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Compound types

e arrays
e structures
e Unions

e pointers
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Arrays

e a compound type representing a direct concatenation ofegitnof
the same type.

e declaration of an array variable:
type nane array_ nhane[array_size];

Examples:
1 int a[ 128];
> bool Db[10];

s long long c[1024], d[10];

e accessing element of the arraar.r ay _nane[ i ndex]
Note: C++ arrays start with inde (like in “Java”, unlike “Pascal”).
Example:the elements of an arraynt x[ 3] arex[ 0] , x[ 1],
X[ 2]
Example:array.cpp
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Arrays in memory

1 const int n=10;
> doubl e Array[n];
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Remarks

e By ISO C++ standard 98, the size of the array shouldssiduring
the compilation time, i.ear r ay_si ze can be a constant,@nst
value, or a constant expression.

Note. GNU gcc compiler allows variable size arrays, but it's not a

standard,;
for details, see “variable len arrays”

e Array declarations can be combined w#ttalarvariable
declarationsExample:

. int e =0, f, g[120], h[2000];
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http://www-numi.fnal.gov/offline_software/srt_public_context/WebDocs/Errors/compiling_warnings.html#variable%20len%20arrays
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Array Initialization

e After declaring an array, the values of elements of the aaray
undefined

e Arrays can be initialized using blocks of comma delimitetiea
during declaration.

Example:
 Iint a[2] ={ 101, 102 },
> Iint b[5] ={ 2, 41}; // initialized to { 2,4,0,0,0 }
e |f the array is initialized, you do not need to specify theesi# the
array. The size will be automatically computed to fit the et
Example:

1 int flexarray[] ={ 0, 1, 2, 3, 4 };
» [/ array of size 5
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Remarks
e C/C++ arrays arensafein the aray Nray
sense that there is no
“bounds overfl ow errorif
exceeding the size of the array.
Example:unsafearrays.cpp

- ynis Jey10 e
0 1uaus |9

T 1uaus |9

Z 1uaus |9

Z-Uu luaus |9
T-Uu juaus |9
o NS saylo- -

»
>

menory increases

e You cannotcopy elements of one array to another with a single
assignment:

v Int a[3]={2,4, 8}, b[3],;
> b=a; // conpiler error

e The operatosi zeof can be used to calculate the memory used by
an entire array (not by a cell).

Example:
type onearray|size];
si zeof (onearray) will be equal tosi ze x si zeof (type)
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Multidimensional Arrays

e Multidimensional arrays can be describecasys of arraysi.e.
arrays whose elements are arrays.

Examples:
1 short chessboard[8][8];
2 i nt maxtenps[4][3];

3 fl oat acube[ 12][12][12];
maxt enp is an array with 4 elements, each being an array of 3 elements.
Initializing a multiarray:

1 I nt maxtenps[4]][ 3] ={
{1, 2,3}, {11,12, 13},
{101, 102, 103}, {4,5, 6}

N

w

4 } .
Example:multiarrays.cpp, multiarraysize.cppi(zeof )
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1

2

Arrays of characters

e arrays of charactergliar ) are used to represent C-styeings

string starts at position O and ends when the element comdgiine
character with ASCII code ‘0O’ (null) is encountered

Example:

char nane[6]={"J" , a ,'n, 0 ,’\0,"M};
/'l represents string "Jano"

cout <<nane; // prints ‘Jano’

There is a simpler way how to initialize a strings@ing constant

char nane[ 7] =" Jano";
char nanme[]="Jano"; [/ array of size 5

Example:cmpt.cpp
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Remarks

e The size of an array needed to accomodate a given strmggisnore

than the length of the strindThe terminatinqiul | character must
also be counted).

Example:
1 char a[] = "hello";
2 cout << sizeof(a); /[l prints 6
3 char a[5] = "hello"; // conpiler error

Example:strings.cpp (based on [Prata])
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Analyzing strings.cpp

e new header filest ri ng
contains functiorst r | en() returning the length of the string
(without the null character)

e Cci n >> nanel; takes only the first word (until space or end of
line is encountered) of the input string
e youcanus@etline() orget () toread all until end of line:

1 const maxsi ze=20;
> char nane[ naxsi ze];
s cin.getline(nane, maxsi ze);

Example:strings2.cpp
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Structures

Structures are complex types, that contain named spedifiednembers

1 Struct structure_nane?
2 {

3 [type nenber nane; |+
«+ } vari abl e_nanmex,;

where

“?” indicates “at most once”;

“*’ Indicates “zero or more times.”;
‘+’ indicates “one or more times.”
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Structures

Example:

1 struct Student Structure2l?

