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Topics

A How to describe and solve a problem?
A What isalgorithmic thinking?

A What isanalgorithm?

A What kind of properties does it have?

A How to represent an algorithm?
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A Does programming require abstract thinking?
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PoetwsPProgrammer

Good programmer:
language knowledge + algorithmic thinking

(appearance) (content)
To be, or not to be, that is the question:
Whether 'tis nobler in the mind to suffer
The slings and arrows of outrageous fortune,
Or to take Arms against a Sea of troubles,

And by opposing end them: to die, to sleep

William Shakespeare

same words
different meaning



Problemssolvingwith«computer

Closely related tgoftware life cycle



Problemssolvingwithccomputer




1: ProblemJdefinition

AW
AW
AW

nat Is the task?

natisthe unknown(requiredresult)?

nat iIs the relationship between the given'known

Information andthe unknowrf

A Isthe giveninformation enoughto solvethe problem?

A Thedescriptionof the problemmustbe precise

A Userand programmermustwork together

A It leadsto complete specificationsof the problem, the
iInput dataandthe desiredoutput



2: Solutioncdesign

A Definition of the outline of solution

A Division of the original problem into a number of
subproblems

A Subproblemsre smallerandeasierto solve
A Theirsolutionwill be the componentsof our solution
A a 5 A @ridéeobBquer”

A Finally the problem will be convertedto a plan of
well-known steps



3: Solutionrrefinement

A Previousstepisin very highlevet no indicationgiven
now subtasksareto be accomplished

A Refinements necessarypy addingmore details
A Avoidanymisunderstandings

A A precise method consists of a sequence of
well-definedstepscalledan algorithm

A Representationpseudocodeflowchart, etc.



4: Testing strategy development

A It is necessaryto try the algorithm with several
different combinationsof input data to make sure
that it will givecorrectresultsin all cases

A Thesedifferent combinationsof input data are called
test case

A It covers not only normal input values, but also
extremeinput valuesto test the limits

A Complete test casescan be used to check the
algorithm



5: Program: codingrand testing

A Descriptionof an algorithmin previouslevel cannot
be executeddirectly by computer

A Translatiomneededto a programminglanguage

A After coding,the programmust be tested usingour
testingstrategy

A If an error hasbeendiscovered appropriaterevision
must be made, and then the test rerun until the
program gives the correct solution under all
circumstances

A Proces®f codingandtesting calledimplementation



6: Documentation completion

A Documentation begins with the first step of
developmentand continues throughout the whole
lifetime of the program

A It contains:
I Explanations of all steps
I Design decisions that were made
I Occurred problems
I Program list
I User Iinstructions
| eftc.



7 Programmaintenance

A TheprogramO | yw&atout
A Sometimeshe programmayfail

A The reason of a program fail is that it was never
testedfor this circumstance

A Eliminationof newly detectederror is necessary

A Sometimesthe users need new features to the
program

A Updateof documentationds needed



Solutionrrefinement

The algorithm



Algorithim

Plan for performing a sequenceof well-understood
actionsto achievethe resultin finite time.

The precisedefinition of the actionsto be performed
to accomplisheachtask of solution design

Some features:

A precise, unambiguous

A specified for all possible cases
A finite sequence of actions

A achieves the result
ASTTFAOASYOeéx StS3IIYyOSsE St



Representation of lalgorithms

A Natural (spoken) human language
A Flowchart

A Pseudocode

A Structogram(flowblock)

A Graphs or plots

A Algebraic

A Dataflow diagram

A Hierarchical

A Tabular

A Program language



Example

Functiony=sign(x)

A What is it?

A What does it mean?

A What is the result?

A How is it work?

A How can we determine its value?
A If x is-4, what is the value of y?

A X




y=sIgn(x)

Verbal (natural language) representation:

1. If input value x Is O, set the result to y=0.
2. Otherwise, If x>0, let the value of this function +1.
3. Else if x Is less than 0, give the functibn



y=sign(x)

Graph representation:

18



y=Si9ﬂ(X)

Wit 3§NISIQO NBLINBaSYy Gl GAzy

x A

yi {-1, 0, +1}

"X, x>0Y y=+1

"X, X<0Y y=1
x=0Y y=0



y=sIgn(x)

Structogranrepresentation:

yes

x=0

no

y=0

x>0
yes

no

y:+]_ y=




y=sIgn(x)

Flowchart representation:

true: -0 ’\ false

\X_/

y=+1

true false

y:.-

CEnd>




y=sIgn(x)

Pseudocode representation:

If x= =0 then
y=0

else
If x>0 then



y =signx)

Representation by real programming language
(for example, in Python):

If x == 0:
y=0
else:
If x>0:
y=+1
else:
y= -1



Components of flowecharts

A Starting/finish point  CStarty CEnd>

A Atomic instruction x=1

A Input/output / iy /[ outy/

A Condition %@W—Si

A Inserting another algorithm () =x\

A We can go along arrows.

\4



Basesstryctures of algorithins

by flowcharts

Sequence Selection Iteration

-

Task 1

false

condition

Task

Task

¢




Modifying @algorithms

Algorithms often go through many changes to be better

A Generalizing
making them applicable to more cases

A Extending
to Include new kind of situations

A Foolproofing
making an algorithm more reliable, failsafe or robust

A Embedding
re-using that algorithm within another algorithm



Generalizing algorithms

Original: Generalized:
/ Input: net / / Input: net, VAT /

gross=net*(100%+25%) gross:net*(lOO%+VA'II)
/ Output: gross / / Output: gross /




Extending:algorithms

Original: Extended:
/ In: hours, rate/ l true_—5 ..>~false
l :
salary=hours*rate / In: profit / / In: hours, rate /
| v
/ Out: salary / salary=profit/2 salary=hours*rate

./ out salary f—



Foolproofingalgoerithms

Original: Foolproofed
/ In: age / / In:age /
! )
true @isel _true false
Y
/lOut: child /Out: adult/ / out: error/
| YES no

/ C;(ut: child/ /Out: adult/




Emibedding: algorithms

Original:

y=abs(x) @

y==x

true @ false

y=+X

T

Embedded:

y=sign(x) m’

true< > false

y=abgx)
v v

/ Out: x/y/ / Out:0 /
v v

T




Alternative ;algorthms

Thereare often manywaysto achievethe samething.

Algorithmscanbe different in structure, but they canbe
equivalentin behavior

It means for identical input data, they will produce
identicalresults

Sometimes there Is serious reason to prefer one
algorithmoverthe other, while sometimesthere A a.y ¢

In some cases, one algorithm may be considerably
smaller,faster,simpler,or morereliablethan another



Alternative ;algorthms

y=sign(x)

/ In: X /
2

y=X
Y

true false
false true
y:O truefalse

y—X

T

/vOut:x / / Out: x/y/
I <




Propertiescof:algorithms

A Complete
all of actions must be exactly defined

A Unambiguous
there Is only one possible way of interpreting actions

A Deterministic
If the Instructions are followed, it Is certain that the
desired result will always be achieved

A Finite:
the Instructions must terminate after a limited
number of steps



Wrong algorithms

How to get to the 5th floor from 2nd by elevator?

1. Call the lift.

2. Getin.

3. Push 050 button.
4. Walt.

5. If the door opens, get out.

Problems (not complete):
Alfthelft32Sa&8 R248YyY 61 NRX
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Wrong algorithms

How to make fried chicken?
1. Put the chicken into the oven.

2. Set the temperature.
3. Wait until it is done.
4. Serve it.

Problems (ambiguity):
A What is the optimal temperature (5C or 200C)?

A s the chicken frozen or alive?
A When is it done?



Wrong algorithms

How to be a millionaire?

1. Buy a lottery

2. Choose numbers

3. Wait for prize or be sad

Problems (stochastic, not deterministic):
ALY Y2ad 2F GKS Ol asSa
A Not always works.



Wrong algorithms

How to use a bus?
1. Wait for the bus.

Get on the bus.
Buy a ticket.

Sit down.

5. Get out of the bus.

> W

Problems (infinite):
ALF 6S IINB y2d4 Ay | 0dza
A If we are in a building, bus will never arrive.



Crossing straightroac ondoot

Problems:
A Not complete

A Ambiguous
A X

Modification:
A Generalizing

A Extending

A Foolproofing
A Completing

Create a more detailed algorithm.



Crossing straightroad-onfoot

true

Zebra
crossing?

Look for
other place

Go there!

Look aroung

Is traffic
lights?

Is coming
vehicle?

Wait it > Go through
has gone straightly! vehicle?

Y

@ Wait it
has gone

Is it blinking
green?

