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A10QOPEC ATTO TTIVAKEG

e EUKOAN aucopeiwon oToixeiwv

e EmrakpIBng Xxpnon pvAung

e AUOKOAO random access

e [leplocOTEPEC ATTAITACEIC HVAUNG
e Abstraction
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Mivakeg: + kai -

+ [prpyopn npooneAaon.
-- MoAUNAoKn N au&opeinon Tou PeyEBOUG.

« H au&opeiwon Tou peyeBouc Twv OOUWV
OeOOUEVWV anaiTeiTal o€ NOAAEC EPAPHOYEC.

» To peyeboc petaBaleTal kata Tnv ekteAeon (run
time).

ﬂ»““ \— )
el ;
w9 [Npoypappatiopdg




2UvOedENEVEG AIOTEG - Linked Lists

e AUVAUIKEC OOMEC DEDOUEVWV

e E@appoyng
— OTav anaiteital To peyeboc va peraBailleral kata Tnv
ekTeEAeon (run time).
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AnAa ouvOeDdEUEVEG AIOTEG

e Akohoubia KOuBwvV
e KaBe koppoc nepiexel

— NANPOPOPIEC
— OUVOECHO OTOV EMOWPEVO
KOMBO
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Opiopoi KOl TTOPOOEIYHOTO

o [leTrepaouévn, dlaTeETAyPEVN AKOAOUBIa aTTO UNOEV
N TTAPATTAVW OTOIXEId
- {a,a,, ..., a,}
e E.g. the list of prime numbers less than 20
- {2,3,5,7,11,13,17,19}
e A line of text of individual characters
- {h,e,l,l,o0, ,w,0,r,l,d}
e A list of lists!

- {{1,2,, e,0,9,8},{1,, s,a,l,am,i},{1,k,g,r, ,0.f,
,to,m,a,t,0,e,s}}

-
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List Operations

Print
_ength

nsert
Remove } “Running” through the list. Enumeration

_ookup
Other, e.g. list cloning, sub-list.
Error Checking

i3l

.
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Representation

O-©-0-©

datum pointer to next element
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Implementation

Node { Handle datum, Handle pointerToNextElement}

e.g. struct Node {int myDatum, struct Node *next};
or class Node {int myDatum, Node *next},

Head of list  Tail of list
\  »

0 (HHR'E
List Handl\\/

where the pointer to the head of /ist is stored.
Another such pointer is required if we retain a tail pointer to the list
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Accessing the Data Structure

e List Handle
e setData(), getData(), setNext(), getNext()

E.g. void setData(struct Node *whichNode, int value);
Or Node.setData(int);

e Printing the list —’||'

Handle current = head,;
while (notAtEndOfList(current))
{

Print(current);

Current = getNext(current);

. mE DECEDEDR
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Traversal

X = head
while current node (x) is not null

{

do something with x->data

X = X->next

.
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Access the list

void
printTriangleList(ListEl *list)
{
ListEl *x;
for (x=list;
X :
X=X->next)
cout<<x->datum<<endl;
[* besides string or simple tyle (int, float etc),

datum could be a structure,
and printed accordingly */

i)

.
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Access the list

void
printTriangleList(ListEl *x)
{
for (;
X,
X=X->next)
cout<<x->datum<<endl;
[* besides string or simple tyle (int, float etc),
datum could be a structure,
and printed accordingly */
}
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Traverse

while( x!=NULL )
{

cout >> x->datum;
X= X->nhext;

('q ¥
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Number of elements

Int
triangleListLen(ListEl *list)

{
ListEl *x;
Int result = 0;

for (Xx=list;x;x=x->next)
result++;

return result;

}
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Lookup

Enumerate through list —'|II

{
If (current equals target)

\ return current; _’.".""'

