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CONCEPT OF STACKSs

Definition :
“ Stack 1s data structure In ehich addition and
removal of an element iIs allowed at the same end IS

called as top of stack.”
- Stack 1s also called as Last In First Out(LIFO)

list.
- It means element which get added at last will be

removed first. -. | |
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CONCEPT OF STACKSs

Example :
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»  TOp is a variable which refers to

last position in stack.

« Element is component which has
data.

o MaxStaclk is variable that describes

maximum number of elements in a

stack.
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PUSH

Add data to
element In
stack.
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POP

element In
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Y Take data from
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» Stack Operation in array form

» Stack Operation In Linked list
form



STACK AS AN ADT

Stack Is an abstract data type which Is defined
by the following structure and operation.

Stack operation :
createstack( )
Push( )

Pop( )
Peek( )

ISEmpty( )
IsFull( )

. S1ze()
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STACK AS AN ADT

Createstack - It create new empty stack.

push( ) — Pushing (storing) an element on the stack.
pop( ) — Removing an element from the stack.
peek( ) — get the top data element of the stack,
without removing It.

IsFull( ) — check if stack is full.

IsEmpty( ) — check if stack 1s empty.

Size() — return the number of item In the stack.



STACK AS AN ADT

. Initializing stack :




STACK AS AN ADT

. IsFull( ) stack :
check stack is full or not?
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STACK AS AN ADT

ISEmpty( ) stack

check stack

ty or not?

IS emp
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STACK AS AN ADT

4. Push( ) stack

IN stack

add element
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STACK AS AN ADT

pop( ) stack

remove element from stack
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STACK AS AN ADT

lay( ) stack

tack

Isplaying s

d

6. disp
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ALGORITHM TO IMPLEMENT

STACK USING ARRAY
Step 1 : start
Step 2 : Display Menu : 1. push 2. pop 3. display
4. exit.
Step 3 : read choice
Step 4 : 1f choice 1 then call push ()
If choice 2 then call pop ()
If choice 3 the call display ()
If choice 4 then call exit ()
default : Invalid choice
Step 5 : read choice again
Step 6 : If choice between 1- 3
repeat step 4 else stop



MULTIPLE STACKSs

“When a stack Is created using single array, we can
not able to store large amount of data, thus this
problem 1s rectified using more than one stack In
the same array of sufficient array. This technique Is

called as 7



MULTIPLE STACKSs

- When an array of STACK]n] Is used to
represent two stacks, say Stack A and Stack B. Then
the value of n Is such that the combined size of both
the Stack|A] and Stack[B] will never exceed n.
Stack|A] will grow from left to right, whereas

Stack|B] will grow In opposite direction 1.e. right
to left.
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APPLICATION OF STACKs

» Convert Infix expression to postfix and prefix
expressions

Evaluate the postfix expression

Reverse a string

Check well-formed (nested) parenthesis
Reverse a string

Process subprogram function calls

Parse (analyze the structure) of computer programs
Simulate recursion

In computations like decimal to binary conversion
In Backtracking algorithms (often used in
optimizations and In games)
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REVERSING OF STACKSs

Algorithms :
Step 1 : start

Step 2 : accept string

Step 3 @ Insert string into character by character
using push method

Step 4 : remove character from stack one by one

and print using pop method
Step 5 : stop



REVERSING OF STACKSs

/*program For Reverse String */

Hinclude<iostream.h>
#include<conio.h>
#include<stdlib.h>
# define MAX 10
class stack
{ char stkiMAX];
int top;
public:
stack()
{ top=-1; }

void pushi)
{ intn,i;
cout<<"Enter the size of string";
cin>>n;
if(n>MAX)
{ cout<<"out of size";
} else
{ for(i:O;i<n;i++)
cin>>stk{++top};
}
}

void reversel)
1 if(top<0)
{ cout<<"stackempty";
return;
}  for(int i=top;i>=0;i--)
cout <<stkfi] << ";
Ph
main()
{ intch;
clrser();
stack st;
while(1)
{ cout<<"\nl.push 2Z.reverse 3.exit\n Enter ur
choice”;

cin >>ch;
switch(ch)
{
case 1: st.push();break;
case 2: st.reverse();break;
case 3: exit(O);
} }
return (0); }
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" polish notation — Expression

Evaluation and conversion
Notation Is a way of writing arithmatic expression

Concepts : polish 1s a way of expressing arithmatic
expression that avoids the use of brackets to define
periorities for evaluation of operators.