Wait a bit

I




Logical-operationsranckexpression:

A Logical operations A Logical opposite

AND | false true If this is true, thenit is false

false | false false

5

true false true

< < 2
> > ¢
OR | false true |— —

false | false true -
true | true true == >

2 >= <
XOR | false true true — NOTfalse
false | false true false — NOTtrue
true true false X — NOTNOTX




Definedoperations

+ Addition, pozitivesign == | Equality

- Subtraction, negative sign = | Not equality
* Multiplication < | Less than

/ Division > | Greater than

%% | Modulo operation (remainder) | | <= | Less than or equal to

(int) | Truncation to integer >= | Greater than or equal to

[X] |Array indexing AND|[ 23A Ol f ol YRb 7

{X} |Array initialization OR|[ 23A0If a2Nb 2L
(X) | Precedence, parameter list NOT|bS3AFGA2Yy of 23AC(
= Assignment , | Separator of values in lists

The numbers and operations are interpreted in thecimal number system
ThelLength can mean the value of a quantity, whilleength" is just a text.
41



Order of operations

|. Parenthesis
1. ()
Il. Unary operations
1. sign (+ -)
2. NOT
3. (int)
lll. Arithmetic operations
1. */%
2. + -
I\VV.Relational operations
1. <<=>>=
2 ===
V. Logic operations
1. AND
2. OR



Order of operations

Frequent issues:

A What is the double of the sum of 3 and 4?
2X3+4 2*(3+4)

A Is the value of variabbe between 5 and 10?
5 <x<10 (5 <x) AND (x < 10)

A Is the value of variabke equal to 5 or 10?
x——=50R-10 (x ==5) OR (x == 10)

A Write thesize word!

output-size output "size"

43



Exerciseoordeniof operations

What is the value of the following expressions,
If initiallya=10 andb=20"?

A a-1/2

A 2+b/a+l

A (int)a/b

A-a-bl-2

ANOT (a<=Dh)
Aa==100Rb>aAND a*b!=200
A b+- a*2!=1/2 OR (int)(a/4)==2.5



Link to the solution
N

Exercise!flowchart (i
A How do the values of, yandschang

during the process, if x=5 and y=4?
A What is the output in this case? / '”:f’ y /
A How many times will the condition

S=X
evaluated? v
_ _ false true
A What does this algorithm do? L_’_\l

A How can you modify it / outs / s=s+1

to calculate the product of ‘lm y

y=y1
xandy?




Exercises flowichart ()
A How do the values ofandy change
y g ?

during the process, if the input is 10
A What is the output, if the input is 602 '”ix /

A What does this algorithm do? >:2
A Is it work, if x=1? e lse
A If the input is 24, how @

many iterations will ” CEnd>

2
be executed” / Ouf v/ y—e,
X=xly l
v




Exercisef/flowchart @

A What is the output, when

the input: a=3, b=9, c=57
A What is the output, when /In:ab.¢/

the input : a=5, b=2, c=7? ¥
true . false
true @ false true false

R=a R=Db R=c
!} v y
A What does this v
algorithm do? [ OutR /




Exercise!lflowchart

A Create a flowchart for the solution of a firdegree
equation given irax+b=0 form.
For example, a=0.5; B4 x=12

A Create a flowchart to tell whether a given year is a

leap year or not.
For example, 2023 no; 20244 yes 0 O

A Create a flowchart to print 3 numbers (given by the
user) in decreasing order. e

A Create a flowchart to calculate the factorial of a
positive integer number given by the user. @

A Create a flowchart to convert a positive decimal
Integer to binary notation. O

1 2




Pseudocode

Sequence

statementl
statement?2
statement3
X

Selection
(branching)

If condition then
statement )

else
statementse)

endif

X

Iteration
(loops)

while condition do
statement,,q,
enddo

X

Further keywordsinput, output, stop, break, function,
endfunction procedure endprocedurereturn, call



Conversion

flowchart< pseudocode
A A condition can belong to a selection or an iteration
| Iteration: if arrow é€nddo ) goes backward

I Branching: if no way to go back to the condition,
and the branches joire(dif )

A The false branche(se ) of selection can be skipped
A Repetition happens in case of true condition only

A Branches of a selection can be swappedHzy
negation of the condition

I In case of some iteration and selection it can be
necessary



Conversion

v
/T /

<€

—

‘/hdﬂjYGMﬁﬂfiﬁ<'IH">@Ei
!

T=F1

T=T+1

T

input T
while T!=20 do
If T>20 then
T=T-1
else
T=T+1
endif
enddo

output "Ready"

51



|ndentation

A The lines of a sequence are started in the same
position (same level of indentation)

A The body of an iteration indented relative wehile
I Betweendo andenddo
A The branches of a selection indented relativefto

I Betweenthen andelse as well as between
else andendif

I Betweenthen andendif (if noelse branch)
A Multiple indentation for embedded structures




Pseudocode example

nput R Approximationof the valueof

| =0
x=0 Greater R leads to
while x<=R do more precisevalue
y=0
while y<=R do
If x* Xx+y*y<=R*R then p
| =i+1 by
endif
y=y+1 y
enddo
X=x+1
enddo

output 4* i /( (R+1) *(R+1)) ' X 53



Exerciser Aretheythe: same”

i)

| nput a
| nput b
c=a
| f b>0 then
b=b-1
c=c-1
else
output c
endif

C=a

|

fa|Se true

// Out: c //

b=b-1

v

c=cl

A Do the pseudocodeand the flowchart
describethe samealgorithm?

/ Inia,b /
v




Exerciseconversion!1

A Represent this flowchart with pseudocade

/ Inix /

true é%false

true false

!
y=0
y=+1
T
/out:y/




Exerciseconversion’2

A Represent this flowchart with

pseudocode.

// In: X ,/
v

s=0

// Out: s //

<

S=S+X

v

X=x1




Exerciseconversion33

A Represent this flowchart with pseudocode.




Exerciseppseudocode

i nput  a A Whatisthe output if a=10?
i f a<0 then A Whatisthe output if a=47?
b=- 1*a A Whatdoesthe algorithmdo?
else
b=a A What doesthis algorithmdo?
endif _
output b ' nput  a
| f a<0 then
a=- 1*a
endif

output a




Exerciseppseudocode @

iInput a A Howdo the valuesof a, b andc

iInput b change during the process,

c=a If a=7/ andb=37

while b>0 do A Whatisthe output in this case?
b=b-1 A How many times will the
c=c-1 conditionevaluated?

glrjl?pdu(i . A What doesthis algorithmdo?

A Convertit to flowchart



Exerciseppseudocode @

input N A How do the valuesof N and R
R=0 change during the process,
while N>0 do If N=73251initially?

R=R*10+N%10 A whatisthe output in this case?

N=nt)(  N/10) & \whatdoesthis algorithmdo?
enddo

output R Legend:

%: modulo operation
(remainder after division)

(int): integer part
(ignore fractional part)

60




Exerciseppseudocode

input N AW

iInput B AW

R=0 AW

P=1

while NIz0do AW
R=R+(N%B)*P AW
P=P*10 AW
N=(int)( N/B)A W

enddo

output R

natist
natist
natist
natist
natist
natist

natist

ne out
ne out
ne out
ne out
ne out
ne out

ne out

out, If N=15, B=27?
out, If N=16, B=27?
out, If N=10, B=2?
out, If N=5, B=22?
out, If N=30, B=3?
out, If N=20, B=3?

out, If N=64, B=8?

A What doesthis algorithmdo?



Exerciseppseudocode

input A A Howdo the valuesof A,BandC
iInput B change during the process,
while B>0 do If A=24 and B=18 initially?

C=B A Whatis the output in this case?

B=A%B A Tryit with A=30 and B=105,

A=C A Tryit with A=165andB=8.

enddo _ |
output A A Whatdoesthis algorithmdo?



Exerciseppseudocode

input X,y A How do the valuesof x, y, z and
Z=X*y w change during the process,
while y>=1 do If x=12 andy=30 initially?
W=y A Whatis the output in this case?
;’fév%’ A Tryit with x=14 andy=15

enddo A Tryit with x=18 andy=18.
output  z/x A Whatdoesthis algorithmdo?



Exerciseppseudocode

Input A
Input B
while Al=B do
If A>B then
A=A-B
else
B=B- A
endif
enddo
output B

A How do
change

the valuesof A and B
during the process,

If A=24 and B=18 initially?

A Whatist
A Tryit wit

ne output In this case?
N A=30andB=105.

A Tryit wit

N A=165and B=48.

A Whatdoesthis algorithmdo?

A Create

a flowchart for this

algorithm



Exercise: congruentiakgenerator

Input m, a, X What is the output of the
X0=Xx algorithm in case of the
while 1==1 do following inputs?
x=(a*x)%m A a=5, m=16, x=1
outputx , 0 ,Qa:12 m=7, X=6
if x==x0 then ’ ’
break A a=12, m=7, x=1
endif A 8216807,
enddo m:2147483647,

X=1672552800



Exercise:evenrorcodd @

Algorithm represented by natural language:

Get a number.

