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Avalnitnon xwpic TAnpo@dopnon
Elcaywyr)

Ot aAyoplBuot avalntnong oe cuvSUACHO HE TNV AVATTOPACTOCN YVWOoNG OmoTEAOUV ToV IUpHva TwV ehapUOywY
Texvntng Nonuoouvng (Norvig03, BAaxaBac06, Ertelll). Oswpwvtag KAtaAAnAeg meplypadEg tou mpoPAnpaToc,
avalntouv tn Avon tou e€etdlovtag e KAmoLa oelpd TIG SLadOPETIKES KATAOTAOELG OTLG OTOLEC Umopel va TtepLEADEL
0 KOoUOC Tou TpoPAnpatoc. OL aAyoplBuol avalntnong Unopel va dtadEpouv og XapakTnPLOTIKA OTWE N XPOVIKN
TIOAUTTIAOKOTNTA, N XWPELKA TIOAUTIAOKOTNTA, N MAnpotTnTa (dnAadn n eyylunon tng eVpeong AUong epocov UTIAPXEL)
KOBWC KoL og GANO XaPAKTNPLOTIKA. YTIapXeL TANBwpa aAyoplBuwy avalntnong kal Sev UTIAPXEL KATIOLOG 0AYOpLOUOC
oavaltnong mou va UTtepTePEl Evavtt OAwY TwV AAAwV og OAEG TLG TEPUTTWOELC.

Y€ VEVIKEC YPOMMEC oL oAyoplBuol avalntnong Asttoupyolv Slatnpwvtag pia Alota amd KATOOTACEL TOU
TiPOoPBANUATOC OL OTOLEG TTPOKELTAL VA eEETAGTOUV KoL N omoia ovopaletal pétwno avalntnong (frontier f fringe). Ot
KOTOOTAOEL TOU METWIOU avolATnong eA€yxovial e KATIOlA OElpd OXETIKA ME TO £AGvV amotelolv AlUon Tou
TPOBAAUATOC KAl TPAYLOATOMOLOUVTIAL EMEKTACEL KOUTAOTACEWV (expansions) KOTA TIC omoieg mpootibevtal oto
METWTO avalTnonG KOTOOTACELS (successor states) mou mMPoKUTITOUV amd ThV TPEXOUCA KATAOTAON MECW KATIOLWV
teleotwv petdPaocng (transition operators). MNa va anodeuxbei n dSnuiovpyia Ppoxwv avalitnong (loops) Statnpeitat
T0 KAELOTO oUvVOoMo (closed set) mou amoteAeltal amod TIC KATAOTAOELG oL omoleg €xouv Né&n emnektabel. Edpooov
XPNOLOTIOLE(TAL KAELOTO OUVOAO MO KATAoTaon MpLv emektabel e€etaletal Qv avrnKeL 0To KAELOTO cUVOAO. Av QUTO
oupBaivel tote dev emekteivetal Eava.

Yta mAaiola Tou apdvTog epyactnpiou Ba mapouoLaoTouv oL alyoplbuot:

1. Avainitnon npwta katd mAdtog (Breadth First Search)
2. Avalntnon npwrta kotd Bdbog (Depth First Search)
3. AvalAitnon opoldpopdou koéotoug (Uniform Cost Search)

Ol avwTépw aAyoplBpoL avikouv otnv katnyopia Twv aAyopiduwv avalitnong xwpis mAnpodopnon (i alyoplBuwy
twodAng avalntnong) 6nAadn Sedopévng g Kotdotacng mou Oev elval KATAOTOON OTOXOU Oev UTTAPXEL
TANPOodOPNCN OXETIKA LLE TO EAV N KATAOTOON BPLOKETOL KOVTA H LAKPLA Ao TO OTOXO.

Avalnnon mpowta kata mAatog (BFS=Breadth First Search)

TNV avalntnon MpwTta KATd MAATOC OL KOTOOTACELG TIOU ETIEKTEIVOVTAL TIPWTEC elval ekelveg Tou €xouv mpooteBel
vwpltepa oto pETWMO avalntnongG. TUVEMWG, UIopel va xpnoluorolel n Soun dedopévwy oupd (queue) yla Tn
Sloxeiplon tou petwnou avalntnong. Av n TPEXOUCO KATAOTACN S&V aVKEL OTO KAELOTO CUVOAO N €L0AYWYH TWV
YELTOVIKWY TNC KOTOOTACEWV YIVETAL OTO TOW AKPO TOU UETwrnou avalitnong. XTn OUVEXElD akoAouBei o
Peudokwdikag Tou aAyopiBuou kat o kwdikag og C++ yla tnv avalATnon mpwTto KoTtd MAATOG.




algorithm bfs(InitialState, FinalStates)
begin
Closed<«{J;
Frontier<<InitialState>;
CurrentState«First(Frontier) ;
while CurrentState ¢ FinalStates do
Frontier<delete (CurrentState,Frontier) ;
if CurrentState ¢ ClosedSet
begin
ChildrenStates < Expand (CurrentState) ;
Frontier<« Frontier #* ChildrenStates;
Closed«Closed{CurrentState};
end;
if Frontier= (J then exit;
CurrentState«First (Frontier) ;
endwhile;
return success;
end.

bool bfs(struct di_graph graph, string start_vertex,
string goal vertex) {
set<string> closed { };
queue<string> frontier { };
frontier.push(start_vertex);
string current_ state = frontier.front();

// FIFO

while (goal_vertex.compare (current_state) != 0) {
frontier.pop() ;
if (closed.find(current_state) == closed.end()) {

for (string v :
current_state))
frontier.push (v) ;
closed.insert (current_state) ;
}
if (frontier.empty())
return false;
current_state =
}
return true;

