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Strutture Dati
• Concetti generali  - (Es. matrici sparse, tabelle)
• Liste - (statiche e dinamiche)
• Un esempio completo (liste dinamiche)

Fonti:

Antola Dispense del Corso
A. Ciampolini – UNI_BO – Lucidi del corso 
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�7HUPLQH� XVDWR� SHU� LQGLFDUH� XQ� WLSR� GL� GDWR� SUHVHQWH� LQ� XQ
OLQJXDJJLR�GL�SURJUDPPD]LRQH�
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�$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

�� YHWWRUL�H�PDWULFL�
�� WDYROH�
�� OLVWH�
�� LQVLHPL�
�� SLOH�H�FRGH�
�� DOEHUL�H�JUDIL�



Informatica B– Corso di Laurea Meccanici & Energetici

Strutture dati dinamiche - 2

Struttura dati 

-         

•  la dimensione della struttura dati non è nota a priori e varia
dinamicamente durante l’esecuzione del programma

•  se vengono usate variabili statiche (cioè dichiarate globalmente
o localmente) è necessario prevedere una dimensione massima.
Il compilatore, prima dell’esecuzione, determina la quantità di
memoria da allocare, che in esecuzione può risultare molto
sottoutilizzata.

Nei linguaggi di programmazione d’alto livello è, in generale,
disponibile un meccanismo che consente di riservare memoria
per una variabile durante l’esecuzione, cioè di crearla
dinamicamente. E’ ovviamente disponibile anche il meccanismo
che consente di rilasciare (rendere nuovamente disponibile) la
memoria allocata.
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�� HC� XWLOL]]DWD� VH� OD� PDJJLRU� SDUWH� GHL� YDORUL� PHPRUL]]DWL
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�'DWR� XQ� YDORUH� GHOOD� PDWULFH� VSDUVD�� HVLVWH� XQ� YDORUH� GHOOD
PDWULFH�FRPSDWWD�FKH�OR�UDSSUHVHQWD�VH�H�VROR�VH�LO�QXPHUR�GHL
FRPSRQHQWL� GHOOD� PDWULFH� FRPSDWWD� HC� VXIILFLHQWH� DOOD
PHPRUL]]D]LRQH� GHJOL� HOHPHQWL� GLYHUVL� GDO� YDORUH
SUHGRPLQDQWH�
�

�***HHHVVVWWWLLLRRRQQQHHH���

�OHWWXUD�� DFFHGL�0��L��M�
�VFULWWXUD�� PHPRUL]]D�0��L��M�YDO�
�

Ý�VL� KD� XQ� ULVSDUPLR� GL�PHPRULD��PD�XQ� FRVWR� SLXC� DOWR� GL
HVHFX]LRQH�SHU�OH�LVWUX]LRQL�GL�OHWWXUD�H�VFULWWXUD�

�$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

�� QHO�FDVR�SHJJLRUH� OD� IXQ]LRQH�DFFHGL� GHYH� DFFHGHUH� D� WXWWL
JOL�HOHPHQWL�GHOOD�PDWULFH�FRPSDWWD�

�� /D� VFDQVLRQH� GHJOL� HOHPHQWL� SHU� FRORQQD� HC� DQFK¶HVVD
FRVWRVD�

�(VLVWRQR�DOWUL�PHWRGL�FKH�IDFLOLWDQR�OD�VFDQVLRQH�SHU�ULJD�R�SHU
FRORQQD�
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R 4 6 0
1 2 1 1 8
2 4 1 4 11
3 5 2 3 21
4 6 3 4 15

4 3 3
10 10 0
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� LQW 5HGGLWR�
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�3HUVRQH>��@ 7DYROD�
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�6SHVVR�VRQR�PHPRUL]]DWH�VX�GLVSRVLWLYL�GL�PHPRULD�GL�PDVVD
�ILOH��
�� ,Q�&�VL�XWLOL]]DQR��ILOH�ELQDUL��OHWWXUD�H�VFULWWXUD�GL�VWUXWWXUH��
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�� LQVHULPHQWR�GL�XQ�HOHPHQWR��&KLDYH��$WWULEXWL!
�LQVHULVFL��WDYROD���FKLDYH���DWWULEXWL�  WDYROD

