Chapter 4: Loops




Chapter Goals

 Toimplementwhileand forloops

e To hand-trace the execution of a program

* To become familiar withcommonloop algorithms
 Tounderstand nestedloops
 Toimplementprogramsthatread and process data sets
* To use a computer for simulations

In this chapter, you will learn about loop statementsin Python, as well
as techniques for writing programs that simulate activities in the real
world.
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Contents

* The while loop

* Problem Solving: Hand-Tracing

* Application: Processing Sentinels

* Problem Solving: Storyboards

e CommonLoop Algorithms

 The forloop

* Nestedloops

* Processing Strings

e Application: RandomNumbersand Simulation
* Graphics: Digital Image Processing

* Problem Solving: Solvea Simpler Problem First
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The while Loop




The while Loop

 Examples ofloop applications
e Calculatingcompoundinterest

e Simulations, eventdriven programs
* Drawingtiles...
 Compoundinterestalgorithm (Chapter 1)
Start with a year valuve of 0, a column for the interest, and a balance of ¢10,000.

year interest balance
0 10,000

Repeat the following steps while the balance is less than ¢20,000.
Add 1 to the year valve.
StePs (Cowpute the interest as balance x 0.05 li.e, 5 percent interest).
Add the interest to the balance.
Report the final year value as the answer.

4/6/16 5




Planning the while Loop

balance=10.0

target=100.0

year = 0 balance < False

TARGET?

rate=0.025

while balance < TARGET : True
year=year+1
. Increment
interest=balance * RATE/100 year
balance =balance +interest

A loop executes instructions repeatedly Add interest

while a condition is True. to balance
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Syntax: whille Statement

This variable is initialized outside the loop

and updated in the loop. Beware of “off-by-one

errors in the loop condition.

balance = 10000.0 ...’ See page 161.

If the condition : Put a colon here!
never becomes false, . See page 95.
an infinite loop occurs. _

__’ See page 161. while balance < TARGET :

interest = balance * RATE / 100 ]\
balance = balance + interest These statewents

are executed while
Statements in the condition is true.

the body of a compound statewment
must be indented to the same column position.
See page 95.
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Count-Controlled Loops

* Awhile loopthatis controlled bya counter

counter = 1 # Initialize

the counter

while counter <= 10 : # Check the counter
print(counter)
counter = counter + 1 # Update the loop
variable
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Event-Controlled Loops

* Awhile loopthatis controlled bya counter

balance = INITIAL BALANCE # Initialize the loop
variable
while balance <= TARGET: # Check the loop
variable

year - year + 1

balance = balance * 2 # Update

the loop variable
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Execution of the Loop

o Check the loop condition .
The condition is true

while balance < TARGET :

balance = 10000.0 year = year + 1
interest = balance * RATE / 100
year = 0 balance = balance + interest

o Execute the statements in the loop

while balance < TARGET :

balance = 10500.0 year = year + 1
interest = balance * RATE / 100
year = 1 balance = balance + interest
interest = 500.0

o Check the loop condition again L
The condition is still true

while balance < TARGET :

balance = 10500.0 year = year + 1
interest = balance * RATE / 100
year = 1 balance = balance + interest
interest = 500.0
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Execution of the Loop (2)

o After 15 iterations

The condition is

while balance < TARGET : no longer true
balance = 20789.28 year = year + 1
interest = balance * RATE / 100
year = 15 balance = balance + interest
interest = 989.97

o Execute the statement following the loop

while balance < TARGET :

balance = 20789.28 year = year + 1
: interest = balance * RATE / 100
year = 15 balance = balance + interest
interest = 989.97 print(year)
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Doubleinv.py

ch04/doubleinv.py

##

# This program computes the time required to double an investment.
#

# Create constant variables.
RATE =

INITIAL_BALANCE =

TARGET = 2 * INITIAL_BALANCE

# Initialize variables used with the loop.
balance = INITIAL_BALANCE Declare and initialize a variable outside

year = of the loop to count year

# Count the years required for the investment to double.
while balance < TARGET :

year = year + ) _
interest = balance * RATE / Increment the year variable each time

balance = balance + interest through

N e ol ool ol ool ool ol ol el
COLRNOAOVAWN=QOQLRINOUVAWN -

# Print the results.
print("The investment doubled after"”, year, "years.")

N
s
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Investment Example

e Openthefile:
* Doubleinv.py

* Runthe programwith severaltestcases
* The program willpromptyou forarate

e Entera mix of valid and invalid rates
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while Loop Examples

Loop Output Explanation

i=0 1 When total is 10, the loop condition is
total = 0 2 3 false, and the loop ends.
while total < 10 : 3

i=14+1 4 10

total = total + 1

print(i, total)
i=0 1 -1 Because total never reaches 10, this is
total = 0 2 -3 an “infinite loop” (see Common Error
while total < 10 : 3 -6 4.2 on page 161).

i=1+1 4 -10

total = total - 1

print(i, total)
i=0 (No output) The statement total < 0is false when
total = 0 the condition is first checked, and the
while total < 0 : loop is never executed.

1=1+1
total = total - 1
print(i, total)
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while Loop Examples (2)

Loop Output
i=0 (No output)
total = 0
while total >= 10 :

i=1+1

total = total + 1
print(i, total)

i=0 (No output, program
total = 0 does not terminate)
while total >= 0 :

= 7 a5l

total = total + 1
print(i, total)
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Explanation

The programmer probably thought,
“Stop when the sum is at least 10.”
However, the loop condition controls
when the loop is executed, not when it
ends (see Common Error 4.2 on page
161).