There are three notation :
Infix notation
Prefix notation
Postfix notation



polish notation — Expression
Evaluation and conversion

Infix Prefix Post fix

(operand) (operator) (operator) (operand) (operand) (operand )

(operand) ! (operand) ! (operator)-
(A+B)+C ¥+ABC AB+C

The example ex_pressionin variousforms-
infix, prefix and postfix

The postfix expressions can be evaluated easily hence infix
expression is converted into postfix expression usingstack.



The following operators are written is in
descending order of theirprecedence:

Exponentiation *, Unary +, Unary —, and not ~
Multiplication * and division /

Addition + and subtraction -

< £,= L3>

AND
OR



The Operators and priorities

Operator

Arvithmefic, Boolean and relational




Algorlthm Infix to postflx conversion

Step 1 2 The input string (nfix notation) is scanned
from left to right.

. Step 2 = If the scanned character (ch) is space or tab, it
1s skipped.

Step 3 = If the scanned character (ch) is digit or
alphabet, it is appended to postfix string.

Step 4 = If the scanned character (ch) is opening
pParenthesis “(°, it is pushed to stack.

Step S = If the scanned character (ch) is operator :

All operators from top of the stack are
Popped having more or same priority than ch
and appended to postfix string.

When less priority operator is found, then it is
pPushed in the stack again with ch.

Step & = If the scanned character (ch) is closing
Parenthesis “)7, then all the operators above
the opening parenthesis are appended to
postfix string.

Step 7 = After evaluations of all the characters. the

remaining operators from stack are appended

to postfix string.




Infix to postfix conversion

» Manual algorithm for converting infix
to postfix
(@+Db)*c

o Write with parentheses to force correct operator
precedence ((a+ b)*c)

o Move operator to right inside parentheses
(@b+)c™*)

o Remove parentheses
ab+c*



Infix to postfix conversion
’h

| ______% infixVect

[ ( (a+b-c)*d-(e+f)
%I " = % postfixVect

]

| __:gl

{ —|




Infix to postfix conversion

stackVect

iInfixVect
at+tb-c)*d-(e+f)
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Infix to postfix conversion

stackVect

infixVect
+b-c)*d—(e+f)

———— S—
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Infix to postflx conversion

stackVect

infixVect
b-c)*d—(e+f)

———— S—
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Infix to postfix conversion

stackVect

infixVect
~c)*d—(e+f)

———— S—

" P

ab

———a r
T
\

et Tt e ——s} T T kD | AR i 1 e P e | | e B | ey ey
|

il

|

1

1|
f % postfixVect
1|

LA+




Infix to postfix conversion

stackVect

infixVect
c)*d—(e+f)

———— S—

" P
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Infix to postfix conversion

stackVect

InfixVect
)*d—(e+f)

———— S—

" P

ab+c
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Infix to postfix conversion

stackVect
;' _. ______% infixVect
1= ‘( *d—(e+f)
%, | Z % postfixVect
T e
i __:gl
[



Infix to postfix conversion

stackVect
;' _. ______% infixVect
. “( d—(e+f)
%, | Z % postfixVect
| [
i __:gl




Infix to postfix conversion

stackVect
;' _. ______% infixVect
1= | —(e+f)
%I " & % postfixVect
n . | ab+c-d
| __:gl
M__ il |




Infix to postfix conversion

stackVect
;' _. ______% infixVect
1= | (e+f)
%I " & % postfixVect
n . | ab+c—-d*
| __:gl
M____:___._J



Infix to postfix conversion

stackVect
;' _. ______% infixVect
| ‘( e+f)
I il |
ih i postfixVect
g sveeo
(i __:gl
M____:___._J



Infix to postfix conversion

stackVect
;' _. ______% infixVect
g' . 4+
{h " = % postfixVect
“!‘ . | ab+c—-d*e
(i __:gl
{/—— |



Infix to postfix conversion

stackVect
;' _. ______% infixVect
gi , | f)
{h " | = % postfixVect
“*,+% | ab+c—-d*e
(i __:gl
{/—



Infix to postfix conversion

stackVect
;' _. ______l infixVect
= | )
| |
}h " = % postfixVect
L - 1 ab+c—d*ref
(i __:gl
{—|



Infix to postfix conversion

stackVect

InfixVect

———— S—

|

postfixVect
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Infix to postfix conversion

stackVect

InfixVect

———— S—

|

postfixVect

ab+c—-—d*ef+-

———a
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INnrix to postiix conversion

Infix Expression: a + (b*c).

