"COMPUTATIONAL THINKING
04 & ALGORITHMS
:

in this chapter, students learn the basic concepts of logle and computational thinking used in computer science. They
understand how to solve problems. in a clear and systematic way. Students explore computational thinking techniques

such as decomposition and step-by-step problem solving. They also study prupuslhonal logle, truth values, truth tables,
and logical equivalence

2.1 Introduction to Computational Thinking

XK Explain computational thinking and discuss its Importance in solving problems with suitable
examples.
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Complitational thinking is.a way of solving problems i Ezll'pg&l\ -Bmy Ll'herps us break a big problem inte smaller
and simpler paris. Computational thinkfng l,l!':; atilem solver, It focuses on understanding a problem
step by step. We logk for patterns |n pr ions. We remove unnecessary detalls and focus on important

infarmation. Then we r;reate_\qﬁ{ ve the problem. These steps can be followed by both bumans and
computers. RN

Example:
If we want to plan a schoal trip, we divide the wark into smaller tasks such as choosing the place, arranging transport,
preparing a budget, and making & list of students

Importance of Computational Thinking

. Computational thinking helps us solve problems in a logical.and organized way.
ii. 1makescomplex prablems easier to understand and salve,

il 1t helps us find patterns and focus on iImportant information,

iv. Itimproves problem-solving and decision=making skills.

v. |t helps us create clear step-by-step solutions.

vi, [t saves time and reduces mistakes,

vil, It is:useful in computer science and everyday life. Scientists, englheers, teachers and man ut'hr.*r pmfessiunals use

camputatignal thinking to solve different types of pruhlEms \ l 1' ) |I"ﬂ \
Real-life Examples of Computational Thinking it / K ’\ ﬁ'.l"-ﬁ ”.,_
»  Making 2 dally timetable |s an example of 1nmguté.ﬂnpf 5(! i 'i,hg:hecﬁuii?we divide our dally work into small tasks,
# Cooking a recipe also uses comp utatlnffa'k @a\m we fallow step- by step Instructions,
# Planning a trip requires hmakjngﬁﬁlm onmaIrer tacks such as booking tickets, packing bags, and choosing a
rate, ' '~.; e

sorting books by E-Uh]'EEL ur size isan example of ﬁrm‘tng patterns,
Fixing a mabile phone problem requires logical thinking to find the cause of the problem:
Managing money nesds planning and careful decision making.

Playing strategy games also uses computational thinking because players think ahead before making decisions.
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L Decomiposition 1. Pattern Recognition A Abstruction 4. Algorithm Deosign
Break Dhvwn the Problem Find Pattems (Focus on What's Important Creste Siop:by=Siep Salution

F S Computational Thinking in Daily Life

el

» Computational thinking s used by scientists, engineers, and even chefs when plann{;&*&umﬂl&k tasks.

2.2 Problem Solving Using Cumut‘-n.wnal Thinkinec
ETE Describe the steps involved in p#ﬁhm@mﬂﬁg‘ computational thinking. Explain decomposition
with an example. i

MR E

Problem solving is the process of finding a solutjon 1o a problem. [t involves | Short Question
understanding the problem, planning a solution, and applying the correct steps, I‘ What s Problem solving?

“Problem Solving Using Computational Thinking =
Computational thinking helps ustosaolve problems in a logical and organized way. It makes problems easier to understand
and solve. it reduces mistakes and confusion. It also improves our overall problem=solving ability.

ISteps Involved in Problem Saolving

1. Identifying a Problem Clearly )
|dentifying a problem clearly is the first and mast important step in probiem solving, We should understand what the
problem is asking. We must know the given information and the expected result. Asking simple questions helps us
understand the problem better. Unnecessary details should be ignored. A clear understanding of the problem leads
to the correct selution. This step saves time and effort and makes problem sulu'ing easier. ,_..-ﬁ&

2. Breaking a Problem into Smaller Parts {Demmpnsi '“’ (C @\
Breaking a problem into smaller parts is called decompositi mi da\uﬁéﬁﬂﬁﬁcult to solve at once. Smaller
parts are easier to understand and manage, Each E 50 .one. This redces confusion and stress.