}

get_successors (graph,

frontier.front() ;

Weubokwdikag yLo tov ahyoplBpo avalntnong mpwta Kotd
mAatog (BAaxapac06)

Kwdwkag o C++ yla Tnv avaltnon mpwta Katd mAATog (xwpic Sopég yia tnv
anoBnkeuon Tng SLAdPOUNG KL TOU PAKOUG TNG)

Avalnton npwta kata BaOoc (DFS=Depth First Search)
Jtnv avalntnon mpwta Katd BaBog oL KATAOTACEL TIOU EMEKTEIVOVTAL MPWTES €lval oL TEAEUTALEG TTOU IPOCoTEBNKAY
0TO HETWTTO avalnTnong. Juvenwg, elval puotkod va xpnoluomoleital n Soun tng otoifag (stack) yia tn Staxeipion tou

petwrmou avalntnonc.

Avalijtnon opotopop@ov k6otoug (UCS=Uniform Cost Search)
Jtnv avalntnon opoldopopdouU KOOTOUG Ol KATAOTACELC TIOU EMEKTEIVOVTOL TIPWTEG £lval €KElVEC TTOU €XOuV TO

XOUNAOGTEPO KOOTOC Yylo TN UETABOON amd TNV OpXLKN KATAoToon UEXPL aUTEC. Mo TN Sloxeiplon TOu PETWTIOU
avalntnong umopei va xpnotponotnBei n Soun Sedopévwyv oupd mpotepalotTntag (priority _queue).

MpopANna eVpeSTC SLASPOUTC 0E EVva YPAPNUA TIOAEWV
To nmpdPAnua mou Ba xpnotpononBel yia tnv enidetén Twv adyopiBuwyv avalntnong sival to mpofAnua eUPECNS TNG
SLadpoung amo pia toAn o o GAAN atov akdAouBo xaptn.
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Meplypadovtag to mpoPANUA [LE XPrON TOU XWPOU KOTACTACEWY Ba MPETEL va oploTel n akdAouBn tetpada (1,G,T,S):

I:  Apxkn kataotaoh

G: ZUVOAO TEALKWYV KATOOTACEWV
T: Teheoteg petafaong

S: XWwpog KATAOTACEWY

JUVETWC yLa To TPOPANUa eUpeonc TNG SLASPOUNG Ao pia TTOAN o€ Lot GAAN TTOAN LoYUEL OTL:

ApxKn Kataotaon | eival n kataotaon Katd tnv onola o Tafldlwtng Bploketal otnv MOAN adetnpia Kol dev
£xel EeklvroeL akopa tn dtadpoun Tou IPOG TNV TTOAN TPOOPLOUO.

To oUvolo G amoteAsital and OAEG TIC KATAOTACELC KATA TLG OTMOIEG 0 TALLSLWTNG EEKLVWVTAC QO TNV TOAN
adetnpla (r.x. Arad) kat akoAouBwvtog pa Stadpopn mou amoteAsital and SLadoXIKEG LeETAPACELC HETAED
VELTOVLKWV TIOAEWV KATOANYEL va BplokeTal otnv mOAN mpooplopo (.. Bucharest).

T elval o TeAeotg petdfaong Tou Tafldlwtn and pia moAnN oe KAToLla GAAN YELTOVIKH TTOAN cUudwva e ToV
Xaptn.

O Xwpog KataoTAcswv S tou mpoPARuatog amoteleital and OAeg Ti¢ mBavég Sladpopég mou umopet va
npokOPouv Katd tnv avalntnon tg SLadpoung amo pio omoLladnmoTe OAN Pog Kamola AAAn moAn. O b¢
Xwpog avalntnong (search space) amoteAeital amd OAsg Tig mbaveg SLaSpoUEG TOU UMopEel va pokUPouv
Katd tnv avalntnon tng Stadpoung amnod tnv moAn adbetnpia mpog tnv noAn MPoopLoUO.

Kwdikomoinon dedopévwv mpofApatog

Ta 6e6opéva tou mpoPAnpatog Bpiokovtal kwdlkomolnuéva oto apyeio tour_romania.txt To onoio amoteAeital anod
2 TuAuata. To TuApa Kataypadng Twv kopudwv (vertices) oto omolo amodidetal éva Ovopa os KABe kopudn Tou
vYPadRHATOG (TO MPWTO YPAMUUA TNG avTioTolyng OANG) Kal TOo TUAKO KaTaypadrg TwV aKUWVY ToU ypadruaTtog ou
amoteAeital amno KateuBUVOUEVEG aKUEG TNG LopdAC: ard TOAN, Ttpog TOAN, andotaon (m.x. A,S,140 onuaivel otL n
anootacn tng dtadpoung anod Arad mpog Sibiu eivat 140 xAlopeTpa)

# tour romania example E,H,86
[VERTICES:20] F,B,211
AArad F,5,99
B,Bucharest G,B,90
C,Craiova H,E,86
D,Drobeta H,U,98
E,Eforie I,N,87
F,Fagaras 1,V,92
G,Giurgiu L,M,70
H,Hirsova L,T,111
l,lasi M,D,75
L,Lugoj M,L,70
M,Mehadia N,I1,87
N,Neamt 0,5,151
0,0Oradea 0,271
P,Pitesti P,B,101
R,Rimniu Vilcea P,C,138
S,Sibiu P,R,97
T,Timisoara R,C,146
U,Urziceni R,P,97
V,Vaslui R,S,80
Z,Zerind S,A,140
[EDGES:46] S,F,99
A,S,140 S,0,151
AT,118 S,R,80
AZ,75 T,A,118
B,F,211 T,L,111
B,G,90 U,B,85
B,P,101 U,H,98
B,U,85 u,v,142
C,D,120 V,1,92