�

�� FDQFHOOD]LRQH�GL�XQ�HOHPHQWR��QRWD�OD�FKLDYH�
�FDQFHOOD��WDYROD���FKLDYH��  WDYROD

�

�� YHULILFD�GL�DSSDUWHQHQ]D�GL�XQ�HOHPHQWR
�HVLVWH��WDYROD���FKLDYH�� ERROHDQ

�

�� ULFHUFD�GL�XQ�HOHPHQWR�QHOOD�WDYROD
�ULFHUFD��WDYROD���FKLDYH�� DWWULEXWL

�

�/¶RSHUD]LRQH�GL�ULFHUFD�HC�OD�SLXC�LPSRUWDQWH�
�

Ý�6SHVVR� OD� UDSSUHVHQWD]LRQH� FRQFUHWD� YLHQH� VFHOWD� LQ� PRGR
GD�RWWLPL]]DUH�TXHVWD�RSHUD]LRQH�
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�6SHVVR� HC� QHFHVVDULR� JHVWLUH� H� PDQLSRODUH� LQ� XQ� SURJUDPPD
FROOH]LRQL� GL� GDWL� OH� FXL� GLPHQVLRQL� VRQR� VRJJHWWH� D� YDULDUH
GLQDPLFDPHQWH�

�$$$GGG���HHHVVVHHHPPPSSSLLLRRR���

�XQD� WDYROD� UHDOL]]DWD� FRPH� YHWWRUH� �GL�1� FRPSRQHQWL�� QRQ� H

VXIILFLHQWH�VH�GXUDQWH�O
HVHFX]LRQH�GL�XQ�SURJUDPPD�FL�VL�WURYL
D�GRYHU�LQVHULUH�O
�1����HVLPR�HOHPHQWR�
�

�666WWWUUUXXXWWWWWWXXXUUUHHH���GGGDDDWWWLLL���GGGLLLQQQDDDPPPLLLFFFKKKHHH���

�,O� &� �FRPH� DOWUL� OLQJXDJJL�� FRQVHQWH� GL� FUHDUH� VWUXWWXUH� GDWL
GLQDPLFKH�FROOHJDWH�DWWUDYHUVR�SXQWDWRUL�LQ�FXL�OD�PHPRULD�SHU
FLDVFXQ�HOHPHQWR�YLHQH�ULFKLHVWD� �HG�DOORFDWD��GLQDPLFDPHQWH
�WUDPLWH�OD�IXQ]LRQH�PDOORF��SUHOHYDQGROD�GDOO
DUHD�KHDS�
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punt                          *punt

�'''HHHDDDOOOOOORRRFFFDDD]]]LLLRRRQQQHHH���

�IUHH��SXQW��

�

punt         

�

�� 'RSR�TXHVWD�RSHUD]LRQH�
SXQW�QRQ�HVLVWH�SLXC��OD�PHPRULD
DOORFDWD� SHU� 
S� YLHQH� GL� QXRYR� LQVHULWD� QHOO
LQVLHPH� GHOOH
FHOOH�OLEHUH�GHOOR�KHDS��
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(memo)   Stacks

A stack is a logical construct that:

•  Is a “pile” or “collection” or “set”
   of items such that...

•  Items can only be added to the top

•  Items can only be taken off the top

•  “Last-in-first-out”  (”LIFO” )

Thing 1

Thing 2

Thing 3

•  Example: dish stack in cafeteria
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Tracciare l'Esecuzione con
l'Activation Stack

•  Box represents computer memory
•  Main program gets frame at bottom
•  Frame sized to hold Main’s variables
•  More variables, bigger the frame
•  In stack frame is where named variables
    really live

Main    this_var      that_var      other_var
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Tracing Execution with
the Activation Stack

Main    this_var      that_var      other_var

Proc_One    this_one           another_one

•  When Main calls a procedure, the procedure
   gets its own frame “pushed” on the stack

