CptS 111 Laboratory 5: Loops, Optional Parameters, and Ac-
cumulators

Goal: In this lab we will review various implementations of loopé/e will also introduce one
new concept concerning optional parameters. Please benpatid carefully read all the mate-
rial! There are only two “graded” tasks, neither of whichuggs much code. Only attempt to
implement the code for these tasks after you have read aretstodd the material.

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 completiagh@following “graded” tasks:

Task 3: Joining alist  of Strings.

Task 5: Another Accumulator Exercise.

Task 1: Review of Definite Loops.

You have already seen how thenge() function can be used to create lists of a specified length.
You have also seen examples in which the list produced bsatige()  function can be used in a
for -loop to ensure the loop iterates a specified number of tiff@sexample, the following loop
printshello nine times:

for i in range(9):
print("hello”)

Note that this definite loop (aounted loop) has the loop variable in the headet. However, we
don’t do anything with this variable. This is perfectly fing some sense is used as a counter
but we never display or use this counter in an expression. sYauld further note that there is
nothing special about the namefor this loop variable. Although (orj ) is often used for the
loop variable in counted loops, any valid identifier can bedus

If we want to number each line of output, we certainly coulerélis a slightly modified version
of the loop that generates a line number together with thelwelio

for i in range(9):
print(i, "hello™)

You should enter this in Python and ensure it works as claiméave prefer to have the line
numbers go from 1 to 9 (instead of 0 to 8), then we could entbeeof the following

1Thelist() function has previously been used to display the list ofeslthatrange() ultimately produces.
However, thdist() function shouldhot be used with theange()  function when theange() function appears
in the header of or -loop.
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for i in range(9):
print(i+1, "hello™)

or

for i in range(1, 10):
print(i, "hello")

In addition to a counted loop, where the loop variable maybsoof interestfor -loops can also
be constructed so that the loop variable takes on the valtteealements of a list. The following
code illustrates this wheiigem is the loop variable:

>>> xlist = [*first", 2, 3.0, 2 + 2, "last"]
>>> for item in xlist:
print(item)
first
2
3.0

4
last

Now, what if we want to display each element’s index togethghn the value of the element? Can
you do this using the same header as in theflast-loop, i.e., can you do it without explicitly
using indexing? Think about this for a moment. The answer is yes, we can ussdmae header
if we add a bit of code to keep track of the index. Here is an gtam

>>> xlist = ["first”, 2, 3.0, 2 + 2, "last"]
>>> index = 0
>>> for item in xlist:

print(index, item)

index = index + 1

In line 2, outside the loop, we initialize the variabfelex to 0. This variable will serve as an
accumulator. Here we are simply accumulating a count: for each pass dbtdpewe reseindex
to its previous value plus 1.

Alternatively, we can use thange() function in the header of thier -loop to generate all the
values of a given list. Recall th&gn() returns the length of its argument. Thus the following is
functionally equivalent to the code above:

2Recall the first item has an index of zero. We can access itémkst by placing the index of the desired element
in square brackets following the list itself. So, for examplist[1] is the second element of the lidist

2
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>>> xlist = ["first”, 2, 3.0, 2 + 2, "last"]
>>> for i in range(len(xlist)):
print(i, xlist[i])

As you can see, there are different ways in which we can dige aloop. The previous two loops
produce the same result, but the second implementationhiichvthe indices came directly from
therange() function in the header, would generally be considered tatepable implementation
in that it has fewer lines of code and is consistent with thend Python programmers often use.
All of thesefor -loops are definite loops in that one can say in advance how traes the body
of the loop will execute. We can categorize the construstiva have seen as follows:

e Counted loops that use tmange() function to ensure the body of the loop is executed a
given number of times.

e Loops designed to access the elements of a list (or tupledethe list is given as the iterable
in the header. In this case the loop variable correspondsetgalues of the elements of the
list.

e Loops designed to access the elements of a list (or tuplé)theuange() function is
given as the iterable. In this case the loop variable servélseaindex to access the desired
elements of the list.

It you understand this, you may move on to the next task. Iflyave any questions, now is the
time to ask the TA!

Task 2: Optional Parameters.

