiable, the body of
af or -loop must be indented more than the loop header itself.efbes, when & or -loop is used
in a function definition, the loop header should be indenteellevel (e.g., using one tab), just like
the other statements in the function body, but statemeat$tiongs to the body of tHeor -loop,
must be indented further (e.g., using two tabs).

If the pri nt () statement that prints “Blast off!” is indented the same am@srthe body of the
f or -loop, you will blast-off multiple times. Don’t do this.

Once you have this function behaving properly, demonsirate solution to the TA. If the TA
agrees your code is correct (and if the TA is satisfied withryamswers to the questions above),
you may move on the next task.

Task 3: Obtaining d i st of Numbers.

We now want to write a function that combines several of treseepts to allow us to create a
list of numbers of arbitrary length (although this lengthsnbe specified in advance). Write a
function calledget f| oat s() that takes no arguments. This function does the following:

1. Creates an emptyi st .

2. Prompts for and obtains the number of data points the uaetswo enter. This must be an
integer.

3. Uses d or -loop to obtain all the user’s data. It is assumed the uséewierf | oat s. The
prompt used to solicit input may be the same for each entryy@rcan use a counter so that
the prompt changes appropriately for each value (this isotstnated below). Each value
should be appended to the list that was created in step 1.

4. Returns this list.
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Here are some additional comments concerning step 3, amments about what is done in the
body of thef or -loop. Keep in mind that thenput () function returns a string. This string must

be converted to &l oat () . You use theappend() method to add values to the list. In this

particular loop the loop variable isn’t needed in the bodyhefloop except, perhaps, to be shown
in the prompt. So, in this case, we are using the header obtpetb specify the number of times

the loop will be executed. (Unlike in some of the previousmegkes, we are not using the header
specifically to access elements of a list via the loop vagiablhe goal here is to build a list, not

access elements of a previously created list.)

The following demonstrates the proper behavior of this fiamc

>>> get _floats()

Enter the nunber of elenents: 3
Enter elenent 1: 25.1

Enter elenent 2: 19.3

Enter elenent 3: 47.8

[25.1, 19.3, 47.8]

>>> xlist = get_floats()

Enter the nunber of elenents: 4
Enter elenent 1. 2

Enter elenent 2: 4

Enter elenent 3. 8

Enter elenent 4. 10

>>> print(xlist)

[2.0, 4.0, 8.0, 10.0]

Once you have this function behaving properly, demonsirate solution to the TA. If the TA
agrees your code is correct, you may move on the next task.

Task 4: Summing d i st the Hard Way.

We want to write a function calleslunmrer () that sums the values inla st of numbers. Actu-
ally, Python already provides a built-in function callednt( ) that will do exactly what we want
to implement in this task. This built-in function is demaagéd in the following code:

>>> x =[9, 3, 21, 15]

>>> sun( x)

48

>>> sunm([31.12, -16.32, 24.9, 82.0, 14.0])
135.7

Despite the fact that this function is already availabledpwe will write our own version, called
sumrer () that accomplishes the same thingunmer () takes a single argument: the st
whose elements we want to susunmer () does the following:

1. Initializes a variable to zero. This variable will ultibety hold the sum of all the values in
the list.



2. Using af or -loop, adds the value of each element of the list to the vhaigbu created in
step 1.

3. Returns the sum.
Sincesunmrer () and the built-in functiosun{ ) behave identically, the code above also demon-

strates the correct behavior®fmmer () .

Once you have this function behaving properly, demonsirate solution to the TA. If the TA
agrees your code is correct, you may move on the next task.

Task 5: Averaging Numbers.

Now we want to write gorogram that can be used to average a set of numbers. (The average
is also know as the mean.) This program will use ¢feg f | oat s() function from Task 3

and thesurmer () function from Task 4. Additionally, the program will use anfttion called

aver age() that actually calculates the average and the funat@nn() to coordinate every-
thing.

Recall that the average of a list of numbers is simply the suthefalues divided by the number
of values. Just to provide a bit of mathematical rigor, foea & numbersey, zo, - - -, zy, the
average is given by

Kl

1
=5 @tz )

whereNN is the number of terms in the list. The average of a set is afigicated with an overbar,
i.e., T indicates the average of the set of numbers Another way to write the average is using
summation (or sigma) notation:
N
_ 1

where the uppercase Greek letter Sigmatélls us to perform a sum. The expression to the right
of Sigma is the term to be summed. The expression below Sigitnglizes a summation index (in
this casek) and the term above Sigma indicates the final value for thersation index.

Using IDLE, open a new window in which to write the program.u¥ghould copy the code for
sumer () andget f | oat s() into this window. The very last statement in this window ddou
be a call tomai n() . Prior to this last statement, you should have definecather age() and
mai n() functions.

Themai n() function takes no arguments and does not return anything bdtdy ofrai n() can
consist of as few as three statements. The bodyaofn() does the following:

1. Calls theget f | oat s() function to obtain the list of numbers.

2. Callstheaver age() functionto calculate the average of the list of numbeas.ef age()
is described in more detail below.)
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3. Prints the average.

The last two steps can be combined into a single step. (Howevthe task we will want these
steps to be separate statements so that we can store thgeawéthe list for later recall.)

