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Lecture 20

Today
@ LIcatenate(...)

@ .LT.insert(...)



Linked List: LLcatenate (L1, L2)

Behaviour:

e append the elements of L2 totheend of L.1,i.e., L1 <- L1 + L2
e free L2, i.e., only L1 survives

Q. What’s the strategy?
Q. What's the running time?
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Linked List: LLcatenate (L1, L2)

Behaviour:

e append the elements of L2 totheend of L.1,i.e., L1 <- L1 + L2

// LL.h
#include "LL-node.h"

typedef struct {
node t * head;
node t * tail;
} LL t;

L2, l.e., only L1 survives

b the strategy?

b the running time?

} node t;

// LL-node.h

typedef struct node {
int data;
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Linked List: LLcatenate (L1, L2)

Behaviour:

e append the elements of L2 totheend of L.1,i.e., L1 <- L1 + L2
e free L2, i.e., only L1 survives

Q. What’s the strategy?
Q. What's the running time?

N

LLcatenate (L1, L2);
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Linked List: LLcatenate (L1, L2)

Behaviour:

e append the elements of L2 totheend of L.1,i.e., L1 <- L1 + L2
e free L2, i.e., only L1 survives

Q. What’s the strategy?
Q. What's the running time?

N

LLcatenate (L1, L2);
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Linked List: LLcatenate (L1, L2)

Behaviour:

e append the elements of L2 totheend of L.1,i.e., L1 <- L1 + L2
e free L2, i.e., only L1 survives

All the steps:
Q- What’S the Strategy? Ll->tail->next = L2->head;

Q. What's the running time?
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Linked List: LLcatenate (L1, L2)

Behaviour:

e append the elements of L2 totheend of L.1,i.e., L1 <- L1 + L2
e free L2, i.e., only L1 survives

All the steps:
Q- What’S the Strategy? Ll->tail->next = L2->head;

Q. What's the running time?
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Linked List: LLcatenate (L1, L2)

Behaviour:

e append the elements of L2 totheend of L.1,i.e., L1 <- L1 + L2
e free L2, i.e., only L1 survives

All the steps:
Q- What’S the Strategy? Ll->tail->next = L2->head;

, : : Ll->tail = L2->tail;
Q. What's the running time? o o
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Linked List: LLcatenate (L1, L2)

Behaviour:

e append the elements of L2 totheend of L.1,i.e., L1 <- L1 + L2
e free L2, i.e., only L1 survives

All the steps:
Q- What’S the Strategy? Ll->tail->next = L2->head;

, : : Ll->tail = L2->tail;
Q. What's the running time? o o

N

LLcatenate (L1, L2);
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Linked List: LLcatenate (L1, L2)

Behaviour:

e append the elements of L2 totheend of L.1,i.e., L1 <- L1 + L2
e free L2, i.e., only L1 survives

All the steps:
Q- What’S the Strategy? Ll->tail->next = L2->head;

Ll1->tail = L2->tail;

Q. What's the running time? free(12);

LLcatenate (L1, L2);
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Linked List: LLcatenate (L1, L2)

IC/ joins different L1, L2 such that L1 <- L1 + L2, frees L2
oid LLcatenate(LL t * L1, LL t * L2) {

Behaviour:

e append the elements of L2 tQ
e free L2, i.e., only L1 survives

Q. What's the strategy? L1->tail->next = L2->head;

L1->tail= L2->tail:

Q. What's the running time?| . _ ..
} Q. What could go wrong?

Q. What are the corner cases?
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Linked Lists: Typical Corner Cases

When designing algorithms to modify a linked
list, solve the “usual” case and then answer the

following questions:

e Q. What shou
e Q. When wou
e Q. When wou

0
C

C

happen If list empty?
the head change?
the tail change?



Linked List: LLcatenate (L1, L2)

IC/ joins different L1, L2 such that L1 <- L1 + L2, frees L2
oid LLcatenate(LL t * L1, LL t * L2) {

Behaviour:

e append the elements of L2 tQ
e free L2, i.e., only L1 survives

Q. What's the strategy? L1->tail->next = L2->head;

L1->tail= L2->tail:
Q. What's the running time?| . _ ..