Decompasition helps us organize our '\ﬂiu{ . un‘u"task at a time. It is widely used in computer science
and everyday life. =
Example: Planning a sch %Jtt‘-isl& We can divide it into smaller tasks such as making a guest list, arranging

the venue, preparing invitations, anﬂ managing the budget. Solving each task one by one makes the whole event
easier o organize.

3. Creating Step-by-Step Solutions (Algorithms)
Creating step-by-step solutions helps us to solve problems |n an organized way. These steps are known as algnrl:hm:.

Each step should be clear and easy to follow. The steps must be arranged in the correct order. This reduces errors
during problem solving. Anyone can understand and follow these steps. Computers also wark by following step-by-
step instructions. Good planning helps produce correct resules, .






2.3 Loaic as a Knowledge Re

TGE] What is logic as a knowledge representation frame
mﬂkl’_‘“_i" |:'-li|l-|'| -1'_'_:"':-" -‘ll '\. X
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Liogic Is the stience of true reaso If\ﬁlﬁm]fﬂ r;present facts, rules, and relationships in a clear and organized way. It

helps in solving prablems and reaching correct conclusions.

In computer science, logic means using rules to make correct decisions. It helps computers understand true and false

conditions. It allows systems to process information correctly. Logical statements are used in programs and algorithms.

These statemants cantrol the flow of 2 program. Logic is the basis of many computer operations. It helps computers io

work in a structured and organized way. |t is also used in databases, search systems, and software applications o process

information accurately.

Example

An ATM checks whether the carrect PIN is entered. If the PIN is correct, italiows the user to continue. If the PIN isincorrect,

It denies access. This decision is made by using logic:

and Decision Making

Logic plays an Important role in reasoning and decision making,

~ It helps both computers and humans reach correct conclusions.

~ Decisfons are made by using factsand logical rules:

» Logic removes confusion and reduces guessing.

~ |t halps salve p'mﬁla’m’s step by step. Compiil
correct action.

# Logic makes decislons accur: ;

# It also helps detact errors andurprove the reliability of computer systems.

> Logic is widely used in expert systems, artificial Intelligence; robotics, and autamated decision-making systems.

?}wﬂ Logie In Rensoning
~Wnd Decision Making?
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» Discuss how logic helps In making decisions,

.+ Students make simple “if-then” statements about school fife. s e
Example: "If it rains, then we will stay indoors.” ! j‘,’-:;;- Y Ej@ﬁg\ .
Sol: : ' (Eae™=

Logic helps us make correct decisions ﬂmwﬁ and reasoning. It allows us to think clearly and
choose the best action based on ‘ﬁ\ﬁwﬁ\ t A computational thinking, logic is used to create rules and
LR & - 3

instructions for selving ps ﬁé
2. Simple “If-Then" S5tal ' ut School Life:

1. Ifthe teacher gives homework, then students will complete it

2. If a student is absent, then the student will ask for missed work.

3. If the exam is tomorrow, then students will revise their notes.

4. [f the schoot bell rings, then students will go to their classes.

5, If it is raining, then students will stay indoors. :

6. Ifa student scores good marks, then the student will be rewarded.

7. Ifthe library is open, then students can borrow books.

B, .4 Feda\ WAl
1. How does logic helpin mkirlgdeciﬂcﬁﬁ ____fvx'."i%’}l‘{u 'E\_;J.\k— L;'I
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Propositional Logl ':”'. \".II". rx‘:;,l't_t
Propositional lugic js a basic. form of-Jog i&h&m Computer science. It deals with
statemenits that can be Eft h hese statements are called propositions.
Propasitional logic helps d:t:-i‘nrk tars make decisions and solve problems. using logical

Short Clirestion

What is Propasitional logic?

rules,

L DHASS | St T
Proposition
A proposition is a stalement that is either true or false. |t cannot be both
truz and false at the same time. Questions and commands are not | Theskysblue | —— [ True

propositions because they do not have a true or false value.

For example, the statement "The sun rises in the east” s a proposition | :

because itis true. A proposition must have a clear meaning, i should not be

5 ) — @

confusing. Propositions are the basic units of logic. They are used to form

logical expressions. Understanding propositions Is important In lagic. A
propasition Is usually represented by a capital letter suchas P, Q, orR.
Example: P ="The sky is blug"

Simple Propositions

w.]'

A simple praposition contains anly one \ J\—@‘( Q,errﬂs d into smailer .
siatermnents,
1 .

