
Data Structures and Algorithms II
Lecture 3: Revision of Pointers and

Dynamic Data

� Memory

� Pointers

� DynamicData

� Dynamic2darrays
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Pointers

Wecanthink of computermemoryasjusta

contiguousblockof cells:

----------------------

| | | | | | |

----------------------

eachcell hasavalue(or contents)andanaddress,

e.g.

12 13 14 15...

-----------------------

|3 |7 |1 | | | | |

-----------------------

Sothecell with address12containsvalue3.
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Pointers and Variables

Cellscanbenamed,usingvariablenames.If

variablex refersto cell 12 then:

x = 5

resultsin

12 13 14 15...

------------------

|5 |7 |1 | | |

------------------

or asmostdatatypestake morethanonebyte..

12 13 14 15...

--------------------

|5 |1 | | | | | |

--------------------
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Declaring Variables

In languageslikeC++ wehave to allocatememory

for variables:

int x;

will allocatea2 bytespacefor x, andassociatethe

addressof thefirst bytewith thevariablename.
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Pointers

A pointeris basicallylikeanaddress.In theabove

example,if ptr is apointervariable,ptr might

containthevalue14.

Pointersaredeclaredasfollows:

int* ptr;

declaresthatptr is apointerto aninteger(int *ptr;

is alsoOK). It allocatesspacefor apointerbut does

NOT allocatespacefor thethingpointedto.

Generallythesyntaxis:

<type>* <identifier>
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Accessing and Modifying Pointer Values

Wecanfind outwhatapointerptr pointsto (ie, the

valuein thecell with theaddressptr) usingthe

notation:

*ptr

andsetthisvalueusinge.g.,:

*ptr = 6

Fromour lastdiagram,with ptr=14thiswould

resultin:

12 13 14 15...

--------------------------------------------

|5 |6 | | | | | |

--------------------------------------------

Almostnever wantto changeaddresslocations,so

DON’T usee.g.:

ptr = 16;
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Accessing and Modifying Pointer Values

Wecanmodify whatapointerpointsto in various

ways.

ptr = &x;

modifiesptr soit pointsto thesamecell thatthe

ordinaryintegervariablex pointsto.

In ourexampleabove thiswasmemorycell 12,so

theresultwouldbethatthevaluepointedto by ptr

(*ptr) wouldnow be5.

If two thingspoint to thesamecell weird thingscan

happen.If wenow say:

x = 2

then*ptr will = 2 too. But sometimesthat’swhat

wewant.
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Pointer Diagrams and Arithmetic

Pointersareoftenrepresentedusingdiagramslike

thefollowing, whichavoid explicitly referringto a

particularmemorycell address:

--- ----

|ptr|---> | 5 |

--- ----

pointerptr pointsto acell containing5

Pointersshouldalwayspoint to somethingand

‘know’ whatsortof thing they point to (henceare

morethanjustanaddress..).

If we incrementapointer, this resultsin it pointing
to theNEXT objectin memory, not just thenext
memoryaddress.

int *ptr;

ptr++;

will resultin ptr pointingto next integerin memory.
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Pointers and Arrays

In C++ pointersandarraysareverycloselyrelated.

int vec[5];

makesthevariablevecapointerto thefirst cell of a

blockof memorybig enoughto store5 integers.

Spacefor those5 integersis reserved,soit doesnt

getclobbered:

12 14 16 17 18

-----------------------------------

|5 |6 | | | | | |

-----------------------------------

-------- RESERVED ------------

In theabove examplevec=12(anaddress)(but we

wouldn’t usuallythink aboutthis).
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Pointers and Arrays

Wecouldhavedeclaredvecin thealmostequivalent

way:

int* vec;

vec = new int[5];

WeSTILL cansetandaccessthe‘elements’in the

‘array’ in thesamemanner:

vec[1] = 2;

etc.But wehave to reserve spaceexplicitly.

This is sourcebothof flexibility (canreserve “just

enough”spaceat runtime)anderrors(forgetto

allocatespace).
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Pointers and Arrays

Don’t needto reserve spaceif pointerpointsto

somethingthatalreadyexists(e.g.,stringconstant).

e.g.,

char* str;

str = "alison";

pointerstrpointsto thesameaddressasthe

(previouslyallocated)stringconstant”alison”.