Because total will always be greater
than or equal to 0, the loop runs
forever. It produces no output because
the print function is outside the

body of the loop, as indicated by the
indentation.




Common Error: Incorrect Test Condition

 Theloop body will only execute if the test conditionis True.

* |f balisinitialized asless thanthe TARGET and should grow until it
reaches TARGET

* Which version will execute the loop body?

while bal >= TARGET : while bal < TARGET :
year = year + 1 year = year + 1
interest = bal * RATE interest = bal * RATE

bal = bal + interest bal = bal + interest
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Common Error: Infinite Loops

* Theloop body will execute until the test condition becomes False.

 Whatif youforgetto update thetest variable?
* bal is the test variable (TARGET doesn’t change)

* You will loop forever! (or until you stop the program)

while bal < TARGET :
year = year + 1
interest = bal * RATE
bal = bal + interest
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Common Error: Off-by-One Errors

 A‘counter’variableisoftenusedin the test condition

* YourcountercanstartatOor 1, but programmers often starta counter

ato

e IfIwantto paintall 5 fingersononehand,whenl amdone?

e IfyoustartatO, use “<“

*0,1,23,4
finger = 0
FINGERS = 5

while finger < FINGERS :

# paint finger
finger = finger + 1
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If you startat 1, use “<=“

1,2,3,4,5
finger = 1
FINGERS = 5

while finger <= FINGERS :
# paint finger
finger = finger + 1
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and-Tracing Loops

 Example: Calculate the sum of digits (1+7+2+9)
e Make columns for key variables (n, total, digit)

* Examinethe codeand numberthe steps
e Setvariablestostate beforeloop begins
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Tracing Sum of Digits

n total digit N~ 1729
1729 0 —total = 0
while n > 0 :
digit = n % 10
total = total + digit
n=n// 10
\~_ print(total)
 Start executingloop bodystatements changingvariablevaluesona new
line

e Crossoutvaluesin previousline
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Tracing Sum of Digits

e ——

n total diqi’r n = 1729
1729 '8 total = 0
9 9 while n > 0 :
digit = n % 10
—— total = total + digit
n=n// 10
L print(total)

* Continue executingloop statements changingvariables
e 1729 /10 leaves172 (noremainder)
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Tracing Sum of Digits

e Testcondition. If True, execute loop again
e Variablenis172,1s172 > 07, True!

 Make a new line for the second time through and update variables

. n=1729
n total digit rotal - 0
1729 o —while n > 0 :
177 '8 ' g digit = n % 10
17 11 7 total = total + digit
n=n)// 10
k print(total)
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Tracing Sum of Digits

* Thirdtime through
* Variablenis 17 whichis still greaterthan 0

* Execute loop statementsand updatevariables

n total digit h = 1729
17229 e total = 0
while n > 0 :
i | ¥ | ¥ digit = n % 10
%4 % y4 total = total + digit
1 18 7 — n=n//10
L print(total)
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Tracing Sum of Digits

* Fourthloopiteration:
* Variablenis 1 at startofloop. 1>07? True

* Executesloop andchangesvariablento 0 (1/10 = 0)

" total | digit n = 1729
1229 ' 4 total = 0
—— while n > 0 :
177 9y Y digit = n % 10
V7 %4 )4 total = total + digit
L 0 19 1 print(total)




Tracing Sum of Digits

 Becausenis 0, the expression(n>0) is False

* Loopbodyis not executed
* Jumpsto nextstatementafter the loop body

* Finally printsthe sum!

o total | digit | output h=1729
17229 o total = 0
T while n > 0 :
7z ¥ ¥ digit = n % 10
vi 4 z total = total + digit
X 18 7 n=n// 10
0 19 1 19 _
\\ print(total)




Summary of the while Loop

e whileloopsareverycommon

* |nitialize variables before you test
 The conditionis tested BEFORE the loop body
* Thisis called pre-test
* The condition often uses a counter variable
 Somethinginside the loop should change one of the variablesused
in the test

 Watch out forinfinite loops!
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Sentinel Values
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Processing Sentinel Values

 Sentinelvalues are often used:

* When you don’t know how many items are in a list, use a ‘special’
character or value to signal the “last” item

e For numeric input of positive numbers, it is common to use the value -1

A sentinelvalue denotesthe end of a data set, but it is not part of the
data.

salary = 0.0
while salary >= 0 :
salary = float(input())
if salary >= 0.0
total = total + salary
count = count + 1
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Averaging a Set of Values

Declare andinitialize a ‘total’ variableto O

Declare and initialize a ‘count’ variableto O

Declareand initialize a ‘salary’ variableto O

Promptuser with instructions

Loop until sentinel valueis entered

e Saveenteredvaluetoinputvariable(‘salary’)

e |[fsalaryis not-1orless (sentinelvalue)
 Addsalaryvariabletototal variable
 Add 1 tocountvariable

Make sure you have at least one entry before you divide!
* Dividetotal by countand output.

e Donel!

4/6/16



16
17

Sentinel.py (1)

# Imitialize variables to maintain the running total and count.

total =
. Outside the while loop: declare and

count = initialize variables to use

# Initialize salarv to anv non-sentinel value.
salary =

hile calary 5= Since salary is initialized to 0, the while loop
SRR e y >= statements will execute at least once

salary = float(input("Enter a salary or -1 to finish: ™))
it salary >= Input new salary and compare to sentinel

total = total + salary

count = count + Update running total and
count (to calculate the
average later)
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Sentinel.py (2)

19 # Computc and print the average salary.
20 1f count > - Prevent divide by 0
21 average = total / count
Calculate and

22 prin *_( AVErage sailary 1i1s , aVeraQE) output the average
salary using the

total and count
23 else : variables

29 print(“"No data was entered

!
(1
1

-

Program Run

Enter salaries, -1 to finish: 10 10 40 -1
Average salary: 20
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Sentinel Example

e Openthefile:
e Sentinal.py

* Notice the use of the IF() test inside the while loop

 The IF() checks to make sure we are not processing the sentinel
value
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Priming Read

 Some programmersdon’tlike the “trick” of initializingthe input
variable with a value other than a sentinel.