Theaver age() function takes a single argument, the list of numbers to leeamed. It returns
afl oat that is the average of the lisaver age() usessumer () to calculate the sum of
the elements of the list. (Note thatimmer () does not appear imai n().) The body of the
aver age() function can be a single line:reet ur n statement with the appropriate expression
following the keywordr et ur n.

Here is an example of the proper behavior of this program:

Enter the nunber of elenents: 3
Enter elenent 1: 2.3

Enter elenent 2: 5.9

Enter elenment 3: -3.872

Average = 1.44266666667

In the following example all the entries are integers andhaory, the average is an integer, but
becausd | oat division was used, the result is displayed &4 @at (even though it is a whole
number).

Enter the nunber of elenents: 5
Enter elenent 1: 98

Enter el enent 2: 82
Enter elenent 3: 69
Enter elenent 4: 100
Enter elenent 5. 91
Average = 88.0

Once you are satisfied your program is behaving properlywsrour work to the TA. If the TA
agrees your program is correct, move on to the next task.

Task 6: Standard Deviation.

If we were only interested in calculating the average of atatimbers, there is no reason to store
the numbers in a list. All we need to obtain the average is tine a&f the numbers and this can be
calculated “on the fly” without storing old values. The fallmg program accomplishes the same
thing as the program you wrote for the previous task:

def main():
"""Cal cul ate the average of a set of nunbers.
num = int(input("Enter the nunmber of elenents: "))
sum= 0
for i in range(num:
sum += int(input("Enter nunmber " + str(i + 1) +": "))
print("Average =", sum/ num
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mai n()

You should take a minute to ensure you understand exactlythisveode works. (You may want
to type it in yourself to solidify your understanding.) Thatement in line 6 uses the “augmented
assignment operator.” This is described in Sec. 2.7.4 ofakébook. The statemestum += X

is equivalenttsum = sum + Xx.

Although the work you did for the previous tasks was overikiine only wanted the average, it
was definitely not overkill if we want to analyze the valueydrad just calculating the average.
In this task we will calculate the standard deviation of thienbers? The standard deviation is a
measure of how much fluctuation there is in a set of numbees tifé average has been removed
from all the numbers. If all the numbers are equal to the ayerthen the standard deviation is
zero. As part of the calculation of the standard deviatiommwust subtract the average from each
number. This requires us to calculate the average first amgh back and subtract this from each
number, i.e., we have to have a way to recall all the numbersalB®e we stored the data in a list,
we can easily do this.

The standard deviation is represented by the lowercas&@tter sigma§). For a set of numbers
x1, 9, - -+, Ty, the standard deviation is given by

U:\/%[(xl—f)2+(962—f)2+-~~+(xN—j)2]

wherez is the average value of the set. Recall that in Python we caarsquvaluez with the
expressiorz ** 2 whereas we can calculate the square root with the expression 0. 5.4

For this task you must write a program that will report both #lverage and the standard deviation
of a set of numbers. This program builds on the program youenfar the previous task, so you
should use that program as your starting point (just be susave it to a different file). Thus,
as before, your program will use the functiaget f | oat s(), sumer (), average(), and
mai n() . However, you must write one additional function caltadd dev() .

The functionst d_dev() takes two arguments: a list of numbers and the average dighathe
function returns a float which is the standard deviation eflist. The body of this function does
the following:

1. Initializes a variable to zero.

2. Using af or -loop, subtracts the average from a number in the list, sguiuat number, and
adds this to the variable initialized in step 1.

SFor further discussion of standard deviation, sefettp://en. wi ki pedi a. or g/ wi ki / St andar d_
devi at i on>.

4The expression given here is the appropriate one when theudatl is the entire set of data. At times standard
deviation is used with data that represents samples fromgarlgpopulation. In that case the denominator should be
N — 1instead ofN in order to obtain an “unbiased” estimate of the standardbdien.
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3. The sum of all these values is divided by the number of etdsnim the list and then the
square root is taken. This gives the standard deviationtwikiceturned by the function.

You should modifymai n() so that it callsst d_dev() to obtain the standard deviation and to
print it. The following three runs of the program demonsrtite results you should obtain. Each
of these has the same mean but an increasing standard deviatthe first, all the values are the
same and hence the standard deviation is zero.

Enter the nunber of elenents: 5
Enter elenent 1: 50
Enter elenent 2: 50
Enter elenent 3: 50
Enter el enent 4: 50
Enter elenent 5. 50
Average = 50.0

St andard deviation = 0.0

Here the values are spread out so that they span the rang@&@rtwr/0:

Enter the nunber of elenents: 5
Enter elenent 1: 30
Enter elenent 2: 40
Enter elenent 3: 50
Enter el enment 4: 60
Enter elenent 5. 70

Average = 50.0

St andard devi ation = 14. 1421356237

In this final example the values range between 10 and 90:

Enter the nunber of elenents: 5
Enter elenment 1: 10
Enter elenent 2: 30
Enter elenent 3: 50
Enter elenent 4. 70
Enter elenment 5. 90

Average = 50.0

St andard devi ation = 28.2842712475

Once you are satisfied your program is behaving properlywsrour work to the TA. If the TA
agrees your program is correct, you are done and may leayey e weekend!

Homework #4 will be posted in the not-too-distant futureofpably by Saturday evening). Email
will be sent to the class when it is available. (It will be senyour WSU address.)
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