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Il costruttore di tipi complessi
1. Il Puntatore

Fonti:

Antola Dispense del Corso       +     A. Ciampolini – UNI_BO – Lucidi del corso
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(((VVVHHHPPPSSSLLLRRR���

typedef struct
{ char Codice[6];

char Titolo[30];
char Autore[30];
char Editore[20];
int Anno;
int disponibile; /* tag */
union { cliente Cli;

collocazione Col;
 }V; /* p. variante */

} libro;

libro L;
...
if (L.disponibile) /* L è disponibile: */

{L.V.Col.stanza=3;
L.V.Col.scaffale=7;

}
else /* L è in prestito: */

{printf("%s", L.V.Cli.Cognome);
printf("%s", L.V.Cli.Indirizzo);

}
...

+ � ,Q� TXHVWR� PRGR� VL� PDQWLHQH�HVSOLFLWDPHQWH� OD
FRQVLVWHQ]D�GHOOD�VWUXWWXUD�GDWL�
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,,,OOO���SSSXXXQQQWWWDDDWWWRRRUUUHHH

(C� XQ� WLSR� VFDODUH�� FKH� FRQVHQWH� GL� UDSSUHVHQWDUH� JOL
LQGLUL]]L�GHOOH�YDULDELOL�DOORFDWH�LQ�PHPRULD�
,O�GRPLQLR�GL�XQD�YDULDELOH�GL�WLSR�SXQWDWRUH�q�XQ�LQVLHPH
GL�LQGLUL]]L�
+� ,O� YDORUH� GL� XQD� YDULDELOH� GL� WLSR� SXQWDWRUH� SXRC� HVVHUH

O¶LQGLUL]]R�GL�XQ¶DOWUD�YDULDELOH��YDULDELOH�SXQWDWD���
,Q�&�L�SXQWDWRUL�VL�GHILQLVFRQR�PHGLDQWH�LO�FRVWUXWWRUH��

'''HHHIIILLLQQQLLL]]]LLLRRRQQQHHH���GGGLLL���XXXQQQDDD���YYYDDDUUULLLDDDEEELLLOOOHHH���SSSXXXQQQWWWDDDWWWRRRUUUHHH���

�7LSR(OHPHQWR3XQWDWR! �1RPH3XQWDWRUH!�
GRYH�

�� �7LSR(OHPHQWR3XQWDWR!� HC� LO� WLSR� GHOOD� YDULDELOH
SXQWDWD

�� �1RPH3XQWDWRUH!�HC�LO�QRPH�GHOOD�YDULDELOH�GL�WLSR
SXQWDWRUH

�� LO�VLPEROR��HC�LO�FRVWUXWWRUH�GHO�WLSR�SXQWDWRUH�

$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

int *P; /*    P è un puntatore a intero */
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,,,OOO���SSSXXXQQQWWWDDDWWWRRRUUUHHH

222SSSHHHUUUDDDWWWRRRUUULLL���

�� $VVHJQDPHQWR�� HC� SRVVLELOH� O
DVVHJQDPHQWR� WUD� SXQWDWRUL
�GHOOR� VWHVVR� WLSR��� (
� GLVSRQLELOH� OD� FRVWDQWH� 18//�� SHU
LQGLFDUH�O
LQGLUL]]R�QXOOR�

�� RSHUDWRUH� GL� GHUHIHUHQFLQJ� �� q� XQ� RSHUDWRUH� XQDULR�� 6L
DSSOLFD�D�XQ�SXQWDWRUH�H�UHVWLWXLVFH�LO�YDORUH�FRQWHQXWR�QHOOD
FHOOD�SXQWDWD� !�VHUYH�SHU�DFFHGHUH�DOOD�YDULDELOH�SXQWDWD�

�� 2SHUDWRUH�Indirizzo & �VL�DSSOLFD�DG�XQD�YDULDELOH�H�UHVWLWXLVFH
O
LQGLUL]]R�GHOOD�FHOOD�GL�PHPRULD�QHOOD�TXDOH�HC�DOORFDWD� OD
YDULDELOH�

�� RSHUDWRUL�DULWPHWLFL��YHGL�YHWWRUL�	�SXQWDWRUL��
�� 2SHUDWRUL�UHOD]LRQDOL�!���  ��� 

$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

int *punt1, *punt2;
int A;
punt1=&A;
*punt1=127;
punt2=punt1;
punt1=NULL;
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SSSXXXQQQWWW���

���������

SSSXXXQQQWWW���

A
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222SSSHHHUUUDDDWWWRRRUUUHHH���,,,QQQGGGLLLUUULLL]]]]]]RRR���			���

+�	� VL� DSSOLFD� VROR� DG� RJJHWWL� FKH� HVLVWRQR� LQ� PHPRULD
�TXLQGL��JLDC�GHILQLWL��

+++���			���QQQRRRQQQ���HHHCCC���DDDSSSSSSOOOLLLFFFDDDEEELLLOOOHHH���DDDGGG���HHHVVVSSSUUUHHHVVVVVVLLLRRRQQQLLL���

222SSSHHHUUUDDDWWWRRRUUUHHH���'''HHHUUUHHHIIIHHHUUUHHHQQQFFFLLLQQQJJJ������

+++��� FFFRRRQQQVVVHHHQQQWWWHHH��� GGGLLL��� DDDFFFFFFHHHGGGHHHUUUHHH��� DDDGGG��� XXXQQQDDD��� YYYDDDUUULLLDDDEEELLLOOOHHH��� VVVSSSHHHFFFLLLIIILLLFFFDDDQQQGGGRRR��� LLLOOO��� VVVXXXRRR
LLLQQQGGGLLLUUULLL]]]]]]RRR