Python provides many built-in functions. The first functime used was the built-in function
print() . Theprint() function possesses a couple of interesting features thaton# yet
know how to incorporate into our own functiongint() can take a variable number of param-
eters and it also accepts optional parameters. The optmarameters areep andend which
specify the string used to separate arguments and whatdshppear at the end of the output,
respectively. To demonstrate this, you can enter the fatigwtatements:

>>> # Separator defaults to a bl ank space.
>>> print("Hello", "World")

3As mentioned in Chap. 1 of the textbook, there are many diffeways of coding a particular task. In computer
languages, as with natural languages, programmers dexddtps, i.e., “characteristic modes of expression.” When
you start with a language, it is hard to know what the idiomes arhat knowledge comes with experience. Then,
sticking with the idioms tends to enhance the readabilitthefcode since idioms are inherently familiar.

3
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Hello World

>>> # Explicitly set separator to string "-*-
>>> print("Hello", "World", sep="- *-")

Hello- *-World

>>> # | ssue two separate print() statenents. (Can put multiple
>>> # statenents on one line if they are separated by sem col on.)
>>> # By default, print() termnates its output with a newine.
>>> print("Why, Hello"); print("World!")

Why, Hello

World!

>>> # Override the default separator and line termnator with the
>>> # optional argunents of sep and end.

>>> print("Why,", "Hello", sep=""v'v", end="- *-"); print("World!")
Why,"v'vHello- * -\World!

We create functions in Python usinglaef statement. In the header, enclosed in parentheses, we
include the list of formal parameters for the function. Rytlprovides several different constructs
for specifying how the parameters of a function are handléelcan, in fact, define functions of our
own which accept an arbitrary number of arguments and emgbtipnal arguments. Exploring

all the different constructs would take quite a bit of timeldhe use of multiple arguments isn’t
currently of interest. However, creating functions withtiopal arguments is both simple and
useful. Thus, let’s consider how one obtains a function wtional parameters.

First, let's define a function without optional parametératisquares its argument. The following
provides the definition and then invokes the function witraegument ofL0:

>>> def square(x):
return x  * X

>>> square(10)
100

As described in the textbook, when we wrgquare(10) , the actual parameter isl0. The
actual parameter is assigned to the formal parameter andhbdody of the function is executed.
So, in this example, where we hasgquare(10) |, itis as if we had issued the statemantlO
and then executed the body of thguare() function.

If we so choose, Python will let us explicitly establish trennection between the formal and
actual parameters when we call a function. Consider theviotip where thesquare()  function
is defined exactly as above:

>>> def square(x):
return x  * X

>>> square(x=10)
100

Note carefully what appears in the argument wherstpgare()  function is called in line 4. We
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say thatx should be set td0. This assignment is performed, then the body of the funason
executed, and, finally, the return valueli30 which is shown on line 5. In practice, for this simple
function, there is really no reason to do. However, sometfans have many arguments, some of
which are optional and some of which are not. For those fanstiexplicitly assigning values to
the parameters can aid readability.

What happens if we use a different variable name (other thavhen we invoke thesquare()
function? Let'’s see:

>>> def square(x):
return x  * X

>>> square(y=10)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: square() got an unexpected keyword argument 'y’

In line 4 we tried to assign the vald® to the variabley. But, thesquare() function doesn’t
have any formal parameter namggdso this produces an error (as shown in lines 5 through 7). We
have to use the formal parameter name that was used whemtttefuwas defined (which, in this
case ix).

Now, with that background out of the way: To create a functigih one or more optional param-
eters, we simply assign a default value to the corresporidimgal parameter(s) in the header of
the function definition. An example helps illustrate this.

Let's create a function callegower() that raises a given number to some exponent. The user
can call this function with either one or two arguments. Theosid argument is optional and
corresponds to the exponent. If the exponent is not givehagtky it is assumed to be, i.e.,

the function will square the given value. The first argumenteiquired (i.e., not optional) and
represents the number that should be raised to the givemerpoThe following shows how to
implement thepower() function. Notice that in the header of the function defimt{@ne 1), we
simply assign the default value 8fto the formal parametexxponent .