C,P,138 V,U,142
C,R,146 Z,A,75
D,C,120 Z,0,71
D,M,75

MNeplexopeva apyeiou tour_romania.txt

Ma tnv nepimtwon Tou apxeiou tour_romania.txt o mivakag yertvioong Tou ypodnuatog LETA TNV ovayvwaon amno To
opxelo Ba €xel ta akoAouBa dedopéva:

vertices [A]B]c]popJeJF]eg]JH]J1T]JL[M]INTJOJP]R]s[TJuUulvVv]z]
A o | o|lo|o|o|lo|o|]o|O|]oOo]|]oOo|O]|oO]o]|o | 140][128|0]0]|75
B o|lo|o|o|o0o|212|]9 | 0| o0o|]o|o]| o] o] 01|lo0]|]o0]|o0]|8]|o0]|o0
c o| oo 1200 |o0|0|o0|O0]|oO0] 0| 0| o0 ]|138|146|0]|0]O0|fo0]|o0
D o|o 1200 |o0o|o0o|o0o|o|o|o0o]|7|0|o0]|o0o|O0|O0]|oO0]O0O|[oO0]|oO
E o|o|o|of|o|o|o|ss|o0o|]o|o|o|]o|o|o|]o]|]o]|o]|ol]fo
F 0o |22/ 0 | 0o | o0 |o0o|o|o|o|]o|O|oO|oO|O0O /|9 |o0o]o0o|o0]|oO
G o9 |o|o|o|lo|o|o|lo|o|]Oo|O|oO|O|O|O]|O]oO|[o]|oO
H o|o|o|o|s8&|o0o|o0o]O|O|O]|]O|O|O|O|O|oO]|oO/ ]9%|[o0]|o

L 0 0 0 0 0 0 0 0 0 0 70 0 0 0 0 0 111 0 0 0
M 0 0 0 75 0 0 0 0 0 70 0 0 0 0 0 0 0 0 0 0
N 0 0 0 0 0 0 0 0 87 0 0 0 0 0 0 0 0 0 0 0
0] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 151 0 0 0 71
P 0 101 | 138 0 0 0 0 0 0 0 0 0 0 0 97 0 0 0 0 0
R 0 0 146 0 0 0 0 0 0 0 0 0 0 97 0 80 0 0 0 0
S 140 0 0 0 0 99 0 0 0 0 0 0 151 0 80 0 0 0 0 0
T 118 0 0 0 0 0 0 0 0 111 0 0 0 0 0 0 0 0 0 0
u 0 85 0 0 0 0 0 98 0 0 0 0 0 0 0 0 0 0 142 0
\ 0 0 0 0 0 0 0 0 92 0 0 0 0 0 0 0 0 142 0 0
z 75 0 0 0 0 0 0 0 0 0 0 71 0 0 0 0 0 0 0 0

adjacency_matrix

YAoTtoinon kwdikomoinong ypa@nuatog os C++
ITn CUVEXELA TTAPOUCLATETOL 0 KWELKAC TTIOU 0pileL TN SO TOU ypadnUATOG KOL TNV aAVAYVWon Twv deSoUéVwy eVOC
VPO PrHOTOG Ao £éva OpXELO KEWWEVOU HE TN Hopdr) Ttou £xel meplypadel mapamndvw. H uhomoinon £xel opyavwOetl
ota akoAouBa apxeia:

e |ab01 graph.hpp

e |ab01_graph.cpp

e |ab01_01.cpp

#include <iostream>
#include <list>




#include <cstring>
using namespace std;

// doun ypaehuatog

struct di_graph {
int V; // opLOudC KOPUEOY YPAPHUATOC
int E; // oplOpdc arRPOV YPaeHuUATOq
string *vertices; // ouviopoypapleg OoVOudTwV KOPUOOV
string *vertices full names; // mAfpn ovopata KOPUPOV
int **adjacency matrix; // mivarkog yettviaonc

};

// emiLoTpo@] TOU OoVOUATOC TNG KOPUEAG ue dedopévn Tn B6&c0n 1ng KOPUEHQ
string get vertex label(struct di_ graph graph, int vertex index);

// emioTpo@h] TNG ©é0nc TNG KOPUPNC pe dedouévo 1o OHvoud TNG KOPUPAC
int get vertex index(struct di graph graph, string vertex);

// €mLOTPOEY TOU HUAKOUC TNG OKUNG ovdueoo Og 2 KOPUQECQ
int get weight(di_graph graph, string source vertex, string destination vertex);

//  emLooTpo@n AlCTOG PE TLC YVELTOVLIKEC KOPUEPEQ PLOC KOPUPAGC TOU YPAPAUATOQ
//  tafilvounuévec oeg aUfouca 1 og @EOIvouca oAEABNT LKA Of P&
list<string> get successors(struct di graph graph, string node, bool asc_order=true);

// ERTUOOON Tng mANPo@oplag TOU YyPAPAUATOQ
void print graph info(struct di graph graph);

// avayvwon yepaehuatog and apxelo Kelpévou
struct di graph read data(string fn);

//  ameAeguBfpwon TNg UVAUNC MTOU KAToAauBdvel 1o ypdenua
void free memory(struct di graph graph);

1ab@1_graph.hpp

#include "labO0l graph.hpp"
#include <sstream>
#include <fstream>

using namespace std;

string get vertex label(struct di graph graph, int vertex index) ({
return graph.vertices[vertex index];