+++��� OOO


LLLQQQGGGLLLUUULLL]]]]]]RRR��� UUUDDDSSSSSSUUUHHHVVVHHHQQQWWWDDD��� XXXQQQ��� PPPRRRGGGRRR��� DDDOOOWWWHHHUUUQQQDDDWWWLLLYYYRRR��� ��� ���DDDOOOLLLDDDVVV������ DDDOOO
QQQRRRPPPHHH���SSSHHHUUU���DDDFFFFFFHHHGGGHHHUUUHHH���HHH���PPPDDDQQQLLLSSSRRROOODDDUUUHHH���OOODDD���YYYDDDUUULLLDDDEEELLLOOOHHH���

float *p;
float R, A;

p=&A; /* *p è un alias di A*/
R=2;
*p=3.14*R; /* A è modificato */

S
$

����
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333XXXQQQWWWDDDWWWRRRUUUHHH���FFFRRRPPPHHH���FFFRRRVVVWWWUUUXXXWWWWWWRRRUUUHHH���GGGLLL���WWWLLLSSSRRR

'''LLLFFFKKKLLLDDDUUUDDD]]]LLLRRRQQQHHH���GGGLLL���XXXQQQ���WWWLLLSSSRRR���SSSXXXQQQWWWDDDWWWRRRUUUHHH���

W\SHGHI��7LSR(OHPHQWR3XQWDWR!��1RPH7LSR!�

� �7LSR(OHPHQWR3XQWDWR!�HC�LO�WLSR�GHOOD�YDULDELOH�SXQWDWD
� �1RPH3XQWDWRUH!�HC�LO�QRPH�GHO�WLSR�GLFKLDUDWR�

$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

typedef float *tpf;
tpf p;
float f;
p=&f;
…
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333XXXQQQWWWDDDWWWRRRUUULLL

1HOOD�GHILQL]LRQH�GL�XQ�SXQWDWRUH�HC�QHFHVVDULR�LQGLFDUH�LO�WLSR
GHOOD�YDULDELOH�SXQWDWD�
Í� LO�FRPSLODWRUH�SXRC�HIIHWWXDUH�FRQWUROOL� VWDWLFL� VXOO
XVR�GHL
SXQWDWRUL�

(((VVVHHHPPPSSSLLLRRR���

WWW\\\SSSHHHGGGHHHIII���VVVWWWUUUXXXFFFWWW^̂̂«««`̀̀UUUHHHFFFRRRUUUGGG���

int *p, A;
record *q, X;

p=&A;
q=p; /*warning!*/
q=&X;
*p=*q; /* errore! */

+ 9LHQH�VHJQDODWR�GDO�FRPSLODWRUH� �ZDUQLQJ�� LO� WHQWDWLYR�GL
XWLOL]]R�FRQJLXQWR�GL�SXQWDWRUL�D�WLSL�GLIIHUHQWL�
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999DDDUUULLLDDDEEELLLOOOLLL���'''LLLQQQDDDPPPLLLFFFKKKHHH

,Q� &� VL� SRVVRQR� GHILQLUH� HC� SRVVLELOH� FODVVLILFDUH� OH
YDULDELOL� LQ� EDVH� DO� ORUR� WHPSR� GL� YLWD�� HC� SRVVLELOH
LQGLYLGXDUH�GXH�FDWHJRULH�

� YDULDELOL�DXWRPDWLFKH
� YDULDELOL�GLQDPLFKH

999DDDUUULLLDDDEEELLLOOOLLL���DDDXXXWWWRRRPPPDDDWWWLLLFFFKKKHHH���

��/
DOORFD]LRQH�H�OD�GHDOORFD]LRQH�GL�YDULDELOL�DXWRPDWLFKH
HC� HIIHWWXDWD� DXWRPDWLFDPHQWH� GDO� VLVWHPD� �VHQ]D
O
LQWHUYHQWR�GHO�SURJUDPPDWRUH��

��2JQL� YDULDELOH� DXWRPDWLFD� KD� XQ� QRPH�� DWWUDYHUVR� LO
TXDOH�OD�VL�SXRC�ULIHULUH�

��,O� SURJUDPPDWRUH� QRQ� KD� OD� SRVVLELOLWDC� GL� LQIOXLUH� VXO
WHPSR�GL�YLWD�GL�YDULDELOL�DXWRPDWLFKH�
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Con i puntatori possiamo considerare tre possibili valori: 
 pointer      contenuto o valore della variabile pointer 
                         (indirizzo della locazione di memoria a cui punta) 
 &pointer   indirizzo fisico della locazione di memoria del puntatore 
 *pointer    contenuto della locazione di memoria a cui punta  
 

poichè il contenuto di una cella di memoria è casuale fino a che non viene 
inizializzata ad un valore noto, il puntatore punta ad una locazione di 
memoria casuale, che potrebbe non essere accedibile dal processo. Cosi': 
         int *ip; 
         *ip=100; 
scrive il valore 100 in una locazione qualsiasi: Grave errore. 
L'utilizzo corretto e' il seguente; prima di scrivere un valore nella locazione 
di memoria puntata dal puntatore ci assicuriamo che tale locazione di 
memoria appartenga al nostro programma. Ciò e possibile in due modi: 
 

1) il primo modo consiste nell'assegnare al puntatore l'indirizzo di una 
variabile del nostro programma, quindi scriveremo il valore nella variabile 
puntata. 
         int *ip; 
         int x; 
         ip=&x; 
         *ip=100;  scrivo 100 in x 
 

2) il secondo modo consiste nel farci riservare dal sistema operativo una 
porzione di memoria, salvare l'indirizzo di questa porzione di memoria nel 
nostro puntatore (ovvero far puntare il puntatore a quell'area di memoria) in 
modo che i successivi riferimenti alla locazione di memoria puntata dal 
puntatore lavorino su questa area di memoria che ci è stata riservata. Esiste 
una funzione di libreria standard malloc(), che permette l'allocazione 
dinamica della memoria; e' definita come: 

void *malloc ( int number_of_bytes). 
Ad es.:  int *p;  p= (int *) malloc(sizeof(int));   assegna a p spazio per un int. 
 