>>> def power(x, exponent=2):
return x  * exponent

>>> power(10) # 10 squared, i.e., 10 *x 2,

100
>>> power(3) # 3 squared, i.e., 3 *x 2,
9

>>> power(3, 0.5) # Square root of 3, i.e., 3 *x 0.5,
1.7320508075688772

>>> power(3, 4) # 3 xx 4

81

>>> power(2, exponent=3) # 2 xx 3
8

>>> power(x=3, exponent=3) # 3 xx 3
27
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>>> power(exponent=3, x=5) # 5 xx 3

125

>>> power(exponent=3, 5) # Error!
File "<stdin>", line 1

SyntaxError: non-keyword arg after keyword arg

Lines 4 through 7 show the argument is squared wiwmer() is called with a single argument,
i.e., the value of the argument is assigned to the formalpat@rx and the default value & is
used forexponent . Lines 8 through 11 show what happens wipemver() is called with two
arguments. The first argument is assigned tand the second is assignedeponent , thus
overridingexponent ’s default value oR. In lines 8 and 10, the assignment of actual parameters
to formal parameters is based on position—the first actualpater is assigned to the first formal
parameter and the second actual parameter is assigned sedbed formal parameter (this is
no different than what you have previously observed withtapdrameter functions). So, for
example, based on the call in line3Bjs assigned tax and0.5 is assigned texponent (which
yields/3).

In line 12 we see the function can be called with the optiomahmeter explicitly “named” in an
assignment statement (thus optional parameters are soesetalledhamed parameters). Line

14 shows that, in fact, both parameters can be named whenrthgdn is called. Keep in mind,
however, thak is not an optional parameter—a value must be provided{df one names all the
parameters, then the order in which the parameters appeat isportant. This is illustrated in
line 16 where the optional parameter appears first and theresbparameter appears second (here
the function calculates®). Finally, line 18 shows that we cannot put an optional patans before

an unnamed required parameter.

Let us consider one more example in which a function calesl#@ttey value of a straight line.
Recall that the general equation for a line is

y=mz+b

where z is the independent variablg, is the dependent variable; is the slope, and is the
intercept (i.e., the value at which the line crossesjthgis). Let’'s write a function calletine()

that, in general, has three arguments corresponding t@, andb. The slope and intercept will
be optional parameters where the slope has a default valeaofl the intercept has a default
value of 0. The following illustrates both the constructaomd use of this function (please read the
comments in the code!):

>>> def line(x, m=1, b=0):
return m * x + Db

>>> line(10) # x=10 and defaults of mr1l and b=0.
10

>>> line(10, 3) # x=10, n¥3, and default of b=0.
30

>>> line(10, 3, 4) # x=10, n¥3, b=4.

34

>>> line(10, b=4) # x=10, b=4, and default of n¥l.

6
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>>> line(10, m=7) # x=10, n¥7, and default of b=0.
70

You should enter these functions and make sure you unddratiaat is happening. If you under-
stand this, please move on to the next task. If not, ask aquredti

Task 3: Joining alist  of Strings.

We want to write a function callegin()  which has one required parameter and one optional
parameter. The first parameter isst , each element of which should be a string. This parameter
is required. The second parameter is a string. It is optiandlhas a default value of a single blank
space. This optional parameter is nanssgph. Thejoin()  function returns a single string
consisting of the concatenation of all the elements in ttanith the elements separatedssp .

Here is a demonstration of the correct behavior of this fionct
>>> name = ["Zippy", "the", "Pinhead"]

>>> join(name) # Use default separator, i.e., a blank space.
Zippy the Pinhead’

>>> join(name, sep="" # Set separator to the enpty string.
'ZippythePinhead’

>>> join(hame, sep="- *-") # Use a three-character separator.

'Zippy- *-the- x-Pinhead’
>>> name = ['Madonna']

>>> join(name) # Ensure function works with single string in |ist.
'Madonna’

>>> join(name, sep="- *-")  # Still works. ..