}

int get vertex index(struct di graph graph, string vertex) ({
int vertex index{-1};

for (int i = 0; 1 < graph.V; i++)
if (graph.vertices[i].compare(vertex) == 0) {
vertex index = 1i;
break;
}

return vertex index;

}

int get weight (di graph graph, string source vertex,
string destination vertex) ({
return graph.adjacency matrix[get vertex index(
graph, source vertex)][get vertex index(graph, destination vertex)];

}

list<string> get successors(struct di graph graph, string node,
bool asc order) {
list<string> successors{};




int node index = get vertex index(graph, node);
for (int j = 0; j < graph.V; j++)
if (graph.adjacency matrix[node index][]j] !'= 0)
successors.push back(get vertex label (graph, Jj));
successors.sort () ;
if ('asc order)
successors.reverse() ;
return successors;

}

void print graph info(struct di_graph graph) {
cout << "Vertices=" << graph.V << endl;

for (int i = 0; 1 < graph.V; i++)
cout << "Vertex " << graph.vertices full names[i] << " ("
<< graph.vertices[i] << ") " << endl;
cout << "Edges=" << graph.E << endl;
for (int i = 0; 1 < graph.V; i++)
for (int j = 0; j < graph.V; j++)
if (graph.adjacency matrix[i][j] '= 0)
cout << graph.vertices full names[i] << " (" << graph.vertices[i]
<< ")--" <L graph.adjacency matrix[i][]] << "-->"
<< graph.vertices full names[]j] << " (" << graph.vertices[]j] << ")"
<< endl;

}

struct di graph read data(string fn) {
struct di_graph graph {};
fstream filestr{};
filestr.open(fn.c str());
if (filestr.is open()) {
string vertices header{};
getline(filestr, vertices header);
// ayvénoe TLQ APXLKEC ypoauuéc mou fexilvdve pe TovV Xopaxkthpo #
while (vertices header.at(0) == '#'")
getline(filestr, vertices header);
graph.V = stoi(vertices header.substr(vertices header.find(":") + 1,
vertices header.length() - 1));
graph.vertices = new string[graph.V]{};
graph.vertices full names = new string[graph.V]{};
for (int i = 0; i < graph.V; i++) {
string vertex{};
getline(filestr, vertex);
// trim Kevdv YOpoKTAPOVY de& L& TOU AeKTILKOU vertex
vertex.erase(vertex.find last not of (" \n\r\t") + 1);

int pos = vertex.find(",");

if (pos == -1) {
// av dev umbpxel deUtepo dvoua 1OTE YPNOLUOMOLELTAL N OoUVIOUOyPoP o
graph.vertices[i] = vertex.substr (0, vertex.length()):;
graph.vertices full names[i] = vertex.substr(0, vertex.length());

} else {
graph.vertices[i] = vertex.substr (0, pos);
graph.vertices full names[i] =

vertex.substr(pos + 1, vertex.length() - pos - 1);
}

}

string edges header{};

getline(filestr, edges header);

graph.E = stoi(edges header.substr(edges header.find(":") + 1,

edges header.length() - 1));
graph.adjacency matrix = new int *[graph.V]{};
for (int i = 0; 1 < graph.V; i++)
graph.adjacency matrix[i] = new int[graph.V]{};
for (int i = 0; i < graph.E; i++) {

string edge{}:;
getline(filestr, edge);
edge.erase(edge.find last not of (" \n\r\t") + 1);




int posl = edge.find(",");
int pos2 = edge.find(",", posl + 1);
string source vertex = edge.substr(0, posl);

string destination vertex = edge.substr(posl + 1, pos2 - posl - 1);
int weight = stoi(edge.substr(pos2 + 1, edge.length() - pos2));
int source vertex index = get vertex index(graph, source vertex);

int destination vertex index =
get vertex index(graph, destination vertex);
if ((source vertex index >= () && (source vertex index < graph.V))
graph.adjacency matrix[source vertex index][destination vertex index] =

weight;
else {
cerr << "Edge data problem" << endl;
exit(-1);
}
}
} else {
cout << "Error opening file: " << fn << endl;
exit (-1);

}

return graph;

}

void free memory(struct di graph graph) {
delete[] graph.vertices;
delete[] graph.vertices full names;
for (int i = 0; i < graph.V; i++) {
delete[] graph.adjacency matrix[i];
}
delete[] graph.adjacency matrix;

}

1ab@l _graph.cpp

#include "labO0l graph.hpp"
using namespace std;

int main(int argc, char **argv) {

struct di graph graph { };

if (argc !'= 2) {
cout << "Wrong number of arguments" << endl;
exit(-1);

}

string fn{argv[1]};

graph = read data(fn);

print graph info(graph);

free memory(graph) ;

}

labol 01.cpp

O kWbKOC peTayAwTTileTal e TNV EVIOAN:

| g++ 1abo1_graph.cpp 1ab@1l 01.cpp -o 1ab@l 01 -Wall -std=c++11

H eKTEAEON KOL TOL AMOTEAECUATO TNG EKTEAEONG TOU KWEIKA TTOpoUoLA{oVTaL 0T GUVEXELQL:

./1ab@1_01 data/tour_romania.txt

Vertices=20
Vertex Arad(A)
Vertex Bucharest(B)

Vertex Zerind(Z)
Edges=46
Arad(A)--140-->Sibiu(S)




Arad(A)--118-->Timisoara(T)

Zerind(Z)--71-->0Oradea(0)

