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Thecallstack
- Suppose a function A calls another function B, which calls C .

- During execution , control passes from (the code for) A ,
to B

,
then to e.

- When execution of C ends
,
control must return to B

,

and then to A :

→A-B→c→ . . .

← ←
← ←

- At each function call
,
the system records where

control should return to by

pushinganactirationrecordouthecallstack-The.cat
stack also records all local variables

,

including the arguments to the function call .



qq.ackt-kttroti~o.ir f↳ int mainLIE ↳call stack for↳ int a-- 1: this process↳ int b = f- (2) ;
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Dynamictlemoryerlteap.la
riables declared in functions are stored on the caIstack.

These variables
- are of fixed size
- are destroyed when the function they
are defined in terminates .

• We often want a function f to create data
that can be used after f- returns

.

- In particular , dynamic data structures require this !

•This data is stored in
" the heap

"

,
a region

of
memory

that is allocated dynamically
as needed .





F-xiBasictypesoncakstackklteap.lk
int n ; ✗ n is on stack

A- 6 ;

int * np ; ✗ np is on stack

np = new int ;D new int is stored in heap

* np = 7 ; ✗ np points to the location .

}



F-xiBasictypesoncakstackklteap.lk.

int n ; ✗ n is on stack

/A- 6 ;
int * np ; ✗ np is on stack

Unp = new int ;✗ new int is
stored in heap

At * np = 7 ; ✗ np points to the location .

call stack'

-1Ey→÷;:t6

-
Rp is a pointer to

the location on the heap .

*When f- ends
, np is gone

(the stack is popped) ,
but the space it pointed to isnot .
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List * A){
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":"÷:List L ;

hitp ;
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returning

mainA{
: { heap ./ List * 1st = fl) ;

g
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(↳sInstancesonHeapkSta

List * A){
entire "

.

List L ; object/ List * Lp ;
:/ • ↳ = new ↳+ ↳ ,
:

return lptreturns pointer
} ✗ to #

mainD{

object .
✗£

:
entire list

List * lst=( : Lst becomes a

pointer to the
list object *
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Using the Textbook List Class " " ""

E%t.- thesite ↳ main
-
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The List class ( A- doubly - linked list implementation of a list ADT)

list element

f)pointer to next node=⑤E-pointer to previous node
-

F)
Hodes
]

•

-

• 5 F- • 6

'

•→ •
7

'

←→ ⑦ { • • • ⑤↳%">-
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The List Class ( A doubly - linked list implementation of a list ADT)

←
# of list elements

-pointer to first list element
-[

pointer to last list element

head • tail

→↳
?-•

9 II. 5 ⇒ •
a T.rs ⇒ •

3
•→ ?

-
{9,5,6,7 , 3}



The List class ( A- doubly - linked list implementation of a list ADT)

head ; tail ; } a0 ? o→µ ? 0
pot oot

head
] IT1- ③ (5)To
5

717

° ? o.TL?.?Po

head & tail

offto ↳ 4.5.67qf
7- 5--67,

0 ? 0
of
? 0



The List class - Constructor
head tail

€
head tail

p p
prev next prev next

0 ? o o ? 0

✓
head tail

17 17

prey n%t→prev next
=

-0 ? o

f✓F-
-



The List class - The iterators

Date : Hode * current ;D a pointer to a Node .

✗(the List iterators are
✗ implemented with pointers)

Constructors : iterator ( Hode x-p) : const- iterator { p} { }

const- iterator ( Node x-p) : current { p }

✗ turns a pointer into an iterator.

function iterator end1) { return iterator (tail)
✗ turns the tail pointer into the iterates

"
end

"

.

11 it corresponds to
"

just past the end
"

✗ of the list .



The List class - the push-back function

✗ add an element to the tail end of the list
void push - back ( coast object & x){ insert / endC) , x):}

the end iterator J P
element to add

iterator insert ( iterator itr
,
coast object & x) {

Hode * p = itr. current ;D turns the iterator into a pointer
++ theSite ;Dincrements size variable
return iterator ( )← turns the pointer into an iterator

p-opreir-p-prev-next-newwodelx.p-prev.pt
--
makes a new node Hstores a pointer to

H in p→ prev and

in p→ prev→ next .