However, will beproblemsif you,say, readin

someone’s nameinto str, withoutallocatingspace.

Thefollowing causestheprogramto crash:

char* str;

cin >> str;
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Copying Pointer Variables

What’s thedifferencebetween

int* a;

int* b;

....

a=b;

and

int* a;

int* b;

....

*a = *b;

Whatdoyou think theeffectof thefollowing is:

int vec[5];

int* vptr;

....

vptr = vec;
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Pointers, Functions and Call by
Reference

Wecanpassapointerto a function:

void myfn(int* ptr)

{

*ptr = 1;

}

Theresultis that”the int ptr pointsto” is setto 1. If

wecall it with:

int* p1;

......

myfn(p1);

*p1 will now have thevalue1.

Whenmyfn is called,ptr is acopy of p1,pointingto

thesameplaceasp1. Sowhen*ptr is set,thatsets

thememorycell alsopointedto by p1.

Similar to how call by referenceargshandled.

13

Arrays and Functions

As arrayname= pointerto first element,arraysare

passedto functionsaspointers.Sowhenarray

elementsmodifiedin thefunction,alsomodifiedin

thecallingprocedure:

void test(int c[])

{

c[0] =1;

}

void main()

{

int a[5];

test(a);

cout << a[0];

}

resultsin ‘1’ beingwrittenout.

Thetestfunctionmaybewrittenequivalentlyas:

void test(int* c)

{

c[0] =1;

}
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Arrays and Functions

If wewanta functionto returnanarray, thepointer

versionis essential.Thefollowing illustratesthis:

int* test()

{

int* a;

a = new int[2];

a[0]=1; a[1]=2;

return a;

}

void main()

{

int* b;

b = test();

cout << b[0] << b[1];

}

Notethatspacefor thearray(beingcreated)is

explicitly allocatedwithin functionusingnew; it is

still thereafterfunctionexits.
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Dynamic Data

Whenvariablesaredeclaredin normalfashion,

spacein memoryis assignedat compiletime for

thosevariables.

If anarrayis declared,enoughspacefor thewhole

arrayis assigned,so:

int a[1000]

woulduse2000bytes(for 2 byteints).

Wastefulif only a few of themareusedin a

particularrunof theprogram.

And problematicif morethan1000elementsare

needed.

Sothere’s acasefor beingableto dynamically

assignmemoryasaprogramruns,basedon the

particularneedsfor this run.
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Dynamic Data

This is possibleusingthe‘new’ operatorthat

explicitly assignsmemory:

int* a;

....

cout << "How many entries?";

cin >> n;

a = new int[n];

resultsin spacefor n integersbeingdynamically

assignedastheprogramruns.Justenough,andnot

toomuch,for thatrun.

Wecoulddeclarethevariableat thesametime:

int* a = new int[n];

Wecanalsodynamicallyde-allocatememoryto

freeit upwhenwe’re done.To deleteawholearray

use:

delete [] a;

de-allocatesall thatspace.
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Dynamic Data

Thiscanbeusefulfor strings:

char* str = new char[n];

couldbeusedto createspacefor astringof length

n, allowing usto dealwith variablelengthstrings

efficiently. [Strictly, allowsstringof lengthn-1,as

needendof stringcharatend].
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Variable Sized Arrays

Wecancreate2-darraysof variablesizebasedon

pointers,usingdynamicdata.To createn x n array

x:

int** x;

x = new int* [n];

for(i = 0; i<n; i++)

x[i] = new int[n];

� Allocatesmemoryfor n pointersto integers.x

now pointsto startof thisblock (array)of

pointers.

� For eachof thesepointers,allocatememoryfor

n integers.Thearrayelementsx[i] now point to

theseblocks.

This is usefulfor ouradjacency matrixgraph

representation.
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Memory: Heap and Stack

� Dynamicdatais put in abit of memorycalled

theheap. data.Itemshave to beexplicitly

deleted from this.

� Theactualparametersandlocalvariablesof

functionsareputon therun-time stack. Items

areautomaticallyremovedfrom thiswhena

functionfinishes.
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Exercise

Write aconstructorfunctionfor thegraphclassthat

takesanargumentgiving thesizeof thegraph,and

allocatesspacefor anarrayof thecorrectsize.

Assumethatthegraphclasshasprivatedata:

private:

logical** g;
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