100   x p 

 p 



int * iptr;       

int   * iptr;   

Considerazioni sui Puntatori

5

5

int *iptr; iptr di tipo   int *

*iptr di tipo   int

5

5



Informatica B– Corso di Laurea Meccanici & Energetici

Programmazione in linguaggio C - 6

COSTRUTTORE PUNTATORE - 5

OPERAZIONI LECITE per variabili puntatore

• assegnamento (operatore &, tra puntatori, NULL)
• dereferenziazione: contenuto della parola di memoria puntata
• confronto
• operazioni aritmetiche (aritmetica dei puntatori)

USO DELLE VARIABILI  PUNTATORE
• nelle funzioni
• per creare strutture dati dinamiche

EFFETTI COLLATERALI CON L’USO DI VARIABILI PUNTATORE: modifica
non voluta di valori di variabili puntate

int *P;
int x, y;

P=&y;
x=3;
*P=x;
/* y vale 3*/

int *P, *Q;
int x, y;

P=&x;
Q=&y;
*P=3; /*x vale 3*/
*Q=5; /*y vale 5 */

P=Q; /*P punta a y*/
*Q =7; /* anche *P vale 7 */
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---------------------------------------------------------------- 
Aritmetica degli indirizzi  

Si possono fare operazioni aritmetiche intere con i puntatori, ottenendo 
come risultato di far avanzare o riportare indietro il puntatore nella memoria, 
cioè di farlo puntare ad una locazione di memoria diversa. 
Ovvero con i puntatori è possibile utilizzare due operatori aritmetici + e - , 
ed ovviamente anche ++ e --. 
 
Il risultato numerico di un'operazione aritmetica su un puntatore è diverso a 
seconda del tipo di puntatore, o meglio a seconda delle dimensioni del tipo 
di dato a cui il puntatore punta. Questo perchè il compilatore interpreta 
diversamente la stessa istruzione p++ a seconda del tipo di dato, in modo 
da ottenere il comportamento seguente: 

• Sommare un'unità ad un puntatore significa spostare in avanti in 
memoria il puntatore di un numero di byte corrispondenti alle 
dimensioni del dato puntato dal puntatore. 

 
Ovvero se p è un puntatore di tipo puntatore a char, char *p; poichè il char 
ha dimensione 1, l'istruzione p++ aumenta effettivamente di un'unita il 
valore del puntatore p, che punterà al successivo byte. 
Invece se p è un puntatore di tipo puntatore a short int, short int *p; poichè 
lo short int ha dimensione 2 byte, l'istruzione p++ aumenterà effettivamente 
di 2 il valore del puntatore p, che punterà allo short int successivo a quello 
attuale. 

char *p;

p-2          p-1          p          p+1         p+2         p+3      p+4

q-1                         q                         q+1         q+2

short int *q; passo = 2 byte

passo = 1 byte

 



Pointers in C

3ptrs -

Pointer Arithmetic
• A pointer is a variable, so we can manipulate it
• but, number of operations is limited

increment, decrement

++ptr;   --ptr;   ptr++;   ptr--;

add, subtract integer amount

ptr += 5;   ptr -= 2;

subtract one pointer from another

offset = ptr2 - ptr1;

compare pointers

if( ptr1 != ptr2 )

if( ptr1 > ptr2 )
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333XXXQQQWWWDDDWWWRRRUUULLL���DDD���VVVWWWUUUXXXWWWWWWXXXUUUHHH���

(
� SRVVLELOH� XWLOL]]DUH� L� SXQWDWRUL� SHU� DFFHGHUH� D� YDULDELOL� GL
WLSR�VWUXFW�

$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

typedef struct{ int Campo_1,Campo_2;
 } TipoDato;

TipoDato S, *P;

P = &S;

,O�SXQWR�GHOOD�QRWD]LRQH�SRVWILVVD�KD�SUHFHGHQ]D�VXOO
RSHUDWRUH
GL� GHUHIHUHQFLQJ� �� SHU� DFFHGHUH� DOOH� FRPSRQHQWL� GHOOD
VWUXWWXUD�UHIHUHQ]LDWD�GD�3�q�QHFHVVDULR�XWLOL]]DUH� OH�SDUHQWHVL
WRQGH�

(*P).Campo_1=75;

222SSSHHHUUUDDDWWWRRRUUUHHH������!!!���

/
RSHUDWRUH� �!� FRQVHQWH� GL� DFFHGHUH� DG� XQ� FDPSR� GL� XQD
VWUXWWXUD�UHIHUHQ]LDWD�GD�XQ�SXQWDWRUH�LQ�PRGR�SL��VLQWHWLFR�

P->Campo_1=75;
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(((VVVHHHPPPSSSLLLRRR

6L� YXROH� UHDOL]]DUH� XQ� SURJUDPPD� FKH� GDWD� GD� LQSXW� XQD
VHTXHQ]D� GL� 1� SDUROH� �GL�� DO� PDVVLPR�� ��� FDUDWWHUL
FLDVFXQD���XQD�SHU�ULJD��VWDPSL�LQ�RUHGLQH�LQYHUVR�OH�SDUROH
GDWH�� RJQXQD� �ULEDOWDWD�� �FLRq�� VWDPSDQGR� L� FDUDWWHUL� LQ
RUGLQH�LQYHUVR��GDOO
XOWLPR�DO�SULPR��
8WLOL]]DUH�XQD�VWUXWWXUD�GLQDPLFD�

#include <stdio.h>
#include <stdlib.h>
typedef char parola[20];
parola w, *p;

main()
{ parola w, *p;
int i, j, N;

printf("Quante parole? ");
scanf("%d", &N);
/* allocazione del vettore */
p=(parola *)malloc(N*sizeof(parola));
/* lettura della sequenza */
for(i=0; i<N; i++)
gets(&p[i]);
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Programmazione in linguaggio C - 5

typedef struct {{
char cognome[30];
char nome[30];
data data_di_nascita;
char codice_fiscale;

}} dati_anagrafici;

dati_anagrafici *P;

Accesso ai campi della struttura: le notazioni sono equivalenti

(*P).data_di_nascita.giorno       Precedenze
(*P).cognome[0]

P - >  data_di_nascita.giorno

P - >  cognome[0]
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Precedence

• Use parentheses when in doubt or to improve readability:

Level Operator

16L ->     .    []    ()
15R sizeof   ++  --   ~   !   +   -    (cast) 
                   * indiretto       &indirizzo
13L *  /   %
12L +    -
11L <<      >>
10L <   <=   >   >=
9L ==   !=
8L &         and bitwise
7L ^          xor bitwise
6L |           or bitwise
5L &&     AND logico
4L ||          OR logico

2R = *= /= %= += -= <<= >>= &= |= ^=
1L ,  virgola



Structs in C

7structs -

Pointer to a Struct
Given: struct family_rec {

int id_num;
char name[15];
int num_members;
double income;

} family1, *fptr;

fptr = &family1;

fptr
family1



Structs in C

8structs -

Self-referential Structs
Given  struct family_rec {

   int id_num;
   char name[15];
   int num_members;

ð     struct family_rec *  next;
   double income;
   } family1, family2, *fptr;

fptr = &family1;
family1.next = &family2;
family2.next = NULL;



Structs in C

9structs -

Self-referentialfptr

family1

family2
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Programmazione in linguaggio C - 7

DOPPIO PUNTATORE
float **DoppioPunt;
float *Punt;
float v;

Significato:
P è una variabile  puntatore che contiene l’indirizzo di un’area di
memoria che, a sua volta, contiene l’indirizzo di un tipo float.
(P punta a un puntatore a float)

Rappresentazione

DoppioPunt

valore di
tipo float

Dopo la dichiarazione:

DoppioPunt Punt v

&Doppi
oPunt

valore ? &Punt valore ? &v valore?

DoppioPunt = &Punt;
*DoppioPunt=&v;
**DoppioPunt = 13.5;

Dopo gli assegnamenti

DoppioPunt Punt v

&Doppio
Punt

&Punt &v 13.5



Pointers in C

7ptrs -

Levels of Indirection
• “pointer to int” holds address of int

int number = 5, new_number;

int *nptr = &number;

• dereference pointer to “reach” value
indirectly

new_number = *nptr;

• dereferencing a pointer to access
the value is called indirection

• each dereference operator (*) that is
applied gives 1 level of indirection

*nptr uses only one level; all we need to
get to the data value

number
new_number

5

nptr

Renato Martucci




Pointers in C

8ptrs -

Levels of Indirection
• can have multiple levels of

indirection
int number = 5, new_number;

int *nptr = &number;

int **n2ptr = &nptr;

• dereference same number of times
as in declaration to reach value

new_number = **n2ptr;

• each * is read as “pointer to”
number data type is int

nptr data type is “pointer to” int

n2ptr data type is “pointer to pointer to” int

number
new_number

5

nptr

n2ptr



FONDAMENTI DI INFORMATICA                                   IL LINGUAGGIO C    458

999HHHWWWWWWRRRUUULLL���			���333XXXQQQWWWDDDWWWRRRUUULLL

999HHHWWWWWWRRRUUULLL���

� LQ� &�� L� YHWWRUL� YHQJRQR� DOORFDWL� LQ� PHPRULD� LQ� SDUROH
FRQVHFXWLYH� �FLRHC� SDUROH� ILVLFDPHQWH� DGLDFHQWL��� OD� FXL
GLPHQVLRQH�GLSHQGH�GDO�WLSR�GHJOL�HOHPHQWL�GHO�YHWWRUH�

� ,O�QRPH�GL�XQD�YDULDELOH�GL� WLSR�YHWWRUH�YLHQH�FRQVLGHUDWR
GDO�&�FRPH�O
LQGLUL]]R�GHO�SULPR�HOHPHQWR�GHO�YHWWRUH�

$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

int V[10];

+ 9�q�XQD�FRVWDQWH�
� 9�HTXLYDOH�D�	9>�@
� FRPH�WLSR�q�XQ�SXQWDWRUH�DG�LQWHUR�

int *p, V[10];
p=V; /* p punta a V[0] */
V = p; /*NO! V è un puntatore costante */
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999HHHWWWWWWRRRUUULLL���			���333XXXQQQWWWDDDWWWRRRUUULLL

,O� &� FRQVHQWH� GL� HVHJXLUH� RSHUD]LRQL� GL� VRPPD� H
VRWWUD]LRQH�VXL�SXQWDWRUL��D�YHWWRUL��

222SSSHHHUUUDDDWWWRRRUUULLL���DDDUUULLLWWWPPPHHHWWWLLLFFFLLL���VVVXXX���SSSXXXQQQWWWDDDWWWRRRUUULLL���DDD���YYYHHHWWWWWWRRRUUULLL���

6H�9�H�:�VRQR�SXQWDWRUL�DG�HOHPHQWL�GL�YHWWRUL�HG�L�q�XQ
LQWHUR�
���9�L�� UHVWLWXLVFH� O
LQGLUL]]R� GHOO
HOHPHQWR� VSRVWDWR� GL� L
SRVL]LRQL�LQ�DYDQWL�ULVSHWWR�D�TXHOOR�LQGLFDWR�GD�L�

���9�:��UHVWLWXLVFH� O
LQWHUR� FKH� UDSSUHVHQWD� LO� QXPHUR� GL
HOHPHQWL�FRPSUHVL�WUD�9�H�:�

$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

float V[100], *p, *q;
int k;
p=V+7; /* p punta a V[7] */
q=V+2; /* p punta a V[2] */
k=p-q; /* k vale 5 */
...
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Programmazione in linguaggio C - 8

VARIABILI PUNTATORE E ARRAY: ARITMETICA DEGLI INDIRIZZI

int i;
int vett[10];
int *P;

vett:

• è l’indirizzo del primo byte dell’array di interi (indirizzo primo byte
di un intero)

• ha associato il tipo degli elementi
• ha un valore costante

vett si comporta come un puntatore «fisso»

vett[i] equivale a *(vett+i)

*(P+i) equivale a P[i]

P=vett equivale a P=&vett[0]

P=vett+i equivale a P=&vett[i]