‘ current

return NOT_FOUND; I N
Return Value \
index, handle, Boolean, numeric—'.*lll

‘current

SR
HATR
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list_el *
getByKey(list_el *list, char *mykey)
{

list_el *x;

for (x=list;x!=NULL;x=x->next)

{
If (strcmp(x->key,mykey)==0)
return Xx;

}

return (list_el *) NULL;

)
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Inserting at the Head

1. Allocate a new E‘ﬂ"l—\‘* ‘\:""‘5“3'
nOde { Rome J { Secarle ¥ [ Toronto )
2. Insert new element *
3. Make new node :' EZ-;E-C-—‘~,—\I5 s [ [ [~
ointtoold head % % 1 N\
k@.ulri 11111 r.:JJ £ Rome ) i Scarle J { Toronto )
4. Update head to

hoint to new node

(e
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Insert

head = NULL;
while

{

P = new element();

cin>>info:
p->data = info;
p->next = head ;
head = p;

AR
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In a function

void functionAdd(struct node *head, int info)

struct node *head functionAdd(struct node *head, int info)

{

P = new element();
p->data = info;
p->next = head,
head = p;

return head;

B

.
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I we still wish for a void function

void
functionAdd(struct node **head, int info)

{

0 = new element();
D->data = info;
n->next = *head,;
*head = p;

return *head;:

Axe i
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Insert

function insertAfter(Node *node, Node *newNode)

{

/I Insert newNode after node
newNode->next = node->next:
node->next = newNode;

} newNode newNode
B B
\
Eﬂ +
Ma|l | b A c| —»
node node.next node

{ ('q ¥
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Insert

aN +/.—|II
1. create new node

2. find handle to
new position

3. update handles .".".".-’"'
@+

4. return at position 2 y

1 current

—~(@)(e2), (@)-(ad)-I
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Insert

/I New node

aN = new Node(theNewValue); aN _I_/.—»{ll

// Handle to position
B _ 1current
current = head:;
loop .».-».-.._.".
until current indicates
the target position ._’l

/I Update handles .—>|||
aN->next = current->next;
current->next = aN;
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Insert at n-th position

for(inti=1;1<node_number ; i++)
current = current ->next;

node *temp;

temp = new node();

temp->data = info;

temp->next = templ->next;

templ->next = temp;

B
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Inserting at the Tail

1. Allocate a new node E’E}"-\"'E‘i}“

N

[ Kiame ] [ !'L::llln:-} [Ii.-r-'-ul-.'-j

b
Fead =]

point to new node

5. Update tail to point
to new node

Zalle

Insert neW element ‘ Foimne ' ' Sealile , ‘ I'-'-r-.-n|--}

3. Have new node point = .
to null E‘ﬁﬁygi w0
4. Have old last node ‘ |

hhhhh

Jurich
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Insert at the end

node *templ, *temp;

templ = head,;
while(templ->next!=NULL)
node templ = templ->next;

temp = new node();
temp->data = info;
temp->next = NULL,;
templ->next = temp;

i3]
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ListEl *addToTriangleList(ListEl *list, int datum)
——

ListEl *result = NULL, *newEl = NULL;

newEl = new ListEIl();
newEl->datum = datum,;
newEl->next = (ListEl *) NULL;

If (list == NULL) //first time

{
result = newEl;
result->next = NULL;

}

else

{
ListEl *x,
for (x=list;x;x=x->next)

If (x->next == NULL)
break;

x->next = newkEl;
x->next->next = NULL;
result = list;

}

return result;
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ListEl *x,

x->next = newkl:
x->next->next = NULL;
result = list;

D,
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Removing at the Head

1. Update head to point to
next node in the list

2. Delete node

tmp = head;

head = head->next;
delete tmp->cityName;
delete tmp;

i3l
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Remove function

// assumes head is not NULL
ListEl *remove_first(List *head)
{

tmp = head;

head = head->next;

delete tmp->cityName;

delete tmp;

return head;
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Remove all |

void freeList(ListEl *list)

{
ListEl *clist = list;
while (1)
{
if (clist == NULL)
break;
clist = remove_first(clist);
y
y
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Remove

current

1. find handle to removal _,
position /
2. update handles

3. free memory " :@""

free(current);

current

4. return ’ A
Don t forget

B ,
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Remove

void removeAfter(node *node)