Check that it is larger than one or not.

If it IS larger, subtract two and continue with Step 2.
Otherwise check it zero or not.

LT A0 A& T SNBZ gNARGS WO
9fasS GNARGS WhQo

o 0k bR

Write this algorithm in pseudocode (and with flowchart).



Exercise:selections

A 3 numbers are given. Write the pseudocode

algorithm to determine the minima

A 3 positive numbers are given. Is it

i)

value of them.

nossible to dre

i)

triangle having these 3 side lengths? Write a
pseudocode for the triangle inequality problem.

A 3 positive numbers are given. Is it possible to draw a
right-angled (90) triangle having these 3 side

lengths?




Exerciseltterations

A Write the pseudocode of the algorithm, which gives
the sum of integers within the [10; 20] closed
Interval.

A Write the pseudocode of the algorithm, which gives
the factorial of a positive integer given by the user.
For example: 64 720

A Write the pseudocode of the algorithm, whigives @
the value of thexY power. Thex andy values are
given by the user.




Exercise:sguare root @

The square root of a number can be approximated by
the NewtonRaphson method. The following iterative
formula iIs needed, which converges to the solution.

A Write an algorithm, which does the iteration until the
difference between two subsequent values is less
than the threshold given by the user.

V17.654 = 4.20167




Exercisepprimes

A Write the pseudocode of the algorithm, which tel &
whether a number (integer, above 1) given by the
user is a prime or not.

A Write the pseudocode of the algorithm, which prints
those prime numbers whose product is equal to a
positive integer given by the user.

(Prime factorization)



Exerciseldeap-days @

A The user tells two years (in increasing order)
between 1901 and 2099. Write an algorithm to
determine how many leap days are between the first
days of the two given years.

For example
Input:
1979 2023
output:

11leap days are between 1 January 1979 and
1 January 2023.



Exercise! fractions

A traditional fraction can be given by 2 integers.

A Write the pseudocode of the algorithm, which can
simplify traditional fractions.
For example: 36/9Q) 2/5

A Write the pseudocode of the algorithm, which can do
operations (+ * / separately) on fractions.
For example : 4/6+2/8 11/12; (2/3) / (4/5)A 5/6

A Write the pseudocode of the algorithm, which can
convert a decimal real number to traditional fraction.
For example : 3754 3/8



Exercise:seguences

The Fibonacci sequence starts with O and 1, then each

further element is the sum of the previous 2 values.

A2 NAOS UKS LlASdzZR202RS 27
X LINAYG GKS FANBROG wmnn @f
X LINAYG GKS StSYSyuoa 20

The Collatz conjecture defines a sequence, started by
an arbitrary positive integer. Each further element
(ai,, ) Is affected by the prior valua,(). Ifa; Is even,
thena,, =a,/2 , otherwisea,,, =3a, +1.
A Write the algorithm generating all elements until

a, =1, strated by a usegiven value.




Arrays

A Sequence of N elements, where all item is accessible
by an index (integer, between 0 and1Nl
N=5
AD={2934, -18 < A(ol-2, A(1]=93.
sum=0
| =0
while 1 <N do
sum=sum+A | |
| =I1+1
enddo
output sum /N



Array €xample

A 5numbers in array: reading, storing, writing back in

reverse order
N=5
A[]={0,0,0,0,0}
| =0
while 1 <N do
Input Al 1]
| =1+1
enddo
while 1 >0do
| =1 -1
out put A[ 1],
enddo

N=5

Al0]

All]

Al2]

Al3]

Al4]

A

\4




Exercise:isignabcoding

Given an array of N elements, where all the values are

Os and 1s (bits) in arbitrary order.

A Generate Manchester code for these values, so if a
value Is 1, then write a zero and a one, otherwise a
one and a zero.

A Generate NRZI codes for these values, soMirite a
zero (Independently of the first array element). After

then If the given array value is O write the previously
written value otherwise the opposite of the previous

value.



Exercisennumperfof-coins

Create an algorithm with pseudocode, which can tell
the minimal number of required coins to pay an
amount of money given by the user.

A Possible coins: 1, 2, 5, 10, 20, 50, 100

A Possible coins: 5, 10, 20, 50, 100, 200
(applying rounding rule of shops)



Searching andcsoriing

A Searching
Is the given value In the array (and if yes, where)?

I Linear search (with/without sentinel), binary
search, etc.

A Sorting
Rearrange elements of array in increasing/decreasin
order (in their original location).

I Selection sort, insertion sort, bubble sort, radix
sort, quick sort, heapsort, etc.



Exercise:searching

Suppose thaAis an initialized array haviridgelements.

A Write a pseudocode to tell whether a value given by
the user is stored in the (unsorted/sorted) array. @
(linear search with/without sentinel, binary search)

A How the number of steps depends on N?

A Write a pseudocode to tell the value of the i)
largest/smallest element of the array.

A Write a pseudocode to tell the index of the first @
occurrence of the largest element of the array.

A How can we find the second greatest element?




Exercise: sorting

A How to swap the values of two variables? (i)

Suppose thaAis an initialized array havingelements.

A Write a pseudocode to sort the elements of the array
AY AYONBFaAy3dI 2NRSNI X

X FOO2NRAY3I U2 UKS &St S
X FOO2ZNRAY3A U2 UKS Ayas!
X FOO2NRAY3 U2 UKS 0 dzd@ f
X I OO0O2NRAY3 (2 GKS NI RALI

A How the number of steps depends on N?

A How to make only one sorted array from all the
elements of two sorted arrays?




Exercisebhbankscard number @

Bank Card Number (BCRYfto 8 hd 11 &

Replace each oddosition digit of a BCN with its double or

If this product is greater than 9 reduce it by 9. Then
calculate the sum of all digits. The BCN is valid if and only |
this sum is dividable by 10.

So, a BCN is valid if

( (("QID CPZw {%}Z ('Qb )z oo)) Pprm T

The 16 digits of a BCN are stored in an array (each digit in
separate array element). Write pseudocode that checks the

validity of a BCN.



Exerciseirmost freguent-age @

A The number of inhabitants of a town below 18 years
Is denoted byN. The ages of each child are stored In

an array called\ge. Write an algorithm in
pseudocode, which tells which age Is the most

frequent.

For example:
N=15
Age[]={1,3,2,0,5,10,17,3,10,0,3,2,15,1,3}

The most children 18 years old.



Exercisetifinding a-pattern @

A Two arrays are given. Array A has N elements and
array B has M elements. Write a pseudocode to
represent the algorithm determining whether all the
elements of array B (continuously, in the same order
can be found In array A or not.

For example:
Al 23|94 |1]|8|3|9| 4| 8] 6
J/\y/
4 N




Exercisefifirstit allocation

The elements of the array (call®dl illustrate the free
and occupied memory cells. Their number is denoted
byN. M[i ]=1 means that tha ™ memory cell is
occupied andM[i ]=0 means that tha ™ cell is free.

A Write a program, which asks for a positive integer
number ) and tells the index of the first cell of the
first memory area containing at leaStfree cells

continuously.
For example, in the case of S=4, the answer is 12.

oo-ooo--- B o 0 0o 0 o ol o

O 1 2 3 4 91011T1213141516171819



Exerciseirmemarymnap conversion

The elements of the array (call®dl illustrate the free
and occupied memory cells. Their number is denoted
byN. M[i]J=1 means that tha ™ memory cell is
occupied andM[i]=0 means that tha ™ cell is free.

A Write a program to replace the original 1s to Os and
to replace the original Os to positive integers showing
the number of Os in the original continuous
environment of the given cell.

o o o o o--- BEN o o 0o o oM o o
O 1 2 3 4 9O 10 11 12 13 14 15 16 17 18 19
2 2l 3 3 3--- BN s 5 5 5 sl 2 »2
O 1 2 3 4 O 10 11 12 13 14 15 16 17 18 19



Exercisebhbedit allocation @

The elements of tharray illustrates memory cell
allocations. There ardelements.M[i][=0 mean that
thei ™ memory cell is occupiedd[i]=x (x>0)

means tha ™ cell is a part of a continuous memory
area ofx free cells.

A Write a program, which asks a positive integer
number ) and tells what is the index of the first cell
of the first occurance of the smallest memory area
containing at leass free cells (if exists)!

For example, in the case of S=3, the answer is 9.

