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UCLA Computer Science Department

Topics

* Linked List:
« Singly-linked list
«  Dummy nodes and singly-linked list with dummy nodes.
* Doubly-linked list with dummy nodes.
« Circular doubly linked list with dummy nodes.
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Singly Linked List: define

A sequential data structure.
Advantage:
Easy to insert and delete without knowing the length.

Singly Linked List

221 struct Node { Head
222 int val; .///

224 }; '

555 Data Next
226 Node* head = nullptr;
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Singly Linked List: search by value

Node* Find_Val(Node* head, int x) {

} r/ —H B —H C —-)I D —)MULL
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Singly Linked List: search by value

556 Node* Find_Val(Node* head, int x) {
231  Node* p = head;

ead
232 while (p != nullptr) {
233 if (p -> val == x) break; . " c " NULL
234 p = p->next; -ﬂ - -ﬂ _-ﬂ - 5

235 } Data Next
236 return p;
237 }
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Singly Linked List: search by index

ead
239 Node* Find_k_th(Node* head, int k) {
240 A _H i _ﬂ C ._.)I n ) HULL

241 } Data Next
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Singly Linked List: search by index

239 Node* Find_k_th(Node* head, int k) {
240  Node* p = head;

241 while (p != nullptr) { r/u:f
242 --k; - )
243 if (k == 0) break; A | e = ==

244 p = p->next; Data Next
245  }

246 return p;

247 }
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Singly Linked List: insert an element after p

250 void Add_After(Node* p, int newval) {

251
252 } Head
| A B C —-)' D _):JULL
Data Next
tmp
E
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Singly Linked List: insert an element after p

void Add_After(Node* p, int x) {
Node* newnode = new Node;
newnode->val = x;
if (p == head && head == nullptr) {
newnode->next = nullptr;

head = newnode; Head
}
else { A B C —-){ D —) NULL
Next

newnode->next = p->next; Data
p->next = newnode;
} tmp

} E
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Singly Linked List: delete first node with value x

258 } Data Next

2ad
PR P . prev mp
256 int Delete_One_Val(Node* head, int x) { ke N
257 A )l B .|,H C _1a| D ).‘-IULL

10
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Singly Linked List: delete first node with value x

262 int Delete_One_val(Node* head, int x) {
if (head == nullptr) return -1;
if (head->val == x) {
Node* p = head->next;
delete head;
head = p;

269 else { ead

276 Node* p = head; 'k

p while (p->next != nullptr) { Sk

Lf(p->next->val == x) { A )l 3 C D ).‘-IULL
/3 break;

mp

Data Next

)
275 p = p->next;

276 )

277 Lf (p->next == nullptr) { //x not found

78 return -1;

279 )
286 Node* q =
281 p->next =
282 delete q;

p->next;
q->next;

84 return 1;
85 ) 11
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Singly Linked List: reverse the order of a linked list

95 void Reverse_Order(Node* head) { Reverse o Linked List

96 ”W
97 } Q}

e e EEE W EE

wiL<—[ 4 15 J%—fT%—L_f\_'D

Head
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Singly Linked List: reverse the order of a linked list

23 void Reverse_Order(Node* head) { Lmk! (1T
324 Lif (head == nullptr || head->next == nullptr) return; Reerse o : ed
125  Node* p = head; Head

Node* q = head->next; ‘

v
p->next = nullptr; . < - X
28 while (q != nullptr) { CIE3=C 1313 13 T
329 Node* temp = g->next;
336 q->next = p;

3% P =q; MﬂLé‘l [4—L ]%’L J%-f’IQ—E:I]
332 q = temp; M
3313 } ! |
4 head = p; N
13)

Image: https://algodaily.com/challenges/reverse-a-linked-list 13
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Singly Linked List: dummy node for head

Sometimes, adding a dummy node simplifies the code. The first element becomes head->next.
290 Node* dummyhead = new Node;

291 dummyhead->val = INF;
292 dummyhead->next = nullptr;

head —» (O
head—»{ 5 | <o 1 [ (10| 4 7 | O]

tail

vesd —+7 [ o5 [ Fo[ 1 [ Jof10] H_flgl

tail 14
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Singly Linked List: insert a node after p (dummy node)

newnode->next = p->next;
p->next = newnode;

}

void Add_After(Node* p, int newval) { 0ad
Node* newnode = new Node;
newnode->val = newval; A _)[ B _.)[ c | F=2nuu

15
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Singly Linked List: delete first node with value x (dummy node)

int Delete_One_Val(Node* head, int x) {
Node* p = head;
while (p->next != nullptr) {
if (p->next->val == x)
break;
p = p->next;

_) NULL

}
if (p->next == nullptr) return -1;

Node* q = p->next;
p->next = g->next;
delete q;
return 1;

16
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Singly Linked List: delete all nodes with value x

279 void Delete ALL _Val(Node* head, int x) {
280
281 }

17
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Singly Linked List: delete all nodes with value x

Eég void Delete All_Val(Node* head, int x) {
284  while (Delete_One_Val(head, x) > 0) {}
285 }

18
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Doubly Linked List

346 struct DNode {
347 1int val;
348 DNode* prev, next;

349 };