Example: "ltis raining.”

Compound Prnpmhuns

A compound proposition is fn::—rmed bv Jjoining two or more simple propositions. Logical
connectives are used to join them.

Example: "“itis ralning and it is cold."

Compound propesitions are used to express more complex ideas. They are common in
compound propasitions are important in propositional logic.

Logical Connectives; AND, OR, NOT

Logical connectives are words used to join or modify propositions.

=~ AND is used when both statements must be true.

» ORis used when at least one statement is true.

# NOT iz used to reverse the truth uf a statement. 1t makes a3 true statemient false

Short Question
What are simple propositions
and compound propasitions?
| Glve example

logical reasoning. Both simple and

Shart Question
What are Logicol Connectives
and why they are used?

and a false statement true.
Logical connectives are used to create compound
propositions. They are commonly used in computer | AND

Toth & wrad B gas e
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programsand decision-making. They help o make iﬂgi ﬂ rﬁ \ \}
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expressions clear and easy to underﬂand \\l r’.? H'., [“1, W

Example \

P ="lt i5 raining" i\ "L".I".

Q="Itiscold" rxH \__I"\.- /D
Then:

Nmﬁ.

Trus n“ﬁ.hﬁhr.

PAND O ="t is raining and it Is cold."
P'OR O ="itis raining or it is'cold.”

NOT P="It Is not raining."

I'E 7 |DO YOU KNOW?

# Propositional logic is the simplest type of logic, but it forms the base of all com puter reasoning! ]




2.5 Truth Tables i

m What are truth tables? Explain how truth mwaw\pﬂdym 1o evaluste logical expressions.
T\ Fl s =
A truth table Is a table that shows th Hm frngiml statements. They help us to understand whether a logical
expressionis true or false, underﬂanr.l how logical expressions work.

A truth table llsts all possible ¢ hmatu::—ns of truth values. It shows the final result for each combination. Truth tables are

impertant in propositional logic. They are widely used in computer science and mathematics. They help check the
correctness of logical expressions. Truth tables make logical thinking clear and simple.

A B AANDB | A GH_.B NOTA
True True True True False
True Falge Eaulse True False
False True Fualse True True <

o 4' e S (! -_IJLf'L-
i . £ i I
False False l = Fqﬁ‘e{}ﬁ, ".T'\“@S |I (E% True
TR, 7o Tabie Jor Logieal Expressions
x n
T*
gl

= Theyshow how'a lugr:al E»Ei‘rtasslon behaves. —
They help us find when a statement is true ar false;

Truth tables list all pessible combinations of input values.
They remove canfusion in logical reasoning. T i
They also help to compare different logical expressions.
Truth tables are useful in decision making.

They are important tools In logic and computer science.

Short Question
Why truth tobles are used?

WY XYY N

Steps to Create a Truth Table for Logical Expressions
Step 1: Identify the Propositions
Identify all the propositions used in the logical expression. These are usually represented by letters such as P, Q. and R.
Step 2: Assign Truth Values
Give each proposition a truth value of either True (T) or False {F} These tru rh,_uajs.}é; e{q@”ﬂ E"'gt?ai uate the
expression. (Zae=

N Q) ?‘ ﬁ“\ﬂ H\Il'
Step 3: List All Possibla l:umhlnal:lnns _,1, u E;,
Write all possible combinations of truth 'u'a {-:9 g 5
propasitions, ‘ B fu,_f[ DL
Step 4: Apply the Logical Cgnin
Evaluate the logical connectives such as NUT {=), AND (A), OR (V), and IF-THEN (=) one stap at a time.
Step 5: Find the Final Result
Calculate the final truth value for each row of the logical expression. Write the result In the last column of the table.
Step 6: Draw the Table Neatly
Artange all columns and rows in a clear and organized way. A neat truth table is easier to read and understand.

Step 7: Check the Results
Review the completed truth table to make sure all values are correct.

rhuns The number of rows depends on the number of






16, The first step in creating a truth table is to: : "'Ilq;.u‘_:_-:"- 4@'{%‘3
A} Find the final result  B) Apply logical connectivies ‘F'JE:-@W?\%R : ﬁaﬁ?‘ D) Draw the table
17.  Which truth values are assigned to propositions?’ | AT

A) High and Low B} On and Off !Z.“‘ 1\-’* ‘“’?‘ﬁi"w‘g : B} Open and Close
18, For n propositions, a truth table ¢ \?"L.\ BAE

A) nrows : N o ) 2" rows D) n+2 rows
Answers: N

i - 8 B c c D -L
11 e C c c C
2.6 Propositional Equivalence

EMXE  Explain propositional equivalence. Describe how equivalent logical expressions are identified and
why equivalence is important.

