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

« A compare function determines the order of elements

compare(a, b) < 0iffais“smaller” thanb
compare(a, b) > 0iffais“greater” thanb

compare(a, b) == 0iff aandb are equivalent (not equal!)

« Examples forintegers:

return *(int*)a - *(int*)b
return abs(*(int*)a) - abs(*(int*)b)
return a - b

Which elements are equivalent?

« Examples for strings, structs, Vectors, etc?



Priority Queue

Similar to a Queue or Stack

- Noiteration, only a specific item can be accessed/removed

BUT: the item that can be accessed/removed is the maximum one

- with respect to a given order (compare)

We can insert elements in any order

When we remove, we always get the maximum element!



Create, insert

// ANULOUPYET KAl EMLOTPEPEL UlA VEA 0oUPA TPOTEPALOTNTAC, TNG omoiacg
// Av destroy_value != NULL, 10T KaAeitai destroy_value(value) kdfe
// Av values != NULL, TOTE n oupa APXLKOTIOLELTAl UE TA OTOLXELA TOUL V
PriorityQueue pqueue_create(CompareFunc compare, DestroyFunc destroy_

// MpooBETEL TNV TlUNR value otnv oupd pqueue.

vold 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 UEYAAUTEPO OTOLXELO TNG 0OULPAG
Pointer pqueue_max(PriorityQueue pqueue);
// Apailpel TNV UEYAAVTEPN TLlUN TNG 0ULPAC

volid 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 that is updated

« Many applications
- Shortest Path in a graph (Dijkstra)
- Minimum Spanning Tree (Prim)
- Search in 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 e€ilval ouvvnOilougvo
names[19] = "Bob";

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

// Qpaila Ba ritav va UmopoUoaUE va KAVOUUE TO avTioTpopo (aAAd o yilve
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

// ANULoUPYET KAl EMLOTPEPEL £€va map, OTO OMOLO0 TA OTOLXELO OUYKpivov
// Tn ouvvaptnon compare.

// Av destroy_key ri/kat destroy_value != NULL, T10TE KaAeitail destroy._
// n/kat destroy_value(value) kaBe @opa movU APALPELTAL £va OTOLXELO.

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

// TPOOBETEL TO KAE1LA1l key upue tiun value. Av UMApxel KAE1O1 1ooduvauo
// maAid key & value avtika@iotatait amo Ta VEQ.

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

// EMLOTPEPEL TNV TlUN TIOU EXEL AVTLOTOLXLOTEL OTO OUYKEKPLUEVO Kkey,
// TO key O&v umdpxel OoTOo map.

Pointer map_find(Map map, Pointer key);



Example

// name => 1id

ADTMap 1ds = 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",

*(i1nt*)map_find(1ids,

"BOb"));



Remove

// Apaipel 1o KAE1d1 mou €ilvait tooduvauo HE Key amo TO map, Qv UTTAPXE
// EMOTPEPEL true av PBpeBnke TETOL0 KAELOL, O1AQOPETLIKA 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");

}



Iteration

// Méow KOUuBwv

for (MapNode node = map_first(ids);

node != MAP_EOF;

node = map_next(ids, node)) {

char* name = map_node_key(ids,

int* id = map_node_value(ids,

printf("%s's id is %d\n",

name,

node) ;

node);

*id);

// EEVIKAUE a0 TOV TPWTO
// UEXPL VA QTACOUUE OTO
// HETABaon OTOV EMOUEVO

// TO KAELOT TOU OUYKEKPL
// N TlUl TOU OUYKEKPLUEV



When to use Map

« When we need equality search
- One of the most commonly used operations

- And the data is updated frequently

« Checkif some valueis already seen

- eg. memoization

« Provided natively by many programming languages

- but we need to understand how it works!



ADTSet

* An ordered set of unique values
« Allows to search for a value efficiently

* Allows toiterate the setin the correct order



Create

// ANULoUPYELl KAl EMLOTPEPEL £va OUVOAO, OTO OMO10 TA OTOlLXELO OLYKPTL
// Baon tn ouvaptnon compare.

// Av destroy_value != NULL, 10Te KaAeitair destroy_value(value) kKabBe
// apailpeital €va oTolxEelo.

Set set_create(CompareFunc compare, DestroyFunc destroy_value);

We need to pass a compare function.

The Set maintains the order of the values.



Insert, find

// MpooBETEL TNV TluUNR value oTO0 OUVOAO, QAVTLKAO1OTWVTAC TUXOV Tponyou
// toodvuvaun tn¢ value.

volid set_insert(Set set, Pointer value);

// EMLOTPEPEL THV UOVAILKI) TlUH Tou Set mou givai toodovvaun HE value,
// OEV UMAPXE

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 povadikny Tiun roodvvaun tng value amd TOo OUVOAO, Qv UTA
// EMOTPpEPEL true av BpebBnke n tiuny autr), false O1APOPETLKA.

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 KouBwv, otn ceipd otataéng!

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

char* name = set_node_value(ids,

printf("%s\n", name, *id);

// EEVIKAUE a0 TOV TPWTO
// UEXPL VA QTACOUUE OTO
// HETABaon OTOV EMOUEVO

node); // H Tiun TOU OUYKEKPLUEV



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

« But also equality search






