Linked Lists

Part Two



Recap from Last Time



Linked Lists

» A linked list is a data structure for storing a
sequence of elements.

 Each element is stored separately from the rest.

 The elements are then chained together into a
sequence.

 The end of the list is marked with some special
indicator.
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A Linked ListT is Either..

~an empTy list,
represented by ®
S

nullptr, Or..
a single linked list . at another linked
cell That points.. list,




New Stuff!



A Problem



Why did this program
crash?

Formulate a hypothesis, but
don’t post anything in
chat just yet.




Why did this program
crash?

Now, post your hypothesis
in chat. Not sure? Just
answer with “??”




Stack Overtlows

« Recursive code can result in stack
overflows in cases where the recursion
requires too many stack frames to finish
a calculation.

* This means that recursion might not be
the best strategy for manipulating linked
lists, especially if those lists get really
long.

« What should we do instead?



Processing Lists Iteratively



int main() {
Cell* list = readList();
cout << lengthOf(list) << endl;

[/* .. other listy things. .. */

}




infmain() £
Cell* list = readList();
Cout << teng 1st) << endl;

/* .. other listy things. .. */

}




infmain() £

Cell* list = readList();
;EEET‘EE‘TEﬁﬁfﬁUTTTTgfj‘Ei endl;

/* .. other listy things. .. */

}
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int main().{

* = st ()
|cout << lengthOf(list) << endl; ]

/* .. other listy things. .. */

}

— pudu: j%uokkaz j dikdik:
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int result = 0;

result++;

}

return result;

}

list

int lengthOf(Cell* list) {
while (list != nullptr) {

list = list->next;
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result++;

}

return result;

list

pudu

list = list->next;
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result++;
list = list->next;

}

return result;

list result

0
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int lengthOf(Cell* list) {

[while (list != nullptr) {

resutt++,
list = list->next;

}

return result;

}

list result

0
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int lengthOf(Cell* list) {
int result = 0;

whi (list !'= nullptr) {
= St->next;
}

return result;

}

list result

0
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int lengthOf(Cell* list) {
int result = 0;

whi (list !'= nullptr) {
= St->next;
}

return result;

}

list result

1
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int lengthOf(Cell* list) {
int result = 0;
while (list != nullptr) {

-I--I-;
|list = list->next;]
}

return result;

}

list result

1
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int lengthOf(Cell* list) {
int result = 0;
while (list != nullptr) {

-I--I-;
|list = list->next;]
}

return result;

}

list result

1
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int lengthOf(Cell* list) {

}

result = 0;
lwhile (list != nullptr) {
T+,

list = list->next;

}

return result;

list

result

1
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int lengthOf(Cell* list) {
int result = 0;

whi (list !'= nullptr) {
= St->next;
}

return result;

}

list result

1
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int lengthOf(Cell* list) {
int result = 0;

whi (list !'= nullptr) {
= St->next;
}

return result;

}

list result

2
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int lengthOf(Cell* list) {
int result = 0;
while (list != nullptr) {

-I--I-;
|list = list->next;]
}

return result;

}

list result

2
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int lengthOf(Cell* list) {
int result = 0;
while (list != nullptr) {

-I--I-;
|list = list->next;]
}

return result;

}

list result

2
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int lengthOf(Cell* list) {

}

result = 0;
lwhile (list != nullptr) {
T+,

list = list->next;

}

return result;

list

result

2
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int lengthOf(Cell* list) {
int result = 0;

whi (list !'= nullptr) {
= St->next;
}

return result;

}

list result

2
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int lengthOf(Cell* list) {
int result = 0;

whi (list !'= nullptr) {
= St->next;
}

return result;

}

list result

3
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int lengthOf(Cell* list) {
int result = 0;
while (list != nullptr) {

-I--I-;
|list = list->next;]
}

return result;

}

list result

3
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int lengthOf(Cell* list) {
int result = 0;
while (list != nullptr) {

-I--I-;
|list = list->next;]
}

return result;

}

list result

3
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int lengthOf(Cell* list) {

}

result = 0;
lwhile (list != nullptr) {
T+,

list = list->next;

}

return result;

list

result

3
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int lengthOf(Cell* list) {
int result = 0;
while (list != nullptr) {
result++;
list = list->next;
Y
[return result;]