Propositional Equivalence
Propositional equivalence |s a concept In propositional logic. It explains when two
logical expressions have the same meaning, Two expressions may look different but
still produce the same result. Propositional eguivalence is checked by using truth
tables.

o
If both -expressions have the same truth value inev ry pessib m'
equivalent. The symbol "2" is used to show e vaienc%ﬁi itip c

Short Question

makas logical reasoning easier and clearer.

4 The followiig ositional expressions are logically equivalent.
o R :
L Exptossion | } [ Expression 2 |

[ (A AND NOT B) OR (B AND NOT A) ](:)[ (A OR B) AND (NOT A OR NOT B) ]

L Both expressions are true in the same cases ( XOR ) ]

[ Venn Diugram Representation ] [ Truth Table ]
A | g [ AavpNoTe T taoRB)AND
OR (1 AND NOT &) | (NOT A OR 5OT B)
F|F F 1 F
| T T T
1 F T ,.":";"-:_" f\_".
FAA ANDNOT B B AND NOT A 1 I:—:-':T-_‘J—I‘I‘I"_.-L‘. ..?LAJ]@I
o ]
[ Neither A nor B B2 A AND B (sot inctudesh| | B :}1\2 : NG @5\1 f F

¥
b Y

S
[ Therofore: (A AND NOT B) ox @4}@}@{%&&1 OR B) AND (NOT A OR NOTB) |
NI R

Equivalent-logical expressions are identified by using truth tables. Each expression is tested with all possible truth values,
if both expressions produce the same result in svery row, they are equivalent. Logical laws can alse be used to identify

equivalent expressions. These laws help simplify logical expressions. ldentifying equivalence makes complex expressions
gasier to understand,






Example 2; |

Satisfiable Expression: P OR Q 1
This expression |s true if P s true, Q is true, aor bnth are tr &\.;Tj}lﬁfﬁ'l’qlg\&
Satisfiable Expression: P AND Q *"f

This expression is true when both ? and Ei_ a ]'l,I n:, |t iz satisfiable,
Unsatisfiable Expression: P AND \

This expression can never he t use P caninot be both true and false at the same time.

& TIDBIT

"I'_'_Iurjd_ }IHE\E :5

‘lll.t{"l'q r:'-'_ﬁ O

Therefare, it is unsatisfiabla.

" A fogical expression s satisfiable If there s at least one way to make it true.

Provide several expressions and ask students to classify them as satisfiable or unsatisfiable.
ml

S\t

@\M i 0 \{‘lﬂ'}?&}’

(It can be true when it rains.) oW\

(One of the two conditions can be
10, 'rhn light is on AND the light is L

Instruction: Check each expression and classify it as Satisfiable ar U hﬂﬂs r@@ 'g‘.,f'i\j
Expressions: o o=t
1. P:itisraining. ble

2. PANDNOTP m Answer: Unsatisfiable
(A statement mnWﬁ fse at the same time.)

3. PORQ \ ' Answer: Satisfiable
(It is true if at least one statement is true. )

4. PANDQ ~Answer: Satisfiable
" {Both statements can be true together,)

5. PANDNOTQ Answer: Satisfiable
{P can be true and Q can be false.)

6, PANDNOTPANDQ Answer: Unsatisfiable
[P cannot be true and false at the same time.)