2 {

3 char nane[ 30] ;

4 | nt assi gnnent 1, assi gnnent 2, assi gnnent 3, assi gnnent 4,
5 int mdtermfinal;

6 fl oat mark;

7 } astudent, bstudent;

9 St udent Structure212 cstudent = {
10 "John", 100, 100, 60, 75, 89, 79, 85.4f
1 }, allstudents| 32];
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Structures

Data members of “structure” variables are accessed usagd¢imbership
operator(. ).

1 ast udent . mar k=79. 3f :

Example:student.cpp (shows how to initialize a structure)

Memberwise assignmest when assigning one structure to another of
the same type

Example:student2.cpp

(in reality, the whole block of memory occupied by structisgreopied)
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Unions

Unions argyolymorphiccomplex data types. Their data members must be
In either / orrelationships.

Example:a product can be uniguely identified bithera product number
or a product name

1 union Productld {

2 | ong nunber;

3 char nane[ 11];

+ } waternel on, shoe;

s Strcpy(waternelon. nane, "waternelon");
- shoe. nunber = 89123;

Example:union.cpp
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Sample questions

e What’s wrong with the following code?
1 I nt a=10;
2 Int b[a];

e How would you declare an array ofhit of size 100 and initialize all
Its elements to O’s using just one statement?

e What is the value ob after executing the following code:

1 char a[]="cnpt";
> I nt b=sizeof(a);
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¢ In the following code, for each of the lines (except Line 1¢a@fpy
the output printed to screen.

1 I nt af 3]

2 cout <<a]
3 cout <<a]
4 cout <<a]
5 cout <<a]
s Ccout <<a]

[ 4]

SN W

-1

={{1,2,3,4},{5,6,7,8},{9, 10, 11, 12} };
[ 1] <<endl ;
[ 0] <<endl ;
[ 4] <<endl ;
| 6] <<endl ;

11 6] <<endl :

e How would you usest r uct type to copy content of an array with a
single assignment?

e Consider the following two arrays:
1 int field2Df 10][7];
 Int field[70];
Assume that you want to use el d to simulate two-dimensional

arrayf i el d2D. How would you access the elemenffinel d
corresponding to the elementel d2Dj 1 ][] ] ?
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e Consider the following declarations:
1 Struct S {

2 | nt a;
3 | nt b;
s} S,

s union U {
6 I Nt a;
7 | nt b;
s+ U,

and the following piece of code:

1 S.a = 1;
> uU.a = 1;

What are the values &f. b andu. b?
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Pointers

e each byte in the memory of the computer hasitdresqusually it is
a 4-byte integer, written in hexadecimal form)

e a variable containing such an address is callpdiater

e In C++, there are many types of pointers:
— each type has its own pointer

— a pointer for certain type “should” point to (contain an ask# of)
a place in the memory where a value of this type is stored

e theaddress operatof&” can be applied on any variable to get the
address (pointer) where the variable is stored

1 I nt a;
> cout <<&a; \\ print the address of

a

e thedereferencing operatdt*” can be applied on any pointer to
access the value pointed to by the pointer
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Declaration of pointers

type * pointer to type;
type *» pointer _to type; Example:

1 I nt x pa; // a pointer pointing to an int val ue
> I nt a=2,
3 pa = &a; [/ "pa" points the location of "a"

s cout << xpa; // prints the value at |ocation "pa" (2)
Example:pointer.cpp [Prata]

Comments:
e the spaces arouna " in declaration are optional
e | Nt *pa; — emphasizes thatpa is of typei nt
e | Nt * pa; — emphasizes thatnt * Is a type “pointer ta nt”

e beware:int * p, (; declarep to be a pointer to nt andq to

be ani nt
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Comments:

e A constant that represents the value of a pointerpbatts to nothing
IS denoted asIULL.
NULL is not part of the C++ language, but is included in standard
libraries (e.gl ost r eam.

e Pointers are unsatedhe compilercannotguarantee that a pointer is
pointing to a meaningful location.