(P+i) - (P+j) valore intero pari al numero di elementi (interi)
tra i e j



Pointers in C

4ptrs -

Use with Arrays
• Closely related
• Array name is address constant; like a “pointer

constant”
• Array syntax vs. pointer syntax

char publisher[20];

publisher[12]  equivalent to *(publisher + 12)

• Can also index with pointer
char *cptr = publisher  /* costante di tipo pointer senza & */;

publisher[12] same as cptr[12]
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999HHHWWWWWWRRRUUULLL���HHH���333XXXQQQWWWDDDWWWRRRUUULLL

���� ,Q� &�� RJQL� ULIHULPHQWR� DG� XQ� HOHPHQWR� GL� XQ� YHWWRUH� q
HVSDQVR�FRPH�XQ�SXQWDWRUH�GHUHIHUHQ]LDWR�

9>�@ HTXLYDOH�D� �9�
9>�@ HTXLYDOH�D� �9�����
9>L@ HTXLYDOH�D� �9�L�
9>H[SU@ HTXLYDOH�D� �9���H[SU�

$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

main ()
{
char a[] = "0123456789";/*a e‘ un

     vettore di
         caratteri */

int i = 5;

printf("%c%c%c%c\n",a[i],a[5],i[a],5[a]);
}

666WWWDDDPPPSSSDDD���

�������
+ 3HU� LO� FRPSLODWRUH� 9>L@� H� L>9@� VRQR� OR� VWHVVR� HOHPHQWR�

SHUFKp�YLHQH�VHPSUH�HVHJXLWD�OD�FRQYHUVLRQH��
9>L@  ! �9�L�
VHQ]D�HVHJXLUH�DOFXQ�FRQWUROOR�QHC�VX�9�QHC�VX�L�
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999HHHWWWWWWRRRUUULLL���			���333XXXQQQWWWDDDWWWRRRUUULLL

+ >�@��KD��SUHFHGHQ]D�ULVSHWWR�D�

444XXXLLLQQQGGGLLL���

�FKDU�D>��@����� !��HTXLYDOH�D�FKDU��D>��@��

D�q�XQ�YHWWRUH�GL�SXQWDWRUL�D�FDUDWWHUH�

a

’s’ ’A’ ’%’

+ 3HU� XQ� SXQWDWRUH� DG� XQ� YHWWRUH� GL� FDUDWWHUL� q� QHFHVVDULR
IRU]DUH�OD�SUHFHGHQ]D��FRQ�OH�SDUHQWHVL�

FKDU���D��>��@�

Renato Martucci




Pointers in C

5ptrs -

Arrays of Pointers
“Smooth” arrays

use same amount of storage for each string

wastes space for smaller strings

char states[50][15] = {“Ohio”,”South Carolina”, ...};

states[0] would reference Ohio, 15 elements used

O h i o \0

S o u t h C a r o l i n a \0



Pointers in C

6ptrs -

Arrays of Pointers
“Ragged” arrays

use only amount of storage needed for each string, plus
storage needed for pointers

use array of pointers

do not “waste” space for smaller strings

char *states2[50] = {“Ohio”,”South Carolina”, ...};

states2[0] would reference Ohio, 5 elements used,

O h i o \0

S o u t h C a r o l i n a \0



Uso di Puntatori
int X,Y,Z;

int V[5]={ 20,21,22,23,24 }  ;

int A, *P, *Q, **PP;

Indir nome Indir nome Indir nome
1000 X X=10; 1000 10 X 1000 124 X
1002 Y Y=X+1; 1002 11 Y 1002 11 Y
1004 Z Z=X+Y; 1004 21 Z 1004 21 Z
1006 20 V[0] 1006 20 V[0] 1006 57 V[0]
1008 21 V[1] 1008 21 V[1] 1008 21 V[1]
1010 22 V[2] 1010 22 V[2] 1010 22 V[2]
1012 23 V[3] 1012 23 V[3] 1012 23 V[3]
1014 24 V[4] 1014 24 V[4] 1014 24 V[4]
1016 A V[5}=50; 1016 50 A 1016 34 A
1018 P P=V; 1018 1006 P *P=57; 1018 1006 P
1020 Q Q=&V[4]; 1020 1014 Q A=*Q+10; 1020 1014 Q
1022 PP PP=&Q; 1022 1020 PP X=**PP+100; 1022 1020 PP
1024 1024 1024
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Pointer Types

• pointer variable definitions:
int  *ip; // pointer to variable of type int

char  *c1, *c2, *c3; // pointer to variables of type char

float  **fp; // pointer to pointer to variable of type float

• dereference operator (*) and address-of operator(&):
int  i, *ip = &i, **ipp = &ip, ***ippp = &ipp;

// i is a variable of type int

// ip is a pointer to a variable of type int

// ipp is a pointer to a pointer to a variable of type int

// ippp is a pointer to a pointer to a pointer to a variable of type int

double d = 2.7183, *dp = &d;

// the value of d is 2.7183

// the value of &d is an address (where 2.7183 is stored...)

// the value of dp is the address of d.

// the value of *dp is the value of what dp points to (d or 2.7183)

• string pointers:
char  *string = “This is a string.\n”;

// strings are null (‘\0’) terminated by convention

char *same_string = string;
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333XXXQQQWWWDDDWWWRRRUUULLL

1HOOD�GHILQL]LRQH�GL�XQ�SXQWDWRUH�HC�QHFHVVDULR�LQGLFDUH�LO�WLSR
GHOOD�YDULDELOH�SXQWDWD�
Í� LO�FRPSLODWRUH�SXRC�HIIHWWXDUH�FRQWUROOL� VWDWLFL� VXOO
XVR�GHL
SXQWDWRUL�

(((VVVHHHPPPSSSLLLRRR���

WWW\\\SSSHHHGGGHHHIII���VVVWWWUUUXXXFFFWWW^̂̂«««`̀̀UUUHHHFFFRRRUUUGGG���

int *p, A;
record *q, X;

p=&A;
q=p; /*warning!*/
q=&X;
*p=*q; /* errore! */

+ 9LHQH�VHJQDODWR�GDO�FRPSLODWRUH� �ZDUQLQJ�� LO� WHQWDWLYR�GL
XWLOL]]R�FRQJLXQWR�GL�SXQWDWRUL�D�WLSL�GLIIHUHQWL�
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999DDDUUULLLDDDEEELLLOOOLLL���'''LLLQQQDDDPPPLLLFFFKKKHHH