'Madonna’

In this code thename list defined in line 1 contains three strings. When this is @dsas an
argument to thgoin()  function in line 2, the return value is a single string withthe elements
of name concatenated, with blank spaces between the values odimeats. In line 4 the separator
is set to the empty string. The result on line 5 is the pure atamation of the elements name
with no separators. In line 6 thein()  function is called with a separator ef-. Line 7
shows the resulting string. In line 8 a list is created withrgke string. Lines 9 through 12 show
that thejoin()  function behaves properly for this single-element ligt.(ithe separator is not
erroneously added at the end).

As an aside, recall that actual concatenation of stringsabzed by putting the plus sign between
two strings. For exampléHi" + "Ho" creates the strintHiHo" .

Now try to implement thgoin()  function. Don't be afraid to make mistakes, but be sure to
learn from them. If you get to a point where you feel stuck, yam continue reading. If you
systematically implement the steps in the following recym should obtain the correct function.

1. The header of the function definition should specify fbat()  has two parameters: a list

7



and a string. The string parameter is nansegp and, since it is optional, it is set to the
default value of a single blank space (don'’t forget to erelbe space in quotes).

2. Following the header, initialize an accumulator to bedhmpty string.

3. Implement dor -loop that will loop over all the elements of the Isstcept the last one. Use
therange() function in the header to obtain the desired indices for el@sof the list
(again, exclude the last element of the list).

4. Inthe body of the loop, concatenate an element of theolibtd accumulator and concatenate
the separator to the accumulator. (You can do this in eitherstatement or two.)

5. Outside the loop, concatenate the last element of thilteie accumulator.

(o2}

. Return the accumulator.

Once you think your function is working properly, please destrate your code to the TA. If he
agrees it is correct, please move on to the next task.

Task 4: Summation Notation and Accumulators.

Before turning to the next task, we want to review summatidatnan (which hopefully you have
seen in your math courses) and the use of an “accumulato/timoR.

First, let us assume we want to calculate the following sum

1 1 1 1
I+4-4+-+—=4+...+— 1
+4+9+16+ Jr100 @)
After you stare at this for a bit you should realize that thdividual terms in the sum are given by

1/k? wherek takes on values from 1 to 10. We can write this using summaiigation as follows

i

10
1
» @

1

i

The symbol: is the uppercase Greek letter Sigma (this is the Greek dguivaf the letter S which
you can think of as standing for “sum”). In the example abake,symbolX tells us we should
sum the expression to the right side of the symbol after wg plvalues of the index starting at
1 and stopping at 10. We call the indexhe summation variable. In general, the starting value of
the index appears below thewhile the ending value appears abaveSometimes the summation
is supposed to go on forever and in this case we often writeytimdol for infinity (co) aboveX..

Consider the following summation

- k+1 1 2 3 4 5
> S L (3)
k=0

T ok2+3k+4 452 58 112

In this case the indek starts at zero and goes to infinity. Since there are an infiniteber of terms
in this summation, we obviously can’t sum all the terms. Hasvesince the terms get smaller and

8
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smaller (and since the summation does converge to a finibe)jalie can approximate the sum by
summing a finite number of terms.

Let's assume we want to sum the first 15 terms in this series {ne terms associated witHrom
0 to 14). The following code shows one way in which we mightuakdte this summation using
Python.

>>> # Define the function that yields the individual terns in
>>> # the summati on.
>>> def f(k):

return (k+1)/(k 3 + 2 x ke 2 + 3 % K + 4)

>>> # |nitialize an accunulator called "suni to zero. Add
>>> # successive terns to this.
>>> sum = 0
>>> for k in range(15):
sum = sum + f(k)
print(k, f(k), sum)

0.25 0.25

0.2 0.45

0.115384615385 0.565384615385
0.0689655172414 0.634350132626
0.0446428571429 0.678992989769
0.0309278350515 0.70992082482
0.0225806451613 0.732501469982
0.0171673819742 0.749668851956
0.0134730538922 0.763141905848
9 0.0108459869848 0.773987892833
10 0.00891410048622 0.782901993319
11 0.00745341614907 0.790355409468
12 0.00632295719844 0.796678366667
13 0.00543056633049 0.802108932997
14 0.00471401634192 0.806822949339