Contin.....
Conversion of Infix to Postfix

Example to Convert Infix to Postfix using stack

a+ (b*c¢)
Read character Stack Output
a Empty a
+ + a
( +( a
b +( ab
x _|_(* ab
C sl abc
) + abc*
S abc™+ ol

® Resultant Postfix Expression: abc*+



B

INnrix to postiix conversion

Infix Expression: A

Resul

D.

R A A
R 55 )

|
- 3 sk
B b
+ +
_:C B W [ 3
% +*
+4-* B*CD
Empty | AB*CD*+

Postfix expression 1s = AB*CD*+



B

(A+B)*(C-DIVE

INnrix to postiix conversion

Table 4.8.1 ¢ Infix to Postfix Conversion

N 2 \)
: . N 3 PENAR
VAR ) 20N 3 >

AN
Y fa)
RGP D

A

e e 2 A 5~ '_ /
IR
< ’!'44’ gt

L |

° Resultant Postfix Expression: AB+C

i éff/"":h
K

AB+CD-*E/

D-*E/



INnrix to postiix conversion

aTb*c-d+e/f /(g + h)
Table 4.8.2 : Iufix to Postfix Conversion

= a

\J

|

88
¥ ey
8

|

N T
YR (2548 Y WY, /4’
;-4-‘:" 1, V / //// I ':/‘//
$ e

A i "‘g/ o
.i 4" ’»7".}")'-//%’ 4 %gg ]
A L /9/‘ o i}*y~ ,&',,?e

G s

A
A
s | M
s A e et 1
AN g (N ""'1 .’ / !
Py ;f 0y ”.',," AN !
Wt A ,-xu-c./.u..v. 7 s,
v eEeYD
“ = e
ek :
a 4 B B
K -4 s WA T .
4 - i B A 1Y
4 -y y Pt ("._>” ::
s A ',-" . ¥= 00
" 3
e s
. = FLLSEEg
i

RARRETS
AN 3
| — > LN

*

—=|=(->
)

ab Tc

ab T c*

= abTcx*d
+ abTc*d—

+ abTcxd—e $ ach*d-efgh+ *
i abTc*d-e

b | lera e | Empty hTctd-ef efgh+

+ ab T c*d—ef/
+/( abTc*d—ef/

e & * Postfix expression f5=ab Toxd- ¢t oh+4

(@)
*

‘Ix- .
..."*?"XH‘.
ORI v

-‘_-}':Jn E PR S — e R

'Ly
01 S

~I~lml~|w]+ o

+/ ( ach*d_—ef/g

: Resultant Postfix Expression:



INnrix to postiix conversion

(A + B) = D)T (E — F)
Table 4.8.3 : Infix to Postiix Conversion

—3-

+

+DD

Empty | AB+D*

gL " | AB+D=

T 1 AB4+D*E

AB+D*E

T AB+D*E

T AB+D*EF

1k AB+D*EF—

Empty | AB+D*EF—-1T
- Postfix expression = AB4+D+*EF_T o a,,“.f

i

IR I N A Y
.
*

T'ﬂ_'——-——-r——ﬁ————-—-——-r




INnrix to postiix conversion

(@0

— s e

| @ | abc-d+
e abe-d+/
g ( 2 (« - > (* abc-d+/
A a ( (*( | abe-d+/
/ ((/ a E (¥( abc-d+/e
( (W |a = (*(= | abc-d+/e
B ab A (¥(= | abc-d+/ea
5 (= ) (* abc-d+/ea—
C abc ' (* abc-d+/ea—"*
" ((/(+ | abc- C (* abc-d+/ea—"¢
D (((+ | abe-d ) empty | abc-d+/ea—*c*

® Resultant Postfix Expression: abc-d+/ea-*c*




INT1X to postiix conversion

Infix Expression: A+ (B*C-(D/E*"F)*G)*H, where ” Is an exponential operator.