1 5 5 5 5 5 HONNON 4 4 4 s+ oM 1 000 4 4 4 4

0 12345678T9 10 11 12 13 14 15 16 17 18 19



Subroutines

Separate unit of algorithms
Tool ofrecyclingandabstraction

A Recycling: not necessary to type the same cpde
at different points of the code. We can teach some

activity and then use as a basic instruction. An
example ofembedding

A Abstraction: not just only one activity, but a set of
similar activities, specified by parameters. Realizatiol

of generalization



Subroutines

Two sorts of subroutines

A Function a sequence of instructions in order to
determine a value somewhere in the code
E.g., What Is the cosine of &5
X=c0s(45)

A Procedure a sequence of activities to do something
at a given point of the code (no return value)
E.g., Sort the N elements of the A array increasingly.

call SortArray (A,N)



Procedure-example

Definition of procedure to print the * character-tnnes
name of procedure (formal) parameter

procedure STA\If?S (N) <
while N>0 do
output "*
> Instructions, activity to do
N=N 1
enddo

endprocedure



Procedure-example

Calling the previous procedure within a code

output " How many stars you need?"

Input S (actual) parameter

call STARS (S) } call of procedure (execution of its instruction:
output "I hope, you like it."



Procedure-example

Another procedure to tell the sign of a number
procedure SIGN (X) O,
If x>0 then
output " Positive"
else
output " Not positive"
endif
endprocedure

execution starts her

output " Give a number"
iInput N
call SIGN (N)

ainpadso.d Jo uoniuyap

Jun urew



Functioneexample

Definition of a function to determine the
maximum of two values

name of function (formal) parameters
function MAX?‘A, B)
if A>B then -
R=A
else > Instructions to determine the desired value
R=B
endif
return R } Instruction to give back the results

endfunction

92



Functioneexample

Calling the previous function within a code

out put AGive two number s
(actual) parameters

Input a, b
c = MAX ( ak% }call of function (determination of a value)
output AThe maxi mum: ¥

The returned value is stored in variable c.

93



Functioneexample

Another function to calculate the absolute value
function ABS (x)
If Xx<O then

X=- 1*X
endif
return X

endfunction

execution starts here

A4

out put AGI ve a
iInput N
A= ABS (N)

out put At he absolute

Y
uonouny Jo uonuyap

un urew

a~

L



Procedure vs function

procedure Avg( x,y,2 ) function Avg( X,¥,Z )

a=( x+y+z )/3 a=( x+y+z )/3
outputa < [ >return a
endprocedure endfunction
call Avg(2,5,4) If Avg(2,5,4)<4 then
output "Week!"
else
output "Good job!"
endif
The average is The average isot

on the screen. on the screen.



Scope

A Program units (functions, procedures, main program
have own variables

A The names of a variables in two separate program
units can refer to different variables

I Even If the names are the same

function F( ABC )
return ABC-1
endfunction

ABC =3
ABC = F(7)
ABC = F( ABQ*2

Two separate variables

96



Exercise: subroutine @

function PP( a)
b=0
while b<a do
a=a -1
b=b+1l
enddo
If a= =Db then
return 1
else
return O
endif
endfunction

iInput a, b
a=a*2

b=PP( atb)+l
output b

A How the values of variables are
changing during the execution, |
the user gives 1 and 4 as inputs

A What is the output in this case?

A What does the function do wher
the parameter is a positive
iInteger?



Exercise: subroutine @

function CHANGEa)
returnl -a

endfunction A What is the output if input is 5?

Input Max A What does the program do?
j!__OO A What is the role of the function?
while [<Max do

i = CHANGE )

J = JH

output |, 0 O
enddo

output |



Exercise: subroutine

function min( X,y )

if X<y then
return X _
endif A What is on the screen,
return y when the user enters 4 and 57
endfunction

function even(N)
return 1 - N%?2
endfunction
Cll={2,3}
input X,y
N=(min(min( Xx,C [1]),x - 3)+C[even(y)]*5)%6
output N



Exerciseimuliplication:table @

A Write a pseudocode, which contains a procedure to
to display the NxN multiplication table.
For example, if N=4:

Make a new line:
output NEWLINE

o -~ DN
o
O

IO DN

12|16
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Exercise: ichessboard @

A Write a pseudocode, which contains a procedure to
create alNXNOK Sa a0 2 NR LJ 00 SNJ
For example

If N=3: If N=4

g1
o [}

Y 1




Exercisetitime

Write an algorithm with pseudocode as follows:

A The code hato contain a function, which has 3
parameters flour, minute, second

this It te
A The coo

e hato contain a proced

Integer

parameter (it is the num

) and basd on

Iswhich second of the day Is the time.

ure which has an

ner of seconds In a

day) and the procedure prints out the time In

hour : mi

nute : second format.

A Call these subroutines to check they work well.



Exerciseidormula

A Write a pseudocode function, which has only one
parameter (N) and returns with the factorial of the
value x given by the following formula. Call the
function in the main program unit for a positive

Integer number given by the user and print out the
return value of the function.

B (¢ Qp)
U




ExerciseDDCB iarthmetics @

We would like to make mathematical operations with
binary numbers, but the pseudocode uses only decima
VdzZYOSNAR D [ SGQa FLILX & | bi
use decimal values containing only O and 1 digits,
similar to binary numbers. Use subroutines.

A Write a pseudocode, which is able to calculate the
value of the following formula, where the values are
non-negative binary values given by the user.

D —



Recursion

A When a subroutine calls itself

main, unit
X
X
\ 4
call w
X
X

\ 4

execution time order

a replica of
subroutine
a replica of
X subroutine
A > a replica of
call prog) X subroutine
~—_ call brod) X ]
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Recursion:example

A Factorial(N!):
i If the number (N) is 1, then the factorial is 1.
I Otherwise N! = N * (N1)! .

5!
function fa Ct(N) L 5% 41
If N ==1then P o*4* 3
return 1 e 513t 2
else PPl 5%4*3*2* 1!

PR 4*3%2* 1
return N*fa Ct(N - 1) PRl 5%4*3F 2

endif o>l 5*4* 6
endfunction Lo B 5* 24
output fa  ct(5) e 120

O 120
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Exerciserdecursion 1

procedure CONV (N, B)
if NI=0 then integer part,of the quotient
call CONV ((int = ) (N/B), B)
output N %B

endif A Try to execute the algorithmr
endprocedure A What is the output?
A How long is the call chain?
A Where is the reverse order
of digits coded?

call CONV (16, 8)
output NEWLINE
call CONV (19, 2)




Exerciserdecursion

A What is the output of the following recursive
algorithm?

procedure something(B,E,P)
If E>0 then
call something(B,E - 1,P*B)
else
output P
endif
endprocedure
call something(5,3,1)



Exerciserdecursiod

A Write an algorithm, which asks for numbers from the
user until O is given and after then it prints all the
values (except the 0) in reverse order. The cardinality
2F YydzZYOSNR A& dzyly20yod !
algorithm.

For example:
iInput: 1,4,65/9,2,9,2,0
output: 2,9,2/-9,65,4,1



Algorithmictthimking

EXxpectations:
A Knowledgelgarning
A Experiencespfactice
A Creativity, intelligencec@pability, taleny

No guide (algorithm) on how to write algorithms.

The ability of algorithmic thinking cannot be acquired
through conning or pure memorizing.

No programmer without algorithmic thinking.



Thoughtprovokingcguestion

A What will the user enter? (input)
A What must the user see? (output)

A Does anything need to be stored, or data
remembered? (variable)

A Has a variable already been assigned a value before
we use 1t? (initial value)

A How should a value be calculated? In what oraled
which operations are required? (expression
evaluation)

A Are there any steps that are only necessary
sometimes In certain cases? (branching)



Thoughtprovokingcguestion

A Do | need to repeat certain steps? (cycle)
A When should | perform something? (condition)

A Is it necessary to have all situations at the same time
or Is one sufficient? (logical operator)

A Do | need to handle a series of connected values?
(array)

A Is there a group of activities that can be required in
multiple places of the code? (procedure, function)
A2 KIG N5 GKS @I f dzSa U f

group of activities? (parameter)



Testingsstrategy development




Example-of destingtstrategy

A Solving second degree equation

A General formax2 +bx+c=0 /manc /
A Input parameters: a, b, ¢ ' l ’
. _ —b +Vb?% —4ac d = ¥-4ac
A Solution:  x,, = ” T
x, = (h+d'2)/2a
Does it work for all input? (bldlfz)IZ
X, = (b- a
A What is the output 2 I
if a=1, b=2 and c=17 / outx% [/

A What is the output
if a=1, b=2 and c=2? CEnd>



Example-of destingtstrategy

Does it work for all input?

A What is the output
/ in:a,bc/ if a=0, b=2 and c=67?

x, = (b-d¥2)/2a

v

X, = (b+d"2)/2a x=-b/2a

2 2
/ out: X, % / / out: X / / out: nosolution/




Example-of destingtstrategy

Does it work for all input’

/Tinabc/ A Whatis the output

d = F-4ac

false

X, = tb-d2)/2a

v

true

X, = (b+d2)/2a

X=-b/2a

If A= — =17
folee i= e If a=0, b=0 and c=1"

X=-c/b

2 2 2
/ out: X, % / / out: X / / out: nosolution// out: X /




Example-of destingtstrategy

_
[Tinabc/ It works for all input.

true
d = B-4ac truefalse
false

X, = (b- d1/2)/2a true

X, = (-b+dl/2)/2a x=-b/2a

2 2 2 2
/ out: X, % / / out: X / / out: nosolution// out: X /




Example-of destingtstrategy

Goodsolution in pseudocode:

It works for all input.