# Set salary to a value to ensure that the 1loop
# executes at least once.

salary = 0.0
while salary >= 0 :

* An alternativeisto changethe variable with a read before the loop.

salary = float(input("Enter a salary or -1 to finish: "))
while salary >= 0 :
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Modification Read

* Theinputoperationatthe bottom of the loopis used to obtain the
nextinput.

salary = float(input("Enter a salary or -1 to finish: "))
while salary >= 0.0 :

total = total + salary

count = count + 1

salary = float(input("Enter a salary or -1 to finish:

"))
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Boolean Variables and Sentinels

 Abooleanvariablecanbe usedto controlaloop
 Sometimes called a ‘flag” variable

done = False
while not done :
value = float(input("Enter a salary or -1 to
finish: "))
if value < 0.0:
done = True Setdone ‘flag’ to True if sentinel value is found
else :

Initialize done so that the loop will execute
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Storyboards

* Oneuseful problemsolvingtechniqueisthe use of storyboards to
model userinteraction. It can help answer:

 Whatinformationdoesthe user provide,and in which order?
 Whatinformationwillyour programdisplay,andin which format?
 Whatshould happenwhenthereisan error?

* When doesthe programquit?

* A storyboard consists of annotated sketches for each step in an action
sequence.
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Storyboard Example

* Goal: Convertinga sequence of values
* Will requirealoopandsomevariables

* Handleoneconversioneach time through the loop

Converting a Sequence of Values

What uvnit do you want to convert from? cm
What unit do you want to convert to? in

Enter values, terminated by zero ——— Allows conversion of wultiple values
30

30em=11.811in

100 T Format makes clear what got converted
100 ewm = 29.37 in

0

What unit do you want to convert from?
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What Can Go Wrong?

Unknown unittypes
 Whatis the user misspells centimetersandinches?

e Whatother conversionsare available?
e Solution:
 Showa list of the acceptable unit types

From unit (in, f1, mi, mm, cm, wm, kw, oz, Ib, g kg, tsp, thsp, pint, gal): cm
To unit: in
T No need to list the units again
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What Else Can Go Wrong?

* Howdoesthe user quit the program?

Exiting the Program

From unit (in, ff, mi, mm, cm, m, kw, oz, |b, g kg, tsp, thsp, pint, gal): cwm
To unit: in

Enter values, terminated by zero

30

0em=11.811in

0

More conversions (y, n)? n
(Program exits)

___— Sentinel triggers the prompt to exit
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Common Loop Algorithms

1. Sum and Average Value

2. Counting Matches

3. Promptinguntila Match Is Found
4. Maximumand Minimum

5. Comparing Adjacent Values
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Average Example

Average of Values total = 0.0
* Firsttotal the values count = ©
inputStr = input("Enter value: ")
while inputStr I= ""

value = float(lnputStr)
* CheckforcountO total = total + value

* Beforedivide! count = count + 1

inputStr = input("Enter value: ")

e |nitializecountto 0
* Incrementperinput

if count > 0 :

average = total / count
else :

average = 0.0
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Sum Example

e Sum of Values
e |nitializetotalto O

e Use while loop with sentinel

total = 0.0
inputStr = input("Enter value: ")
while inputStr I=""

value = float(lnputStr)

total = total + value

inputStr = input("Enter value: ")
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Counting Matches (e.g., Negative Numbers)

* Counting Matches
* |nitialize negativesto 0
* Usea whileloop

 Addto negatives per
match

4/6/16

negatives = ©
inputStr = input("Enter value: ")
while inputStr != "% :
value = 1nt(1nputStr)
if value < 0 :
negatives = negatives + 1
inputStr = input("Enter value: ")

print("There were", negatives,
"negative values.")




Prompt Until a Match is Found

* |nitialize booleanflagto False

e Testsentinelin while loop
* Getinput,andcomparetorange

e |finputisinrange,changeflagto True
* Loop will stop executing

valid = False
while not valid
value = int(input("Please enter a positive value < 100: "))
if value > © and value < 100 :
valid = True
else :
print("Invalid input.")

This is an excellent way to validate use provided inputs
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Maximum

e Getfirstinputvalue
* By definition, this is the largestthat you have seen so far

 Loop while youhavea valid number (non-sentinel)
 Get anotherinputvalue

e Comparenew inputto largest(or smallest)
e Updatelargestif necessary

largest = int(input("Enter a value: "))
inputStr = input("Enter a value: ")
while inputStr = " :
value = int(inputStr)
it value > largest :
largest = value
inputStr = input("Enter a value: ")
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Minimum

e Getfirstinputvalue
* Thisis the smallestthat you have seenso far!