7. If a student studies, then the student passes. Answer: Satisfiable
(The condition can be true in some situations.)

8. Astudent is present AND a student is not present.  Answer: Unsatlsﬁahie L
{Both conditions cannot happen at the same time. ] N sy

8. The computer is on OR the mmputer fs off, i er's %I@é

;;}? ' 1__;?{“{

ﬁnmer* Unzatisfiable

2.8 Predicate Loag ic'

Q Explam pmdltate logic and also differentiate between Propc ‘‘ional Logic and

Predicate Lagic

Predicate logic s an extension of propositional logic. it allows us to express more
detailed statements about objects and their properties, In predicate logic, we can talk

about Individuals, groups, and relationships between them,

What Is predicate laglc?













ing Predicate Logic to Real-World Probler
Q. Explain the application of Predicate Logic to raqlfwﬁrldvgl}@w 3} f‘u‘”

Application of Predicate Logic to Real-World Problems E _11

Predicate logic s used to solve. rzaf—wurl --" ‘ e \nt: ng knowledge clearly and systematically. It helps describe
objects, thelr properties, and ﬁ]%l m’:ﬁ Uslng predicate logic, we can analyze situations, make decisions, and find
logical solutions.
Representing Relationships Using Predicates
Predicates are used to show rﬂiatmnships between abjects.
Examples:

Borrows{x, y} means student x barrows book y.

Teaches{t, s) means teacher t teaches student s.
These predicates clearly describe the relationships between students, boioks, and teachers. They can be used to model
the working of a library system. This makes it easier to organize information and understand how different objects are
connected.
Writing Logical Statements with Quantifiers
Quantifiers help write peneral rules and conditions.
Example: Vx, Student{x) - Barrows(x, Book) @"ﬁ

This means every student borrows a book. \r(‘"’::jl (CIOM

:]1_

3y, Book(y) A Availablely)

This means there exists at least %‘}L

These logical statements deszrr hL "g and spenﬁc situations n a clear and precise way.
L 4

Reasoning and Drawing C -,‘_r 1::

Predicate logic helgs us draw mm given facts,
Example;
¥, Student{x) 2 HaslibraryCard(x)
Student|Ali)
From these statements, we conclude:
HasLibraryCard{All)

This means Ali has a library card.
Logical reasoning helps in decision making. For example, it can be used to check whether a student is allowed
to borrow a book. It helps make decisions correctly and consistently.
Example
In a llbrary system, the rule ¥x, Student(x) = HasUibraryCard(x) is stored in the system. If Student{Ali} is true, the system
concludes HasLibraryCard(All). Based on this result, All is allowed to borrow a book,

£ |1|:.-" L} @lﬁ\v_",llll

r@, !\_-Q 1i:mﬂ E& pmgmms'

= ? |DO YOU KNOW?
» Predicate logic can model family trees
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10. How is logic used in computer systems? Explain with an example. s (€ L\k__l/.]'llll. pay

Ans:  Logicis used in programs, databases, search systems, amd so r'E".ﬁp’ | llé:mﬁ“j:rrnces.s informatiaon correctly.
It helps computers choose the correct action, For. u‘am’qldf ﬁ fﬂi'&ﬁe‘ﬁkﬂrﬂ'uhether the correct PIN is entered. If
the PIN is correct, it allows access; otherwiie ﬂﬁ{'ﬁﬁgﬁ-hﬁé‘é‘sf

11.  Listthe logical connectives ys gﬁ]lg ﬁnpﬂ ittonal logic.

Ans: |] AND iy OR Hiﬂrx

Propositional Logic

12 Differentiate between simple proposition and compound proposition.
Simple Proposition Compound Proposition
A simple proposition contains only one statement. | A compound proposition is formed by joining tweo or
More sImpie propositions.
I|T. cannot be d:ul:!eu:i nte smaller statements Logical connectivesare. us:—ﬂ lﬁ_j_ﬂTn the staternents.

ruth Table:

13, Describe the steps to create a truth table.

Ans:  First, identify the prapositions used in the logical expression, Then assign True (T) or False (F) values and list all
possible combinations. After that, apply the logical connectives and calculate the final tgucfrvalue far each row,
Finally, draw the table neatly and check all the results for correctness, rr:.n \ [ﬂ"[LJ g

. -’_J -,:‘* e
Propositional Equivalencel ﬁi;\@
| - R

2
14.  How are equivalent logical expressio ”ﬂ
Ans:  Equivalent logical expressions are id
values. If bath E:-:p::lrnf_*ssm::nﬂsﬂ ﬁife
used ta identify Equw'ﬁe xpressions.

Propositional Satisfiabiliby]

15: Differentiate between satisfiable and unsatisfiable propositions.