1 double *p; // points to random address
» *p=10.12; // nodifies sizeof(double) bytes
3 /[l at this random address

e C++ IS more restrictive about types when using pointers
Example:typecheck.cpp
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e Pointers and typecasting, used together, can be a very fubyweat
very dangerous combination.
Example:

1 char ¢ = 69;
2 long *p = NULL;

4 p =1, /] conpiler error: cannot assign an int to a pointer

6 p = (long*)(1l); // typecasting int to pointer to |ong
7 [/ the pointer points to sone weird address
s [/ reading the value wll likely generate a runtine error

10 p = &c; // conpiler error: inconpatible pointer types

11

12 p = (long*)(&c); // no conpiler errors, but accessing nore bytes
13

14 Ccout << p << " " << xp << "\nN"

Example:pointerunsafe.cpp
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Pointer arithmetic

Some arithmetic operations on pointers make sense.

Example:consider
int 1, *P, *xQ

e A pointer to tha-th element of theointed typeafter x P, in
contiguous memory (result: a pointer):
P+i

e A pointer to tha-th element of theointed typebefore* P, in
contiguous memory (result: a pointer):
P- |

e Thedistancebetween two pointers, i.e. the number of values of the

pointed typdhat can fit between the two pointed values (result: an
Integer value):

P-Q
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Arrays and Pointers

e Any array variable is [almost] equivalent to a pointer pmgtto the
beginning in memory of the array.

Example:hello.cpp
*(a + 1) Isexactly the same thing @$ i |

Example:the following declarations are equivalent:

1 char a[] = "hello";

» [/ an array declaration, including initialization
s char ra = "hell 0";

« [/ a pointer declaration,

s [/ initialized to the address of a constant
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Arrays and Pointers — differences

e Array variables are slightly better behaved (during coatph) than
pointers.

Example:pointersandarrays.cpp
— si zeof —array variable knows how many elements it contains

— the address where the array variable points cannot be ciange
Remark:

e cout (and alsaci n) is smart againdhar * variable printed as
string) — use typecasting to print the address
Note: when reading t@har *ps make surgs points to allocated
space!
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Arrays of pointers

Pointer variables can form arrays, just as basic variables.

Example:
1 I nt xa[ 10];
2 Int *b[] = { NULL, NULL, NULL, NULL };
s char ~days[] = {"Monday", "Tuesday", "Wdnesday", "Thursc

Example:arraysofpointers.cpp

Note. Multidimensional arraysre not pointers to pointers.
Multidimensional arrays areurray: ELE[01[0]  tEt[1][0] tte[2][2]

Example: ttth $ / 5.

W\'\-\_\_\_-I_I:I:I"I:{IIDI IDIIDI||I:':II:':IIDI||I I

1 char ttt[3][3] ={{'x, 'x, "0},
2 {0, "0, "X},
3 {"x, "o, " "}};

Example:multiarrays.cpp
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Parameters to main(...)

Console applications written in C/C++ accepimmand-line parameters
that are strings (separated by spaces), passed as pasatodiermai n
function.

Syntax:
Int main (int argn, char xargv[])

e i nt argn :the Number of Command Line Parameters.

e char* arqgv|[] :anarray of strings that are the command-line
parameters.

Example:parameters.cpp
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Sample questions

e Which of the following lines will generate a compiler error?

1 I nt a;
Il ntx p,Q;
p=10;
s pP=&a;
q=10;
q=&a,;

N

w

ol

»

e Why is it ok to assigshort tol ong, but it's not ok to assign
short+* tol ong*?

e Consider the following two declarations:
1 I nt af 10];
2 | nt *b=a;
What are the two differences betwes@andb?
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e Assume you declarednt *p. What are the differences among
p++,*p++and(xp) ++?
e What is wrong with the following code?

1 char *pCGty;
» cout <<"Enter a city: ";
3 cin >> pCGty,;
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