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Pointersand Variables

Cellscanbenamedusingvariablenames|f
variablex refersto cell 12then:

X =5

resultsin
12 13 14 15...
(51711 | |

or asmostdatatypesake morethanonebyte..

12 13 14 15...

Pointers

We canthink of computermemoryasjusta
contiguoushlock of cells:

eachcell hasavalue(or contentspndanaddress,
e.g.
12 13 14 15...

Sothecell with addres4.2 containsvalue3.

Declaring Variables

In languagesike C++we have to allocatememory
for variables:

int x;

will allocatea 2 byte spacédor x, andassociat¢he
addres®f thefirst bytewith thevariablename.




Pointers

A pointeris basicallylike anaddressin theabore
example,if ptris apointervariable ptr might
containthevaluel4.

Pointersaredeclaredasfollows:
int* ptr;

declareghatptr is a pointerto aninteger (int *ptr;
is alsoOK). It allocatesspacefor a pointerbut does
NOT allocatespaceor thething pointedto.

Generallythe syntaxis:

<type>* <identifier>

Accessing and M odifying Pointer Values

We canmodify whata pointerpointsto in various
ways.

ptr = &x;

modifiesptr soit pointsto the samecell thatthe
ordinaryintegervariablex pointsto.

In our exampleabove thiswasmemorycell 12, so
theresultwould bethatthevaluepointedto by ptr
(*ptr) would now be5.

If two thingspointto the samecell weird thingscan
happenlf we now say:

X =2

then*ptr will = 2 too. But sometimeghat’s what
we want.

Accessing and M odifying Pointer Values

We canfind outwhata pointerptr pointsto (ie, the
valuein thecell with theaddresgtr) usingthe
notation:

*ptr
andsetthis valueusinge.g.,:
*ptr = 6

Fromourlastdiagramwith ptr=14thiswould
resultin:

12 13 14 15...

Almost never wantto changeaddressocations,so
DON'T usee.g.:

ptr = 16;

Pointer Diagramsand Arithmetic

Pointersareoftenrepresentedsingdiagramdike
thefollowing, which avoid explicitly referringto a
particularmemorycell address:

lptr]--->1 5 |

pointerptr pointsto a cell containingd

Pointersshouldalwayspointto somethingand
‘know’ whatsortof thingthey pointto (henceare
morethanjustanaddress..).

If we incrementa pointer thisresultsin it pointing
to theNEXT objectin memory notjustthe next
memoryaddress.

int *ptr;

ptr++

will resultin ptr pointingto next integerin memory




Pointersand Arrays
In C++ pointersandarraysarevery closelyrelated.
int vec[5];

malkesthevariableveca pointerto thefirst cell of a
block of memorybig enoughto store5 integers.
Spaceor thoseb integersis resered, soit doesnt
getclobbered:

In theabore examplevec=12(anaddressjbut we
wouldn't usuallythink aboutthis).

Pointersand Arrays

Don't needto resere spacef pointerpointsto
somethinghatalreadyexists (e.g.,stringconstant).

e.g.,
char* str;
str = "alison";

pointerstr pointsto the sameaddresssthe
(previously allocated)stringconstantalison”.

However, will be problemsf you, say readin
someone hameinto str, without allocatingspace.
Thefollowing causesheprogramto crash:

char* str;
cin > str;
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Pointersand Arrays

We couldhave declaredvecin thealmostequivalent
way:

int* vec;
vec = new int[5];

We STILL cansetandaccesshe ‘elements’in the
‘array’ in the samemanner:

vec[1] = 2;
etc. But we have to resere spacexplicitly.