YAomoinomn Bacik@wv pop@wv Twv adyopiOpwv BFS kat DFS
O akb6AouBog kwdikag UAoTIoLEL TNV avalATnon MPWTA KATA MAATOC Kal TV avalntnon mpwta katd Badog xwpic va
Statnpet tn Stadpoun mou evromniletal. H uhomoinon £€xeL opyavwBel ota akolouBa apyeia:
e |ab01_graph.hpp
e |ab01_graph.cpp
lab01_search_simple.hpp
lab01_search_simple.cpp
e |ab01 02.cpp

#include "lab0l graph.hpp"

// O aAybéplLOuog avalhtnong koutd mAdtoc xwplc amobhxreucn Tng O LadPOUng
void breadth first search base(struct di graph graph, string start vertex,
string goal vertex);

// O aAybépLOuog avalhtnong katd RB&Boc xwplc amobhxreucn tng dLadpPOUng
void depth first search base(struct di graph graph, string start vertex,
string goal vertex);

1lab@l search_simple.hpp

#include "lab0l search simple.hpp"
#include <set>

#include <queue>

#include <stack>

#include <unordered map>

using namespace std;

void breadth first search base(struct di graph graph, string start vertex,
string goal vertex) {
cout << "BREADTH FIRST SEARCH" << endl;
unordered map<string, int> hm;
set<string> closed{};
queue<string> frontier{}; // FIFO
frontier.push(start vertex);
string current state = frontier.front();
hm[current state] = 0;
bool found{true};
cout << "Starting from node " << start vertex << endl;

while (goal vertex.compare(current state) !'= 0) {
frontier.pop()
bool is in{closed.find(current state) != closed.end()};

if ('is_in) {
for (string v : get successors(graph, current state)) {
frontier.push(v) ;
hm[v] = hm[current state] + get weight(graph, current state, v);
}
closed.insert (current state);
}
if (frontier.empty()) {
found = false;

break;
}
current state = frontier.front();
cout << "current state: " << current state << endl;
}
if (found)

cout << "Path from " << start vertex << " to " << goal vertex




<< " found having length " << hm[goal vertex] << endl;
else
cout << "Path from " << start vertex << " to " << goal vertex
<< " was not found!" << endl;

}

void depth first search base(struct di graph graph, string start vertex,
string goal vertex) {
cout << "DEPTH FIRST SEARCH" << endl;
unordered map<string, int> hm;
set<string> closed{};
stack<string> frontier{}; // LIFO
frontier.push(start vertex);
string current state = frontier.top();
hm[current state] = 0;
bool found{true};
cout << "Starting from node " << start vertex << endl;

while (goal_vertex.compare(current_staEe) '= 0) {
frontier.pop();
bool is in{closed.find(current state) != closed.end()};

if ('is_in) {
for (string v : get successors(graph, current state, false)) ({
frontier.push(v) ;
hm[v] = hm[current state] + get weight(graph, current state, v);
}
closed.insert (current state);
}
if (frontier.empty()) {
found = false;

break;

}

current state = frontier.top():

cout << "current state: " << current state << endl;
}
if (found)

cout << "Path from " << start vertex << " to " << goal vertex

<< " found having length " << hm[goal vertex] << endl;

else

cout << "Path from " << start vertex << " to " << goal vertex
<< " was not found!" << endl;

}

1lab@l search _simple.cpp

#include "1lab0l search simple.hpp"

int main(int argc, char **argv) { struct di graph graph { };
string fn{};
string start vertex{}, goal vertex{}, search method{};
if (argc == 5) {
fn = argv|[l];
start vertex = argv[?];
goal vertex = argv[3];
search method = argv[4];
graph = read data(fn);

if (search method.compare("bfs") == 0)

breadth first search base(graph, start vertex, goal vertex);
else if (search method.compare("dfs") == 0)

depth first search base(graph, start vertex, goal vertex);
else

cerr << "Invalid choice" << endl;

}

free memory(graph) ;

}

1labol 02.cpp




O kwdKag petayAwTttileTal e TNV eVIOAN:
| g++ lab@l graph.cpp lab@l search simple.cpp lab@l 02.cpp -o lab@l 02 -std=c++11

H ektéheon kol ta amoteAéopata TG €KTEAEONC TOU KwoLlka yla tn petafacn and Craiova mpog Bucharest oto
MPOPANUa tour_romania.txt xpnolpomnolwvtog Tov aAyoplBuo avalntnong mpwta KAtd TAATOG mapouoLalovtal ot
CUVEXELQL:

./1lab@l 02 data/tour_romania.txt C B bfs

BREADTH FIRST SEARCH

Starting from node C

current state: D

current state: P

current state: R

current state: C

current state: M

current state: B

Path to goal node B found with length 239

YAomoinon adyopiOuwv BFS, DFS kat UCS pe tavtdxpovn amodijkevon ¢ Stadpopr)g
QaTO TNV APETNPLX TTPOC TOV TTPOOPLOUO
O akoAouBog kwbdikag uAomolel Tnv avalitnon MPWTA KATA MAATOC, TNV avalitnon npwta Katd Babog kat tTnv
opowopopdn avalntnon. H uAomoinon €xel opyavwBel ota akoAouBa apyeia:

e |ab01_graph.hpp

e |ab01_graph.cpp

e |ab01_search.hpp

e |ab01_search.cpp

e |ab01 03.cpp

INUOVTIKO pOAo otnv amoBrikeuon Twv Sladpopwv £xel n doun search_node otnv omola E€UMEPLEXETOL TOGO N
Stadpoun (path) 6oo kal to k6oToG TG (cost).