} Q. What could go wrong?
Q. What are the corner cases?
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LLcatenate (L1, L1L2);
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Linked List: LLcatenate (L1, L2)

IC/ joins different L1, L2 such that L1 <- L1 + L2, frees L2
oid LLcatenate(LL t * L1, LL t * L2) {

Behaviour:

e append the elements of L2 tQ
e free L2, i.e., only L1 survives

Q. What's the strategy? L1->tail->next = L2->head;

L1->tail= L2->tail:

Q. What's the running time?| . ..,

} Q. What could go wrong?
Q. What are the corner cases?
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Linked List: LLcatenate (L1, L2)

IC/ joins different L1, L2 such that L1 <- L1 + L2, frees L2
oid LLcatenate(LL t * L1, LL t * L2) {
if (L2->head == NULL) {

EBEB*]Ei\/i()LJr: assert(L2->tail == NULL);

e append the elements of L2 tQ
e free L2, i.e., only L1 survives

} else {

Q. What's the strategy? [1->tail->next = L2->head;

L1->tail= L2->tail:

Q. What's the running time?| . ..,

} Q. What could go wrong?
Q. What are the corner cases?
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Linked List: LLcatenate (L1, L2)

IC/ joins different L1, L2 such that L1 <- L1 + L2, frees L2
oid LLcatenate(LL t * L1, LL t * L2) {
if (L2->head == NULL) {

EBEB*]Ei\/i()LJr: assert(L2->tail == NULL);

e append the elements of L2 tQ
e free L2, i.e., only L1 survives

} else {

Q. What's the strategy? [1->tail->next = L2->head;

L1->tail= L2->tail:

Q. What's the running time?| . ..,

} Q. What could go wrong?
Q. What are the corner cases?
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Linked List: LLcatenate (L1, L2)

IC/ joins different L1, L2 such that L1 <- L1 + L2, frees L2
oid LLcatenate(LL t * L1, LL t * L2) {

. . if (L2->head == NULL) {
EBEB*]Ei\/'()LJr. assert(L2->tail == NULL);
} else if (L1->head == NULL) {
assert(L1l->tail == NULL);
e append t_he elements of L-2 ta //L1->head = L2->head;
e free L2, i.e., only L1 survives iﬁlj‘gf;} = L2->tail;
} else { ’

Q. What’S the Strategy? L1->tail->next =.L2->head;
, . . L1->tail= L2->tail;
Q. What's the running time?

free(L2);
} Q. What could go wrong?

Q. What are the corner cases?
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Linked List: LLcatenate (L1, L2)

IC/ joins different L1, L2 such that L1 <- L1 + L2, frees L2
oid LLcatenate(LL t * L1, LL t * L2) {

. . if (L2->head == NULL) {
EBEB*]Ei\/'()LJr. assert(L2->tail == NULL);
} else if (L1->head == NULL) {
assert(L1l->tail == NULL);
e append t_he elements of L-2 ta //L1->head = L2->head;
e free L2, i.e., only L1 survives iﬁlj‘gf;} = L2->tail;
} else { ’

Q. What's the strategy? [1->tail->next = L2->head;

L1->tail= L2->tail:
Q. What's the running time?| . _ ..

} Q. What could go wrong?
Q. What are the corner cases?
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Linked List: LLcatenate (L1, L2)

IC/ joins different L1, L2 such that L1 <- L1 + L2, frees L2
oid LLcatenate(LL t * L1, LL t * L2) {

. . if (L2->head == NULL) {
EBEB*]Ei\/'()LJr. assert(L2->tail == NULL);
} else if (L1->head == NULL) {
assert(L1l->tail == NULL);
e append t_he elements of L-2 ta //L1->head = L2->head;
e free L2, i.e., only L1 survives iﬁlj‘gf;} = L2->tail;
} else { ’

Q. What's the strategy? [1->tail->next = L2->head;

L1->tail= L2->tail:
Q. What's the running time?| . _ ..

