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M Chapter 5: Algorithms
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A 5.3 Algorithm Discovery

A 5.4 lterative Structures

A 5.5 Recursive Structures

A 5.6 Efficiency and Correctness
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¥ Algorithm: definition

A Before a computer can perform a task, it must
be given an algorithm telling it precisely what
to do.

A An algorithm is arordered set of
unambiguous executablesteps that defines a
terminating process.
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¥ Algorithms: levels of abstraction

A Problem = motivation for algorithm
A Algorithm = procedure to solve the problem
I Often one of many possibilities

A Representation = description of algorithm
sufficient to communicate it to the desired
audience
I Always one of many possibilities
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Figure 5.2 Folding a bird from a
square piece of paper
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Figure 5.3 Origami primiti
igure 5. rigami primitives
Syntax Semantics

Turn paper over

O asin @ O @

Shade one side Distinguishes between different sides of paper
of paper

asin O O O

\ Represents a valley fold

\\
\ so that ® represents @

Represents a mountain fold
so that @ represents ®
Fold over

T~ i
,' so that ® produces ®

Push in *

\ so that 4 produces @
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¥ Pseudocode primitives

A Assignment named expression

A Conditional selectionif conditionthen action

A Repeated execution while conditiondo activity

A Procedure procedure name(generic names
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¥ Figure 5.4 The procedure
Greetings in pseudocode

procedure Greetings

Count « 3;
while (Count > 0) do
(print the message “Hello” and

Count « Count —1)
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¥ Figure 5.6 The sequential search
algorithm in pseudocode

procedure Search (List, TargetValue)
if (List empty)
then
(Declare search a failure)
else
(Select the first entry in List to be TestEntry;
while (TargetValue > TestEntry and
there remain entries to be considered)
do (Select the next entry in List as TestEntry.);
if (TargetValue = TestEntry)
then (Declare search a success.)
else (Declare search a failure.)
) end if
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¥ Problem solving steps

A 1. Understand the problem.

A 2. Get an idea how an algorithmic procedure
might solve the problem.

A 3. Formulate the algorithm and represent it as
program.

A 4. Evaluate the program for accuracy and its
potential as a tool for solving other problems.
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¥ Techniques for
Agetting a foot 1in

A Work the problem backwards

A Solve an easier related problem
I Relax some of the problem constraints

I Solve pieces of the problem first = bottom up
methodology

A Stepwise refinement = tegown methodology

i Popular technique because it produces modular
programs
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\¥ Sample problem

A Person A is charged with the task of determining the
ages of B6s three child

AB tells A that the produ
A A replies that another clue is required.

AB tells A the sum of the
A A replies that another clue is needed.

A B tells A that the oldest child plays the piano.

A A tells B the ages of the three children.

A How old are the three children?
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Figure 5.5

a. Triples whose product is 36 b. Sums of triples from part (a)

(1,1,36) (1,6,6) 1+1+36=38 1T+6+6=13
(1,2,18) (2,2,9) 1+2+18=21 2+2+9=13
(1,3,12) (2,3,6) 1+3+12=16 2+3+6=11
(1,4,9) (3,3,4) 1+4+9=14 3+3+4=10
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Figure 5.7 Components of
repetitive control

Initialize: Establish an initial state that will be modified toward the
termination condition

Test: Compare the current state to the termination condition
and terminate the repetition if equal

Modify: Change the state in such a way that it moves toward the
termination condition
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¥ Figure 5.8 The while loop
structure
Condition

Test false
> condition

Condition
true

Activity
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¥ Figure 5.9 The repeat loop
structure

> Activity
| Test
Condition condition
false
Condition
true
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Figure 5.10 Sorting the list Fred, Alex,
Diana, Byron, and Carol alphabetically

Initial list:

Insertion Sort:

Sorted{ [ Fred Fred ] > [ Alex] . Alex |« ]
H . H H Alex Fre Fred
ASort the list within itself. Disns] — [Diana > [Diens > [Dians
Byron Byron Byron Byron
Carol Carol Carol Carol
ATake a sublist, then sort
. . Soned{ Alox Alex [' Alex gy —
it alphabetically. Lt > S 5 [Zen
Byron Byron Byron Byron
. Carol Carol Carol Carol
ADetails, textbook, p196
Alex Alex Alex Alex
Sorted <|: Diana Diana Byron /‘:l
Fred | — [Fred ~p ADiana — [Diana
Byron Fred Fred
Carol Carol Carol Carol
Alex [ Alex | »[Carol Alex Carol Alex F
B B B B
sovea | [Bamn|__ [Bn 5’ 5 o g
Fred Fred Diana Diana
Carol Fred Fred

Sorted list:
[Byron|
[Diana|
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Figure 5.11 The insertion sort
algorithm expressed in pseudocode

procedure Sort (List)
N « 2;
while (the value of N does not exceed the length of List) do
(Select the Nth entry in List as the pivot entry;
Move the pivot entry to a temporary location leaving a hole in List;
while (there is a name above the hole and that name is greater than the pivot) do
(move the name above the hole down into the hole leaving a hole above the name)
Move the pivot entry into the hole in List;

N« N+ 1
)

Insertion Sort:

ASort the list within itself.

ATake a sublist, then sort
it alphabetically.

ADetails, textbook, p196
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\¥ Figure 5.12 Applying our strategy to
search a list for the entry John

Original list  First sublist Second sublist

Alice

Bob

Carol

David

Elaine

Fred

George

Harry

Irene Irene Irene
John ‘Il(onn .lJ(ollwln
Kelly elly elly
Larry J} Larry

Mary Mary

Nancy Nancy

Oliver Oliver
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¥ Figure 5.13 A first draft of the
binary search technique
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