To reachthis state we have had
to test the algorithm with
more different Input
combinatiors the so-called
test casesand then we have
hadto modifythe algorithm

We have used testing strategy.

input a, b, c
ifa ==0 then
If b= =0 then
output "error "
else
x=-c/b
output x
endif
else
d=b*b - 4*a*c
If d>0 then
x1=( - b+sqrt (d))/(2*a)
x2=( - b-sqgrt (d))/(2*a)
output x1, x2
else
if d= =0 then
Xx=- b/(2*a)
output X
else
output "error "
endif
endif
endif



The wsed destingtstrategy

a b C output Comment OK
3 7 2| -1/3 ;-2 | general case (not zero, d>| V
0 2 6 -3 aiszero (first degree) Vv
2 of -8 2;-2 bis zero ( %=-c/a) V
1 2 O 0;-2 cis zero ( xx+4d=0) Vv
0 0 1| "error" more zeros (not equation)| V
1 2 2| "error" d<O (no solution) V
1 2 1 -1 d=0 (only one solution) V

2| -101 -1| -4.9;-0.1 | negative inputs V

2.3| -4.2| 0.83| 1.6 ;-0.23| notinteger values V

10°| 10° 1]-10°; 10| extreme small/large values V

Y

test cases

=
=
©




Exerciserdesting: strategy @

Conversion of number notation input N
A Create a testing strategy for  input B

this algorithm. R=0
A Which values of N and B are P=1
acceptable? while N!=0 do
(When does the algorithm R=R+(N%B)*P
give expected result?) P=P*10
N=(int)( N/B)
enddo

output R



Exerciserdesting: strategy @

A You have a pseudocode, which has two finite input
values X andy) and prints out the value ofY. The
algorithm must work for any integgr values and all
real numbers. If the theoretical/mathematical
result is an undefined value or not a finite value, an
error message Is required.\fis a number which is
not an integer, an error message Is also required.

o) o
wN a9 b
wNdYd b

"Qefty N 5 B




Programccoding

Creating source code
INn real programming language



Programmingdevels

Highlevel
programming

Lowlevel
programming

languages
A

languages
QAQ

N/

4GL

3GL

2GL

1GL

SELEChame FROMpeople WHEREage=20

If (x==0) printf("zeran");

aw

mov eax DWORD PTR [riz assembl

machine

10001011 01000101 11111100 code
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Language paradigms

AC

A Java A Prolog A Labview
A Pascal A C++ A LISP A Verilog
A Fortran A Smalltalk A Haskell

124



Syntaxaandsemantics

Syntax Formal rules of the program text.

Semantics Does it describe the desired algorithm?

Example gignof avalue):

funcltjion sign (a) Semantic errord<0)
=a /

If a>0 then

. b:M Syntax erroréndif )
enidf
return a/b “— Runtime errorif /0 )

endfunction



Syntaxcobprograming languages

Fortran:
REAL FUNCTION FACT(N)
FACT=1
IF( N .EQ.0.OR. N .EQ. 1) RETURN
DO 20 K=2,N
20 FACT= FACTN Pascal:
EEEURN FUNCTION FACT(N:INTEGER):REAL;
BEGIN
_ IF N=0 THEN FA CT:=1
Python: ELSE FACT:=FACT(N - 1)*N;
def Fact( N): .
END;
f=1
for i inrange(l, NH+1):
*= | C:
return f int  Fact (unsigned N)
return N<=1? 1:N* Fact (N-1);
APL - Lablevv }

| True 't[

FACT«{x/ww}




Exercises Syntax andrsemanti @

A Find syntactic and semantic errors of the following
algorithm written in pseudocode to determine the
not negative integer (E) power of the base (B).

Input B
R=0
wihle E<=0
R=R*B
E- 1=E
endo
output R

\ =4



Interpreter andCompter

A Processors understand only machine codes
I Highlevel source codes need some conversion
A Language implementations use different techniques
I Compiler
E.g.: Pascal, C, Ctabview

I Interpreter
E.g.: PHP, JavaScript, Python

I Combinedbytecode to virtual machine)
E.g.: Java, C#



Compliler

A A software that creates a stalledobject-codefrom
the source code

A Compiler makes lexicakyntactic and semantic
analsis, code generation

| Source codes have to be syntactically correct

A Aso-calledlinker creates executable from object
codes, and théoaderload it to RAM to run

A Compilation once, execution later several times
I Compilation and execution Is separate
A Execution is fast



Interpreter

A Direct execution
I Analysis and generation at run time
A No object code
A Interpretation of instructions one by one
I Single instruction as input
A Syntactically incorrect code can be executed
I Errors maybe hidden
A Interpreter is needed for any execution
I Interpretation and execution belong together
A Execution is often slow



Integrated [Development iEnvironment

A A (graphical) program to make the software
development easy and quick, provides tools/help to
the programmer

A IDEcontains:

" Languagesensitive editor

- Compller/interpreter, linker, loader
" Debugger

" Version control tool

" Project management

- Simulator




Integrated (Development Environment

Most often used IDEs:
[ ]
Fiil Serkesztés Keresés Nécet Projekt Futtotss Esskomsk AStyle Ablokok Segitség
LI ] DdEBE@E & + BRIEE | BEOM@EE
ode::Blocks v

Projekt | Qsztalyok | [ | * || [Twav.c
1 finclude<stdio.h>
#include<unistd.h>

#include<sys/stat.h>
#include<fentl. h>

3
4
5 #include<math.h>
6

+ + 7 #define Duration 3.0
8 #define Channellio 2
5 :

#define Bif]

10 #define Samf
11 #define Fref| File Edit View Search Project Build Debug Fortran waSmith Teols Tools+ Plugins DoxyBlocks Settings Help
12 #define Ampll. ~ @ |5 7 Sa0e o e
Felib b OIC Y - TR |aalierse T
14 i <global> v
15 int readin(|(" - =
16 ] unsigned ||} : v]| e @ 4 sa - =1 | | |
7 unsigned
18 short 7Managmmt & Start here | backward2c X
19 int 4| Projects | Symbols b T . .
20 int
Works
File Edit View Navigate Code Ref, 2 @ Workspace 2
22 in= 3
23 read(in, (| 4 void back_word(char *word)
- SecondDegree 5 int 1=strlen (word);
B pro.r € =  #- I© | = Secon| B3 Fordito uzenctei | B Erstorrasok | dlh Fordits ki @ for(;1>0:1--)
T printf("8c",wozd[1-1]);
v SecondDegree D:\IK\P) Line: 1 Col: 2 ) Lines:| 3 print£(" ");
9 }
 SecondDegree.py N R 10
: . 11 void backward (char *text){
Illi External Libraries = a = float(input({"Give the coefE: o 5 i v
< >
3 b = float({input{" b: ")}
: float (inpuc{’ c: ")) Logs & others x
5 0.0: , - 4| /) CodexiBlocks X | (L Searchresuis | /) Ccce X | €3 Buildlog | " Buid messages b
s if b — 0. : 0 sacond(st) -
. e
7 print (" Errorttiv)
- - 5 ¥ =-c/b Windo
; print ("x =", x1) ‘s File Edit View Navigat: Source Refacto Run Debug Profile Team Tools Window Help| Q- Search (Cri+) | | ommmm
|Sua t' l | 11 Dolse: - B EXCHE = — - R TR
1 d=b* 2-40%a*c Profe... X |Fies [serviess | —| .ovd 8 Gapnijeva x|B ez X (rvo
if d > 0.0: & 6 Hanoi A |[souee | reory [[@ -0 QRSB P e B
¥l = (-b +d ** 0.5) / {2.0 * [ Souce Packages AR - &
G_He
®2 = (-b - d ** 0.5) / (2.0 * -8 6.Hanoi 2 -]
" @ Ccoumn.java ..
print (" x1 = {0}\n x2 = [1}". H [ p——— 3 package hanoi;
l l ' i
17 & ibr
I e else o8 :En: renes 5 ] import java.util.Scanner;
@ Platform and Plugin Updates 5[ source Packages 5 ) .
. . B hana 7 public class Hanoi {
PyCharm Community Edition is r Lo 8 private stacic final inc EMPIY = 0
8 columjaua v : e
. — i s private static final inc FUIL = 1
- Navigator X - 10 public static void main(String[] a:
[T Piatform and Plugin Updates: PyCharm Community E.. (moments age)  21:14  CRLFH [ampers Ol et T = T int n, s, 4, m
B8 Hanol 12 System_ont_orint("Give the =iz
< 5
i @ man(suingl] args) 5 =
L EveTY
E FULL zint Output - Hanoi (jar) X -
~
v
>
11 s

132



Data representation, Datatypes

A Every data is stored in the memory in binary
A Different datatypes are used

I with different representation

I with different datadomain

I with different operations
A Most often applied data types:

I Integer(5)
00000000000000000000000000000101
I real (5.
0100000000010100000000000000000000000000@BHO0000000000000000
I string ("5")
0011010D0000000
i char 0Qp QU
00110101
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Fixedpoint representation

How the computer stores (signephteger numbers?