Symbal | Scanned | STACK | Postfix ExXpression esCripiion

o i ' Start

2. A, { A

3. + [ (+ ..

a4, { (1 Y

. B A+ AD

=3 e (™" - AB

7. C. - {=(™ ABRC _

. - {+{- ABC™ o e at Higher
Prrecedence than -7

g= { ({1 CABRC™

103, > | ABRC*D-

11, F (+{-{f ABC*Dr

12 E (+{—{/ ABC*DE

T3, S (+(-(fn | ABC>=E

1 — {+ -/ | ABC*DEF

15, ) (+{— ABC*DEFAF Pop from top on-S5tack,
that'swhy " Corefirst

16. o (+(-* ABCTDEFN/

17 =) (+({-* ABCTDEFR/ G

A8 3 (+ ABCH*DEFRA/G™-  PopfromitoponStack,
tHhat's why “ A" Corme first:

19, e {+™ ABC*DEFMSG™-

Z0. H {+* ABC*DEFAfG*_H _

21, 3} Erpity | ABC*DERM G _H™ L Eny

® Resultant Postfix Expression: ABC*DEF"/G*-F




INT1X to postiix conversion

Infix Expression: A+(B*(C-D)/E).
| Input . Input
REN Stack  Expression REN k Expressio

(1) {7 A+(B*(c-D) /)

9
p
i

Rl

ABC

‘D) /E)

hﬂiﬂ
sl

@) . A ¢ - +{B*{C -B). fE) ) AE)

3

ABCD

o | Y
[
.
Mo —
-

+ - (B*(C-D) /EJ

FiN
[N

i

ABCD- /E)

+ ~ %tk
' e

(&3 & Y mvig-pyrm)

()
’

ABCD-*E

4 A
fﬂ.b

T ecoym

(C-D)./E)

.g

ABCD~*E/

+[;
o Ln

S/
:-

C=D) /E)

IA"-b

|

ABCD~*E/+

15
]

-D) /Ej

:

° Resultant Postfix Expression: ABCD-*E/+



Infix Expression: A*(B+C*D) + E.

S — - P - - — . - —_—— —

|
!_~

INnrix to postiix conversion

— — ———————

Infix to Postfix using stack ...

» Example A*(B+C *D)+ EbecomesABCD* +*E +

current symbol operator stack postliix string
1 A A
2 o3 - PLN
3 C =L Fas
-3 B o ¥ § A B
S + = ( + A B
S L& = (= A B C
7 " a8 Ec A B C
= 1 “C+™ A B C D
9 b - ABCDY+
10 + + A BCD™®™ 4+ =
11 B —+ ABCD+*E
12

ABCD*4+"E 4+

- g 2 -
— — | e— . pr— e

® Resultant Postfix Expression: ABCD*+*E+




INnrix to postiix conversion

Infix Expression ; A+B*(CAD-E)

A Add A to the result A
+ Push + to stack A -
B Add B to the result AB -
* Push * to stack AB * +|* has higher precedence than +
t Push | to stack AB (* +
Add C to the result ABC (% +
A Push A to stack ABC A * 4
D Add D to the result ABCD Al * 4
Pop A from stack and add to result ABCDA (*+
T pwhoteemck | apeoAl (¢ 4] =k has lower precedence than
E Add E to the result ABCDAE - * 4
Pop - from stack and add to result ABCDME- ( * +| Do process until (is popped
| Pop ( from stack ABCDAE- * 4 from stack
Pop * from stack and add to result ABCDAE-* + | Given expression is iterated, do
Pop + from stack and add to result ABCDAE-*+ F'r{:nte:-‘-ls II!I stack > notEmPty,
It will give the final result
Postfix Expression : ABCDME-*+



INT1X to postiix conversion

Suppose we want to convert 2*3/(2-1)+5%3 into Postfix form,

 Expression Output
2 Empty 2

, . 2

3 ’ 23

/ ! 23"

( i 23"
2 I 232

. - 23*2

1 M- 23*21

) / 23*21-
I'+ * 23*21-/

5 + 23*21-/5

. +* 23*21-/53
3 + 23%21-/53

Empty 23%21-/53*+

S0, the Postlix Expression 1s 23%2]1-/53%+




INnr1X to postrix conversion

Convert A % (B + C) =D
to po=stiix notaticon.