,Q� &� VL� SRVVRQR� GHILQLUH� HC� SRVVLELOH� FODVVLILFDUH� OH
YDULDELOL� LQ� EDVH� DO� ORUR� WHPSR� GL� YLWD�� HC� SRVVLELOH
LQGLYLGXDUH�GXH�FDWHJRULH�

� YDULDELOL�DXWRPDWLFKH
� YDULDELOL�GLQDPLFKH

999DDDUUULLLDDDEEELLLOOOLLL���DDDXXXWWWRRRPPPDDDWWWLLLFFFKKKHHH���

��/
DOORFD]LRQH�H�OD�GHDOORFD]LRQH�GL�YDULDELOL�DXWRPDWLFKH
HC� HIIHWWXDWD� DXWRPDWLFDPHQWH� GDO� VLVWHPD� �VHQ]D
O
LQWHUYHQWR�GHO�SURJUDPPDWRUH��

��2JQL� YDULDELOH� DXWRPDWLFD� KD� XQ� QRPH�� DWWUDYHUVR� LO
TXDOH�OD�VL�SXRC�ULIHULUH�

��,O� SURJUDPPDWRUH� QRQ� KD� OD� SRVVLELOLWDC� GL� LQIOXLUH� VXO
WHPSR�GL�YLWD�GL�YDULDELOL�DXWRPDWLFKH�
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999DDDUUULLLDDDEEELLLOOOLLL���'''LLLQQQDDDPPPLLLFFFKKKHHH

999DDDUUULLLDDDEEELLLOOOLLL���GGGLLLQQQDDDPPPLLLFFFKKKHHH���

���� /H�YDULDELOL�GLQDPLFKH�GHYRQR�HVVHUH�DOORFDWH�H�GHDOORFDWH
HVSOLFLWDPHQWH�GDO�SURJUDPPDWRUH�

���� /
DUHD� GL� PHPRULD� LQ� FXL� YHQJRQR� DOORFDWH� OH� YDULDELOL
GLQDPLFKH�VL�FKLDPD�KHDS�

���� /H� YDULDELOL� GLQDPLFKH� QRQ� KDQQR� XQ� LGHQWLILFDWRUH
DVVRFLDWR� DG� HVVH�� PD� SRVVRQR� HVVHUH� ULIHULWH� VROWDQWR
DWWUDYHUVR�LO�ORUR�LQGLUL]]R��PHGLDQWH�L�SXQWDWRUL��

���� ,O� WHPSR�GL�YLWD�GHOOH�YDULDELOL�GLQDPLFKH�HC� O
LQWHUYDOOR�GL
WHPSR� FKH� LQWHUFRUUH� O
DOORFD]LRQH� H� OD� GHDOORFD]LRQH� �FKH
VRQR�VWDELOLWH�GDO�SURJUDPPDWRUH��

+ WXWWH�OH�YDULDELOL�YLVWH�ILQRUD�ULHQWUDQR�QHOOD�FDWHJRULD�GHOOH
YDULDELOL�DXWRPDWLFKH�
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999DDDUUULLLDDDEEELLLOOOLLL���'''LLLQQQDDDPPPLLLFFFKKKHHH

+ ,O� &� SUHYHGH� IXQ]LRQL� VWDQGDUG� GL� DOORFD]LRQH
GHDOORFD]LRQH�SHU�YDULDELOL�GLQDPLFKH�

� PDOORF
� IUHH

1RQ� VRQR� GHILQLWH� D� OLYHOOR� GL� OLQJXDJJLR� GL
SURJUDPPD]LRQH�� PD� D� OLYHOOR� GL� VLVWHPD� RSHUDWLYR�
PHGLDQWH�OD�OLEUHULD�VWDQGDUG��VWGOLE�K!�
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999DDDUUULLLDDDEEELLLOOOLLL���'''LLLQQQDDDPPPLLLFFFKKKHHH

$$$OOOOOORRRFFFDDD]]]LLLRRRQQQHHH���GGGLLL���YYYDDDUUULLLDDDEEELLLOOOLLL���GGGLLLQQQDDDPPPLLLFFFKKKHHH���

/D� PHPRULD� GLQDPLFD� YLHQH� DOORFDWD� FRQ� OD� IXQ]LRQH
VWDQGDUG�PDOORF�

SXQW� ��WLSRGDWR���PDOORF���VL]HRI��WLSRGDWR���

� WLSRGDWR�HC�LO�WLSR�GHOOD�YDULDELOH�SXQWDWD
� SXQW�HC�XQD�YDULDELOH�GL�WLSR�WLSRGDWR�
� VL]HRI���HC�XQD�IXQ]LRQH�VWDQGDUG�FKH�FDOFROD�LO�QXPHUR�GL

E\WHV�FKH�RFFXSD�LO�GDWR�VSHFLILFDWR�FRPH�DUJRPHQWR
� HC� QHFHVVDULR� FRQYHUWLUH� HVSOLFLWDPHQWH� LO� WLSR� GHO� YDORUH

ULWRUQDWR��FDVWLQJ����WLSRGDWR���PDOORF����

666LLLJJJQQQLLLIIILLLFFFDDDWWWRRR���

+ /D�PDOORF�SURYRFD�OD�FUHD]LRQH�GL�XQD�YDULDELOH�GLQDPLFD
QHOO¶KHDS� H� UHVWLWXLVFH� FRPH� YDORUH� O
LQGLUL]]R� GHOOD
YDULDELOH�FUHDWD�
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$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

#include <stdlib.h>
typedef int *tp;
tp punt;
...

punt

punt=(tp )malloc(sizeof(int));

punt *punt

*punt=12

punt                          *punt

12
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999DDDUUULLLDDDEEELLLOOOLLL���GGGLLLQQQDDDPPPLLLFFFKKKHHH

'''HHHDDDOOOOOORRRFFFDDD]]]LLLRRRQQQHHH���

6L�ULODVFLD�OD�PHPRULD�DOORFDWD�GLQDPLFDPHQWH�FRQ�

IUHH��SXQW��

GRYH�SXQW�HC�O
LQGLUL]]R�GHOOD�YDULDELOH�GD�GHDOORFDUH�

��

punt

?