#include "lab0l graph.hpp"

#include <set>

#include <stack>

#include <queue>

using namespace std;

struct search node {
list<string> path;
int cost = 0;
bool is goal = false;
bool operator<(search node other) const { return cost > other.cost; }

};

// ovolhtnon npdta xotd R&Boc
void depth first search(struct di graph graph, string start vertex,
string goal vertex);

// ovalhTnon medta KAt TAXTOCQ
void breadth first search(struct di_graph graph, string start vertex,
string goal vertex);

// avolfhtnon oupoLlduoppou KOOTOUCQ
void uniform cost search(struct di graph graph, string start vertex,
string goal vertex);

// convenience function via petoapopd meplexouévev otolpfag ce AloTa
list<search node> stack to list(stack<search node> frontier);

// convenience function via petogpopd meplexouéveyv oupdg o AloTw
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list<search node> queue to list(queue<search node> frontier);

// convenience function vyl petopopd mepleyxouéveoy oupdc mpotepaldintag oe Alota
list<search node> priority queue to list(priority queue<search node> frontier);

// convenience function yia pretty print evdég search node
string search node as string(search node sn, bool show path cost = true);

// emioTpépel Ttn AUon poall pe 1o KOOTOC TNG XPNOLUOMOLOVING T MARPn ovOouoTo
//  twv xrOuPwv TOoU YP&QOU
string solution path cost(di_ graph graph, search node sn);

// convenience function ylo pretty print Alotoag pe Akt LKA
string list as string(list<string> alist);

// convenience function ylia pretty print ocuvdlou ue AeKT LKA
string set as string(set<string> aset);

/**
* ypnotpomoleltal yvia va eueovilel roatd tn dLdprela Inc ovoalHinong
* 10 pétewno oavalAInong, To KAeLoTd OUVOAO, TOV Tpéyxovia kKOUPBO KUL TOUQ
* yelTovLIKOUCg kKOuPBoug TOU Tpéxovia kdOuRou
*/
void print status(set<string> closed, list<search node> frontier,
string current state, list<string> successors,
bool show path cost = false);

//  xepnotpomoteltal poévo yioa tov kOpPBo apetnplo (start node) €toL GoTe VA
// apylLKomolhosL T dLadpoun
search node to_search node(string node);

// mpocORkn evbéc emimAéov kOuPBou otn diLadpoun nou éxetl Ndn dnuLoupyndetl,
// evnuépwon xKOOCTOUC
search node to search node(di graph graph, search node parent sn, string node);

1ab@l search.hpp

#include "lab0l search.hpp"
using namespace std;

void depth first search(struct di graph graph, string start vertex,
string goal vertex) {
cout << "DEPTH FIRST SEARCH" << endl;
set<string> closed{};
stack<search node> frontier{}; // LIFO
frontier.push(to_search node(start vertex));
search node current state = frontier.top():
string current state back = current state.path.back();
bool found{true};
while (goal vertex.compare(current state back) !'= 0) {
print status(closed, stack to list(frontier), current state back,
get successors(graph, current state back));
frontier.pop() ;
bool is in{closed.find(current state back) !'= closed.end()};
if ('is_in) {
// OL yelrtovikol x6upol Aaupdvovial ce @Bivouoa oAeaPfnt Lk celpd €T0L OOTE
// 6tav TomoBeTnBoUv otrn otoiPfa n TLUR mou RBploketol OTn KOPUEH Vo €ivol n
// pirpdTEPN APARNT LKA amd QUTEC TOU €LlonyxOnoav televtaleq
for (string v : get successors(graph, current state back, false))
frontier.push(to_search node(graph, current state, v));
closed.insert (current state back);
}
if (frontier.empty()) {
found = false;
break;
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current state = frontier.top();
current state back = current state.path.back();
}
if (found) {
print status(closed, stack to list(frontier), current state back,
get successors(graph, current state back));
cout << "Path to goal node found: "
<< solution path cost(graph, current state) << endl;
} else
cout << "Goal not found!" << endl;
}

void breadth first search(struct di graph graph, string start vertex,
string goal vertex) {
cout << "BREADTH FIRST SEARCH" << endl;
set<string> closed{};
queue<search node> frontier{}; // FIFO
frontier.push(to_search node(start vertex));
search node current state = frontier.front();
string current state back = current state.path.back();
bool found{true};
while (goal vertex.compare(current state back) !'= 0) {
print status(closed, queue to list(frontier), current state back,
get successors(graph, current state back));
frontier.pop() ;
bool is in{closed.find(current state back) != closed.end()};
if ('is_in) {
for (string v : get successors(graph, current state back))
frontier.push(to search node(graph, current state, v));
closed.insert (current state back);
}
if (frontier.empty()) {
found = false;
break;
}
current state = frontier.front();
current state back = current state.path.back();
}
if (found) {
print status(closed, queue to list(frontier), current state back,
get successors(graph, current state back));
cout << "Path to goal node found: "
<< solution path cost(graph, current state) << endl;
} else
cout << "Goal not found!" << endl;
}

void uniform cost search(struct di graph graph, string start vertex,
string goal vertex) {
cout << "UNIFORM COST SEARCH" << endl;
set<string> closed{};
priority queue<search node> frontier{}; // MIN HEAP
frontier.push(to_search node(start vertex));
search node current state = frontier.top():
string current state back = current state.path.back();
bool found{true};
while (goal vertex.compare(current state back) !'= 0) {
print status(closed, priority queue to list(frontier), current state back,
get successors(graph, current state back), true);
frontier.pop() ;
bool is in{closed.find(current state back) != closed.end()};
if ('is_in) {
for (string v : get successors(graph, current state back))
frontier.push(to_search node(graph, current state, v));
closed.insert (current state back);

}
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if (frontier.empty()) {
found = false;

break;
}
current state = frontier.top();
current state back = current state.path.back();