— - W a———. - - - -

stack postfix

Scanned

character !
Py
==
( ]
2 l
+ =+ l
C =+
) ABCH

= ABC+™
> ABC+~D




POSTFIX EXPRESSION EVALUATION

ALGORITHMS :

- C

| Step 1

: Read postfix expression from Left to Right
Step 2 : If operand is encountered, push it in Stack.
Step3 : If operator is encountered, Pop two elements
A — Top element B — Next Top element
Evaluate B operator A
: Push result into stack
: Read next postfix element if not end of
postfix string
: Repeat from Step 2
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POSTFIX EXPRESSION EVALUATION

POSTFIX EVALUATE EXPRESSION : 53+82-*

5+ 3)

-

=pop(); // 6

pop(); /8

8-2)
(5:+3),(8-2)

-
o~
e

rosult =B8-2 /6
Push(6)
Push(48)
(6+8)

Vaiue 1 = pop{); /2
Value 2 = pop(); // 8
result =B« 8; // 48

\(-alue 1
Value 2

-

(8-2)

{5+3)

48

as final result

Display (result)

6

- B - o~ —_ -~ 1~ —— . - v’ o . bk vt b H kv o e v i - -

i\ Evaluated
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l
|
|
|
|
|
|
1
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|
|
|
1
i
1
1
I

4
|
i
|
i
i
i
t
{
!
t
!
i
<
!
1
!
i
i
t
I
i
1
I
i
1
i
1

Vailue 1 = pop()
 Value 2 - Value 1
push(result)

1 Value 2 = pop()
 Value 1 = pop()

! Value 2 + Value 1

!
)
i
i
g
{
i
4
i
{
{
i
1
i
i
1
i
i
1
I
|
i
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push(result') 148
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=-——.—--------------- . -

#5

result =5+ 3. //8

» s 4w

Valuge 1 = pop()

Value 2 = pop()
Push{(8)
(6+3)

N~ —— ——

)
1
{
L
L
t
!
I
)
}
{
I
f

W - e ool - a-auu--*rnq'wd‘-—-l- " " -

pop()
pop()

result =
- Value 2 + Value 1
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i Value 2
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"POSTFIX EXPRESSION EVALUATION

* Evaluate the following postfix expression and show stack after every
step in tabular form. Given A=5, B=6, C=2, D=12, E=4

) PIVSRLL> AV P S @.‘IUP.

3 : Wi S =S ANV e M

ABC +*DE\-  ABC+*DE/-

)
I

This will become
562+*124/ - .
Table 4.9.2 :

S
i

5

&

2

+ 5,8 8 "%
* 40 5*8 =40 |
12 40,12 -
4 40,12.4 |

/ 40,3 12/4=3

. 37 40-3 = 37

Result is 37.



POSTFIX EXPRESSION EVALUATION

« Evaluate the following postfix expression
A : 6! 2! 31.+! . ) 3! 8! 2! +! +! * ] 21 “'ﬁ ' +

A T AT ER S S e o I S SRR R A




POSTFIX EXPRESSION EVALUATION

* Consider the following arithmetic expression written in postfix notation

its value

-
=

FERSE e S e




Convert infix into prefix expression

convert the given infix to

1‘ Sirst \n;(;rf

(A-B/C)*(D*E-F) e

F C | =
= = | 2
= C — FE
o C— FE
1 B (— = FED
&) Empty FEID* —
< < FEID* —
C #= FEID * —
C 2 FEID = — C
/ e C / FED = — C
B (€ FED > — CE
- 5= G FED = — CB/
i 5 e FED + — CB/A
D) 3= FEID * — CB/A =
| 5 TEmpty EEDR ® _CBaee

o ,. w Now reverse the expression :

g 'fl"'_."i:‘ix expression - * — A/BC —




Convert infix into prefix expression

convert infix string ((A+B) * (C-D))/(E+F) into prefix string with stack.

/CC

/CC

2CG=

/C(— FE+DC

/C | FE+DCc

/= FE+DC—

7C*C FE+DC—

7C*C FE+DC— B

/(- FE+DC B ]
/O FE+DC BA

7C* FE+DC-B A+

/ FE+DC-BA+*
Empty FE+DC-BA+*/ |

Reverse the string
Result will be : /7 + AB — CID + EF



Convert prefix into postfix expr.