 Loop while youhavea valid number (non-sentinel)
 Get anotherinputvalue

e Comparenew inputto largest(or smallest)
* Updatesmallestif necessary

smallest = int(input("Enter a value:

inputStr = input("Enter a value: ")
while inputStr != " :
value = int(inputStr)
if value < smallest :
smallest = value

"))

inputStr = input("Enter a value: ")
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Comparing Adjacent Values

e Getfirstinputvalue

e Usewhile to determineif thereare moreto check
 Copyinputto previousvariable

* Get nextvalueintoinputvariable
* Compareinputto previous,and outputif same

value = int(input("Enter a value: "))
inputStr = input("Enter a value: ")
while inputStr != "" :

previous = value

value = int(inputStr)

if value == previous :

print("Duplicate input")
inputStr = input("Enter a value: ")

4/6/16



Grades Example

Openthefile:
* Grades.py

Look carefully atthe source code.

The maximum possible scoreis read as user input
* Thereis a loop to validatethe input

The passinggradeis computed as 60% of the available points
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The for Loop

e Uses ofa for loop:
 The for loopcan be usedto iterate over the contents of any
container.

* A containerisis an object (Like a string) that contains or storesa
collection of elements

* Astringis a containerthatstoresthe collection of charactersin the
string
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An Example of a for Loop

* Note an importantdifference betweenthe whileloop and the forloop.
* |Inthe whileloop, theindex variablei is assigned 0, 1, and so on.

* |Intheforloop, the elementvariable is assigned stateName|[0],
stateName[1],and soon.

stateName = "Virginia"

i=20

while i < len(stateName) :
letter = stateName[i]
print(letter)
i=1+1

while version

stateName = "Virginia"
for letter in stateName :

PIrATE( LTS forversion
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The for Loop (2)

e Usesof aforloop:

 Aforloopcanalsobe usedasa count-controlled loop thatiterates
over a range of integer values.

i=1
while i < 10 : ) )
. ) while version
print(i)
i=1+1

for i in range(1, 10) :

print (i) _
for version
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Syntax of a for Statement (Container)

e Usinga forloopto iterate over the contents of a container,an element
ata time.

Syntax for variable in container :
statements

This variable is set A container.

in each loop iteration. /

for letter in stateName :

print(letter) The statements
in the loop body are

The variable o ) f
contains an element, exec | efh or e:; ' elemen
not an index. h the container.
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Syntax of a for Statement (Range)

* You canuse a forloop as a count-controlledloop to iterate overa
range of integer values

 We use the rangefunctionforgeneratinga sequence of integers that
less than the argumentthatcan be used with the forloop

Syntax for variable in range(...) :
statements

This variable is set, at the beginning Thg range fum‘:ﬁon generates a sequence of integers over
of each iteration, to the next integer which the loop iterates.
in the sequence generated With one arqument,
by the range function. \ the sequence starts at 0.
for i in range(5) : The arguwent is the first value
print(i) # Prints0,1,2 3 4 NOT included in the sequence.
With three arquments, for i in range(1, 5) :
the third argument is print(i) # Prints 1,2 3 4 With two arguments,
the step value. the sequence starts with
for i in range(1, 11, 2) : the first argument.

print(i) # Prints1,3,5,7,9
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Planning a for Loop

* Printthe balanceatthe end of each yearfora

number of years
year = 1
Year Balance
1 10500.00
2 11025.00 Ty T
3 11576.25 .
4 l 2 l 55 .06 I,.Tpd.'ll.c balance:
Print year and
5 12762.82 balance

for year in range(1l, numYears + 1)
Update balance.
Print year and bhalance.

year = year + 1
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Good Examples of for Loops

* Keep the loopssimple!
Table 2 for Loop Examples
Loop Values of 1 Comment
for i in range(6) : 0,1,2,3,4,5 Note that the loop executes 6 times.
for i in range(10, 16) : 10,11,12,13,14 15 The ending value is never included in the
sequence.
for i in range(0, 9, 2) : 0,2,4,6,8 The third argument is the step value.
for i in range(5, 0, -1) : 5,4,3,2,1 Use a negative step value to count down.
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Investment Example

1 ##
2 # This program prints a table showing the growth of an investment.
3
4
5 # Define constant variables.
6 RATE =
7 INITIAL_BALANCE =
8
9 # Obtain the number of years for the computation.
10 numYears = int(input("Enter number of years: "))
11

12 # Print the table of balances for each year.
13 balance = INITIAL BALANCE
14 for year in range(l, numYears + 1) :

15 interest = balance * RATE /
16 balance = balance + interest
17 print("%4d %10.2f" % (year, balance))
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Programming Tip

* Findingthe correctlowerand upperboundsforaloopcan be
confusing.

 ShouldyoustartatOorat1?
* Shouldyouuse<=b or<b asaterminationcondition?

e Countingis easier forloops with asymmetricbounds.
* The followingloops are executed b - a times.

int i = a for i in range(a, b) :
while i < b :

i=1+1
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Programming Tip

* Theloop with symmetricbounds(“<=",is executed b - a + 1 times.
* That“+1” is the source of many programmingerrors.

i=a # For this version of the loop the
while i <= b - ‘+1’ is very noticeable!
for year in range(l, numYears + 1)
i=1+1
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Summary of the for Loop

e forloopsareverypowerful

 Theforloopcan be usedto iterate over the contents of any container,
which is an object that contains or stores a collection of elements

e astring is a container that stores the collection of characters in the string.

