ROBLEM LVIN HNIQU LGORITHMS ~
INTRODUCTION

0 Given: Clear statement of the problem, necessary input and necessary

output o

(e
2
Not the caseinred lifestugions {(,g’

. At andyzngthe prod em an d garithmi's needed

Most d the experience wthd gaithnsisinthe cotext o fdlowngthem

Inthe prod emsd vi ng phese of conputer progranmng you wil be
des gri ng d gorithns

. Srdegesyoushoddusetosdvepodensinade toapdythemto

programni ng prod ens

ASK QUESTIONS

. What dol haveto work wth => wha ae ny daa?

. What dothe datal ook |i ke?

. What spedd era condtions mght cone up?
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How much dataisthere?
How will | know when | have processed dl the dat a?

How shou d ny out put | ook like?

How nany ti mesisthe process gd ngto be repea ed?41d

Exanp e Spdling Checker




EXAMPLE : UNIVERSITY (FICTION)

. Year Q@ Keepatrack on who sudy and who works here
- Lig d dl dudertsa Whversity
- Lig ddl gdf nenbersa Unh verdty

. Year 5 “l vanttohredudentstodo Master thesisa our depart ner.
Tell ne who has enough creditstogat work!”

. Yea 7 “l wanttotdl government how nany ¢ uderts arewor ki ng here
sothey wll gve us nore noneytohire nore gudertsto doresearchl”

. Year 10 “Qur conpany woudliketohresone o you sudertsthe just
gadusged Guldyou gve uwslig d sgudertsthet nadethess abou XY?”

. Over ati ne denmands are chang ng newdgaithns aeinpl enentedto
answer requests DHaaethesane
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LOOK FOR THINGS THAT ARE FAMILIAR

O If a solution exists, use it!
Solving same or similar problems before

A good programmer immediately recognizes a subtask he or she has
solved before and plugs in the solution (software reuse)

Example: finding the daily high and low temperatures is the same
problem as finding the highest and lowest grades on a test: the
problem of finding the largest and smallest values in a set of numbers

Use the same method
to find these values in
both cases

List of Temperatures List of Test Scores (out of 100)

1248 17 1224 16 18] (] % | 8090 75 10099 96 |

Highest = 48 Highest =100
Lowest =12 Lowest =175
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SOLVE BY ANALOGY

. Otenapodemremnds you d as nila podem

you have seen bef are Y

Drawan and ogy bet weenthetwo prod ens

. Andogyislookingfa thngsthet aefamlia .

Dorit worryif your and ogy does na nach perfedly, itisadacetodat

Detdls concern ng d fferert th ngs bet weenthet wo prold ens are dedt
withone & atine

Dornit li nit yoursdf to conputer-aierted prod ens

. The best progamners ae peod e who have br oad experi ence sd vi ng dl

kinds o prod ens

Exanp e Libray agan zai on and a dat abase search eng ne

MEANS-ENDS ANALYSIS

. Thebegnnnggaeandthe end ngsadeaeg ven ) (
. The prodemisto ddfine asda of adionsthe can be) (
usedto ga fromonetothe aher

Narrowngthesd o adions then worki ng out the detdls
Exanp e Travdling bet weentwo dties

. The overdl draegyisto definethe ends andthen and yzethe neans o

getting bet weenthem

. The processtrand @ es eadlyto conpu er programning

. Witing downtheinpu andthe desred ou put

. Choos ng asequence d conpu er adionsthat cantransfa mthe datairto
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MEANS-ENDS ANALYSIS (CONT'D)
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DIVIDE AND CONQUER

. Breakinguplagepodensinosndle untstha aeessertohand e

. Exanple Cean ngthe house i nd enertinga word processor

. Top-down nethodd ogy and ohj edt-arierted net hodd ogy are based onthe
prind ded dvi de and conquer

Easy Problem

Hard Problem
Easy Problem Hard Problem
Easy Problem
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Easy Problem
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THE BUILDING-BLOCK APPROACH

. Andngedgingsduionsfa snale pgecesd the program

. It may be possbeto pu sone d thesesd uionstogether endtoendto
sdve nost o theigprodem

. A conhb naion d | ook-far-familia-th ngs and d Vi de-and-conquer

appr oaches
. Dvidngtheligprodeminosndle podens fa wh chsd uions
dready ex &
New Program
. N Received Received L .
Spelling Checker St Qe eyt Tl Drawing Tool
F ttine Tool N Received New code is needed to Exnstmg PrOgram
ormatting 100 Formatting Tool implement the new
program
Existing Program
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MERGING SOLUTIONS

. Mergngsduions onagephby-gdepbass

. Exanpge Qonmpuingthe average d aligd d vd ues we nust bahsum
and court the vd ues

. Savingdepsin nerg ngsd uionsingtead o ja n ngthemendto end

/\ Common Steps

Problem \

/

/ \

Sub-solution 1 Sub-solution 1
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MENTAL BLOCKS: THE FEAR OF STARTING

. Not knowngwheretobeg n, akigprod emseensto be over whd ning
and hardtotacd e

. Witi ng down the prod emon paper i n own wor dsin ader toundersandit

Par aphr ad ng the prod emhd psi ni dertifyi ng t he subparts
— p eces and ogous to d her prod ens

— p eces wthexiging sd uion

— need noreirfor nation

— dc

Most nentd Hocks are caused by na redly understand ng the prod em
Exanp e Le X beapersonand A X denotes d eep ng