ALGORITHMS :

Read the Prefix expression in reverse order (from right

to left)

If the symbol is an operand, then push it onto the Stack
D L ds
If the symbol is an operator. then pop two operan

: ing the two
from the StackCreate a string by concatenating

perator after them.string = operandl

operands and the O g back to

operand2 operator And pus

h the resultant strin
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onvert prefix into postfix expr.

Convert the following prefix expression into postfix expression

*+a-bc/-de+-fgh

S

7

de-fg-h+/
*4a bc- de-fg-h+/

I NS [
oe/-de

*p a de-fg-h+/
bc-

de-fg-h+/
* abc-+ de-fg-h+/
de-fg-h+/

Empty Empty abc-+ de-fg-h+/*

. Postfix expression = AB+D+EF-T.



Linked stack operation

In stack elements are placed one above other. In the
same manner In stack as linked list, we place node one
above other.

top > NodeDpata X
5
Advantages of dynamic implementation of stack W
: Node Data  MNext
1. No memory wastage x '

2. No memory shortage |

3. No limitation on number of elements




‘Stack operation using linked list

#include <iostream>

using namespace std,;

struct Node {
Int data;
struct Node *next;
b
struct Node* top = NULL,;

void push(int val) {
struct Node* newnode = (struct Node*) malloc(sizeof(struct Node));
newnode->data = val;
newnode->next = top,;

top = newnode;

1



‘Stack operation using linked list

void pop() {
If(top==NULL)
cout<<"Stack Underflow"<<endl;
else {
cout<<"The popped element is "<< top->data <<endl;
top = top->next;
}
}



‘Stack operation using linked list

void display() {
struct Node* ptr;
If(top==NULL)
cout<<"stack is empty";
else {
ptr = top;
cout<<"Stack elements are: ";
while (ptr '= NULL) {
cout<< ptr->data <<" ";
ptr = ptr->next;
}
}

cout<<end!:

. o



‘Stack operation using linked list

Int main() {
Int ch, val,
cout<<"l) Push in stack"<<endl;

cout<<"2) Pop from stack"<<endl;

cout<<"3) Display stack"<<endl;
cout<<"4) Exit"<<endl;
do {
cout<<"Enter choice: "<<endl;
cin>>ch;
switch(ch) {
case 1: {
cout<<"Enter value to be pushed:"<<endI;
cin>>val:

push(val);

hranal/ -



‘Stack operation using linked list

case 2: { default: {

pop(); cout<<"Invalid Choice"<<endl;
break; }

} }

case 3: { while(ch!=4);
display(); return O;
break; }

}

case 4: {

cout<<"Exit"<<endl:

break;

}



RECURSION IN STACK

“Calling function inside itself 1s called as
recursion. Such function i1s called as recursive

function-

How recursion works?

‘. l' ¢ -
s e OiA ractireal)
R R o R A id recurse()
* . . - Ny e . . A

i = b
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“and until

|
o Pt

—  The execution of recursion continues unless

some specific condition is met to prevent its

.
==

%H ﬁ}ﬁ@iﬂ.

I T
— For the purpose of preventing in € recursion,
if...else statement (or similar approach) can be used in
which one branch go for the recursive call while other

doesn't. poy
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RECURSION IN STACK

Advantages :

1. It helps to reduce size of program

2. Easy to maintain function calling

3. Evaluation of stack can be through recursion

Disadvantages

1. It takes more time bcz of stack overlapping
2. Stack overflow may ocuur

3. Memory requirement IS more

4. Efficiency Is less



‘Backtracking algorithm strategy:
BACKTRACKING

» Backtracking is a simple, elegant, recursive technique which can be putto a
variety of uses.

» You start at the root of a tree, the tree probably has some good and bad
leaves. You want to get to a good leaft. At each node, you choose one of its
children to move to, and you keep this up 1n a stack until you get to a leaf.
» Suppose you get to a bad leaf. You can backrrack to continue the search for
a good leaf by revoking your most recent choice, and trying out the next
option in that set of options.

» If you run out of options, revoke the choice that got you here, and try
another choice at that node.

» If you end up at the root with no options left, there are no good leav. be

found.




4-QUEEN PROBLEM

The N Queen Is the problem of placing N chess
gueens on an NxN chessboard so that no two
gueens attack each other.

:[mj | | o
@ Qi |

a3 | | | Q3
Ll |as a4

‘ Solution 1 \ ‘ Solution 2 )
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