 Aforloopcanalsobe usedas acount-controlledloop thatiterates
over a range of integer values.
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Steps to Writing a Loop

* Planning:
* Decidewhatworkto doinsidethe loop

Specify the loop condition

Determineloop type

Setup variablesbefore thefirstloop

Processresults when the loop s finished

Tracethe loop with typical examples

e Coding:
* Implementthe loopin Python
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A Special Form of the print Function

* Python providesaspecialform of the printfunction that does not start
a new line after the arguments are displayed

* Thisis used when we wantto printitems on the sameline using
multiple printstatements

* For examplethetwo statements:

print(“e0”, end="")
print(3 + 4)

* Producethe output:

007/

an»n

* Includingend="" asthe last argumentto the printfunction printsan
empty string after the arguments, instead on a new line

 The outputof the nextprint function starts on the sameline
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Loops Inside of Loops

* |In Chapter Threewelearned how to nest if statements to allow us to
make complex decisions

e Rememberthatto nestthe if statements we need to indentthe
code block

e Complexproblemssometimesrequire a nested loop,one loop nested
inside anotherloop

* The nestedloop will be indented inside the code block of the first
loop

 Agoodexampleofusingnestedloopsis whenyou are processingcells
in a table

* The outerloop iteratesoverall of the rowsin the table
* Theinnerloop processesthe columnsin the currentrow
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Our Example Problem Statement

 Printa Table Headerthatcontains x%, x2, x3, and x#

* Printa Table with four columnsand ten rows that contain the powers
of x1, x2, x3, and x*forx=1to 10

x| x2 X3 x4
| | | |
2 4 8 16

10 100 1000 10000
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Applying Nested Loops

e How wouldyou printa table with rows and columns?
* Printtop line (header)

 Useaforloop
* Printtable body... X
* Howmanyrowsareinthe table?
e How manycolumnsinthe table?

¢ LOOp per row ) 4 Q 16
* Loop per column

* |In ourexamplethereare:
* Fourcolumnsinthe table

* Tenrowsinthe table
10 100 1000 10000
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Pseudocode to Print the Table

Print the table header

for x from 1 to 10
print a new table row

print a new line

e Howdo we printa table row?

For n from 1 to 4
print x"

 We haveto place this loopinsidethe precedingloop
* Theinnerloopis “nested”inside the outerloop
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Pseudocode to Print the Table

Print the table header:

for x from 1 to 10 n=>»
for n from 1 to 4 3
. x| x2 X X
print X"
print a new line x | | | |
W
2 4 8 16

3 9 27 81

10 100 1000 10000
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Flowchart of a Nested Loop

x=1
|
v
True
X <= — =1
107 i
v
== ——>  Printx"
47
False v
n=n+1
Inner Loop |
4
Print new line
| W
Xx=x+1
Done |
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Powertable.py

1 1

2 # This program prints a table of powers of X.

3 1

4

5 # Initialize constant variables for the max ranges.

6 NMAX = 4

7 XMAX = 10

8

9 # Print table header.

10 t

11

12 for n_in range(1, NMAX + 1) :

13 print("%10d" % n, end="") o

14 The end="" suppresses the new
15 print() .

16 for n in range(1, NMAX + 1) : line, so the numbers are all
i print("%10s™ % "x ", end="") printed on the same line
19 pri“t("\_ﬂv"' " ll' II_II * 35)

20

21 # Print table body.

22 t

23

24 for x in range(1, XMAX + 1) : _

25 # Print the x row in the table. BOdy of outer |00p,X =110

26 for n in range(1, NMAX + 1) :

357; print("%10.07" % x *x n, end="")  Body of inner loop,n=1=> 4

29 print()

30
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The Results

[evaluate Powertable header.py]

1 2 3 <
X X X X
1 1 1 1
2 & 8 16
3 9 27 81
4 16 b4 256
5 25 125 625
6 36 216 1296
7 49 343 2401
8 b4 512 4096
9 81 729 6561
10 100 1000 10009
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First Exercise

e Openthe program:
* powertable.py

* Runthe programand review the results

* Make the followingchanges:
* Changethevalueof NMAXto 6 and runthe program

Whatchangesin the table?
Changethe value of NMAX back to 4
Changethe value of XMAXto 4
Whatchangesin the table?
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Nested Loop Examples

Table 3 Nested Loop Examples

Nested Loops

for 1 in range(3) :
for j in range(4) :
pr,int(ll.kll, end=l|!l)
print()

for i in range(4) :
for j in range(3) :
pr_int(",kll’ end=llll)
print()

for 1 in range(4) :

for j in range(i + 1) :

print("*", end="")
print()
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Output

e ol Wb
"~ on

.
~

o ol ot
"N

3%

%

3%

%

%

3%

%

3%

Explanation

Prints 3 rows of 4
;IStCI‘iSkS cach.

Prints 4 rows of 3
asterisks each.

Prints 4 rows of
lengths 1,2, 3, and 4.




and Tracing the Loop

for i in range(4)
for j in range(i + 1)
pri,"‘,t("*”, endzllll)
print()

- W N e

* jwill havethe values:
* 0,1, 2,3—-So we will havefourlines of

stars
[evaluate nested loop example three.py]
* jwill havethe values .

e 0-So wewillhaveonestar HAH
) HORNK
* 0,1-Sowe will havetwo stars

0,1, 2-So we will have three stars

0,1, 2,3 -So we will have four stars
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Nested Loop Examples (2)

Table 3 Nested Loop Examples

for 1 1n range(3) :
for j in range(5) :

ifjJ %2 ==
print("*", end="")
else :
print("-", end="")
print()

for 1 in range(3) :
for j in range(5) :
ifi1%2==73]%2":
print("*", end="")
else :
print(" ", end="")
print()
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%

%

%

Prints alternating
dashes and asterisks.

Prints a
checkerboard
pattern.