'RSR� TXHVWD� RSHUD]LRQH�� OD� FHOOD� GL� PHPRULD� RFFXSDWD� GD
SXQW�YLHQH�GHDOORFDWD��SXQW�QRQ�HVLVWH�SLXC�

(((VVVHHHPPPSSSLLLRRR���

main()
{
char A, *p;

A=’Z’;
p=(char *)malloc(sizeof(char));
*p=A;
...
<uso di *p>
...
free(p);

}
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(((VVVHHHPPPSSSLLLRRR���

#include <stdlib.h>
main()
{
int *p;
/*definizione del puntatore p

ad intero;il contenuto di p non è
ancora definito */

p = (int *) malloc(sizeof (int));
/*definizione del contenuto di p:

indirizzo di una cella di memoria
allocata dinamicamente*/

*p = 55;
/* assegnamento di un valore alla

cella *p referenziata da p */

free(p);
/* deallocazione della cella

referenziata da p; il contenuto
di p non è più definito */

}



int X,Y,Z;

int V[5]={ 20,21,22,23,24 }  ;

int A, *P, *Q, **PP;

typedef  struct { int C1; float C2 } Coppia;

Coppia K, *Pk;

Indir nome Indir nome
1000 X 1000 X Allocazione stack
1002 Y 1002 Y
1004 Z 1004 Z
1006 20 V[0] 1006 20 V[0]
1008 21 V[1] 1008 21 V[1]
1010 22 V[2] 1010 22 V[2]
1012 23 V[3] 1012 23 V[3]
1014 24 V[4] 1014 24 V[4]
1016 A 1016 A
1018 P P= (int *) malloc(sizeof(int)); 1018 P
1020 K 1020 K
1022 1022
1024 1024
1026 Pk Pk=(Coppia*) malloc (sizeof(Coppia)); 1026 Pk
1028 1028
1030 1030
1032 1032
1034 1034
1036 1036
1038 1038
1040 1040
1042 1042
1044 1044 Pk->C1
1046 1046 Pk->C2
1048 1048
1050 1050 *P Allocazione Heap
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(((VVVHHHPPPSSSLLLRRR���

main()
{
int *P, *Q, x, y;

x=5; 
y=14;
P=(int *)malloc(sizeof(int));
Q=(int *)malloc(sizeof(int));

P                                                   

y

14

x

5

Q

*P            

*Q
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*P = 25;
*Q = 30;

3

\

� �

[

�

4

 3

4

3 0

2 5

*P = x;
y = *Q;

3

\

��

[

�

4

 3

 4

30

5

P = &y;
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3

\

��

[

�

4

30

5

...
}

+ O
XOWLPR� DVVHJQDPHQWR� KD� FRPH� HIIHWWR� FROODWHUDOH� OD
SHUGLWD� GHOO
LQGLUL]]R� GL� XQD� YDULDELOH� GLQDPLFD� �TXHOOD
SUHFHGHQWHPHQWH� UHIHUHQ]LDWD� GD� 3�� FKH� ULPDQH� DOORFDWD
PD�QRQ�p�SL��XWLOL]]DELOH�
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333UUURRREEEOOOHHHPPPLLL���OOOHHHJJJDDDWWWLLL���DDDOOOOOO


XXXVVVRRR���GGGHHHLLL���333XXXQQQWWWDDDWWWRRRUUULLL

555LLLIIIHHHUUULLLPPPHHHQQQWWWLLL���SSSHHHQQQGGGHHHQQQWWWLLL������GGGDDDQQQJJJOOOLLLQQQJJJ���UUUHHHIIIHHHUUUHHHQQQFFFHHHVVV������

3RVVLELOLWj�GL�IDUH�ULIHULPHQWR�DG�DUHH�GL�PHPRULD�QRQ�SL�
DOORFDWH�

$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

int *P;
P = (int *) malloc(sizeof(int));
...
free(P);
*P = 100; /*  Da non fare!  */

P * P

3 0
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333UUURRREEEOOOHHHPPPLLL���OOOHHHJJJDDDWWWLLL���DDDOOOOOO


XXXVVVRRR���GGGHHHLLL���333XXXQQQWWWDDDWWWRRRUUULLL

$$$UUUHHHHHH���LLLQQQXXXWWWLLLOOOLLL]]]]]]DDDEEELLLOOOLLL���

3RVVLELOLWj� GL� SHUGHUH� LO� ULIHULPHQWR� DG� DUHH� GL� PHPRULD
DOORFDWH�DO�SURJUDPPD��QRQ�SL��ULXVDELOL��

$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

int *P,*Q;
P = (int *) malloc ( sizeof (int));
Q = (int *) malloc ( sizeof (int));
*P = 30; *Q = 20;

3� �4�

P

Q

* P

* Q

2 0

2 0
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3� �4�

P

Q

* P

* Q

2 0

2 0

/¶DUHD� FKH� HUD� SXQWDWD� GD�3�QRQ� q� SL�� UDJJLXQJLELOH��PD
ULPDQH�DOORFDWD�DO�SURJUDPPD�
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333UUURRREEEOOOHHHPPPLLL���OOOHHHJJJDDDWWWLLL���DDDOOOOOO


XXXVVVRRR���GGGHHHLLL���333XXXQQQWWWDDDWWWRRRUUULLL

$$$OOOLLLDDDVVVLLLQQQJJJ���

3RVVLELOLWDC� GL� ULIHULUH� OD� VWHVVD� YDULDELOH� FRQ� SXQWDWRUL
GLYHUVL�

$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

int *p, *q;
p=(int *)malloc(sizeof(int));
*p=3;
q=p; /*p e q puntano alla stessa
      variabile */