Thisis sourcebothof flexibility (canresere “just
enough”spaceatruntime)anderrors(forgetto
allocatespace).
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Copying Pointer Variables
What's thedifferencebetween

int*
int* b;

2

a=b;
and

int*
int*

ASI

*a = *b’
Whatdo youthink theeffect of thefollowing is:

int vec[5];
int* vptr;

vptr = vec,
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Pointers, Functionsand Call by
Reference
We canpassa pointerto a function:

void nyfn(int* ptr)
{

*ptr = 1,
}

Theresultis that"the int ptr pointsto” is setto 1. If
we call it with:

*p1 will now havethevaluel.

Whenmyfn is called,ptr is acopy of p1, pointingto
thesameplaceaspl. Sowhen*ptr is set,thatsets
thememorycell alsopointedto by p1.

Similarto how call by referenceargshandled.
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Arraysand Functions

If wewantafunctionto returnanarray the pointer
versionis essentialThefollowing illustratesthis:

int* test()

{
int* a;
a =newint[2];
a[0] =1; a[1]=2;

return a;
}
voi d main()
{
int* b;
b =test();
cout << b[0] << b[1];
}

Notethatspacefor thearray(beingcreated)s
explicitly allocatedwithin functionusingnew; it is
still thereafterfunctionexits.
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Arraysand Functions

As arrayname= pointerto first elementarraysare
passedo functionsaspointers.Sowhenarray
elementsnodifiedin thefunction,alsomodifiedin
thecalling procedure:

void test(int c[])

{
c[0] =1;
}
voi d nain()
{
int a[5];
test(a);
cout << a[0];
}

resultsin ‘1’ beingwritten out.
Thetestfunctionmaybewritten equivalentlyas:

void test(int* c)
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Dynamic Data

Whenvariablesaredeclaredn normalfashion,
spacan memoryis assignedt compiletime for
thosevariables.

If anarrayis declaredgnoughspaceor thewhole
arrayis assignedso:

i nt a[ 1000]
would use2000bytes(for 2 byteints).

Wastefulif only afew of themareusedin a
particularrun of the program.

And problematidf morethan1000elementsare
needed.

Sotheres a casefor beingableto dynamically
assignrmemoryasa programruns,basecnthe
particularneedsfor thisrun.
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Dynamic Data

Thisis possibleusingthe ‘new’ operatotthat
explicitly assignanemory:

int* a;

cout << "How many entries?";
cin > n;
a =newint[n];

resultsin spacéor n integersbeingdynamically
assigneasthe programruns.Justenoughandnot
toomuch,for thatrun.

We coulddeclarethevariableat the sametime:

int* a =newint[n];

We canalsodynamicallyde-allocatanemoryto
freeit upwhenwe're done.To deleteawholearray
use:

delete [] a;

de-allocatesll thatspace.
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Variable Sized Arrays

We cancreate2-d arraysof variablesizebasedn
pointersusingdynamicdata.To createn x n array
X:

int** x;

X = newint* [n];
for(i = 0; i<n; i++)
x[i] = newint[n];

» Allocatesmemoryfor n pointersto integers.x
now pointsto startof this block (array)of
pointers.

» For eachof thesepointers allocatememoryfor
nintegers.Thearrayelement|[i] now pointto
theseblocks.

Thisis usefulfor our adjaceng matrix graph
representation.
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Dynamic Data
This canbeusefulfor strings:
char* str = new char[n];

couldbeusedto createspaceor astringof length
n, allowing usto dealwith variablelengthstrings
efficiently. [Strictly, allows stringof lengthn-1,as
needendof stringcharatend)].
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Memory: Heap and Stack

» Dynamicdatais putin abit of memorycalled
theheap. data.ltemshave to be explicitly
deleted from this.

» Theactualparametergandlocal variablesof
functionsareputontherun-time stack. ltems
areautomaticallyremaoved from thiswhena
functionfinishes.
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Exercise

Write a constructofunctionfor the graphclassthat
takesanargumentgiving thesizeof thegraph,and
allocatesspacdor anarrayof thecorrectsize.
Assumethatthe graphclasshasprivatedata:

private:
| ogi cal ** g;
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