Vectors, Lists, Stacks, Queues
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ADTVector

* AVector can be seen as an abstract resizable “array”
- |tis notan array (remember, it's abstract)
- butit behaves like one

* We can access existing elements based on their position (random access)
* We can insert/remove elements at the end of the vector (dynamic size)

* We can search for elements (but this is usually inefficient)

* We can iterate over elements (also possible using random access)

a.k.a. Dynamic/Growable/Resizable/Mutable Array, Array List, List, ...

Create, destroy Random access
// Eva vector avamaplotdtal amo Tov TUmo Vector. 0 xprotng 0 xpeirddle // EmMioTpEPel TNV Tlurj otn 0€on pos tou vector vec (Un OPLOUEVO QMOTE
// yvwpldel TO MEPLEXOMUEVO TOU TUMOU aUTOU, OMAd XPNOLUOMOLEL T1G OULV // pos < 0 rj pos >= size)
// vector_<foo> mou dExovVTal Kal EMLOTPEPouv Vector.
// Pointer vector_get_at(Vector vec, int pos);
// 0 tumog¢ Vector opidetalr w¢ pointer oto "struct vector" tou omoiou
// meplLeXxOUevo glval dyvwoto (incomplete struct), kai €éaptdTOol amo T // AAAdder tnv Tlur otn O€on pos tou Vector vec oe value. AEN petafdA
// vAomoinon tou ADT Vector. // UEyeBog TOUL vector, av pos >= size TO OAMOTEAEOUA OEV €1val OPLOUEV
typedef struct vector* Vector; void vector_set_at(Vector vec, int pos, Pointer value);
// AnUloupyel Kal EMLOTPEPEL €va VED vector uey€Ooug size, HUE OTOLXEL
// apxikomoinuéva oe NULL. Av Sev umdpxel d1aBéoiun UVAUn EMLOTPEPET  Example [4, 6, 2, 1]
// VECTOR_FAIL.
- Cetat1:6
Vector vector_create(int size, DestroyFunc destroy_value);
( y y ) - Set8ate:[8, 6, 2, 1]
// EAgvBepwvel O0An tn pvrun mou deoueVEL TO vector vec.
void vector_destroy(Vector vec);
An initial size is given at creation (ignore destroy_value for now).
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Insert and delete at the end

// MpogBétel tnv Tlur value oto _TEAOG_ TOU vector vec. To uéyeBog 10
// UEYAADVEL KaTd 1. Av Oev umdpxel drab€oiun pvhun to vector mapauév
// ftav (auto pumopel va eAeyxOeil pe tn vector_size)

void vector_insert_last(Vector vec, Pointer value);

// EmMioTpEpel TNV TlUN TNG TEAEUuTaiag O£ong tTou vector.

// To u€ygbog tou vector HLKPALVEL KATd 1.

void vector_remove_last(Vector vec);

« The size of the vectoris modified (in contrast to C arrays)!

e Example [4, 6, 2, 1]
- Insert3:[4, 6, 2, 1, 3]
- Remove: [4, 6, 2, 1]

Search

// BplOKEL KAl EMLOTPEPEL TO TPWTO OTOLXELO OTO vector mou va eivatr 1
// (ue Bdon tn ouvvdptnon compare), i NULL av dev BpeBel kavéva OTOLXE

Pointer vector_find(Vector vec, Pointer value, CompareFunc compare);

« Usually sequential search (remember, the implementation is not fixed!)