}

list result

3
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int main().{

* = st ()
|cout << lengthOf(list) << endl; ]

/* .. other listy things. .. */

}

— pudu: j%uokkaz j dikdik:




Printing a List



int main() {
Cell* 1list = readlList();
printList(list);

[/* .. other listy things. .. */

}




inftmain() {
lCell* list = readList();]
PrintLlst(List);

[/* .. other listy things. .. */

}




infmain() £

}

lCell* list = r
PrLNCLLSC(LLSL),

[* ..

gadList();]

other listy things. .. */
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int main() {
* list = ist();
printList(list);

/* .. other listy things. .. */

}

— pudu: j%uokkaz j dikdik:
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void printList(Cell* list) {
while (list != nullptr) {
cout << list->value << endl;
list = list->next;

}

}
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vojd printlist(Cell* ligt) {

lwhtle (llst = nullptr) {
cou TSt->vatue << endl;

list = list->next;
}

}
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void prlntLlst(Cell* list) {
| — nu11n+r\ f
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void printList(Cell* list) {
while (list != nullptr) {

cout << list- << endl;
[list = list->next;

}

}
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void printList(Cell* list) {
while (list != nullptr) {

cout << list- << endl;
[list = list->next;

}

}

pudu j%uokkaz j dikdik:




vojd printlist(Cell* ligt) {

lwhtle (llst = nullptr) {
cou TSt->vatue << endl;

list = list->next;
}

}
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void printList(Cell* list) {

whti:;ififi;:i:z:zi:fnl_i
cout << list->value << endl; ]

}

}
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void printList(Cell* list) {
while (list != nullptr) {

cout << list- << endl;
[list = list->next;

}

}
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void printList(Cell* list) {
while (list != nullptr) {

cout << list- << endl;
[list = list->next;

}

}

pudu j%uokkaz j dikdik:




Vo . . . 1
while (list != nullptr) {

COUt << List->vatue << endl;
list = list->next;

}

}
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void printList(Cell* list) {

whti:;ififi;:i:z:zi:fnl_i
cout << list->value << endl; ]

}

}
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void printList(Cell* list) {
while (list != nullptr) {

cout << list- << endl;
[list = list->next;

}

}

pudu j%uokkaz j dikdik:




void printList(Cell* list) {
while (list != nullptr) {

cout << list- << endl;
[list = list->next;

}

}

pudu j%uokkaz j dikdik:




Vo . . . 1
while (list != nullptr) {

COUt << List->vatue << endl;
list = list->next;

}

}
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int main() {
* list = ist();
printList(list);

/* .. other listy things. .. */

}

— pudu: j%uokkaz j dikdik:




What will happen if we
reverse these two lines?

Formulate a hypothesis, but
don’t post anything in
chat just yet.




What will happen if we
reverse these two lines?

Now, post your guess In

chat. Not sure? Just answer
with “??”
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Freeing a Linked List, Iteratively



First, the Wrong Way



void deletelList(Cell* 1list) {
/] WRONG WRONG WRONG WRONG
/] WRONG WRONG WRONG WRONG

while (list != nullptr) {

delete list;
list = list->next;
}

} list




void deletelList(Cell* 1list) {
/] WRONG WRONG WRONG WRONG
/] WRONG WRONG WRONG WRONG

lwhile (list != nullptr) {

list = list->next;
}
} list




void deletelList(Cell* 1list) {
/] WRONG WRONG WRONG WRONG
/] WRONG WRONG WRONG WRONG

wh1 (1ist '= qullptr) {
delete list;
= —>next;

}
} list




void deletelList(Cell* 1list) {
/] WRONG WRONG WRONG WRONG
/] WRONG WRONG WRONG WRONG

whi (list '= qullptr) {
idelete list;!
= —>next;
}
P sty

delete




void deletelList(Cell* 1list) {
/] WRONG WRONG WRONG WRONG
/] WRONG WRONG WRONG WRONG

wh1 (1ist '= qullptr) {
delete list;
= —>next;

}
} list




void deletelList(Cell* 1list) {
/] WRONG WRONG WRONG WRONG
/] WRONG WRONG WRONG WRONG

while (list != nullptr) {
delete list:

[list = list->next;]

}
} list




void deletelList(Cell* 1list) {
/] WRONG WRONG WRONG WRONG
/] WRONG WRONG WRONG WRONG

while (list != nullptr) {
delete list;

list = list->next;

list




void deletelList(Cell* 1list) {
while (list != nullptr) {

delete list;
list = list->next;
}
}




void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* next = list->next;
delete list;
list = list->next;

}

}




void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* next = list->next;
delete list;
list = next;

}

}




void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* next = list->next;
delete list;
list = next;

}

}




voj i * L
while (list != nullptr) {

Cell™ next = (1st->next,
delete list;
list = next;

}

}




void deletelList(Cell* 1list) {

wh =
Cell* next = list->next;

list = next;

}

}




void deletelList(Cell* 1list) {

wh =
Cell* next = list->next;

list = next;

}

}




void deletelList(Cell* 1list) {

while (list != nullptr) {
Cell* pnext = list->next;
delete list;

3




void deletelList(Cell* 1list) {

while (list != nullptr) {
Cell* pnext = list->next;
delete list;

3




void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* next = list->next;

|list = next;l

}
}




void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* next = list->next;

|list = next;l

}
}




void deletelList(Cell* 1list) {
while (list != nullptr) {

Cell* next = list->next;

delete list;

list = next;




void deletelList(Cell* 1list) {
while (list != nullptr) {

Cell* next = list->next;

delete list;

list = next;
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voj i * L
while (list != nullptr) {

Cell™ next = (1st->next,
delete list;
list = next;

}

}

> quokka: j dikdik:




void deletelList(Cell* 1list) {

wh =
Cell* next = list->next;

list = next;

}

}

> quokka: j dikdik:




void deletelList(Cell* 1list) {

wh =
Cell* next = list->next;

list = next;

}

}




void deletelList(Cell* 1list) {

while (list != nullptr) {
Cell* pnext = list->next;
delete list;

3




void deletelList(Cell* 1list) {

while (list != nullptr) {
Cell* pnext = list->next;
delete list;

3




void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* next = list->next;

llist = next;l

}
}




void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* next = list->next;

llist = next;l

}
}




void deletelList(Cell* 1list) {
while (list != nullptr) {

Cell* next = list->next;

delete list;

list = next;




void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* next = list->next;
delete list;
list = next;

dikdik




Vo1

}

list(Cell* 1ist)
while (list != nullptr) {

delete list;
list = next;
}

dikdik




void deletelList(Cell* 1list) {

wh =
Cell* next = list->next;

list = next;

}

}

» dikdik!




void deletelList(Cell* 1list) {
wh1 ' | =
Cell* next = list->next;

3

list = next;

}

}

dikdik




void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* pnext = list->next;
delete list;

3
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void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* pnext = list->next;
delete list;

3




void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* next = list->next;

|list = next;l

}

}




void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* next = list->next;

|list = next;l

}

}




void deletelList(Cell* 1list) {
while (list != nullptr) {

Cell* next = list->next;

delete list;

list = next;




void deletelList(Cell* 1list) {
while (list != nullptr) {

Cell* next = list->next;

delete list;

list = next;




Vo1

}

list(Cell* 1ist)
while (list != nullptr) {

delete list;
list = next;
}




void deletelList(Cell* 1list) {
while (list != nullptr) {
Cell* next = list->next;
delete list;
list = next;
}

}




Pointers Into Lists

 When processing linked lists iteratively, it’s
common to introduce pointers that point to
cells in multiple spots in the list.

» This is particularly useful if we’re destroying
or rewiring existing lists.

list

pudur

next

guokkar

J
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Building a Linked List



Cell* result = nullptr;
while (true) {

}

return result;



Cell* result = nullptr;
while (true) {

}

return result;



lCell* result = nullptr; ]
while (true) {

}

return result;
result




|while (true) E ]

}

return result;
result




|while (true) E ]

string [ine = getline("Next entry? ™);
if (line == "") break;

}

return result;

result




Cell* result = nullptr;

A\
l string line = getlLine("Next entry? "); ]

1t (tine == ) break,

}

return result;

result




Cell* result = nullptr;

A\
| string line = getlLine("Next entry? "); ]

