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Fortsattning lankade strukturer
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Insattning och borttagning ur en lankad lista med first och last-pekare

» Prepend — skapa en ny lank forst i listan
list->first = link create(element, list->first);

Sarfall: nar listan ar tom maste aven last-pekaren uppdateras

» Append — skapa en ny lank sisti listan

list->last = (list->last->next = link create(element, NULL)): // fast skriv inte sa har
Sarfall: nar listan ar tom maste aven first-pekaren uppdateras

» Borttagning — lanka ur

link_t *prev = list_find previous_link(list->first, element);
link_t *to_unlink = prev->next;

prev->next = to_unlink->next;

free(to unlink);

Sarfall: nar listan ar tom eller nar det forsta elementet skall tas bort
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list t
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Prepend i en tom lista

value

value value

link t

list_t list_t list t
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value value value

“var” nya link_t

75 75 (&,

list_t list_t list_t
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.
-

Append

value value value
“var” nya link_t
? ? ?

list t list t list t



L RS S e NS Bee o iy NS S R W N E AR

.
-

Append

value value

list t list t



L RS S S NG Bee oy NS SR W NN

12 17 > 42 N
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12 17 > 42 N
//
link t
[

-
list t
”Sentinel”
2727 > 12 > 17 > 4D N
/ h
< / link_t

list t
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bool list remove first(list t *1, int value)

"Trick” — lagg till en extra tom lank forst i varje lista {
58 : link_t *prev = list find previous_link(l->first, value);
Pa sa satt forsvinner sarfallet vid borttagning av first . {(prev)
iom att det alltid finns en foregaende lank link_t *to_unlink = prev->next:
. . _ _ ) . o prev->next = to_unlink->next;
list_find_previous_link() arnumer alltid mojlig Yo welue = o URlihkesyEilie:
att anropa free(to unlink):
return true; // ALL OK
}
else ...
“"Sentinel”
2707 > 12 > 17 > 02
//?

link t

N -

list t




LR B AN e 2 NS SR e

Problemet med "foregaende lank” ar att det inte alltid
finns nagon sadan

Daremot finns det alltid en "inkommande pekare”

Insikt: for att [anka ur en l[ank behover vi veta var i
minnet pekaren till [anken ar sparad, sa att vi kan
skriva en ny pekare till den platsen

link t

list t
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bool list remove first(list t *1, int value)

t

Problemet med "foregaende lank” ar att det inte alltid
5 link_t **prev = list find previous _ptr(&l->first, value);

finns nagon sadan if (*prev)
) . . . i
Daremot finns det alltid en "inkommande pekare’ link_t *to_unlink = (*prev)->next:
| ) ) ) ) | . *prev = to_unlink->next;
Insikt: for att l[dnka ur en [ank behover vi veta var i int value = to unlink->value:
minnet pekaren till [anken ar sparad, sa att vi kan free(to_unlink);
skriva en ny pekare till den platsen return true; // ALL OK
}
else ...
. 12 > 17 > 02
rE_——4
link t
—

list t
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bool list remove first(list t *1, int value)

t

Problemet med "foregaende lank” ar att det inte alltid
5 link_t **prev = list find previous _ptr(&l->first, value);

finns nagon sadan if (*prev)
.. . . 99 . 3] {
Daremot finns det alltid en "inkommande pekare link_t *to_unlink = (*prev)->next:
| ) ) ) ) | . *prev = to_unlink->next;
Insikt: for att l[dnka ur en [ank behover vi veta var i int value = to unlink->value:
minnet pekaren till [anken ar sparad, sa att vi kan free(to_unlink);
skriva en ny pekare till den platsen return true; // ALL OK
}
else ...
- \
prev
. 12 > 17 > 02
rE_——4
link t
—

list t to unlink
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Alternativ till sentinel — pekare in 1 en struktur

bool list remove first(list t *1, int value)

t

link_t **prev = list find previous ptr(&§l->first, value);

» Problemet med "foregaende lank” ar att det inte alltid

finns nagon sadan if (*prev)

1

Daremot finns det alltid en "inkommande pekare’ link_t *to_unlink = (*prev)->next:
| ) ) ) ) . . *prev = to_unlink->next;