{
// remove node past this one obsoleteNode = node->next
node->next = node->next->next
delete obsoleteNode
}
—»| A —» B | > C | —t
hode node.next nodenextnext
____..-"'
> A C | —P»-
hode dene node. next.next
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Delete n-th

old_temp->next = templ->next;

free(templ);

||-,_':I|,|
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temp

Deleted node

data
10

-

Linked list

-
--iﬂh----'--'
27 node

aata

40

NULL

3 node
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Removing at the Tail

e Removing at the tail
of a singly linked list
cannot be efficient!

e There is no
) \ \
COﬂStant'tlme Way o (o= o o] ¢ |oT—] ¢ - ()
to update the tail to
pOint to the preV|Ous (_Iinmc_) (_chulu_) (_'Iluunln_) (_}'fun'uh)
node

Unless we also maintain a pointer to the penultimate

node (a bit more complicated, may need to keep track of cases for null list,
one node list, and the rest)

(e
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List of Data Structures

PPPOPPPP

e [nsertion

e Removal

i
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Sub - List

current

29999990
bbb

May be composed of simpler operations
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Abstraction

e Abstraction of Representation w.r.t. Stored Data
Type

e Code Reusability

e Implementation
— Pointer Abstraction C

- Object abstraction Java
- Templates C++

AT
{0
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A list of Triangles

typedef struct

{
Point pl1,p2,p3;

1;

R
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typedef struct ListEl
{

datum:
ListEl *next;

1;




List of lists

typedef struct ListList

{
ListEl *head; // of triangle list

ListList *next;

};
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void
printCardinalities(ListList *list)
{

ListList *X:

Intcnt = 1;

for (Xx=list;x;x=x->next)

{

cout << triangleListLength(x->head);
cnt++;

}

cout << “All elems are ” << cnt << endl:

W
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void
freeListList(ListList *list)
{

ListList *X;

for (x=list;x;x=x->next)
freeTriangleList(x->datum);

freeListList();
}
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Structural Variants
e Doubly Linked List
@@ @ ®

® CyC“C L|St list handle

list handle

e List of Lists =

list handle
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A few basic types of Linked Lists —_—

Singly Linked List
Root node links one LU thruugh all the nodes. Last node links to null.

}{A} [} {c] [

Circular Linked List

Circular linked lists have a reference to one node which is the tail node
and all the nodes are linked together in one direction forming a circle.
The benefit of using circular lists is that appending to the end can be

done wery guickly. :
Tall
A—Br—C

1

Doubly Linked List

Ewvery node stores a reference to its previous node as well as its next.
This is good if wou need to move back by a few nodes and don't want to
run frarm the beginning of the list.

g e e Y el ]y NULL
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AinAa ouvOoedepevn AioTa

o AUVCITOTI”|TCI YpNyopnc
npognéAaong kai npog Tig dlo ~ /

—_——————————— e —————

[ prev next
(POPEC TNC akoAoubiag | ~ Y
e Kabe kOUBOC nePIEXE! — 1]
— NANPOPOPIEC | ]
~ OUVOECHO OTOV ENOPEVO KOMBO | elem node
— OUVOEOHO OTOV NPONYOUHEVO KOPPBO = -
o Mnopa va exel eninAeov “handle
nodes” . .
header nodes/positions | trailer
o ™~ T
‘\l/ \)\//

——— e e — — — — _—

\
|
|
|
|
|
|
|
|

elements ,

—_—— e - -,




Insertion
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Deletion




Circular List

struct listItem *tail;

payload
next \l
payload
next -

R

listItem *addAfter (listItem *p, listItem *tail) {
if (p && tail) {
p —-> next = tail -> next;
tail = p;
} else if (p) {
tail p -> next = p;

} Optional:—

return tail; struct listItem *head;

& ,
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Algorithmic Variants
e Push / Pop Stack

E—
P

LEI\_‘/?

e Enqueue, Dequeue Queues
— FILO (stack)
— FIFO (priority queue)

B ,
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How to remember the length?

struct ListHolder {
Int numberOfElements; /* private, Init=-1*/
ListElement *head,;

// object orientation (C++) treats this in a more
elegant fashion for the programmer, still using the
same data structures in memory

Bl

.
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