Second Problem Statement

* Printthe following pattern of brackets:

 The pattern consistsof:
e Threerows

* Eachrow hasfour pairs of brackets

e Whatdo we know?
* We need two nested loops
 The firstloop (the outer loop) will print each of the threerows

* Thesecondloop (theinnerloop) will printthe four pairs of
brackets
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Pseudocode Code, Results

For 1 =1 to 3
For j =1 to 4
Print “[]”
Print a new line

1 for i in range(3)

2 for j in range(4) :

3 prl'\t(ll[]ll, endzllll)
4 print()

[evaluate nested loop example three.py]
SASASRS
NSNS

[J[11[)
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Exam Averages Problem Statement

It is common to repeatedly read and process multiple groups of values:

* Write a programthatcan compute the average exam grade for
multiple students.

* Eachstudenthasthe samenumber of exam grades
* Promptthe userforthe number of exams

* Whenyoufinish a studentpromptthe userto see if thereare more
students to process

Whatdo we know?

Whatdo we need to compute?

Whatis our algorithm /approach?
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Step One: Understand the Problem

 Tocomputethe averagegradefora student,we must read and tally all
of the grades for that student

 We can usea loop to do this. (we have working code to do this
portion)

 We need to compute grades for multiple students
 Thatimplies a set of nested Loops

 The outerloop processeseach student
* Theinnerloop processthestudent’s grades
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Step Two

e Computethegradeforonestudent
e Set up thevariablesandloop

* We know how many grades to process,so we can use a count-
controlled loop

total score = 0
For i in range (1, number of exams + 1) :
Read the next exam score
Add the exam score to the total score
Compute the exam average
Print the exam average
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Step Three

 Repeatthe processforeachstudent

* Since we don’t know how many students thereare,we will use a
while loop with a sentinelvalue
* Forsimplicity we will use “Y” as the sentinelvalue
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Step Four: Translate to Python

1  ##
2 # This program computes the average exam grade for multiple students.
3 #
4
5 # Obtain the number of exam grades per student.
6 numExams = int(input('"How many exam grades does each student have? "))
7
8 # Initialize moreGrades to a non-sentinel value.
9 moreGrades = "Y"
10
11 # Compute average exam grades until the user wants to stop.
12 while moreGrades == "Y" :
13
14 # Compute the average grade for one student.
15 print("Enter the exam grades.")
16 total = @
17 for i in range(1l, numExams + 1) :
18 score = int(input("Exam %d: " % 1)) # Prompt for each exam grade.
19 total = total + score
20
21 average = total / numExams
22 print("The average is %.2f" % average)
23
24 # Prompt as to whether the user wants to enter grades for another student|
25 moreGrades = input("Enter exam grades for another student (Y/N)? ")
26 moreGrades = moreGrades.upper()
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Exam Averages Example

Open the file:

examaverages.py

Notice that the second loop (the for loop) is nested inside the while loop

You should see a line (the indent guide) connecting the for loop on line 17
down to the statement on line 21

 The lineis showing you the statements that are included in the for loop

If you don’t see the indent guide:

4/6/16

Click on the edit tab

Select “Preferences...”

Under Editor, select Indention

Click the “Show Indent Guides” box
Click the Apply button

Click the Okay Button




Turning the Indent Guides On

-

.
# Preferences ? &8

Category Editor: Indentation
4 User Interface

Layout
Toolbar V| Show Indent Guides

Default IndentSize 4 |+

Fonts
Keyboard
Files
4 Editor
Selection/Caret
Indentation
Line Wrapping
Clipboard
Occurrences
Printing
4 Debugger
/O
Diagnostics
Network

4 Factory Defaults \ v OK | [ K cancel ] [ v Apply ]
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Processing Strings

* Acommon use of loopsis to process or evaluate strings.

* For example,you may needto countthe number of occurrences of

oneor more charactersin a string or verify that the contents of a
string meet certain criteria.
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Processing Strings
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String Processing Examples

Counting Matches
Finding All Matches

Findingthe Firstor Last Match

Validating a String

Buildinga New String
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Counting Matches

* Supposeyouneedto countthe number of uppercase letters contained
in a string.

 We can usea forloopto check each characterin the string to see if it
IS uppercase

* Theloop belowsetsthe variable charequalto each successive
characterinthe string

* Each passthroughtheloop tests the nextcharacterin the string to see
if it is uppercase

uppercase = 0
for char in string :
if char.isupper() :
uppercase = uppercase + 1
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Counting Vowels

e Supposeyou needto countthe vowels within a string

 We can usea forloopto check each characterin the string to see if it
is in the string of vowels “aeiuo”

* Theloop belowsetsthe variable charequalto each successive
characterinthe string

e Eachpassthroughtheloop tests the lower case of the nextcharacter
in the stringto seeifitis in the string “aeiou”

vowels = ©
for char in word
if char.lower() in "aeiou"
vowels = vowels + 1
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Finding All Matches Example

* Whenyou need to examine every characterin a string, independent of
its position we can use a for statementto examineeach character

* |If we needto printthe position of each uppercase letterin a sentence
we can test each characterin the stringand print the position of all
uppercase characters

« Wesettherangeto be the length of the string
* We test each character

* Ifit is uppercase we print |, its position in the string

sentence = input("Enter a sentence: ")
for i in range(len(sentence))
if sentence[i].isupper() :
print(i)
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Finding the First Match

* Thisexamplefindsthe position of the first digitin a string.

found = False
position = ©
while not found and position < len(string)
if string[position].isdigit()
found = True
else :
position = position + 1

if found :

print("First digit occurs at position", position)
else :

print("The string does not contain a digit.")
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Finding the Last Match

* Hereis aloopthatfindsthe position of the last digit in the string.