Insikt: for att l[dnka ur en [ank behover vi veta var i int value = to unlink->value:
minnet pekaren till [anken ar sparad, sa att vi kan free(to_unlink);

skriva en ny pekare till den platsen return true; // ALL GOOD

|
else ...
PIev'//’,’f ‘\\\\\\\\\
e
— 12 17 > L7
/)

link t

to unlink

list t
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bool list remove first(list t *1, int value)

t

Problemet med "foregaende lank” ar att det inte alltid
5 link_t **prev = list find previous _ptr(&l->first, value);

finns nagon sadan if (*prev)
) . . . i
Daremot finns det alltid en "inkommande pekare’ link_t *to_unlink = (*prev)->next:
| ) ) ) ) | . *prev = to_unlink->next;
Insikt: for att l[dnka ur en [ank behover vi veta var i int value = to unlink->value:
minnet pekaren till [anken ar sparad, sa att vi kan free(to_unlink);
skriva en ny pekare till den platsen return true; // ALL GOOD
}
else ...
prev to_unlink

.

12 > 17 > 42

link t

list t
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link t

first

list_t

02

nhext

hext

link t

17

link t

last

12

hext

link_t *find_previous_link(list_t *list,

int value)
{
link t *cursor = list->last;
do
{
if (cursor->next->value == value)
{
return CUursor;
}
CUISOT = CUISOI->next:;
}
while (cursor->next != list->first):
return NULL; // nothing found
|
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prev orev

nhext PNt

link t link t link t

first

last

list t
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int list remove(list t *1list, int index)

{
if (list size(list) > index)
{
link t *cursor = list->first;
for (int 1 = 0; i < index; ++1i) if (list->first == cursor)
1 1
CUXSOI = Cursor->next:; list->first = cursor->next;
] }
if (list->last == cursor)
if (cursor->next) |
{ list->last = cursor->prev;
CUISOI->next->prev = CULSOI->pIrev; }
|
if (cursor->prev) int tmp = cursor->value;
{ free(tmp);
Cursor->prev->next = cursor->next; return tmp;
] }
else
1
/// TODO: handle errors
}
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Tradstrukturer

» Sokning i listor har linjar tidskomplexitet — O(N) < < <
Varje varviloopen betarviav 1 av N element

o SOkningibinara soktrad har tidskomplexitet O(log n) —
meaning the depth of the tree
< <

Varje varv i loopen halverar sokrymden
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Implementation av binara soktrad i1 C

typedef struct tree tree_t; Root
typedef struct node node_t;

struct tree

1

node t* root;
1
right

left
struct node

1

int value;
node t* left;
node_t™* right; s

} ) left right loft right

O 00
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Implementation av binara soktrad i1 C

bool tree contains(tree t *t, int value)
Root

1

if (t->root)

1

node t *n = t->root;

while (n)
1
if (n->value == value) return true; right
n = (n->value > value) ? n->left : n->right; left
}
:::: right
return false;
}
}

return false;
}
else .

left

right loft
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Implementation av binara soktrad i1 C

bool tree insert(tree t *t, int value)

1

if (t->root)

1

return node insert(t->root, value);

t->root = node_create(value); left
return true:

5
| (0

left

Root

right loft right

O 00
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Implementation av binara soktrad i1 C

. .
bool node insert(node t *n, int value) Root

1

if (n->value == value) return false:

node_ t **w = (n->value > value)

? Gn->left
: Gn->right;
right

£ (") left
1
return node insert(*w, value);
]
else ( ‘ '
{ left right loft right

*w = node_create(value):;

return true;
}
}
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Avbildningen map (kand fran inlamningsuppgift 1)

» |nterface

put(key, value)

get(key)

» Hash map goridealiskt uppslagningen i konstant tid O(N)

Effektivimplementation iom hashing och backning pa en array

» Tree map gor uppslagningen | O(log N) tid

Sokning i tradet
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Treemap for ett trad med heltalsnycklar och strangvarden

typedef struct tree tree_t; Root
typedef struct node node_t;

struct tree

1

node t* root;
} ; ”five”

struct node

1

1nt Kkey;
char *value; ”two” nine
node t* left;
node_t* right;
”One”

1
’)f'our” ’,SiX,’ ”ten,’
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En smart sokrutin for binara soktrad

node_t **node find incoming ptr(node_t **n, int key) Root
00

{
while (*n && (*n)->key != key)

{
n = ((*n)->key > key)

? Gn->left
: Ern—>]:ight; »five”
}

return n;

<:::::> “two” <:::::>’Wﬂne”

bool tree contains_key(tree t *t, int key)

1
return *node_find incoming ptr(&t->root, key) != NULL; 6
]
930n6”

”f'our” ”SiX” ”ten”
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En smart sokrutin for binara soktrad

node_find_incoming_ptr(&t->root, 4)

node_t **node find incoming ptr(node_t **n, int key) Root
00

1

while (*n && (*n)->key != key) N —

{
n = ((*n)->key > key)