This code starts by defining a functif® which computes the individual terms in the summation
for a given value of the indek. Following the definition of this function, in line 8 we irgiize a
variable calledsum to zero. This variable will be used as accumulator. As the name implies,
sum is what we will use to build up the sum. Ther -loop, whose header is in line 9, is such
that the loop variablé& takes on the values from 0 to 14. The loop varidbleorresponds to the
summation variablé in the equations above. For each valu& ofe take the current value stim
and add to thafi(k) (and store the result back sum). Theprint() statement in line 11 isin
thefor -loop and shows the value &f the term corresponding to the valuekofi.e.,f(k) ), and
the current sum up to the value lof

Make sure you understand this notation and this code. Oneargocomfortable with it, feel free
to move on. However, if you have questions, think about thdrt and then ask the TA (or one of
your classmates) for help!



Task 5: Another Accumulator Exercise.

The previous task provides code that sums terms in a seaesily depends on the summation
variable. The following is another example of a series witeeeterms in the series only depend
on the summation variable (or summation index, which iis the following)

11 1 'Rl
1+ =+=4-+. - 4

IPRERE 100 ; k )
Often “k =" is omitted from the term abov&. So, in the expression on the right, one can just

write 100 aboveX: to indicate the ending value of the index. In the followingwent to generalize
this further and introduce an additional variable.

Functions that involve the sum of several terms often alspleyn>-notation. Here are three
examples:

f(x) = 14+o+22+2°+2* +2° +2° —Zx (5)
k=0
1, 1, 1. 1 °\ 1
3 5 7 9 2%—1
— — — — — — — 6
g(x) :I:+2x —1—39(: —1—41: —|—5x ;kx (6)
k
r—1 -2 x-—3 T — Kmax ST —k
he) = —5+ 5+t :Zxk-l—l (7)
k=1

In the last functiom.(xz) we haven'’t said explicitly what the ending value is for thder k. We
have just labeled i,,,, and perhaps we want to consider what happens when it takaffene il
values. So, in a sengeis really a function of two thingsx andk,,.,. Thus, it would be more
descriptive to write this function as(z, kyax)-

Now, let’s return to the expression shown in Eq. (4). Let'tcekte this sum in Python. We
certainly do not want to enter all the terms by hand. Insteedwill use afor -loop to do most of
the work for us. We start by initializing a variable that is ‘@ccumulator” which represents the
sum. Since, when we start, nothing has been added to the saimijtialize it to zero. Let’s call
this variable/accumulat@um. Then, we write dor -loop that adds one term to the sum for each
iteration of the loop. Thus, Eq. (4) can be calculated using:

sum = 0.0
for i in range(1, 101):
sum = sum + 1 /i

Now, consider the following function (which is a slight \ation of the f function given in Eq.

(5)):

kmax

f(x7kmax>—1+$+l' —|—;U + . kmax_zx (8)

10
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Note thatf has two arguments, andk,,..,.

For the final task you must write a Python function that caltesf (x, k... ). This function should
take two arguments and return the result of the summatiashods not print anything nor does it
prompt for any input—all the input it needs is provided by the® arguments. The following
demonstrates the proper behavior of this function:

>>> (1.0, 0) #x = 1.0;, k mx =0
1.0

>>> (1.0, 1) #x = 1.0;, k mx =1
2.0

>>> (1.0, 10) # x = 1.0; k_max = 10
11.0

>>> (2.2, 10) # x = 2.2; k_max = 10
4868.485845094404

>>> f(-2.2, 10) # x =-2.2; k mx =10

1826.3071919104018

To implement this function you should use an accumulatoregod -loop. Since you are building
up a sum, you will need an accumulator that must be initidlizefore thefor -loop. For this
particular task the terms of the series are simple enouglythedo not need to define an auxiliary
function as was discussed in the previous task. Don’t fdrgetexponentiation is realized with .
(You can use exponentiation in your solution. However,ghgl solution that can be implemented
without exponentiation! If you have spare time, you shod & you can implement this.)

Once you are satisfied that your function is behaving prgpshiow it to the TA and demonstrate
that it does indeed work. When the TA agrees that it works, yeudane!
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