« Reduntant, could be implemented by iterating

Iteration

// Méow random access

int size = vector_size(vec);

for (int i = 0; i < size; i++) {
int* value = vector_get_at(vec, 1);
printf("%d\n", *value);
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// MEow KOUPBwv

for(VectorNode node = vector_first(vec);
node != VECTOR_EOF;
node = vector_next(vec, node)) {

int* value = vector_node_value(vec, node);
printf("value: %d\n", *value);

// EgViKdaue amo TOV N
// UEXPL VA QTACOUUE
// WETABaocn otov EemMOu

// N TlUN TOU OUYKEKP

Memory management

* The memory reserved for the vector itselF is managed by the module
* We are responsible for the contents (Pointers)

« Simple memory management:

- destroy_value function to be called when a value is removed

Vector vec = vector_create(0, free);

vector_insert_last(vec, strdup("foo"));
vector_insert_last(vec, strdup("bar"));

vector_remove_last(vec); // free bar

vector_destroy(vec); // free foo (kai destroy to i1di10 TO Vvecto




When to use Vectors

« General purpose containers
« When we need random access
« When we don’t need to insert at random positions

« When we don't need efficient search

ADTList

* We sacrifice random access for insert/delete Flexibility

* Only sequential access

* We caninsert and remove elements anywhere

* We can search for elements (but this is usually inefficient)

* We can iterate over elements in the order of insertion

a.k.a. Forward list (also, “List” sometimes means something else)

a
Insert and delete anywhere Iteration
// MpooBgtel gvav vEo KOpPBo _ pHeTd . Tov node, i otnv apxr av node == // MOvo HEOW KOUPBwV
// Ue meprexopevo value.
for(ListNode node = list_first(list); // &gvikdue amoé Tov TP
void list_insert_next(List list, ListNode node, Pointer value); node != LIST_EOF; // UEXPL va QTAOOUUE O
node = list_next(list, node)) { // UETABaon OTOV EMOUE
// Apaipel Tov __€emouevo__ KOuBo amd tov node, 1j TOV MPWTO KOUBO av n
int* value = list_node_value(list, node); // n Tiurj TOU OUYKEKPL
void list_remove_next(List list, ListNode node); printf("value: %d\n", *value);
* Positions represented by nodes
* Insert/remove happens after the given node
e Example (4, 6, 2, 1)
- Insert 3 after6: (4, 6, 3, 2, 1)
- Remove after4: (4, 3, 2, 1)




Other Functions

Same as for Vectors.

List list_create(DestroyFunc destroy_value);
// EMLOTPEPEL TOV aplOUO OTOLXELWV TIOU TEPLEXEL N AloTd.
int list_size(List list);

// EMLOTPEPEL TNV TMPWTN Tlun mou e€ivait itoodvvaun pe value
// (ue Bdon tn ovvaptnon compare), i NULL av Sev Uumdpxel

Pointer list_find(List list, Pointer value, CompareFunc compare);

// EAgvBepwvel O0An tn pvrun mou Seouelel n Alota 1ist.
// Omoiadnmote AglToupyla mavw otn Alota HETH TO destroy eilvat un opt

void list_destroy(List list);

When to use Lists

 General purpose containers
« When sequential access is enough
« When we need to insert/delete at random positions

« When we don't need efficient search

Stacks

* Very limited functionality
- but usefulin practice
- allows for efficient implementations

* Insert and delete at the top
- Last-in, first-out (LIFO)

* Acceess only the top element
- No random access
- Noiteration

Examples of Stacks in Real Life




LIFO access

// EMLOTPEPEL TO OTOLXELO OTNV KOpu@r TNG oToifag (HUn OPLOUEVO ATOTEA
// otoiBa givar Kevrj)

Pointer stack_top(Stack stack);
// MpoagBéter tnv Tiur value otnv kKopuen TnG oroifag stack.
void stack_insert_top(Stack stack, Pointer value);

// Apaipel TNV TN O0TNV KOPL@H TNG otoifag (un opilouévo
// amotéAgoua av n oroifa €ivar kKevih)

void stack_remove_top(Stack stack);

e Example [4, 6, 2, 1]
- Insert3:[4, 6, 2, 1, 3]
- Remove: [4, 6, 2, 1]

» Commonly called push and pop

When to use Stacks

« When LIFO access is enough

« Many applications
- Storing information of active function calls
- Parsing algorithms
- Expression evaluation algorithms
- Backtracking algorithms