* Thisapproachusesawhile loopto start atthe last characterina string
and test each value movingfrom the end of the stringto the start of
the string
* Position is set to the length of the string -1

* |If the character is not a digit, we decrease position by 1
* Until we find a digit, or process all the characters

found = False
position = len(string) - 1
while not found and position >= 0 :
if string[position].isdigit()
found = True
else :
position = position - 1
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Validating a String

* |In the United States, telephone numbers consist of three parts—area
code exchange,and line number—whichare commonlyspecifiedin
the form (###) HH#-HH#E.
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Validating a String (code)

 We can examineastring to ensurethat it containsacorrectly
formatted phone number. (e.g.,(703)321-6753)

* Thelooptesteach charactertoseeit itis correctforits position,ora
number

valid = len(string) == 13
position = ©
while valid and position < len(string) :

valid = ((position == @ and string[position] != "(")
or (position == 4 and string[position] != ")")
or (position == 8 and string[position] != "-")
or (position != @ and position != 4 and position != 8

and string[position].isdigit()))
position = position + 1
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Building a New String

* Oneofthe minorannoyances of onlineshoppingis that many web
sites require you to enter a credit card withoutspaces or dashes,
which makes double-checkingthe number rather tedious.

* Howhardcanit be toremove dashes orspaces fromastring?

Credit Card Information (all fields are required)

We Accept: mg

Credit Card
Type: -

Credit Card

Number:

(Do not enter spaces or dashes.)
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Building a New String (code)

* The contents of a string cannotbe changed.
 Butnothingprevents us from buildinga new string.

* Hereis aloopthatbuildsa new stringcontaininga credit card number
with spaces and dashes removed:

* Wereadthe creditcard number
 Weinitializea new stringto the empty string
* We test each characterin the userinput

e |f the characteris nota spaceor dashwe appenditto the new
string

userInput = input("Enter a credit card number: ")
creditCardNumber = ""
for char in userInput :
if char !'= " " and char = "-" :
creditCardNumber = creditCardNumber + char
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Application: Random
Numbers and Simulations




Random Numbers/Simulations

 Gamesoftenuserandom numbersto make things interesting
* RollingDice
* Spinninga wheel
* Pick a card

* Asimulationusuallyinvolvesloopingthrough a sequence of events
* Days
* Events
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Generating Random Numbers

 The Python library hasa random number generator that produces
numbersthatappeartoberandom

* The numbersare notcompletelyrandom. Thenumbersaredrawn
froma sequence of numbers thatdoes not repeatfora longtime

e random()returnsa numberthatis >=0and< 1
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Simulating Die Tosses

* Goal:
* To generatearandomintegerin a given range we use the randint()
function
e Randinthastwo parameters,the range (inclusive) of numbers
generated
ch04/dice.py
— Program Run
2 # 'This program simulates tosses of a pair of dice. 15
3 # 6 4
. 11
5 from random import randint
6 4 5
7 for i in range(10) : 6 4
8 # Generate two random numbers between 1 and 6, inclusive. 32
9 dl = randint(1, 6) 4 ?
10 d2 = randint(1, 6)
11 35
12 # Print the two values. S 2
13 print(dl, d2) 4 5
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The Monte Carlo Method

* Used to find approximatesolutionsto problems thatcannotbe
precisely solved

 Example: ApproximatePl usingthe relative areas of a circle inside a
square

e Uses simplearithmetic y
* Hits areinsidecircle 11
* Triesaretotal number of tries
e Ratiois 4 x Hits / Tries
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Monte Carlo Example

L
# This program computes an estimate of pi by simulating dart throws onto a |square
@

from random import random
TRIES = 10000

hits = 0
for i in range(TRIES) :

[ e S S
S POONOUAEWNEHESSOOOSNNOOWUMESEWN -

# Generate two random numbers between -1 and 1

r = random()

X==1+2x%r

r = random()

y==1l+2x%r

# Check whether the point lies in the unit circle

if X *xX+y*xy<=1:

hits = hits + 1

21
22 # The ratio hits / tries is approximately the same as the ratio
23 # circle area / square area = pi / 4.
24
25 piEstimate = 4.0 % hits / TRIES
26 print("Estimate for pi:", piEstimate) Program Run

Estimate for pi: 3.1464
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lImage Processin

UuqQ
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Manipulating Images

* Digital image processing isthe use of algorithms to manipulate digital
images

e ltisusedin:
* Digital photography
e Data compression
 Computer graphics
* Computer vision
* Robotics

 We'll learn how to manipulateimages with the ezgraphics package
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Representing Images

e Adigitalimage is composed of pixels arranged in a grid of rows and
columns

 Computer images appear “smooth” because very small points on the screen
(very close together) are used to reproduce the individual pixels

e Pixels storedatarepresentinga color from the visual spectrum
* The discrete RGB color model is the most used model

* The three individual colors are specified by the amount of red, green, and
blue light needed to produce a given color

* The values are given as integers between 0 (no light present) and 255
(maximum light present)
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Filtering an Image

* Filtering an image modifies the color componentvaluesof each pixel

in some way
Table 4 Sample RGB Values

RCB Values 15% Darker Negatlve Crayscale
255, 255, 255 217, 217, 217 0, 0,0 . 254, 254, 254

0, 0, 255 . 0, 0, 217 - 255, 255, 0 18, 18, 18 .
128, 128, 128 . 109, 109, 109 . 127, 127, 127 - 128, 128, 128 .
0, 255, 0 . 0, 217, 0 . 255, 0, 255 . 182, 182, 182

255, 0, 0 . 217, 0, 0 - 0, 255, 255 54, 54, 34 .
35, 178, 200 . 30, 151, 170 - 220, 77, 55 . 140, 149, 149 .
255, 255, 0 217, 217, 0 0, 0, 255 . 236, 236, 236
0, 255, 255 0, 217, 217 | | 255, 0, 0 . 200, 200, 200
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Processing an Image

 We startbyloadingthe imageinto ourprogram

* In ezgraphics an image is stored in an instance of the GraphicsImage class
filename = "queen-mary.gif"
image = GraphicsImage(filename)

* We drawtheimageon the canvasofa GraphicsWindow
win = GraphicsWindow()

canvas = win.canvas()
canvas.drawImage(image)

win.wait()
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Filtering an Image

e To filter an image, you mustget the red, green, and blue component
values for each pixel.