} Q. What could go wrong?
Q. What are the corner cases?
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Linked List: LLinsert (x)

Motivation: Keep data in sorted order ;Eir%u <huidzgai§n<xi> (
e LLinsert (x) maintains that invariant }
Strategy:
e search for the insertion point
S
intlist: £ LLinsert (32) ;
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head: ® 14 — > 22 ® 28 [ e 46 e———— NULL
tail: o— j




Linked List: LLinsert (x)

Motivation: Keep data in sorted order ;Eir%u <huidzgai§n<xi> (
e LLinsert (x) maintains that invariant }
Strategy:
e search for the insertion point
S
Sl . 32 LLinsert (32);
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Linked List: LLinsert (x)

Motivation: Keep data in sorted order ;Eir%u <huidzgai§n<xi> (
e LLinsert (x) maintains that invariant }
Strategy:
e search for the insertion point
S
intlist : 32 LLinsert (32) ;
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head: ® 14 — > 22 ® 28 [ e 46 e———— NULL
tail: o— j




Linked List: LLinsert (x)

curr = head->next;

Motivation: Keep data in sorted order |wite (curz—>data < 2

e ILLinsert (x) maintains that invariant }
Strategy:

e search for the insertion point

e splice the list

—
32 LLinsert (32);

intlist:
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Linked List: LLinsert

Motivation: Keep data in sorted order

e ILILinsert (x) maintains that invariant

Strategy:

e search for the insertion point
e splice the list
e requires the previous node

(x)

head;

head->next;

while (curr->data < x) {
curr = curr-—->next;

prev

curr

prev = prev->next;
}

newNode->next = curr;

prev->next = newNode;

intlist:

—

LLinsert (32);

32 A// |
/
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head: | e 14 — 22 L
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prev

curr
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I// Pre/Post: intlist is sorted

void LlLinsert(LL t * intlist, int value) {
node t *newNode = malloc(sizeof(node t));
newNode->data = value;

Linked List: LLinsex]

Motivation: Keep data in sorted org

node t * prev = intlist->head;

) . . . . node t * curr = intlist->head->next;

¢ LlLinsert (x) maintains that invariar while (curr !'= NULL && curr->data < newNode->data) {
curr = curr->next;

prev = prev->next;

Strategy. r]:ewNode->next = curr;

prev->next = newNode;
if (curr == NULL) {

e search for the insertion point /7 new tail
I_ tf] I_ t , intlist->tail = newNode;
¢ Splice e IS _ Corner cases?
e requires the previous node : ® splice before head

® splice after tail
® empty list
- i

32 / LLinsert (32);
/ [

28 3, 46 | e—— NULL

intlist:
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I// Pre/Post: intlist is sorted

void LlLinsert(LL t * intlist, int value) {
node t *newNode = malloc(sizeof(node t));
newNode->data = value;

Linked List: LLinsex]

node t * prev = intlist->head;

Motivation: Keep data in sorted org
node t * curr = intlist->head->next;

@ ILlLinsert (x) maintains that invariar while (curr !'= NULL && curr->data < newNode->data) {

curr = curr->next;
prev = prev->next;

Strategy. r]:ewNode->next = curr;

prev->next = newNode;
if (curr == NULL) {

e search for the insertion point /7 new tail
I_ tf] l_ t , intlist->tail = newNode;
¢ Splice thelis Corner cases?

e requires the previous node : e splice before head

® splice after tail
® empty list

LLinsert (32);

intlist: 32

head: ®
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I// Pre/Post: intlist is sorted

void LlLinsert(LL t * intlist, int value) {
node t *newNode = malloc(sizeof(node t));
newNode->data = value;

Linked List: LLinsex]

Motivation: Keep data in sorted org

node t * prev = intlist->head;

) . . . . node t * curr = intlist->head->next;

¢ LlLinsert (x) maintains that invariar while (curr !'= NULL && curr->data < newNode->data) {
curr = curr->next;

prev = prev->next;

Strategy. r]:ewNode->next = curr;

prev->next = newNode;
if (curr == NULL) {

e search for the insertion point /7 new tail
I_ tf] l_ t , intlist->tail = newNode;
¢ Splice e IS _ Corner cases?
e requires the previous node : ® splice before head

® splice after tail
® empty list
i

_ _ LLinsert (32);
intlist:

head: | e /v{ 32

tail :




I// Pre/Post: intlist is sorted
void LlLinsert(LL t * intlist, int value) {
node t *newNode = malloc(sizeof(node t));
newNode->data = value;
// list empty
if (intlist->head == NULL) {
assert(intlist->tail == NULL);

n L} n - .
u intlist->head = newNode;
Linked List: LLinser] s
newNode->next = NULL;