Steps:
A Remember the sign of the given value and convert
the absolute value of the integer into binary

A Add leading zeros (if needed) to reach given number
of digits (bits)

A If the sign is1 (so if the value was negative) then
I Change every bit to the opposite
I Add 1 to the result in binary

A The fixedpoint representation of the integer is ready




Fixedpoint representation

/ N/

v
T S=sign(N]
—>/ Out: result/ )
T N:abs(N)|
Add T 7
to the result onvert N
T to binary
Change to Extend Dby
oppositebits _leading zeros|

Examples

+19
11000011
IOOOOOOO 00000000 00000000 11000€11

-195
+195
11000011
00000000 00000000 00000000 1100001
1111711171 1117117111 111111117 0011110
llllllll 1111711171 111711111 00111101

0
o
IOOOOOOO 00000000 00000000 00000&00

T yes@ MSB = sign bit




Fixedpoint representation

Representation  Minimum Maximum
length value value
ki 1 byte 0 255
C
.?) 2 byte 0 65535
-
- 4 byte 0O 4294967295
1 byte -128 127
D
_53 2 byte -32 768 32767
n
4 byte 2147483648 2147483647




Exercisel datacrepresentation®

A Give the approximate population of the Earth with
32-bit fixed-point representation.

A Write the value of1 with 32bit fixed-point
representation.

A Which 4 bytes long fixedoint representation bit
sequence means: 159087

A Which 4 bytes long fixedoint representation bit
sequence means666?

A What is the meaning of the following 4 bytes long
fixed-point representation bit sequence?
10000000 00000000 00000010 01001001



Unitd'elementscof thes sourceode

A Character set

A Lexical units We use different

characters, symbols,
special keywords,

expressions, and rules
In each language.

A Syntactic units
A Instructions

A Program units

asealoul Alxajdwo)

A Compiling units

A Program



Keywords,ddentifier; comments

Examples in C language.

A Keyword
Sequence of characters with special meaning
E.qg.if, else, while, do, for, return

A ldentifier
Sequence of characters to give name to the¢
LINE2 INJ YYSNRQ&E& 2 6 Y [Sib22sic0s60F
E.g.i, Count, var2, abs val -

A Comment

Text In the code not for the compilenterpreter but
for the programmer (reader human) as remark




Constants

A Constants (literals) means fix value in the source
code that cannot be altered by the program at
runtime

A It has type and value
I The value Is defined by itself
I The type is defined by the form
A Special: Named constant is a fix value with identifier

A Examples
-12.34, 5, .5, 5., O0x1F, O6F¢
. y
while x>100 do X= A + 23

\



Variables

A A memory location with identifier to store a value
A Most important tool in procedural languages
A Its components

I Name (identifier)

I Value (bitseries in the RAM)

I Aftributes (type)

I Address (RAM location)

A Example (in C language)
int A = 10;
float Jumpl = 11.5;



Operators

A Represents simple operations on data
A Can be unary, binary or ternary
A General groups of operators

" Arithmetic (E.g.#+, -,*/,% )
- Comparison (E.gz, <, ==, >=, <=, I=
I Logical (E.g&&, (|, ! )
I Bitwise (E.g&, |, ®, ~, <<, >> )
I Assighment (E.g=, +=,*= )
| Other (E.g.%, &, 71, ., - >) .
X= A+ 23




EXpressions

A Operators & Operands & Parentheses

A Operand can be: constant, variable, function call
A An expression has type and value (evaluation)
A Form can be

I Infix (preference/strength Iis necessary)
E.g. 4+3*2

I Prefix
E.g. +*324

I Postfix
E.g. 432*+



Exercise:expression @

A What is the value of this infix expression?
9+2*6/3>8 -7

A What is the value of this expression (in C language)?
2>38&&3*5 - 6/2>=11%2

A What is the value of thisrpfix expression?
* + 1. 2, 1. 9, 6
+ 1. - * 2. 13; [ 25. 5

A What is the value of this postfix expression? Convert
them into infix form.

300 20 15 4 6 + - * . just separator
1 2 13 * 25 5 [ - 5



|nstructions

Unit of programs, that can be grouped as
A Declaration } not executable
A Assignment
A Conditional statement
I 2 branch
I More branch
A lteration
I Conditional loop
I Counted loop
A Other

~ executable




Declaration ,Assignment

Declaration

A Associate identifier and type

A RAM allocation, (sometimes) initialization of variable
Aint i =0;

A float Weight;

Assignment

A Giving value to a variable

Ai =6;

A Weight = 80.3 * i



Conditlonalsstatement

Choosing from 2 execution branch

A Two separate instruction block

A Skip or execute an instruction block
Aif( N<0.0)  S=1;

else S=0;
Selecting from several execution branch
A switch (i ){
case 1: X=1; Dbreak;

case 2: X=10; break:
default: X=100:

}



Iteration

Repetition of instructions, activities several times
From operational point of view limiting cases
A Empty loop (the body/core never executed)
A Infinite loop (never stops, semantic error)
Types of iterations
A Conditional loop
I Preccondition
I Postcondition
A Counted loop
A Other (Infinite, Combined)



Pre-conditional loop

Theheadcontains acondition
Semantics

1. Evaluation of condition

2. Ifitis true,bodyis executed and evaluate agdgo1.)
Else loop ends, go to next instruction behind the loc

It can be empty loop
If condition is false Initially

Body must change the conditien
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Postconditionallloop

Theend contains thecondition
Semantics

1. Execute thébodyonce

2. Evaluation of condition

3. Ifitis true(false) execute again the body (go Step 1.)
Else loop ends, go to next instruction behind the loc

It cannot be empty loop do{

body Is executed at least once -
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Pseutocodedo Rython

Pseudocode:
Input a
If a>0 then
b=a
else
b=- 1*a
endif
while b!'=0 do
b=b-1
enddo
output b

Python:
a= Int (input())
If a> 0:

b=a
else:

b= -1*a
while b 1= 0:

b=b -1
print(b)



Python programmindlanguage

# Solving second degree equations
a = float(input("Give the coefficients\n a: "))
b = float(input(” b: "))
c = float(input(” c: "))
if a == 0.0: # first degree
if b == 0.0:
print (" Error!!!")
else:
xl = -c / b
print ("= =", =x1)
else: # second degree
d=Db ** 2 - 4.0 * 3 * C
if d > 0.0:

x1 = (b + d ** 0.5) / (2.0 * a)
d

X2 = (-b - *%x (0.5) / (2.0 * a)
print (" = {0}\n 2 = [{1}".format(xl, x2))
else:

if d == 0.0:
x1 = -b / (2.0 * a)

print (" = =", xl)

else:
. 152
print (" Error!!!")



Exerciser RPython

i)

Find the occurrence of the following concepts in this

Python code.
A keyword

A comment
A identifier

A constant

A variable

A operator

A expression
A statement

# Some calculation

Sum=0

for 1 Inrange(N):
Sum+3

If(Sum==0):

print(*  Total"+Sum )

else:

z=10%2+N/ N+cos (90)

#return z
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Further readings

A Simon Harris, James RoBgginning algorithms
(Wiley Publishing, 2006)

A Narasimhaarumanchi
Data Structures and Algorithmic Thinking with Python
(CareerMonk 2017)

A Peter Wentworth, Jeffreflkner Allen B. Downey and
Chris Meyers:
How to Think Like a Computer Scientist: Learning with
Python 3(online, 2012)

A Metrowerks CodeWarriorinciples of Programing
(online, 1995)



Solutions




Back to the Exercis
N

Solution:fflowchairt U
A Debugging: ” ”
e
5 4 5 / Inixy /
5 3 6 v
5 2 7 S\;(X
A Output: 9 2 é 2

A 5 expression evaluations / outs / ——

A Addition: sx+y T
A Modifications (3 alternatives): C End y=y-1

S=S+1A s=s+X S=xA s=0
s=s+1A s=s+x Yy>0A y>1
s=s+1A s=s+x Out: sA Out: sx
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Solution:fflowchart J

A Debugging:

A Output in
case of 60:
2235

A Prime factorizatio

A No output

A Number of
repetitions: 5

= = O O O O
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Solution flowchart

A Input: a=3, b=9, c=5

Output: 9
A Input: a=5, b=2, c=7 T

Output: 7 true @ false

true @ false  true @ false

R=a R=b R=c
) 1) T
)
A Maximum ofnumbers / OutR /




Solution:/leap/year 1

A Gregorian calendar




Solution:/leap/year 2

A Gregorian calendar




Solution:tthreevalues 1 ©

A 3 values
In decreasing order




Solution:tthreevalues 2 ©

A 3 values

in decreasing order 1N A.B.G/ g
X=A Y=A
trufalse trufalse
X=B Y=B
true false true false
X=C Y=C
¥ |
/ out: X, A+B+&-Y, Y/

!