* The pixels are organized into a two-dimensional grid of size width X height:

* The rows and columns are numbered sequentially starting at 0, with pixel
(0, 0) in the upper-left corner.

* The row numbers range from 0 to height — 1; the column numbers from 0 to

width — 1.
0123 4.. width — 1

0 [ ]
1
2
3
4

height — 1
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Accessing the Component Values of a Pixel

* Weusethe getRed, getGreenand getBlue methods

red = image.getRed(0, 4)
green = image.getGreen(0, 4)
blue = image.getBlue(0, 4)

* To createthe negative of an image:

newRed = 255 - red
newGreen = 255 - green
newBlue = 255 - blue

 Andthen updatethe pixel

image.setPixel(0, 4, newRed, newGreen, newBlue)
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The Pseudocode

width = image.width()

height = image.height()

for row in range(height) :

for col in range(width) :

Get the current pixel color.
Filter the pixel.
Set the pixel to the new color.

image.save("negative" + filename)
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GraphicsImage Methods

Table 5 GraphicsImage Methods

Method Description
GraphicsImage(filename) Reads the file into a Graphi csImage object.
GraphicsImage(width, beight) Constructs a blank image of the given size.

img .setPixel (row, col, red, preen, blue)  Sets the color of the pixel at position (row,
img .setPixel (row, col, pixel) col) to the given RGB values, or to a tuple
containing the RGB values.

img .getRed(row, col) Returns the red, green, or blue value of the
img .getGreen(row, col) pixel at position (row, col), or a tuple of all
img .getBlue(row, col) three values.

img .getPixel (row, col)
img .save(filename) Saves the image to a GIF file.

img .copy() Creates and returns a new image thatis a
duplicate copy of this image.

img .width() Returns the width or height of the image.
img .height()
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Problem Solving: Solve a
Simpler Problem First
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Simplity a Complex Problem

* Aswe learn moreabout programming, the complexity of the tasks we
aresolvingincreases

* When we arefaced with a complextask we should apply a critical skill:
* Simplifying the problem and solving the simpler problem first

e Oursimplification (AKA problem decomposition) skills improve with
practice
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A Sample Problem

* QOurassignmentisto arrange pictures, liningthem up alongthe top
edges, separatingthem with smallgaps, and startinga new row
whenever you run outof roominthe currentrow.

e This sounds simple, right?




A Simple Plan

e Let’s developa planthatsolvesa set of simpler (increasingin
complexity) problems

1. Draw onc picturc.

A

2. Draw two pictu res next to cach other.
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Increase the Complexity

4. Draw three pictures with a gap between them.

6. Draw a row of picturcs until you run out of room, then put onc morc picturc in
the next row.
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Implementing Our Plan

1. Specify the canvas coordinates where the upper left corner of the first
image should be placed

2. Then place the next picture after the firstafter the first
* [t needsto be drawnsothatits left-mostedge is positioned atthe
right-most x-coordinate of the preceding picture

* Thiscan be determined by obtainingthe width of the first picture
and usingthat value as the x-coordinate for the second picture

3. Separatethetwo pictures with a gap

4. To draw thethird picture, it’s not sufficientto know the width of the
precedingpicture.

 We also need to know the x-coordinate where it was drawn sowe
can add that value to the width of the precedingimage, plus the gap
between the images
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Implementing our Plan

5. Now let’s put all of the picturesin a row

* Loadthe picturesin aloop,andthen puteach pictureto the right of
the one that preceded it.

* In eachiteration,you need to track two pictures:the onethatis
being loaded,and the one that preceded it

6. We don’t wantto haveall picturesin a singlerow
* Theright margin of a picture should notextend past MAX_WIDTH

* |ftheimage doesn’tfit we need to putit on the nextrow, below all
the picturesin the currentrow

 WEe’ll seta variable maxY tothe maximum y-coordinate of all placed
pictures, updatingit whenevera new pictureis placed
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Summary
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Summary: Two Types of Loops

while Loops

e for Loops

* while loopsarevery commonlyused (general purpose)

* Uses of the for loop:

 The forloopcan be usedto iterate overthe contents of any
container.

 Aforloopcan alsobe usedas acount-controlledloop thatiterates
over a range of integer values.
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Summary

 Eachlooprequiresthefollowingsteps:
 |nitialization (setup variablesto startlooping)

e Condition (testif we should execute loop body)
 Update (change something each time through)

* Aloop executes instructionsrepeatedly whilea conditionis True.

* An off-by-oneerrorisa common error whenprogrammingloops.
* Thinkthrough simple test casesto avoid this type of error.
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Summary

* Asentinelvaluedenotesthe end of a data set, butitis not part of the
data.

* You canuse a booleanvariableto controla loop.
e Setthevariableto True before enteringtheloop

* Setitto False toleave the loop.

* Loopscanbe usedin conjunction with many string processing tasks
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Summary

* |nasimulation,you usethe computertosimulate an activity.
* You can introduce randomness by calling the random number generator.
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