}



The List class - Inserting the first element .
←
this is end

head tail iterator insert ( iterator coast object & x){
I 17 Hode *p=it¥ this is tailprev next

g-
pre" next

° too ? 0 1-+ theSize ;

}
return iterator (E)← turns pointer into iterator

* p→ prev =p→ prev-> next

= new Node (x, p->prev , p)head tail p •

17 17
prev nextpre" "IT
• ? 00
←



The List class - Inserting the first element .
←
this is end

head tail iterator insert ( iterator coast object &x){
I 17 Hode *p=it¥ this is tailprev next

g-
pre" next

° to ? 0 1-+ theSize ;

}
return iterator (E)← turns pointer into iterator

* p-opreir-p-pre.ir> next

= new Nodelx, p→prev , p)
head tail p . P P Peinitial

pre"
"
next pre"

"
next] new list initial value

0 •→ • ? o element value of
t of prev

next

p[dq next]
•



The List class - Inserting the first element .

head tail iterator insert ( iterator itr
,
coast object & x) {

☐

"
pre"
"
next

Hode * p = itr. current ;µpre" "IT
• ? 0← ++ theSite ;

}
return iterator (E)← turns pointer into iterator

head tail p •

* p→ prev =p→ prev→ next

0
Pre" next
]

prev

"

neff
••

"

? 0
•

✓

= new Node (×, p->prev , p)
-

pointer to new nodep;[ next]
⑧ go

head tail

prev next egP]prev

"

nek.jo#oo
"
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The List class - Inserting the first element .

head . tail . iterator insert ( iterator itr
,
coast object & x){

prev

"
next

t

o ? •→
Pre" next =L)

Hode * p = itr. current ;µ

←• ? 0
++ theSite ;

}
return iterator (E)← turns pointer into iterator

head . tail • p •

* p→ prev =p→ prev→ next
prev

"
next

t )
prev next

- = new Node (×, p->prev , p)0 ? •→←• ? 0
-

pointer to new nodep;[ next]
⑧ go

head • tail •
head • tail .

17 17
prev next egP]"

?
"

¥@f¥*•• ? o prev

"
next prev next prev

"
next

0 ? •¥• ✗ ••→← ? 0
⇒:&" Pd

• ✗ so
= (x)



Using the Textbook List Class " " ""
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Linked List Ends

head tail

←→o?§ g?o←•
head & tail

,qto
{45,6) : •%•→←

.

5=>-1 ! ✓g.
047-57-60

head tail

←→o ? g q ?o←
.

✓g.

head
of 1¥

.

et(5) : £4.5 : 5

head q,
• tail
$① "

0 ? 0¥ ? o ✓f. head o tail o



End



The List class - Inserting the first element .

head tail iterator insert ( iterator itr
,
coast object & x) {

prev

"
next pre,

"
next

Node * p = itr. current ;D turns iterator into pointer
0 of • ? o 1-+ theSize ;
←

}
return iterator (E)← turns pointer into iterator

* p→ prev =p→ prev→ next

= new Node (x, p->prev , p)



void push -back ( coast Object & A) {
insert endD

,
x ) ;

}

iterator insert ( iterator itr
,
const object & x) {

Hode * p = its . current ;

++ theSize ;
return iterator(

p→prev =p→ prev→ next -_ new
Hode (x

, p→prev, p)) ;
I



-



(aKStackIkustrati_ :

fint mainA{ call stack for
int a--1: this process
int b = f- (2) ;
return 0

}

int flint c){
int d- 3;
int e=gH) ;
return e ;

3
Code

int glint i ){ for g.
code

>
return ." /É

code
for



↳ int mainLIE
a- /

↳int a--1: this process↳int b = f- (2) ;a
"" "

¥
"

④eturµ}

↳ int d- 3;

↳ return e ;
3;::÷÷::÷÷code
} code
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