Solution: ffactonal

/ In: num /
v
tmp=1
>
true — 3 false l
tmp=tmp*num
7 fact=tmp
num=numl v
/ Out: fact/

v




Solution: binarysnumbers

A Conversion from decimal to binary (20 2)
E.g.: 21,= 101031

/ In: num /
>
true -0 false
rem=num%?2 l
Read output
! backward
num=(int)(num/2) 1
v
/ Out: rem /




Solution:fflowchart

A Binaryincrementation

E.g.; 10101114 1011000

/ in:N /
7
T=N
)
D=10
|
true — S ~sdalse

T=FD/10 / out: T+D/10/

\
D=D*10 ‘
) CEnd>




Solution:fflowchart J

A Collatzconjecture

- Emind B

G Tch' ol nod @ Q0L Q
/ Inna /

o pPhQB i i QE Q




Solution:pseddocode

i nput  a A Input: 10; Output 10
i f a<0 then A Input: -4; Output: 4
b=- 1*a A Absolutvalueof anumber
else
b=a A Absolutvalueof anumber
endif _
output b ' nput - a
| f a<0 then
a=- 1*a
endif

Alternativealgorithms! output a




Solution: /Are theylthe:same?Y

input a A Different meaning
i nput b (not alternative algorithms)

C=a

i f b>0<then
b=b-1

Branch /nab/

c=c-1 condition T
else c=a
output c v
endif f true
~outc / b=b-1

Loop ' T
condition c=c1




Solution:conversion! 1l J

Sign functions:
Input X
If x= =0 then / In:x /
y=0
else
If x>0 the

y=+1

else
y=-1
endif
endif

output y




Solution:conversion33 J

Always zero output:
iInput X

while x!=0 do .
if x>0 then [in:x/
Xx=x-1
else
X=X+1
endif
enddo

output x




Solution:pseudocode 1]

N )

input a A Debugging FEECN
input b L
c=a
while b>0 do
b=b-1
c=c-1
enddo A Input: a=7, b=3; Output 4
output ¢ A 3iteration steps
A 4 expressiorevaluations

A Calculation of difference
c=ab

SUENEREN N
o B N W
n O o
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Solution:pseudocode 1]

input N A Debugging -“
R:O 73251
while N>0 do — 115
R=R*10+N%10 ———
N=(int)( N/10) 7 1523
enddo 0 15237
output R

A Output 15237

A Change the order of digits of an
Integer.

172



Solution:cevenmonodd J

input num
In: N

while  nun>1 do / In:num /
nunm=num- 2 ‘
true false
enddo | ‘

if nunm==0 then numznumZ_
output "Even”

else

output "Odd" / Out: "Even" / /  Out:"Odd" /

endif i '




Solution:sselections

&

input a,b,c input a

if a<b then input b

if a<c then input ¢
output a If a<b AND a<c then
else output a
output c else

endif if b<c then

else output b
if b<c then else
output b output ¢
else endif
output ¢ endif

endif

endif input  a,b,c

if a<b then

input a,b,c d=a

min=a else

if b<min then d=b

min=Db endif

endif if c<d then

if c<min then output c
min=c else

endif output d

output min endif

input a,b,c

if a<=b AND a<=c then
output a
stop

endif

if b<=a AND b<=c then
output b
stop

endif

If c<=b AND c<=a then
output ¢

endif

input a,b,c
if c<a AND c<b then
output c
stop
endif
if b<a then
output b
stop
endif
output a

SUOINN|OS UaJ3YIP 9 :SIaqWNU € JO WNWIUIA




Solution:sselections

A Triangle inequality N

Input a, b, c c

Ifa< b+c AND b<c+a AND c<atb then
output "Drawable triangle"

else

output "Not drawable triangle"
endif




Solution:itterations

input B . .
nput E Raising to powerREBA)

if E==0AND B==0 then
output" Undefined !
stop
endif
if E<O then
if B!=0 then
B=1/B
else e | Generalsolution )
output " Infinity o NPT T
stop Qo)
endif
E=E*( - 1)
endif
P=1
while E>0do
P=P*B
E=E-1
enddo
output P




Solution:itterations

output "Base"

input B

output "Exponent numerator"
input EN

if EN!=0 then

output "Exponent
denominator"

input ED
else

ED=1
endif

if B==0 AND EN==0 then
output "Undefined!"
stop

endif

if ED<O then
ED= 1*ED
EN= 1*EN
endif

if EN<O then
if B!=0 then
EN= 1*EN
B=1/B
else
output” Intinity "
stop
endif
endif

T1=EN

T2=ED

while T2>0 do
T3=T2
T2=T1%T2
T1=T3

enddo

EN=EN/T1

ED=ED/T1

P=1

TE=EN

while TE>0 do
P=P*B
TE=TE-1

enddo

if ED==1 do
output P
stop
endif

if P<O AND ED%2==0 then
output "No real root!"
stop

endif

if P<O AND ED%2==0 then
output "No real root!"
stop

endif

R=0
D=1
if P<0 then
S=-1*P
else
S=p
endif
Th=0.0000001
while S>Th do
A=1
TE=ED
while TE>0 do
A=A*R
TE=TE 1
enddo
F=0
if D==1 AND A>P then
F=1
endif
if D== -1 AND A<P then
F=1
endif
if F==1 do
S=S/2.0
D= 1*D
endif
R=R+D*S
enddo
output R
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Solution:ssguaredoot )

out put AWhich number ?2"
Input Num
out put AWhat is the thresh
iInput Threshold
Old=Num
Diff=Num
while Diff>Threshold do
New=0ld- (Old*Old - Num)/(2*Old)
Diff=0ld - New
Old=New
enddo
out put ASquare root:" OId



Solution:primes

A Is prime?
iInput N
S=2
while S<N do
If N%S==0 then
output "no”
stop
endif \
S=5+1 Ready, end!
enddo

output "yes”




Solution:ssequences

A First 100 elements of Fibonaezquence

F1=0

F2=1

output F1, F2

N=2

while N<=100 do
F3=F1+F2
output F3,
F1=F2
F2=F3
N=N+1

enddo

F1=0

F2=1

output F1, F2

N=2

while N<=100 do
F1=F1+F2
F2=F1+F2
output F1,
output F2, " "
N=N+2

enddo




Solution:ssequences T

A Elements of Fibonacsequence below 1000
F1=0 h wQ ph
F2=1 "0 { ph "QQ ch
output F1, F2 Q. Q QR 20 Q
F3=F1+F2
while F3<1000 do

outputF3 , 0 O

F1=F2

F2=F3

F3=F1+F2
enddo



Solution: leaplidays

input y1, y2
n=0
while yl<y2 do
If y1%4==0 then
n=n+1
endif
yl=yl+1
enddo
output n

iInput y1, y2

If y1%4!=0 then
yl=y1+4 - y1%4

endif

If y2%4==0 then
y2=y2 -4

else
y2=y2 - y2%4

endif

output (y2 -yl)/4+1

Performace?