: ruih tables Each expression Is tested with all possible truth
ame result in every row, they are equivalent. Logical laws can also be

Satisfiable Proposition [ Unsatisfiable Proposition
A satisliable proposition is true for at least one An unsatisfiable proposition is false far all
combination of truth values, wombinations of truth values
Example: P OR Q is satisfiable because it is true when P | Example: P AND NOT P iz unsatisfiable because it
or Qs true. | tannever be true.

16, How can we check whether a proposition is satisfi able'-‘

Ans:  Atruthtable is used to check all possible combinations of truth values. If the truth tabie contains at least one True
{T) result, the proposition is satisfiable. If all results are False (F), the proposition is unsatisfiahle. This-helps test
lagical @xpressions correctly,

g TR Y |-|""“:\'|, U:J\,.,'- '|_:|
i ﬂ |I

a2l M

17. Differentiate between propositional log

Propositional Logic

Predicate Logic

| Propositional logic deals wut?\lw% ‘:ﬂ'fa sprients  Predicate lopic uses predicates and variables to express

| that are either true or f detstledtatemvernts,. - 0 9 0

| It cannat describe the prnpertles of ohjects or the | It can describe the properties of objects and the

| relationships batween them. | refationships between different objects.

[ It s simpler 1o ‘understand and is Used for basic | It is more flexible and pmwerful because it can I'E-FII‘ESE'TI'I'
logical expressions. . complex conditions, = R
It uses simple propositions without variables. 11 wses varigbles, predicates, and guantifiers to represent

| s 1 | detailed information. |







CONCEPTUAL SHORT QUESTIONS
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1 A school wants to organize a science lm\'@izgrpmﬂfﬁmal thinking 'I'.Ethnlque should be used first
and why?

Ans: The schoolshould first uae “qa!ﬁr.]dslt"ﬁn The work should be divided into smaller tasks such as making a guest

list, arranging the venue‘and preparing displays. Each task can then be completed one by one. This makes the
event easier to mangge:

Logic in Computer Science

2 A student enters the correct password to log in to the college portal. How does logic help the computer make a
decision?

Ans: The computer checks whether the entered password is correct. If it matches the stored password, access is
allowed. If it does nol match, access is denied. This decision is made using logical rules.

3. A shopping website checks whether an online payment is successful before confirming an order. How Is logic
used in this situation?

Ans:  The website checks the paymeént status. If the payment |s successful, the order is confirmed. If the payment fails,
the order is not confirmed. Logic helps the system make the correct decision,

Propositional Logic and Truth Tables
4, A smart door opens only when the t cﬂ
connective is used? Explain. rm;

Ans:  TheAND logical cunnes:twﬂ I5 LS

I(_";':' I--._I'L-I_:I T{ﬁi A

W
ect PIN is entered. Which logical

ons must be true hefure the door opens. If one condition is

false; the door remains is ensures security.
5. A programmer replaces a complex logical expression with a simpler one that gives the same result. Which
concept is being used?

Ans:  The programmer s using propositional equivalence. Equivalent expressions always produce the same truth values.
This makes the program easier to understand. It also improves code efficiency.

Propositional Satisfiability

6. A school rule says, "Students must wear the uniform and must not wear thg uniform at the same time." Is this
satisfiable or unsatisfiable? Why?

Ans: This Is an unsatisflable praposition, A student cannot wear and not wear the uniform at the same time. Both
ronditions cannot be true tagether, Therefore, no solution exists.

3 SoL
F A canteen rule says, "You may buy tea or julce.” |5 this satlstlahle? 5 ' e \ (C |’1 3 ‘n
Ans:  Yes, it s satisfiable. The expres.slon |5 true |f C} studﬁﬂ; . ?ﬂﬂ -At least one condition can be true,
Therefore; a valid solution exists. & A £ | =
_Ill.,-\l r". 'l, ||-\ \L'u
Predicate Logic and Quantifiersgs “El % 1- \.

8. A school rule states, ' Emh}m muﬂ wear an D card.” Which quantifier should be used? Explain.

Ans:  The universal quantifier (¥) should be used. The rule applies to every student in the schiool. It represents a general
statement. Therefore, the universal quantifier Is correct,

9. A library has at least one science book available. Which quantifier should be uuﬂ? Explain.

Ans:  The existential quantifier (3) should be used, It means at leagt one science book is available. The statement does
nat apply to every book. Therefare, the existential guantifieris sultable.