? Gn->left
: Ern—>]:ight; »five”
}

return n;

<:::::> “two” <:::::>’Wﬂne”

bool tree contains_key(tree t *t, int key)

1
return *node_find incoming ptr(&t->root, key) != NULL; 6
]
930n6”

”f'our” ”SiX” ”ten”
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En smart sokrutin for binara soktrad

node_find_incoming_ptr(&t->root, 4)

node_t **node find incoming ptr(node_t **n, int key)
{ Root

while (*n && (*n)->key != key) *n

{
n = ((*n)->key > key)

? Gn->left
: Ern—>]:ight; »five”
}

return n;

<:::::> “two” <:::::>’Wﬂne”

bool tree contains_key(tree t *t, int key)

1
return *node_find incoming ptr(&t->root, key) != NULL; 6
]
930n6”

”f'our” ”SiX” ”ten”
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En smart sokrutin for binara soktrad

node_find_incoming_ptr(&t->root, 4)

node_t **node find incoming ptr(node_t **n, int key)
{ Root

while (*n && (*n)->key != key) (*n) ->key

{
n = ((*n)->key > key)

? Gn->left
: Ern—>]:ight; »five”
}

return n;

<:::::> “two” <:::::>’Wﬂne”

bool tree contains_key(tree t *t, int key)

1
return *node_find incoming ptr(&t->root, key) != NULL; 6
]
930n6”

”f'our” ”SiX” ”ten”
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En smart sokrutin for binara soktrad

node_find_incoming_ptr(&t->root, 4)

node_t **node find incoming ptr(node_t **n, int key) Root
00

{
while (*n && (*n)->key != key)

{
n = ((*n)->key > key)

? Gn->left
: Ern—>]:ight; @ »five”
} e

return n;

<:::::> “two” <:::::>’Wﬂne”

bool tree contains_key(tree t *t, int key)

1
return *node_find incoming ptr(&t->root, key) != NULL; 6
]
930n6”

”f'our” ”SiX” ”ten”
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En smart sokrutin for binara soktrad

node_find_incoming_ptr(&t->root, 4)

node_t **node find incoming ptr(node_t **n, int key) Root
00

{
while (*n && (*n)->key != key)

{
n = ((*n)->key > key)

? Gn->left
: Ern—>]:ight; »five”
}

return n;

“two” <:::::>’Wﬂne”

bool tree contains_key(tree t *t, int key)

1
return *node_find incoming ptr(&t->root, key) != NULL;
]

Y/

by

9 9 99 99 99 o 9
one four SiX ten
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En smart sokrutin for binara soktrad

node_find_incoming_ptr(&t->root, 4)

node_t **node find incoming ptr(node_t **n, int key) Root
00

{
while (*n && (*n)->key != key)

{
n = ((*n)->key > key)

? Gn->left
: Ern—>]:ight; »five”
}

return n;

“two” <:::::>’Wﬂne”

*n

bool tree contains_key(tree t *t, int key)

1
return *node_find incoming ptr(&t->root, key) != NULL; 6
]
930n6”

”f'our” ”SiX” ”ten”
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char *tree get(tree_ t *t, int key)

1

node_t **n = node find incoming ptr(&t->root, key);

return *n ? (*n)->value : NULL; Root

;

char *tree put(tree t *t, int key, char *value) e,
{ five

node_t **n = node find incoming ptr(&t->root, key);

if (*n == NULL)
1

*n = node_create(key, value); two

}
char *old = (*n)->value;
(*n)->value = value;

else
return old; Ny . ., o 5 . 5 '
1 one four SiX ten

» “nine”

Y/
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tree_put(t, 8, "eight”)

char *tree get(tree_ t *t, int key)

{ node_find_incoming_ptr(&t->root, 8)
node_t **n = node_find_incoming_ptr(&t->root, key);
return *n ? (*n)->value : NULL; Root
|
char *tree put(tree t *t, int key, char *value) o
{ five
node_t **n = node_find incoming ptr(&t->root, key);
if (*n == NULL)
{ by . b
*n = node_create(key, value); two nine
|
else
{

char *old = (*n)->value;
(*n)->value = value;

return old; Ny . Sour” 5 . 5 '
} one our SIX ten

Y/
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tree_put(t, 8, "eight”)

char *tree get(tree_ t *t, int key)