Not (there exists X) such that not A(X)
is equivalent to

For any X, A(X) is always true

ALGORITHMIC PROBLEM SOLVING

. Coning up wth agep-by-sep procedurefor sdving apaticda podem
isnd d ways cu-and dried

. Atrid-and-eror processrequires severd dtenpts andrefinenens

. Test each atenmt. If it redly sd vesthe prod em
itisfine Qherwisg tryagan

. A possbegoodsd uionistoconb nethe atenpts

Use aconi nation o dl thetechn ques we have descri bed to
sd ve any nortrivid prodem

. If yourenenber tha the conmpu e can oy do cetanthngs You worit
desgnandgaithmtha isdfficdt a i nposs Hetocode

Programming 1




ALGORITHMS: IMPORTANCE OF DESIGN

0 Once the specification of a problem has been given, a plan for
developing a program or a system of modules, libraries, and programs
that solve the problem must be designed (algorithm)

An algorithm is a step-by-step set of instructions for solving a problem

0 Various design methodologies have been developed over the years.
One of the most promising is object-centered design (OCD) which
leads to object-oriented programming (OOP):

0 Object-centered design involves several stages:
| dertify the objedsinthe prod ems spedficaionandthar types
. ldertifythe operaions neededtosd vethe prod em
. Arrangethe operaionsinaseguence d seps cdled and gorithm whch
when apdiedtothe oj eds will sdvethe prodem

OBJECT-CENTERED DESIGN: CASE STUDY

0 Problem Specification:

Design a computer program that reads an integer n from the keyboard,
then computes and displays the sum 1 + 2 + ... + n to the screen.

If integer n is less than 0, the program displays “Error in input” to the
screen.
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OBJECT-CENTERED DESIGN: OBJECTS

0 Once the specification is formulated, we need to identify the objects.

One approach is to go through the description and identify all the

nouns:
Description Type Name
Integer int Number
Keyboard istream cin
Sum int Total
Screen ostream cout

Programming |
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OBJECT-CENTERED DESIGN: OPERATIONS

[0 Data is useless if it cannot be processed, we need to identify which
operations are needed to process the data and solve the problem.

One approach is to go through the description and focus on the

actions:
Description Name
Prompt the user <<
Read an int (Number) >>
Display Total <<
Calculate Total y27
Display “Error in input” <<

Programming |
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CASE STUDY: ALGORITHM 1

1. Prompt the user for input

2. Accept an integer for Number

3. If Number < 0 then
Display “Error in input”
Else
a. Initialize Totalto 0
b. For each integer k in the range 1 to Number
Assign Total + k to Total

c. Display the value of Total

Programming |
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CASE STUDY: ALGORITHM 1(EXAMPLE)

1. “Input number:” 5
2. Number =5
3.5>0
Total =0
Total = Total + 1
Total = Total + 2
Total = Total + 3
Total = Total + 4
Total = Total + Number

“Total is 15”

Programming 1
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CASE STUDY: ALGORITHM 2

1. Prompt the user for input

2. Accept an integer for Number

3. If Number < 0 then
Display “Error in input”

Else
Number * (Number + 1)

2

a. Assign Total to

b. Display the value of Total

Programming | Lecture2  --

CASE STUDY: ALGORITHM 2 (EXAMPLE)

1. Prompt the user for input
“Input number:” 5

2. Accept an integer for Number
Number = 5

3. If Number < 0 then

5>0
Else Number * (Number + 1)

a. Assign Total to 2
] el (o beiede,

2

b. Display the value of Total
“Total is 15”
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MORE ON ALGORITHMS

O The world algorithm is derived from the name of the mathematician,
Abu Ja’far Mohammed ibn Musa al Khowarizmi

O Algorithms must be:

. definteand unanbi guous sothet itisdear wha eachinstrudionis
meant to acconplish

. S npl e enough thet they can be carried out by aconput er
. finte the is the d gaithm nust te mnete after afinte nunber o
oper &i ons

O Algorithms are usually written in pseudocode, a pseudo-programming
language that is the mixture of natural language and symbols, terms
and other features used in high level programming languages.
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STRUCTURED VERSUS UNSTRUCTURED ALGORITHMS

[0 The analysis and verification of algorithms and of the programs that
implement them are much easier if they are well structured, that is they
are designed using three basic control structures:

. Sequence Seps aepafanedinadridlysequertid nanner
. SHedion he d theseverd dtendive adionsissd eded and execut ed

. Repetition e a nredesis pafa nedrepeaed y

0 These three control mechanisms are individually quite simple, but
together they are sufficiently powerful that any algorithm can be
constructed using them
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CTASE STUDY. ALGORITHM T (UNSTRUCTURED
VERSION)

1. Prompt the user for input
2. Accept an integer for Number

3. If Number < 0 then

Display “Error in input”
Else

a. Initialize Totalto 0
b. Initialize k to 0
c. If k > Number then go to step g
d. Assign Total + (k + 1) to Total
e. Increment k by 1
f. Goto stepc

g. Display the value of Total
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CASE STUDY: ALGORITHM 1 (STRUCTURED VERSION)

1. Prompt the user for input

2. Accept an integer for Number

3. If Number < 0 then
Display “Error in input”
Else
a. Initialize Totalto 0
b. For each integer k in the range 1 to Number
Assign Total + k to Total

c. Display the value of Total
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