•  That frame is where the proc’s variables live

•  Main “goes to sleep” until Proc_One finishes

•  ONLY the top frame is active; all frames 
    underneath it snooze
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Tracing Execution with
the Activation Stack

Main    this_var      that_var      other_var

Proc_One    this_one           another_one

•  When the procedure completes its
    instructions, it’s frame is “popped”
    off the stack and all of its data dies

•  For value of this_one or
   another_one to survive, they must
   be passed to some var that will live,
   i.e., one below it on the stack
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How Parameters Work:
input parameters

Main    this_var  4   that_var 7   other_var 9

Proc_One    this_one  4         

if procedure’s formal parameter list is:

 void Proc_One  (int this_one) ...
             

and Main calls:

 Proc_One(this_var);

•  then this_one gets its own copy of the
   original value of this_var

• this_one  cannot change value of this_var
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How Parameters Work:
input/output parameters

if the procedure’s formal parameter list is:

 int Proc_Two  (int  this_one)....
           

and Main calls:

    this_var =  Proc_Two(that_var)

• then this_one doesn’t gets its own copy, it
   gets access to the original instead

• changes to this_one really change this_var

Main    this_var  4   that_var 7   other_var 9

Proc_Two    ret_val            this_one 
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Dynamic data

Example: 

• We must maintain a list of data
• At some moments, the list is small
   ... so we want to use only  a little memory

• At other moments, the list is large
   ... so we need to use more memory

• We need a way to allocate and deallocate
   data dynamically (i.e., on the fly)

• Declaring variables in the std way is static,
   won’t work here: we don’t know how 
   many variables to declare
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Introducing The Heap

Main      this_var         that_var          this_list4 7

12 18 21 23

•  The heap is memory not used by the stack
•  As stack grows, heap shrinks
•  Static variables live in the stack
•  Dynamic variables live in the heap

T
he

 h
ea

p
T

he
 s

ta
ck
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Dynamic data

•  We have two static Num variables, plus a
    dynamic list... known as a linked list
•  The list has (at the moment) 4 nodes
•  It also has one static pointer variable
    named this_list

•  this_list points to the first node
•  Each node points to the next node
•  The last node’s pointer is NIL

12 18 21

Main      this_var          that_var          this_list4 7

23
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Dynamic data

12 18 21

Main      this_var          that_var          this_list4 7

23

Detail view of struct node { ...

int  data; 

struct node  *next;...

Detail view of first node’s contents:

12

address  of 
2nd node

12
or

18
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Accessing Dynamic Records
via Pointers

When we “follow a pointer”, we say that we
dereference that pointer

The (->) symbol means “dereference
the pointer”. . . thus . . . 

   this_list->data

means “follow this_list to whereever
it goes; once there, access the data field”

12 18 21

Main      this_var          that_var          this_list4 7

23
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Changing Node data Values
via Pointers

12 18 21

Main      this_var          that_var          this_list4 7

23

Therefore:

   that_var = this_list->data;

changes that_var’s contents from 7 to 12

   this_list->data = this_var;

changes the first node’s contents from 12 to 4
        . . . giving us . . . 
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Changing Pointer Values

4 18 21

Main      this_var          that_var          this_list4 12

23

And:

   this_list = this_list->next

•  changes the contents of this_list so that
    it no longer tells us where the 1st node is 

•  instead, this_list now tells us where the 
   2nd node is . . . giving us . . . 
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Changing Pointer Values

Main      this_var          that_var          this_list4 12

4 18 21 23

Note that nothing points to the first node

•  we can no longer “get at it”: it has no 
   pointer pointing to it 

•  the first node is now “lost in space”
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Deallocating a Node

•  With the old 1st node killed, the list has 
    shrunk to 3 nodes, freeing up heap space

•  If we want to kill the node containing 21,
   we arrange to have nothing pointing to it, e.g.,

this_list->next = this_list->next->next
                    

                (note the dotted lines)

Main      this_var          that_var          this_list4 12

18 21 23
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