Motivation: Keep data in sorted ord 77 typicet case

node t * prev = intlist->head;
node t * curr = intlist->head->next;

@ ILlLinsert (x) maintains that invariar while (curr !'= NULL && curr->data < newNode->data) {

curr curr->next;

prev = prev->next;

Strategy. r]:ewNode->next = curr;

prev->next = newNode;
if (curr == NULL) {

e search for the insertion point /7 new tail
. . intlist->tail = newNode;
¢ spllce the list } } Corner cases?
e requires the previous node : ® splice before head

® splice after tail
® empty list
i

. . LLinsert (32);
intlist:

head: | e /v{ 32

tail :




Linked List: LLinsexr]

Motivation: Keep data in sorted ord '“7:

I// Pre/Post:

newNode -
// list

intlist is sorted

>data = value;
empty

ypical case

void LlLinsert(LL t * intlist, int value) {
node t *newNode = malloc(sizeof(node t));

if (intlist->head == NULL) {
assert(intlist->tail == NULL);
ist->head = newNode;
ist->tail = newNode;
newNode->next = NULL;

while (curr !'= NULL && curr->data < newNode->data) {

splice before head  —
splice after tail
empty list

LLinsert (=99);

—— NULL

node t * prev = intlist->head;
) . . . . node t * curr = intlist->head->next;
e ILlLinsert (x) maintains that invariar
curr = curr->next;
S prev = prev->next;
trateqy: ) Nodeosnext = currs
gy revtode anext = curr
. . . if == NULL
e search for the insertion point e el
I_ tf] I_ t , intlist->tail = newNode;
¢ Sp Ice e IS _ } Corner cases?
e requires the previous node ; .
[
[
intlist: -99
head: | e > 14 | e——> 22 | o » 28 | e— 46 | o—
prev curr

tail : o—




Linked List: LLinser| =

I// Pre/Post: intlist is sorted
void LlLinsert(LL t * intlist, int value) {
node t *newNode = malloc(sizeof(node t));
newNode->data = value;
// list empty
if (intlist->head == NULL) {
assert(intlist->tail == NULL);
newNode;
newNode;
NULL;

newNode->next

Motivation: Keep data in sorted orq 7 typicat cose

intlist->head;
intlist->head->next;

node t * prev
node t * curr

@ LLinsert (x) maintains that invariar while (curr !'= NULL && curr->data < newNode->data) {
curr = curr->next;
prev = prev->next;

Strategy:

e search for the insertion point
e splice the list
e requires the previous node

}

newNode->next = curr;
prev->next = newNode;
if (curr == NULL) {
// new tail
intlist->tail = newNode;

intlist: -99 /.

head : / 14 ~—
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tail : o—

}
) } Corner cases?
® splice before head  |m—
® splice after tail
® empty list
i
LLinsert (-99);
28 *— 46 o—— NULL
prev curr




Linked List: LLinsex]

Motivation: Keep data in sorted org

e ILlLinsert (x) maintains that invariar

Strategy:

e search for the insertion point

// Pre/Post: intlist is sorted
void LlLinsert(LL t * intlist, int value) {

node t *newNode = malloc(sizeof(node t));

newNode->data = value;

// list empty

if (intlist->head == NULL) {
assert(intlist->tail == NULL);

intlist->head = newNode;
intlist->tail = newNode;
newNode->next = NULL;

} else if (intlist->head->data >= newNode->data) {
// new head
newNode->next
intlist->head

} else {

// typical case

node t * prev = intlist->head;

node t * curr = intlist->head->next;

while (curr !'= NULL && curr->data < newNode->data) {
curr = curr->next;
prev = prev->next;

intlist->head;
newNode;

}
newNode->next = curr;
prev->next = newNode;
if (curr == NULL) {
// new tail
intlist->tail = newNode;

. . )
¢ spllce the list _ } Corner cases?
e requires the previous node : ® splice before head
® splice after tail
® empty list
- LLi t(-99);
intlist: 2 /. rnsert )
A
head: / 14 o— » 22 o » 28 *— 46 o——> NULL
prev curr
tail: —