1t (tine == ) break,

line

} dikdik

return result;

result




Cell* result = nullptr;
while (true) {

if (line == "") break;

}

return result;

line

dikdik

result




Cell* result = nullptr;
while (true) {

if (line == "") break;

Cell* cell = new Cell;

}

return result;

line

dikdik

result




Cell* result = nullptr;

while (true) {
string line = getLine("Next entry? ");
if (line == "") break;

[ Cell* cell = new Cell; ]

line

} dikdik

return result;

result




Cell* result = nullptr;

while (true) {
string line = getLine("Next entry? ");
if (line == "") break;

[ Cell* cell = new Cell; ]

line

} dikdik

return result;
cell result




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

[

Cell* cell = new Cell;

}

return result;

cell

line

dikdik

result

?2??




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

[

Cell* cell = new Cell;

}

return result;

cell

line

dikdik

result

?2??




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;
[ Cell* cell = new Cell; ]
cell->value = (1ne;
line
} dikdik!
return result;
cell result

?2??




Cell* result = nullptr;
while (true) {
string line = getLine("Next entry? ");

if (line == "") break;
—_ Cell;
| cell->value = line; ]
line
} dikdik !
return result;
cell result

?2??




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;
= Cell;
| cell->value = line;

}

return result;

cell

line

dikdik

result

dikdik
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Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

= Cell;
| cell->value = line;

cell->next = result;

}

return result;

cell

line

dikdik

result

dikdik

?2??




Cell* result = nullptr;

while (true) {
string line = getLine("Next entry? ");
if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

| cell->next = result; | Line

} dikdik

return result;
cell result

ol dikdike
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Cell* result = nullptr;

while (true) {
string line = getLine("Next entry? ");
if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

| cell->next = result; | Line

} dikdik

return result;
cell result

ol dikdike




Cell* result = nullptr;
while (true) {
string line = getLine("Next entry? ");

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result;

line

}

result = cell;

return result;

cell

dikdik

result

dikdik




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");
if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

oll-snext osult: Line

result = cell; dikdik !

h

return result;

cell result

ol dikdike




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");
if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

oll-snext osult: Line

result = cell; dikdik !

h

return result;

cell result




Cell* result = nullptr;

while (true) {
string line = getLine("Next entry? ");
if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result; line
——Fesult—=—ceall; L
} ’ dikdik
return result;
cell result




Cell* result = nullptr;

while (true) {
string line
if (line ==

= getLine("Next entry? ");

"") break;

Cell* cell = new Cell;

cell->value

cell->next

1‘

= line;

result;

1 .
<3

i

return result;

result

dikdik:




Cell* result = pullptr;

while (true) { ]
T he = T X EGRDK
if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result;
result = cell;

}

return result;
result

dikdik __//4.<:EE;>




Cell* result = nullptr;

A\
| string line = getlLine("Next entry? "); ]

1t (tine == ) break,

Cell* cell = new Cell;
cell->value = line;

cell->next = result;
result = cell;

}

return result;
result

dikdik __//4.<:EE;>




Cell* result = nullptr;

A\
| string line = getlLine("Next entry? "); ]

1t (tine == ) break,

Cell* cell = new Cell;
cell->value = line;

cell->next = result; line
} result = cell; .
return result;
result

dikdik __//4.<:EE;>




Cell* result = nullptr;
while (true) {

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result;
result = cell;
}

return result;

line

guokkar

result

dikdik
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Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

Cell* cell = new Cell;

cell->value = (1ne;

cell->next = result;
result = cell;

}

return result;

line

guokkar

result

dikdik
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Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

Cell* cell = new Cell;

cell->value = (1ne;

cell->next = result;
result = cell;

line

guokkar

result

}

return result;
cell
???

dikdik
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Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

—Cellx cell =—pewCell;
cell->value = line;

cell->next = result;
result = cell;

line

guokkar

result

}

return result;
cell
???

dikdik

QO




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

—Cellx cell =—pewCell;
cell->value = line;

cell->next = result;
result = cell;

line

guokkar

result

y

}
return result;
cell
guokkar
???