350

351 DNode* head = nullptr;
352 DNode* tail = nullptr;

Tall
Head Next Next Next '/\e-t
- NULL
=1 =1E=IDEy
NULL

Prev Prav Prev Prev

19
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Doubly Linked List (dummy nodes)

345 struct DNode {

346  int val; dﬂ#ggy dﬁgﬁfy
347  DNode* prev, next; £ %
4 NEEENE G
349 I
350 DNode* dummyhead = new DNode;
351 dummyhead->val = INF;
352 dummyhead->next = dummytail; ® py
353 dummyhead->prev = nullptr;
354 DNode* dummytail = new DNode; head tail
355 dummytail->val = INF;
356 dummytail->next = nullptr;
357 dummytail->prev = dummyhead;
Image: https://condor.depaul.edu/ntomuro/courses/300/notes/lecture10.html 20
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Doubly Linked List: search by value or index

Searching by kth number or value are almost
the same as for the singly linked list.

370 DNode* DFind Val(DNode* head, DNode* tail, int x) {
371 | DNode* p = head->next; |
372 whi 1= i
lle (p tall) { Head Next Next Next

373 if (p->val == x) break; i - 5] NULL
375 } Prev Prev Prev Prav

376 return p;

377 }

378

379 DNode* DFind k th(DNode* head, DNode* tail, int k) {
380 | DNode* p = head->next;|

381 while (p != tail) {

382 --k;

383 if (k <= 0) break;

384 p = p->next;

385 }

386 return p;

387 } o
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Doubly Linked List: insert a new node after p

-

359 void DAdd_After(DNode* p, int newval) {
360

361 }
Head Next Next Next Next
NULL S Prev Prev Prav
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Doubly Linked List: insert a new node after p

360 void DAdd_After(DNode* p, int newval) {
361 DNode* newnode = new DNode;
362 newnode->val = newval;

363  newnode->next = p->next;
364 newnode->prev = p;
365  p->next->prev = newnode;

366  p->next = newnode;
367 }

Head

Next
Prev Prev

Next Next Next

Prev Prav

Image :https://www.geeksforgeeks.org
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Doubly Linked List: delete a DNode* p

390 DNode* DDelete_One_Node(DNode* p) {
391
392 }

Head

Next
Prev Prev

Image :https://www.geeksforgeeks.org

Next

A -I:DB‘

Prev
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Doubly Linked List: delete a DNode* p

394 DNode* DDelete_One_Node(DNode* p) {
395  p->next->prev = p->prev;

396 p->prev->next = p->next;

397 delete p;

398 }

Head

Next
Prev Prev

Next

A .m B NULL
Prev - Prav

25
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Circular Doubly Linked List

Instead of having a head and a tail, why not connect the head and tail to make it circular?

Now only one dummy head is needed.

first
400 struct CNode {
401 int val; Using NULL to
402  CNode* prev, next; mark end of list
403 };
404 last

405 CNode* dummyhead = new CNode;

406 dummyhead->val = INF;

407 dummyhead->prev = dummyhead;

408 dummyhead->next = dummyhead; Using a special
dummy node

26
CS32 Discussion 11



Circular Doubly Linked List: search by value or index

27
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Circular Doubly Linked List: search by value or index

411 CNode* CFind_Val(CNode* head, int x) { //head == dummyhead
412 CNode* p = head->next;
413 while (p != head) {

414 if (p->val == x) {
415 return p;

416 }

417 }

return nullptr;

419 }

421 CNode* CFind_k_th(CNode* head, int k) { //head == dummyhead
422 CNode* p = head->next;

423  while (p != head) {

424 --k;

425 if (k <= @) break;

26 p = p->next;

A
L

A"

“SL

428 if (p == head)
429 return nullptr;
430  return p;

431 }

28
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Circular Doubly Linked List: insert after/before Node p

29
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Circular Doubly Linked List: insert after/before Node p

433 void CAdd_After(CNode* p, int newval) {
434  CNode* newnode = new CNode;
435 newnode->val = newval;
436  newnode->next = p->next;
37 newnode->prev = p;

38 p->next->prev = newnode;
39  p->next = newnode;

40 }

42 void CAdd_Before(CNode* p, int newval) {
3 CNode* newnode = new CNode;
newnode->val = newval;

445  newnode->next = p;
446 newnode->prev = p->prev;
447  p->prev->next = newnode;

448  p->prev = newnode;
449 }
450
30
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Circular Doubly Linked List: delete Node p
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Circular Doubly Linked List: delete Node p

451 void CDelete_One_Node(CNode* p) {
452 //assume p != dummyhead

453 p->next->prev = p->prev;

454 p->prev->next = p->next;

455 delete p;

456 }

32
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Linked Lists

1. Singly-linked list.
a. For simple tasks.
b. Keeping next only.
2. Doubly-linked list.
a. Bidirectional, making some tasks like deletion and reverse order easier.
b. Keeping prev and next.
3. Circular doubly linked list (my personal favorite).
a. Bidirectional and easy to implement.
b. Keeping prev and next.

Time complexity: with n nodes in the list, O(n) complexity for insertion and deletion.

Question: how to swap two linked lists?

33
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Exercise

Modify the insertion, Add_After(),to make the linked list sorted by value.
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