Solution:ssearching

A Finding a value in an array
N=10
A[l={3,5,2, - 7,0,34,5,3,567,9}
iInput Demanded
| =0
while 1 <N AND A[ | |'=Demanded do
| =I+1
enddo
If I<KN then
output "Found"
else
output "Not found"
endif



Solution:ssearching

A Maximal value and its index in an array
N=10
A[l={3,5,2, - 7,0,34,5,3,567,9}
max_1 =0
| =1
while 1 <N do
if Al 1 ]>A[ max_i]then
max_| =i
endif
| =I+1
enddo
output max_ I,A] max_I]




Solution:sorting U

A Exchange variable contents=5; y=83 x=8; y=5

Z=X %
x=y U

y=2

A Alternative solution without temporary variable
X=X+Yy

y=X-Yy
X=X - Y
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Solution:ssorting U

A Bublesort
N=10
A[l={3,5,2, -7,0,34,5,3,567,9}
end=N- 1
while end>0 do
| =0
while | <end do
if  A[I]> Ali+1] then
X=A[1]
Ali |= Ali+1]
Ali+1]=x
endif
| =i+1
enddo
end=end - 1 Visit this as well:

enddo https://hu.wikipedia.org/wiki. dzd6 2 NB 1 NB Yy



https://hu.wikipedia.org/wiki/Bubor%C3%A9krendez%C3%A9s
https://hu.wikipedia.org/wiki/Bubor%C3%A9krendez%C3%A9s

Solution:hank card number

a[]-{1,3,4,2,6,5,7,8,9,7,6,5,1,0,5,7}

I =0

while 1 <=15do
a[i]=2%a] i]
ifa[ 1]>=10 then

a[i]=a] 1]-9

endif
| =i+2

enddo

I =0

s=0

while i <=15do
s= s+all]
| =i+l

enddo

If sS%10==0 then
output "valid"

else
output "invalid"”

endif

I =0
s=0
while i <=15do
S=s+(2 -1%2)*a] 1]
s=s-{a[ 1]/5(1 -1%2)*9
enddo
If s%10!=0 then
output "not *
endif
output "valid"

[ dzK afg@rithm




Solution:most frequent age

N=15
Age[]={1,3,2,0,5,10,17,3,10,0,3,2,15,1,3}
Distr []={0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0}
i =0
while i <N do

Distr [Age[ i]]= Distr [Age[ i ]]+1

| =i+1
enddo
freq =0
| =1
while i <18 do

if Distr [i1]> Distr [freq ]then

freq =i

endif

| =i+1
enddo
output "The age ", freq ,"is the most frequent.”




Solution:hestfit allocation

N=20
M[]={1,0,5,5,5,5,5,0,0,4,4,4,4,0,1,0,4,4,4,4}
input S
i =0
pos=0
while i <N do
if M[ i ]==S then
pos=i
break
endif
ifM[ i]>S AND M[ i ][<M[pos] then
POS=|
endif
| =i+l
enddo
if pos>0 OR M[pos]>=S then
output pos
endif




Solution:finding:a pattern

N=11
A[l={2,3,9,4,1,8,3,9,4,8,6}
M=4
B[]={3,9,4,8}
IA=0
iB =0
while iA<N AND iB <M do
if A[IA]==B] IB ] then
IB =iB+1
IA=IA+1
else
IA=IA -iB+1
iB =0
endif
enddo
if iB ==M then
output "Pattern found."
else
output "Not found."
endif




Solution:ssbbroutine

function PP( a )

b=0

while b<a
a = a-1
b = b+l

enddo
If a=b then
return 1
else
return O
endif
endfunction

a b

w ~ 01 O O
w N B O

I\JI\JI\JI\)I\JI\)I\JI—‘QJ
N A A A M M N BNO

input a, b
a—a*2 /

b =PP( a+b)+1
output b

~lar

The output:2
A In case of even parameter it

gives 1, in odd case it gives.



Solution:sstbroutine J

function CHANGEa)
returnl -a

endfunction A Max=5A 1122334455

Input Max A Writes natural numbers twice.
j!__OO A 0A 1 and 14 0 change
while [<Max do
| = CHANGH )
j: J+|
output j
enddo

output |



Solution: multiplication table

procedure MT(N)
| =1
while i <=Ndo
=1
while j<=N do
output 1*, 0 O
J=+1
enddo
output NEWLINE
| =I+1
enddo
endprocedure
call MT(8)




Solution:chesshoard

function change(x)

return1 - x - subroutine (function)
endfunction

procedure chessboard(x)
color=0
s=1
while s<=x do
o=1
while o<=x do
output color
color=
0=0+1
enddo
output NEWLINE
if xX%2 ==0 then

- subroutine (procedure)

endprocedure

input X

call chessboard(x) - mainprogram




Solution:ttime J

function secs(hour, min, sec)
return (hour*60+min)*60+sec
endfunction
procedure time(t)
s=t%60
m=((int)(t/60))%60
h=(int)(t/3600)
output h, ":", m, ":", S
endprocedure

call time(secs(12,15,30))
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Solution:/DEBrarithmetics

function get_digit(Num,Pos)
return (int)(Num/Pos)%10
endfunction

function set_digit(Num,Pos,Bit)
big=(int)(Num/(Pos*10))
little=Num%Pos
return big*Pos*10+Bit*Pos+little
endfunction

function magnitude(Num)
Pos=10
while Num>=Pos do
Pos=Pos*10
enddo
return Pos/10
endfunction

function max(A,B)
if A>B then
return A
else
return B
endif
endfunction

function add(A,B)
bigpos=max(magnitude(A),magnitude(B))
sum=0
carry=0
pos=1
while pos<=bigpos do
dA=get_digit(A,pos)
dB=get_digit(B,pos)
digit=dA+(dB+carry)
if digit>1 then
digit=digit -2
carry=1
else
carry=0
endif
sum=set_digit(sum,pos,digit)
pos=pos*10
enddo
if carry==1 then
sum=set_digit(sum,pos,1)
endif
return sum
endfunction

function sub(A,B)

bigpos =max(magnitude(A),magnitude(B))

diff=0
carry=0
pos=1
while pos<=  bigpos do
dA=get_digit (A,pos )
dB=get_digit (B,pos )
digit=" dA- (dB+carry )
if digit<0 then
digit=digit+2
carry=1
else
carry=0
endif
diff=  set_digit
pos=pos*10
enddo
if carry==1 then
output "Negative difference"
endif
return diff
endfunction

( diff,pos,digit

function mul (A,B)
pos=magnitude(B)
prod=0
while pos>=1 do
prod=add( prod,pos *A* get_digit
pos=pos/10
enddo
return prod
endfunction

function div(A,B)
pos=magnitude(A)
quotient=0
D=(int)(A/pos)
while pos>=1 do

if D>=B then
digit=1
D=sub(D,B)
else
digit=0
endif
quotient=quotient*10+digit
pos=pos/10
D=D*10+get_digit(
enddo
return quotient
endfunction

A,pos )

)

(B,pos ))

function pow(A,B)
p=1
while B>0 do
p=mul (p,A)
B=sub(B,1)
enddo
return p
endfunction

output "Enter 3 binary values: "

input X,Y,Z
output div(pow(X,Y),Z)
out put " Oh, it

wa s

S

(o]

easy,
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Solution:itesting strategy

e | rei Lo

2 1011
2 5 2
0 9 0
43 0 -
-10 4 22
9 2 -999
10 1.5
3.5 4
31 16 25
64 1

1024 2 1410065408

Bi {2,3,4,5,6,7,8,9,10}

N not negative integer numbeiN<Limit(B)

\
\Y
\'
U
U
U
U
U
U
U
U

iInput N

iInput B

R=0

P=1

while N!=0 do
R=R+(N%B)*P
P=P*10

N=(int)( N/B)
enddo
output R
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Solution:testing strategy

Input: y Expected output

2

100

8
0
1
Undefined value.
-8
16
0.125
-0.125
Infinite
0.008
-0.008
125
-125
Exponent is not an integer.

11991163848716906297072721 108



Solution:ssyntax ancd-semanticu

Syntax errors: Semantic errors:

Uninitialized E
Missing: input E

ahaadoy Multiplicative unity needed
wihle A while ——wWihle = R=0A R=1

R=R*B \E< _on E20

E1=EA E=El — E- 1=E
endoA enddo ——>endo
output R No runtime errors
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Solution:data representation U

A Population is more than 7 000 000 000.
Unsigned fixed point maximum iS22l = 4294967295.
Not representable(33 bits)

A-1;

11111111 111711111 11111111 11111111

A 15908:

00000000 00000000 00111110 00100100
A - 666:

111111711 1717117117171 117111101 01100110

A 10000000 00000000 00000010 01001001
- 2147483063 (signed)2147484233 (unsigned)



Solution:cexpression

A ((9+((2*6)/3))>(8 -7))
value: true
A ((2>3)&&(((3*5) - (6/2))>=(11%2)))
value: false language:)0
A*+12 i 96
value: 9, i.e. ((1+2)*(8))
+1 - *213/255
value: 22, i.e. (1+((2*13R5/5)))

A3021546+ - | xY

value: 3, i.e. (30/(2*(184+6))))
1213*255/ -+
value: 22, i.e. (1+((2*1]R5/5)))
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Solution:Rytheon v

A Keyword: for, in, if, else
A Comment: # Some calculation, #return z

A Identifier: Sum, N, print, z, cos # Some caleatior
A Constant: 0, 10, 2, 90 or | et
A Variable: Sum, N, z T Totarsum )
A Operator: =, +=, ==, %, +, / ™ 221092405 (90

A Expression: Sum=0, Suni+Sum==0, Total"+Sum
z=10%2+N+c0$90)

A Function call: cos(90)

AadlFaSYSydady {dzYranx F2NJ X:
LINR V(1 6 X 0 3N+dog90) /"> H b b K
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