}
if (found) {

print status(closed, priority queue to list(frontier), current state back,

get successors(graph, current state back), true);
cout << "Path to goal node found: "
<< solution_path_cost(graph, current_state) << endl;

} else

cout << "Goal not found!" << endl;

}

list<search node> stack to list(stack<search node> frontier) {
list<search node> alist{};
while (!frontier.empty()) {
alist.push back(frontier.top())
frontier.pop();
}

return alist;

}

list<search node> queue to list(queue<search node> frontier) ({
list<search node> alist{};
while (!frontier.empty()) {
alist.push back(frontier.front()):
frontier.pop() ;
}

return alist;

}

list<search node> priority queue to list(priority gqueue<search node> frontier) {
list<search node> alist{};
while (!frontier.empty()) {
alist.push back(frontier.top()):
frontier.pop() ;
}

return alist;

}

string search node as string(search node sn, bool show path cost) {

string s{};

s.append (" (") ;

for (string v : sn.path) {
s.append (V) ;
s.append("-");

}

if (s.length() > 1)
s.pop_back() ;

if (show path cost) {
s.append (" ");
s.append(to string(sn.cost));

}

s.append (") ") ;

return s;

}

string solution path cost(di graph graph, search node sn) {
string s{};
s.append (" (") ;
for (string v : sn.path) {
s.append(graph.vertices full names[get vertex index(graph, v)1);
s.append("-") ;
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}
if (s.length() > 1)

s.pop _back();
s.append (" ") ;
s.append(to_string(sn.cost));
s.append (") ") ;
return s;

}

string list as string(list<string> alist) {

string s{};

s.append("[") ;

for (string v : alist) {
s.append(v) ;
s.append (" ");

}

if (s.length() > 1)
s.pop_back();

s.append("]1") ;

return s;

}

string set as string(set<string> aset) {

string s{};

s.append("[");

for (string v : aset) {
s.append(v) ;
s.append (" ") ;

}

if (s.length() > 1)
s.pop_back() ;

s.append("]");

return s;

}

void print status(set<string> closed, list<search node> frontier,

string current state, list<string> successors,
bool show path cost) {

cout << "frontier:[";

for (search node sn : frontier)

cout << search node as string(sn, show path cost);

cout << "]";

cout << " closed set:" << set as string(closed);

cout << " current node:" << current state;

bool is in{closed.find(current state) != closed.end()};
if (is_in)
cout << " successors: [loop]" << endl;
else {
cout << " successors:" << list as string(successors) << endl;
}

}

search node to_search node(string node) {
search node sn{};
sn.path.push back(node) ;
sn.cost = 0;
return sn;

}

search node to search node(di graph graph, search node parent sn, string node) {
search node sn{};
for (string v : parent sn.path) {
sn.path.push back(v);
}
sn.path.push back(node) ;
sn.cost = parent sn.cost + get weight(graph, parent sn.path.back(), node);
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return sn;

}

1ab@l _search.cpp

#include "lab0l search.hpp"

int main(int argc, char **argv) { struct di_ graph graph { };
string fn{};
string start vertex{}, goal vertex{}, search method{};
if (argc == 5) {
fn = argv|[l];
start vertex = argv[2];
goal vertex = argv[3];
search method = argv[4];
graph = read data(fn);
if (search method.compare("bfs") == 0)
breadth first search(graph, start vertex, goal vertex);
else if (search method.compare("dfs") == 0)
depth first search(graph, start vertex, goal vertex);
else if (search method.compare("ucs") == 0)
uniform cost search(graph, start vertex, goal vertex);
else
cerr << "invalid option" << endl;
}
free memory(graph) ;

}

1abol 0©3.cpp

O kwdko petayAwTttileTal Ue TNV EVIOAN:

|g++ 1lab@l graph.cpp lab@l_search.cpp lab@l 03.cpp -o lab@l 03 -Wall -std=c++11

EVpeon Stadpopn)g and Craiova mpog Bucharest pe BFS

./1ab@l 03 data/tour_romania.txt C B bfs

BREADTH FIRST SEARCH

frontier:[(C)] closed set:[] current node:C successors:[D P R]

frontier:[(C-D)(C-P)(C-R)] closed set:[C] current node:D successors:[C M]

frontier:[(C-P)(C-R)(C-D-C)(C-D-M)] closed set:[C D] current node:P successors:[B C R]
frontier:[(C-R)(C-D-C)(C-D-M)(C-P-B)(C-P-C)(C-P-R)] closed set:[C D P] current node:R successors:[C P S]
frontier:[(C-D-C)(C-D-M)(C-P-B)(C-P-C)(C-P-R)(C-R-C)(C-R-P)(C-R-S)] closed set:[C D P R] current node:C
successors:[loop]

frontier:[(C-D-M)(C-P-B)(C-P-C)(C-P-R)(C-R-C)(C-R-P)(C-R-S)] closed set:[C D P R] current node:M successors:[D L]
frontier:[(C-P-B)(C-P-C)(C-P-R)(C-R-C)(C-R-P)(C-R-S)(C-D-M-D)(C-D-M-L)] closed set:[C D M P R] current node:B
successors:[F G P U]

Path to goal node found: (Craiova-Pitesti-Bucharest 239)