{ node_find_incoming_ptr(&t->root, 8)
node_t **n = node_find_incoming_ptr(&t->root, key);
return *n ? (*n)->value : NULL; Root
J h | —
char *tree put(tree t *t, int key, char *value) o
{ five
node_t **n = node_find incoming ptr(&t->root, key);
if (*n == NULL)
{ by . b
*n = node_create(key, value); two nine
|
else
{

char *old = (*n)->value;
(*n)->value = value;

return old; Ny . Sour” 5 . 5 '
} one our SIX ten

Y/
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tree_put(t, 8, "eight”)

char *tree get(tree_ t *t, int key)

{ node_find_incoming_ptr(&t->root, 8)
node_t **n = node_find_incoming_ptr(&t->root, key);
return *n ? (*n)->value : NULL; Root
|
char *tree put(tree t *t, int key, char *value) o
{ five
node_t **n = node_find incoming ptr(&t->root, key); N
if (*n == NULL)
{ by . b
*n = node_create(key, value); two nine
|
else
{

char *old = (*n)->value;
(*n)->value = value;

return old; Ny . Sour” 5 . 5 '
} one our SIX ten

Y/
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tree_put(t, 8, "eight”)

char *tree get(tree_ t *t, int key)

{ node_find_incoming_ptr(&t->root, 8)
node_t **n = node_find_incoming_ptr(&t->root, key);
return *n ? (*n)->value : NULL; Root
|
char *tree put(tree t *t, int key, char *value) o
{ five
node_t **n = node_find incoming ptr(&t->root, key);
if (*n == NULL)
{ by . b
*n = node_create(key, value); two nine
| n | —>
else

{
char *old = (*n)->value;
(*n)->value = value;

return old; Ny . Sour” 5 . 5 '
} one our SIX ten

Y/
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tree_put(t, 8, "eight”)

char *tree get(tree_ t *t, int key)

{ node_find_incoming_ptr(&t->root, 8)
node_t **n = node_find_incoming_ptr(&t->root, key);
return *n ? (*n)->value : NULL; Root

]

char *tree put(tree t *t, int key, char *value) o

{ five

node_t **n = node find incoming ptr(&t->root, key);

if (*n == NULL)

{ b/ . b/
*n = node_create(key, value); nine
}
else
{
char *old = (*n)->value; oo Lot
(*n)->value = value; y
return old;
”te n bD)

5
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tree_put(t, 8, "eight”)

char *tree get(tree_ t *t, int key)

1

node_t **n = node find incoming ptr(&t->root, key);

node_find_incoming_ptr(&t->root, 8)

return *n ? (*n)->value : NULL; Root
J
char *tree_put(tree_t *t, int key, char *value) o
1 five

node_t **n = node find incoming ptr(&t->root, key);

if (*n == NULL)

{ b/ . bb)
*n = node_create(key, value); nine
}
else
{
char *old = (*n)->value; oo Lot
(*n)->value = value; y
return old;
} ”ten”
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tree_put(t, 8, "eight”)

char *tree get(tree_ t *t, int key)

{ node_find_incoming_ptr(&t->root, 8)
node_t **n = node_find_incoming_ptr(&t->root, key);
return *n ? (*n)->value : NULL; Root

]

char *tree put(tree t *t, int key, char *value) o

{ five

node_t **n = node find incoming ptr(&t->root, key);
if (*n == NULL)
{

*n = node_create(key, value);

]
char *old = (*n)->value;
| k | left § right
(*n)->value = value; ey |value | left | rig °

else
return old;

!
} N “ten
J
"eight”

9% e 9
nine

Y/
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tree_put(t, 8, "eight”)

char *tree get(tree_ t *t, int key)

{ node_find_incoming_ptr(&t->root, 8)
node_t **n = node_find_incoming_ptr(&t->root, key);
return *n ? (*n)->value : NULL; Root
|
char *tree put(tree t *t, int key, char *value) o
{ five
node_t **n = node_find incoming ptr(&t->root, key);
if (*n == NULL)
{ by . b
*n = node_create(key, value); two nine
|
else
{

char *old = (*n)->value;
(*n)->value = value;

return old;

9 9 99 9 99 o 9 9 9
1 one four SiX ten
“"eight”
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Lankade strukturer ar extremt vanliga
Lankade listan ar enklaste exemplet

Binara trad, n-stalliga trad, grafer, skip lists, etc.

Lankarna i strukturen styr mojligheterna att navigera i datat
Ex: last-pekare, next/previous, parent pointer, etc.

Extra l[ankar eller pekare kan gora koden enklare (trade-off)

Lankade strukturer ar pekartunga

Sa ett bra satt att forsta pekare under kursen



