
Data Structures

• Value
,
Reference

+ Pointer variables
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Ifni office hours :

Fri 1- 2pm
- HW : due next Thursday

via git[ use comments
- Lab : due today

lweekly from here on out )



Moreonvariabbs
In Python ,

variables were justidenhfers for some underlyingobject .

This had implications when
passing

variables to functions :

↳ so if
you

do :

if ( isOm§n(bldgD
⇐*

galore# After
in

far

in lists - meant

had shallow Copies



CI : Much more versatile '

3 parameter types
�1� Value

@ Reference
�3� Pointer

so for
, you've been

using
value - easiest

.

Reference & Pointer require
looking at memory more
carefully ...



�1� Valuevariabbs

When a variable is created
,

a precise amount of
memory is allocated :

Point a ;

Point BC 5,7 ) ;

labels content addresses
-

( hex #s )
- 8668

mail.fi#f:on= 823

-
:

a [FEES1011

-
1012

-
1014

-
10

.



Now :

a=b ;

Whetham



Functions + passing by value :

add:EkE
← destroy pt

mahhhef
someone calls

is Origin (mypoint) ;
3 The ( local ) variable Pt is

Created as a new , separatevariable

Essentially , compiler inserts__PantpCmyPon)#
as first line of the function

.

So - what if we change pt ?
mypantskys the same( *EFFIE



�2� Reference variables

Syntel
intlxlyt

Point & CG ) ;

What it does :

:*.ie?EE:mmeafFtEE.EFfEEx.:c=b

; BE"g.8
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Functions : pass by reference
-

Generally , you 'll never see

reference variables used

directly in main or in code
.

Primary purpose : function calls

00Then
,

in main :

if ( is Origin (my point ) ){
1kgde

3
pt,mypo*I#_



www.a ?

3 main reasons :

• Space : making 2 copiesof a huge list is often
bad

• Time : must spend the
time to copy

& Persistence :

this lets changes
stick around



If you want speed + space ,

but don't want the function
to change the variable :

@
← input parameter list

,

before data
-

-

' '

type

Compiler will enforce that
pt will have no changes .

Actually ,
recall "

0



�3� Pointer

¥6,0
syntax : int * d ;

d is then a variable which
stores a meting address

.

d÷z§§
#

hyE¥EIIo¥¥fF¥f¥n
( * d) =5 ; -278

-
-279

^l follow d 's

-280
pointed

-281
chanted

: :
.

But : d is not an int .

D= b ; * ERROR



Pointe : getting tote data
- Called derefoencig.

EI . Point * d ;

Point b(3D ;

d=&b ;
d 178

Point * x ;
Then 2 options :¥t¥:*.tt#EfEFH

- > NULL TO

DEFEE



thenewcommand ( inc
,

make )

int * a ;

CIER) ;

#
> 86

www.#a...fEFIIEg
pointer is gone !

Main use .

÷
classes

( more in a slide
or two )



Passingpomtrscan
be useful

,
since allows

NULL option .

LI : bod Esoigin ( Point * pt=Nuu){
return pt→getXa==o&&

} Pt  → get 'k)==o ;

Similar to pass by reference
,

but can also pass a

NULL this way .



Pantoslnadass
Points are especially useful

in classes
.

Often
, we don't know the

details of private variables
at time of  object creation

.

Example :

Using an array
At time of declaration

,
need :

type
- var name

-

size



Anexampte: A simple vector class

vector in 1122 : < 2,5 >

vector in 1124 :< 0,1 , 0,5 >

So size is not fixed !

How to make a class ?

class

My
Float Vec {

private :

int size ;

float * a ; Aponte to an any

public :

My Float Vee ( int 5=10 ) {
Sizes s ;

}

GEO]QY2y
float [ size ] ;

in

mmftnoatvavtl ) ;

VfEIE4s#FEE



Accessing an array :

Pointers to arrays are special
↳

any array in fact is
just a pointer to

the 1st spot in the array
( no *  or → needed )

Et " Write a function to
allow [ ] notation , so

xci ] gives ik element
in the vector :

pubic :

kconstncton

:

float & operator [ ] ( int i){
if ( i < size )

return a[ if ;
else

3
< error >



Another .

. Write a function
to scale reactor by scalar :

Void scale ( float value ) {

3



Garbagecokechomin
Python ,

data that Is
Longer in use are automatically
destroyed .

LI :

xD
Xts

l*¥
* a

Prof :

Cord .



Ctt :

• Value a reference variables are

destroyed at the end of
their scope

Standard variables are just
a label attached to data

↳ data is deal located
,

So those spaces are

now free again.

Problems: Pointers

The pointer is destroyed
↳ not underlying data

mtntmaiisxtnewnttd
'

f#g,

}
-

;

R±



Vines
In Ctt

,
.h files let you separate

out a class or class
declaration .

Formally, these header files are

used to declare the interface
of a class

.

¥ :

. Separate out Point . h

other have Point
. cpp to

All in longer functions

• Fully ,
have a testing program( which includes Pointon

to has the main )