EVpeon Swadpopn)g and Craiova mpog Bucharest pe DFS

1lab@l_03 data/tour_romania.txt C B dfs

DEPTH FIRST SEARCH
frontier:[(C)] closed set:[] current node:C successors:[D P R]
frontier:[(C-D)(C-P)(C-R)] closed set:[C] current node:D successors:[C M]

frontier:[(C-D-C)(C-D-M)(C-P)(C-R)] closed set:[C D] current node:C successors:[loop]
frontier:[(C-D-M)(C-P)(C-R)] closed set:[C D] current node:M successors:[D L]
frontier:[(C-D-M-D)(C-D-M-L)(C-P)(C-R)] closed set:[C D M] current node:D successors:[loop]
frontier:[(C-D-M-L)(C-P)(C-R)] closed set:[C D M] current node:L successors:[M T]
frontier:[(C-D-M-L-M)(C-D-M-L-T)(C-P)(C-R)] closed set:[C D L M] current node:M successors:[loop]
frontier:[(C-D-M-L-T)(C-P)(C-R)] closed set:[C D L M] current node:T successors:[A L]
frontier:[(C-D-M-L-T-A)(C-D-M-L-T-L)(C-P)(C-R)] closed set:[C D L M T] current node:A successors:[S T Z]
frontier:[(C-D-M-L-T-A-S)(C-D-M-L-T-A-T)(C-D-M-L-T-A-Z)(C-D-M-L-T-L)(C-P)(C-R)] closed set:[A C D L M T] current

node:S successors:[A F O R]
frontier:[(C-D-M-L-T-A-S-A)(C-D-M-L-T-A-S-F)(C-D-M-L-T-A-5-0)(C-D-M-L-T-A-5-R)(C-D-M-L-T-A-T)(C-D-M-L-T-A-Z)(C-D-M-
L-T-L)(C-P)(C-R)] closed set:[A CD L M S T] current node:A successors:[loop]
frontier:[(C-D-M-L-T-A-S-F)(C-D-M-L-T-A-5-0)(C-D-M-L-T-A-S-R)(C-D-M-L-T-A-T)(C-D-M-L-T-A-Z)(C-D-M-L-T-L)(C-P)(C-R)]
closed set:[ACD L MS T] current node:F successors:[B S]
frontier:[(C-D-M-L-T-A-S-F-B)(C-D-M-L-T-A-S-F-5)(C-D-M-L-T-A-5-0)(C-D-M-L-T-A-S-R) (C-D-M-L-T-A-T)(C-D-M-L-T-A-Z)(C-
D-M-L-T-L)(C-P)(C-R)] closed set:[A CD F L MS T] current node:B successors:[F G P U]

Path to goal node found: (Craiova-Drobeta-Mehadia-Lugoj-Timisoara-Arad-Sibiu-Fagaras-Bucharest 944)
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Evpeon Sadpopng and Craiova mpog Bucharest pe UCS

1labol_03 data/tour_romania.txt C B ucs

UNIFORM COST SEARCH

frontier:[(C ©)] closed set:[] current node:C successors:[D P R]

frontier:[(C-D 120)(C-P 138)(C-R 146)] closed set:[C] current node:D successors:[C M]

frontier:[(C-P 138)(C-R 146)(C-D-M 195)(C-D-C 240)] closed set:[C D] current node:P successors:[B C R]
frontier:[(C-R 146)(C-D-M 195)(C-P-R 235)(C-P-B 239)(C-D-C 240)(C-P-C 276)] closed set:[C D P] current node:R
successors:[C P S]

frontier:[(C-D-M 195)(C-R-S 226)(C-P-R 235)(C-P-B 239)(C-D-C 240)(C-R-P 243)(C-P-C 276)(C-R-C 292)] closed set:[C D
P R] current node:M successors:[D L]

frontier:[(C-R-S 226)(C-P-R 235)(C-P-B 239)(C-D-C 240)(C-R-P 243)(C-D-M-L 265)(C-D-M-D 270)(C-P-C 276)(C-R-C 292)]
closed set:[C D M P R] current node:S successors:[A F O R]

frontier:[(C-P-R 235)(C-P-B 239)(C-D-C 2408)(C-R-P 243)(C-D-M-L 265)(C-D-M-D 278)(C-P-C 276)(C-R-C 292)(C-R-S-R
306) (C-R-S-F 325)(C-R-S-A 366)(C-R-S-0 377)] closed set:[C D M P R S] current node:R successors:[loop]
frontier:[(C-P-B 239)(C-D-C 240)(C-R-P 243)(C-D-M-L 265)(C-D-M-D 270)(C-P-C 276)(C-R-C 292)(C-R-S-R 306)(C-R-S-F
325)(C-R-S-A 366)(C-R-S-0 377)] closed set:[C D M P R S] current node:B successors:[F G P U]

Path to goal node found: (Craiova-Pitesti-Bucharest 239)

Ava@opég
1. [Ertelll] Introduction to Artificial Intelligence, Wolfgang Ertel, Springer, 2011.
2. [Norvig03] Texvntr) Nonpoouvn — pa cUyxpovn poogéyylon, B’ €kdoon, Stuart Russell, Peter Norvig, Ek600eLg
KAeldapiBuog, 2003.
3. [BAoxaBac06] Texvntry Nonpoouvn, I’ €ékdoon, I. BhaxaBac, M. KedaAdg, N. Baockewadng, @. Kokopag , H.
YakeMapiou, Mkiovpdag Ekdotikn, 2006.

XUvdeopol omTIKG anelkoviot G (visualization) adyopiOpuwv BFS kat DFS
1. https://visualgo.net/dfsbfs
https://www.cs.usfca.edu/~galles/visualization/DFS.html

https://www.cs.usfca.edu/~galles/visualization/BFS.html

W

http://www3.cs.stonybrook.edu/~skiena/combinatorica/animations/search.html
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https://visualgo.net/dfsbfs
https://www.cs.usfca.edu/~galles/visualization/DFS.html
https://www.cs.usfca.edu/~galles/visualization/BFS.html
http://www3.cs.stonybrook.edu/~skiena/combinatorica/animations/search.html

