Priority Queues, Maps, Sets
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ADTs fFor efficient search

» So far we've seen ADTs in which elements have a predefined order

- Depending only on the insertion order, not on the values
« Andsearchisinefficient

* We will now discuss ADTs that take the order of elements into account

- Any order can be used (many options, even for the same data)

The compare Function Priority Queue

« Acompare function determines the order of elements « Similar to a Queue or Stack
- compare(a, b) < @iffais “smaller” than b - Noiteration, only a specific item can be accessed/removed
- compare(a, b) > 0iffais“greater” thanb * BUT: the item that can be accessed/removed is the maximum one
- compare(a, b) == 0iffaandb are equivalent (not equal!) - with respect to a given order (compare)

« Examples forintegers: « We caninsert elements in any order
- return *(int*)a - *(int*)b « When we remove, we always get the maximum element!
- return abs(*(int*)a) - abs(*(int*)b)
- return a - b
- Which elements are equivalent?

« Examples for strings, structs, Vectors, etc?
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Create, insert

// ANU1OUPYET KAl EMLOTPEPEL MUl VEX OUPA TMPOTEPALOTNTAG, TNG OmMoiag
// Av destroy_value != NULL, 10T KaAeital destroy_value(value) kdfe
// Av values != NULL, TOTE n OUPd OPXLKOMOLELTAl MUE TA OTOLXELA TOU V
PriorityQueue pqueue_create(CompareFunc compare, DestroyFunc destroy_

// MpogBéter tnv Tlur value otnv oupd pqueue.

void pqueue_insert(PriorityQueue pqueue, Pointer value);

« The compare function must be given to pqueue_create

- Cannot be modified.

« We caninitialize the queue with a Vector of values

- might be Faster than insterting them one by one!

Accessing the maximum element

// EMLOTPEPEL TO HUEYAAVUTEPO OTOLXELO TNG OUPAG
Pointer pqueue_max(PriorityQueue pqueue);
// Apalpel TNV HEYAAUTEPN TlUr TNG OUPAG

void pqueue_remove_max(PriorityQueue pqueue);

 Guaranteed to work independently from the insertion order

- Efficient, even after removing elements!

When to use Priority Queues

« When we need to quickly find the maximum value
- on data thatis updated

* Many applications
- Shortest Path in a graph (Dijkstra)
- Minimum Spanning Tree (Prim)
- Searchin Artificial Intelligence (A*)
- Sorting elements (Heapsort)
- Load balancing algorithms
- Compression (Huffman codes)

ADTMap

» Associates a key to avalue
 Allows to search for value given key (or a key equivalent to it)
 Can be thought as an “array” with non-integer indexes!

// AuTO givatr ouvnOiougvo
names[19] = "Bob";

printf("The student with id 19 is %s\n", names[19]);

// Qpatia Ba rtav va UmopoUsauE Va KAVOUUE TO avTioTpo@o (aAAd o€ yive
ids["Bob"] = 19;

printf("The id of Bob is %d\n", ids["Bob"]);

« We can use a Map ids that associates "Bob" to 19

a.k.a. Symbol table, Dictionary, Associative array, Unordered map




Create

// ANU1oUPYET KAl EMLOTPEPEL £va map, OTO OMOLO TA OTOLXELA OUYKPT1VOV
// TN ouvdptnon compare.

// Av destroy_key ri/kat destroy_value != NULL, 10TE KaAeitai destroy._
// n/kat destroy_value(value) kKdOBe @opd mou apaipeiTal £va OTOLXETLO.

Map map_create(CompareFunc compare, DestroyFunc destroy_key, DestroyF
« We need to pass a compare function
- the Map needs to know which keys are equivalent to "Bob"

« Separate destroy functions for keys and values

Insert, find

// MpooBEtel 1o KAELOT key pe tiun value. Av umdpxel KAe1d1 10000vVauUO

// maAid key & value avtikaBiotatal amé Ta VEQA.

void map_insert(Map map, Pointer key, Pointer value);

// EMLOTPEPEL TNV TLUN TOU £XEL AVTLOTOLXLOTEL OTO OUYKEKPLUEVO key,

// TO key degv umdpxel oto map.