*q = 10;  /* anche *p e‘ cambiato! */

�

S

T
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333XXXQQQWWWDDDWWWRRRUUULLL���DDD���SSSXXXQQQWWWDDDWWWRRRUUULLL������KKKDDDQQQGGGOOOHHH���

8Q� SXQWDWRUH� SXC� SXQWDUH� D� YDULDELOL� GL� WLSR� TXDOXQTXH
�VHPSOLFL� R� VWUXWWXUDWH��� SXRC� SXQWDUH� DQFKH� D� XQ
SXQWDWRUH�

�>W\SHGHI@� 7LSR'DWR 7LSR3XQW�

$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

int x, *P, *Q, **DoppioPunt;
P = &x;
DoppioPunt = &P;

Q = *DoppioPunt;

3 'RSSLRSXQW

[

4
4

3 'RSSLRSXQW

[

4
4



Pointers

� Every variable|even a const|has an address (\lvalue") and

value (\rvalue"), e.g., (which used where?): int a = 4; a ++;

� De�nition, initialization and assignment:

int some_info, *in_ptr = &some_info, **int_buffer_ptr;

char ch, *char_index; // allocation for _any_ pointer:

char_index = &ch; // (sizeof (int)) bytes (why?)

note \*" in initialization, but not in assignment (why?)

� Dereferencing and pointer arithmetic:

*in_ptr += 2; // == some_info += 2;

in_ptr += 2; // == in_ptr increases by 2 * sizeof (int);

� Dereferencing ) point to something or set to 0 at all times

Primarily for free store, unnamed memory allocation.
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Constant Pointers

float *fp;

const float *cfp; // cfp points to a "const float"

// fcp is a const pointer, to a float

float *const fcp = &some_float;

const float *const cfcp = &some_const_float;

can change what can point to a needs initialization

it points to const float (& cannot be changed)

fp

p � �

cfp � p �

fcp

p � p

cfcp � p p

Pointers to const are mainly for function arguments.

Copyright c1997 by A. E. Naiman C++ Intro Slides|Pointers and Arrays, p. 3



Arrays and Pointers

long id_numbers [5];

long *id_num_ptr = &(id_numbers [3]);

� Similarities

� Both tags alone refer to address of its �rst element

if (id_num_ptr == id_numbers) { /* ... */ }

� ) both can use array and pointer syntax

id_num_ptr [1] = *(id_numbers + 2);

� Di�erences

� id_numbers only has an rvalue: refers to address of

beginning of array and cannot be changed

� id_num_ptr also has an lvalue: an extra (long *) is

allocated and can be set to address of a long

Copyright c1997 by A. E. Naiman C++ Intro Slides|Pointers and Arrays, p. 9



1{D Pointer and Array De�nitions

double *dp = 1000, da [5];

� Assume allocated at 4000 and 5000, resp.

� Bytes allocated

� dp: sizeof (void *) [4]

� da: 5 * sizeof (double) [40]

� sizeof (dp) and sizeof (da) return these numbers

� Note: initialization to 1000 is a bad idea (why?); better:

� dp gets set to address of double, e.g., &(da [3])

� dp gets return value of new() (later)

Copyright c1997 by A. E. Naiman C++ Intro Slides|Pointers and Arrays, p. 11



1{D Pointers

syntax type lvalue rvalue comments

dp double * 4000 1000 name alone

dp + 2 double * | 1016 pointer arithmetic

Rule: in bytes: dp + 2 * sizeof (double) (i.e., remove 1 *)

*dp double 1000 r(1000)� pointer dereferencing

Rule: add a * of dereferencing ) drop a * of the type

dp [3] double 1024 r(1024)� array syntax

Rule: foo [n] is just *(foo + n) (a combination)

�

r(n) means whatever resident at memory location n

Copyright c1997 by A. E. Naiman C++ Intro Slides|Pointers and Arrays, p. 12



1{D Arrays

syntax type lvalue rvalue comments

da double [] | 5000 name alone

Rule: array without [] is rvalue of array beginning address

Rule: double [] is like a double * (but not exactly)

: : : : : : : : : : : : : : : : : : : : : : same as pointer : : : : : : : : : : : : : : : : : : : : : :

� Note: the size of 5 doubles was only used for

� initial allocation

� future invocations of sizeof()

Now for 2{D arrays : : : .
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2{D Pointer and Array De�nitions

double **dpp = 2000, dm [7][11];

� Assume allocated at 6000 and 7000, resp.

� Bytes allocated

� dpp: sizeof (void *) [4]

� dm: 7 * 11 * sizeof (double) [616]

� sizeof (dpp) and sizeof (dm) return these numbers

� Again, initialization to 2000 is a bad idea

� Now for same analysis, with (almost) same rules

Copyright c1997 by A. E. Naiman C++ Intro Slides|Pointers and Arrays, p. 14



2{D Pointers

syntax type lvalue rvalue comments

dpp double ** 6000 2000 name alone

dpp + 2 double ** | 2008 pointer arithmetic

*dpp double * 2000 r(2000)� pointer dereferencing

**dpp double 9788 r(9788) multiple dereferencing

dpp [3] double * 2012 r(2012)+ array syntax

Rule: foo [n] is just *(foo + n)

dpp [3][5] double 8884 r(8884) multi-array syntax

Rule: foo [n][m] is just *(*(foo + n) + m)

�say, 9788; +say, 8844
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2{D Arrays

syntax type lvalue rvalue comments

dm double [][11] | 7000 name alone

Rule: compiler needs to know how to jump, e.g., dm [1][0]

Rule: array type retains all dimensions except �rst

dm + 2� double [][11] | 7176 partial pointer syntax

Rule: dm + n is just rvalue of &(dm [n][0])

dm [2]� double [] | 7176 partial array syntax

Rule: dm [n] is just rvalue of &(dm [n][0])

dm [2][4] double 7208 r(7208) full array syntax

�note the same values, but di�erent types (and � �� arithmetic)
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