Using a Stack to check fFor balanced parentheses The Algorithm
« Determine whether parentheses/brackets balance properly in algebraic - Start with an empty stack
expressions.
« Scan the algebraic expression from left to right
« Example: . :
- On(, [, {weinsertittothestack.
2 2 2 :
{a® = [(b+¢)* — (d+¢e)*] * [sin(z — y)|} — cos(z + y) - On), 1, }weremove the topitem and check that its type matches
 This expression contains parentheses, square brackets, and braces in - The expression is balanced iff
balanced pairs according to the pattern .
- all pairs match, and
L0000 - atthe endthe stack is empty
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Postfix Expressions

* Expressions are usually written in infix notation L op R
- The operator appears between the operands
-eg.(a+b)*x2—c
- Parentheses are used to denote the order

* Postfix: write the operator after the operands L R op
- eg.ab+ 2 *xc—

- Advantage: no need for parentheses!

Examples
Infix Postfix
(a+b) ab+
X-Vy-2) Xy-Z-

(
(x-y-2)/(u+V)
(@2 +b”2) * (m-n)

Xy-z-uv+/

a2z "b2r+mn-*

Using a Stack to evaluate postfix expressions Translating Infix expressions to PostFix
* Scan from left to right * We can also use a Stack to translate Fully parenthesized infix arithmetic
expressions to postfix.
* When we find an operand X, insert it int the stack
' * Algorithm to convert (L op R) to the postfix form L R op
When we find an operator op - ignore the left parenthesis

- remove the top operand into a variable R (right operand) - convert I to postfix

- remove another topmost operand into a variable L (left operand) - save op on the stack

- Perform the operation L op R - convert R to postfix

- Insert the value back into the stack - then, on ), pop the stack and output the op
« End of expression: its value is the (only) item remaining in the stack
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Example

Input Output Stack

(
« We want to translate the infix expression ((5*(9+8))+7) into postfix. (
e Theresultwillbe5 9 8 + * 7 + > 5
* *
( *
9 9 *
+ * 4
8 8 * 4
)+ -
) *
+ +
7 7 +
) +
Queues FIFO access
« Very limited functionality (similarly to stacks) // EMLOTPEPEL TO OTOLXELO OTO UMPOOTLVG WEPOG TNG 0UPAG
- but usefulin practice Pointer queue_front(Queue queue);
- allows for efficient implementations // EMOTPEPEL TO OTOLXEL0 OTO Miow UEPOC TNG OUPGC
« Insert in the back, remove from the Front Pointer queue_back(Queue queue);
- First-in, ﬁl’St—OUt(F”:O) // MpooBetel TNV Tiun value oto miow HEPOG TNG OUPAG queue.
. Acceess only the Front and back elements void queue_insert_back(Queue queue, Pointer value);
- No random access // Apalpel TNV TlUN OTO UTPOOTA HEPOG TNG OUPAG
- Noiteration void queue_remove_front(Queue queue);
e Example [4, 6, 2, 1]
- Insert3:[4, 6, 2, 1, 3]
- Remove: [6, 2, 1, 3]
* Commonly called push/pop (or enqueue/dequeue)
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When to use Queues

« When FIFO access is enough

« Many applications

Sheduling of processes

Access to resources (CPU, printers, etc)

Breadth First Search in trees and graphs

Example, experimental simulation

* Anew job arrives to the CPU each second with pb p
 Eachjob takes between 1 and 4 seconds to execute (random)
* What is the average waiting time?

* We can write a program the simulates the system using a queue
- time represented by an integer t
- ateachsecond, insert ajob randomly (using rand)
- select duration also randomly

- remove job after duration seconds, compute its waiting time

Readings

 T.A.Standish. Data Structures, Algorithms and Software Principles in C.

Chapter 7.

« R. Sedgewick. AAydpiBpot o C., Ke. 4.