Pointer map_find(Map map, Pointer key);

Example

// name => id
ADTMap ids = map_create(compare_strings, NULL, NULL);

// ids["Bob"] = 19
map_insert(ids, "Bob", create_int(19));

// Find ids["Bob"]
printf("The id of Bob is %d\n", *(int*)map_find(ids, "Bob"));

Remove

// Apaipel to KAg1dl mou eilval itoodUvauo pHeE key amdé TO map, av

// EmMiOTpEpel true av PBpeOnke TETO10 KAE1A1, Odla@opeTikd false.

bool map_remove(Map map, Pointer key);

Example:

map_remove(ids, "Bob");

if(map_find(ids, "Bob") == NULL) {
printf("No student named Bob exists");
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Iteration

// MEow KOUPBwv

for (MapNode node = map_first(ids);
node != MAP_EOF;
node = map_next(ids, node)) {

// EgViKAUE amd TOV TPWTO
// UEXPL va QTACOUUE OTO
// WETAPBacn oTov EMOUEVO

char* name = map_node_key(ids, node); // TO KAELAT TOU OUYKEKPL
int* id = map_node_value(ids, node); // N TLUN TOU OUYKEKPLUEV
printf("%s's id is %d\n", name, *id);

When to use Map

« When we need equality search
- One of the most commonly used operations
- And the datais updated frequently

» Checkif some value is already seen

- eg. memoization

* Provided natively by many programming languages
- but we need to understand how it works!

ADTSet Create
 An ordered set of unique values // AnUloupyel KAl EMLOTPEPEL €va oUVOAO, OTO OMOl0O T OTOlXELX OUYKPl
// Bdon tn ouvdptnon compare.
.. // Av destroy_value != NULL, t0Te KaAeital destroy_value(value) kdfe

+ Allows to search for a value efficiently // agaipeital éva oroixeto.

* Allows toiterate the setin the correct order Set set_create(CompareFunc compare, DestroyFunc destroy value);
We need to pass a compare function.
The Set maintains the order of the values.
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Insert, find
// MpogBétel tnVv Tlur value oto OUVOAO, QVT1KAO1OTWVTAG TUXOV TmPONyou
// 1oo0dvvaun tng value.
void set_insert(Set set, Pointer value);

// EmMioTpEPel TNV HOvadilkr Tiur TOUu Set mou eivail toodUvaun pe value,
// OV UMApXEL

Pointer set_find(Set set, Pointer value);

Example

ADTSet names = set_create(compare_strings, NULL);

set_insert(names, "Alice");
set_insert(names, "Bob");

printf("Is Bob present? %d\n", set_find(names, "Bob") != NULL);

Remove

// Apaipel tn povadikry Tiur itooduvaun tn¢ value amé 10 oUvVoOAo, av umd
// EmiotpEpel true av BpgOnke n tiun autr, false O10QOPETLKA.

bool set_remove(Set set, Pointer value);

Example:

set_remove(names, "Bob");

if(set_find(students, "Bob") == NULL) {
printf("No student named Bob exists");

Iteration

// Méow KOuPwv, otn oeipd drdtaéng!

for(SetNode node = set_first(ids);
node != SET_EOF;
node = set_next(ids, node)) {

// EgViKAUE amd TOV TPWTO
// UEXPL va QTACOUUE OTO
// UETABacn otov EMOUEVO

char* name = set_node_value(ids, node); // H Tiurj TOU OUYKEKPLUEV
printf("%s\n", name, *id);




When to use Set

* When we need to access values in a certain order
- And the data is updated frequently

* When we need range search
- One of the most commonly used operations

 Butalso equality search