dikdik
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Cell* result = nullptr;

while (true) {
string line = getLine("Next entry? ");
if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result; line
} result = cell; el
return result;
cell result

guokka! dikdik!
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Cell* result = nullptr;

while (true) {
string line = getLine("Next entry? ");
if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result; line
} result = cell; el
return result;
cell result

guokka! j dikdik! /®




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");
if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

~oll-snext osult: Line

} result = cell; guokka!

return result;

cell result

guokka! j dikdik: /®




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");
if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

~oll-snext osult: Line

} result = cell; guokka!

return result;

cell result

guokka! j dikdik: /®




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result;
result = coll:

}

Teturn resuLlc,

line
guokkar
cell result
I
guokka! dikdik
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Cell* result = nullptr;

while (true) {
string line = getLine("Next entry? ");
if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result;
result = coll:

Teturn resuLlc,

result

guokka! j dikdik:




Cell* resnlt = pullptr:
while (true) {

—_ String tine = getLine( Next entry?: J;

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result;
result = cell;

}

return result;
result

guokkar j dikdik




Cell* result = nullptr;

) {
l string line = getLine("Next entry? ");

1T ((ine == ") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result;
result = cell;

}

return result;
result

guokkar j dikdik




Cell* result = nullptr;

) {
l string line = getLine("Next entry? ");

1T ((ine == ") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result; line

result = cell;

) pudur

return result;
result

guokka! j dikdik: /®




Cell* result = nullptr;
while (true) {

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result; line

} result = cell; Puoluz
return result;

result

guokka! j dikdik: /®




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

Cell* cell = new Cell;

—Cett-svatue = ttine:

cell->next = result;
result = cell;

}

return result;

line

pudur

result

guokkar

dikdik

QO




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

Cell* cell = new Cell;

—Cett-svatue = ttine:

cell->next = result;
result = cell;

line

pudur

result

}
return result;
cell
i f
guokkar
???

dikdik

QO




Cell* result = nullptr;
while (true) {
string line = getLine("Next entry? ");

if (line == "") break;
— fellx coll = Cell;
cell->value = line;
cell->next = result; line
} result = cell; Puolw
return result;
cell result

guokka dikdik:
727 J /®




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

— Cell* cell = new Cell;

cell->value = line;

cell->next = result;
result = cell;

}

return result;
cell
pudur
???

line

pudur

result

y

guokkar

dikdik

QO




Cell* result = nullptr;
while (true) {
string line = getLine("Next entry? ");

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result;

line

}

result = celLl,;

return result;

cell

i

pudur

???

pudur

result

y

guokkar

dikdik

QO




Cell* result = nullptr;
while (true) {
string line = getLine("Next entry? ");

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result;

line

}

result = celLl,;

return result;

cell

i

pudur

result

y

guokkar

pudu: j

dikdik

QO




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

——cell-2pext = rosult; Line
} result = cell; Puolu!
return result;

cell result

i

y

guokkar

pudu: j

dikdik

QO




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

——cell-2pext = rosult; Line
} result = cell; Puolu!
return result;

cell result

guokkar

pudu: j

dikdik

QO




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result; line
result = cell:
} i pudur
recturn resuclc,
cell result

guokkar

pudur j

dikdik

~Q




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry?

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result;
result = coll:

");

line

}

pudur

Teturn resuLlc,

result

guokkar

pudu: j

_//" dikdik:

QO




Cell* result = nullptr;
while (true) {

string line = getLine("Next entry? ");

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result;
result = cell;
}

return result;

It’s a bug: these elements
are in the wrong order!

guokkar

pudu: j

dikdik

result




Cell* result = nullptr;
while (true) {
string line = getLine("Next entry? ");

}

if (line == "") break;

Cell* cell = new Cell;
cell->value = line;

cell->next = result;
result = cell;

return result;

It’s a bug: these elements
are in the wrong order!

It’s a feature: we just
implemented a stack using
linked lists!

result

pudu: j

guokka! j dikdik




Your Action Items

* Read Chapter 12.1 - 12.3.
* It’s a good overview of linked lists.
 Work on Assignment 7

 Need help? Come talk to us! That’s what
we’re here for.



Next Time

 Pointers By Reference
 Combining two types of indirection!
* Tail Pointers
« Tracking the start and end of a list.
* Variations on Linked Lists
 What linked lists look like “in the wild.”
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