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BFS(G, )

1 for ogni verticeu € G.V — {s} 0. Colov = colave del verhce

2 u.color = WHITE 0. d = dutmee daol vevhe v Al sovgente s

3 u.d = oo B ' J

4 U.T = NIL V. T = Vertice gwcove Je scoprive

5 s.color = GRAY

6 5.d=0
= ‘F

7 5. = NIL O Con (Gl] 5(})ehé F o

8 0=10

9 ENQUEUE(Q,s)

10 while O # 0

11 u = DEQUEUE(Q) Ct)vvvp’mjra' M Jrewo: O(\’ *E)

12 for ogni v € G.Adj[u] Com pesste™ 1o Spee; o)

13 if v.color == WHITE

14 v.color = GRAY o

15 vid =u.d+1 O

16 VT = U o/ \ O/

17 ENQUEUE(Q,v) ™~ )

18 u.color = BLACK
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PRINT-PATH(G, 5, v) Coln COJ"’\ ‘I’EMPQMIG c]l O(V+é)
1 ifv==ys
2, stampa s
3 elseif v.r == NIL
4 stampa “non ci sono cammini da” s “a” v
5 else PRINT-PATH(G,s,v.7)
6 stampa v
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DFS-VISIT(G.u)

DFS(G) ) . - R
1 time = time + 1 // 11 vertice bianco u € stato appena scoperto.

1 for ogni verticeu € G.V 2 u.d = time

0) u.color = WHITE 3] u.L‘UI()rl = GRAY . ;

3 .7 = NIL 4 for ogni v € G.Adj[u] // Ispeziona I’arco (u,v)

4 i 0 5 if v.color == WHITE

ime = 6 v =1u

5 for ogni verticeu € G.V i DFS-VISIT(G, v)

6 if u.color == WHITE 8 u.color = BLACK // Colora di nero u; visita completata.
9 time = time + 1

i DFS-VISIT(G, u) i @i
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STRONGLY-CONNECTED-COMPONENTS (G ) T T T
: : % 4 G:(V,E JDV& E = (UIV)'»(V,U)Gé
I Chiama DFS(G) per calcolare i tempi di completamento u.f
per ciascun vertice u ovvero ET@' E)""éb st" 2‘,)]/ con
2 Calcola G
3 Chiama DFS(G"), ma nel ciclo principale di DFS, Ie JH’(,CIOHI mverhfe
considera i vertici in ordine decrescente r
rispetto ai tempi u.f (calcolati nella riga 1) ° ll "’eh?o Vla(»ﬂ&ﬁo eV cveeve G

4 Genera I’output dei vertici di ciascun albero della foresta DF che & stata
prodotta nella riga 3 come una singola componente fortemente connessa e J, O(V + E)
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function Dijkstra(G, s) {
Q = empty vertex priority queue;
for each v in G->V {
if (v == s) distlvl = @
else dist[v] = infinity; o(v) o(|V|log|V])
prevlv] = nil;
add v to Q with priority distl[v]; |O(Iog V)

}
while (Q != empty) {
u = vertex with min priority in Q; I Of(log |V|)
for each v in u.Adjl[] { O((IVI+|Eog|V])
alt = dist[u] + weight(u,v);
if (alt < distlv]) {
o(|VI) dist[v] = alt; O(E) O(|V[log|V| + |[Ellog|V])
previv] = u;
decrease_priority(Q,v,alt) | Oflog V)

}
verificate se usate un array al posto della

return dist[], prevl[] min heap la complessita &
O(VIn2 + [E) = O(V|*2)
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DIKSTRA(G, w, s) INITIALIZE-SINGLE-SOURCE(G, 5)

1 INITIALIZE-SINGLE-SOURCE(G, s) ; for o vereev e a4 O(V>
4 8=1 3 v.r = NIL
3 0=G.V 4 stdi=0
4 while Q #0
2 g' ; EXJ??}CT MIN(S) RELAX(u, v, w)
7 for ogni vertice v € G.Adj[u] L ifvd>ud+w(uv) 0 (4)
8 RELAX(u, v, w) g v.d = u.d+ w(u,v)
V.T = U
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BELLMAN-FORD(G, w, s)
fohtise b & | geb o

I INITIALIZE-SINGLE-SOURCE(G,s)

2 fori = 1to|G.V|—1 contene o di per vt e proro
3 for ogni arco (u,v) € G.E delb sorgente, Clre olriment

4 RELAX(u, v, w)

5 for ogni arco (u,v) € G.E o(v-8)

6 if v.d > u.d +w(u,v) A

7 return FALSE

8 return TRUE
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« Defamne se € ur Mag

function isDAG(G) -> Bool {
DFS(G);
for each (u,v) in G—>E {
if (u.f <= v.f) return false | O(E|) O(|V|+|E])
}

return true

| oqvi+ED

v Contere o hibse ok

function contaEdges(G) —> [Int] {

var ris:[Int] = [0,0,0,0];
DFS_conta(G); I O(|VI+E])
for each (u,v) in G—>E {
if ((u,v) == TREE) ris[0]++
else if (u.f <= v.f) ris[1]++ o(E) O(|V|+|E])

else if (u.d < v.d) && (v.f < u.f) ris[2]++
else if (v.f < u.d) ris[3]++

return ris

y C/&mfzcam ]@ %po/ogle J; ZyOLI/

function classificaEdges(G) {
DFS_conta(G);
for each (u,v) in G—>E {
if ((u,v) != TREE) {
if (u.f <= v.f) (u,v) = BACK
else if (u.d < v.d) && (v.f < u.f) (u,v) = FORWARD O(E) O(IV|+|E])
else if (v.f < u.d) (u,v) = CROSS

| oqvi+E)

}
}

return ris
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function isConnessoOrientato(G) —> Bool {
converti(G);
return isConnesso(G)

function converti(G) —> G {
for each u in G->V {
for each v in u->adj[] {
add u to v->adj[]
}

¥
return G

o« Verificeve se o E)V}QVW@H’Q, COWI@KSD

function isFortementeConnesso(G) -> Bool {
for each v in 6> V {
esplorati
vertici =
for each v in 6>V {
dist[v] = infinito;

vertici++
}

Q= {v};
dist[v] = 0;

while (Q non vuota) {
u = removeTop(Q);

esplorati++;
for each v in u->adj {
if (distlv] nfinito) {
dist[v] = dist[ul+1;

enqueue(Q, v);
¥

if (vertici != esplorati) return false;

return true

° b«ama‘h/o Jt V4 8rafa

function Diametro(G) —> Int {
max = 0;
for each v in G->V {
for each v in 6>V {
dist[v] = -1;

¥
Q = {v};
distlv] = 0;
while (Q non vuota) {
u = removeTop(Q);
for each v in u->adj {
if (distlv] < @) {
dist[v] = distlu]l + 1;
if (dist[v] > max) max = dist[v];
enqueue(Q, v)
}
+
}

return max
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function isBipartito(G,s) —> Bool { DFS_Colox(w) => Bool ({
for each u in G->V { EoEleach v Sus>aas Il il
u->d = false; if (tv->d) {
} v->color = !'u->color;
for each u in G—>V { v->d = true;
if (tu—>d) { if IDFS_Color(v) return false;

u->d = true; )
u->color = 0;
if !'DFS_Color(u) return false

else if (v->color == u->color) return false
}

return true

}

return true

e Distenie mesime {re um hadh e Uhe sorgente

function maxDist(G, s) —> Int {

e Mol | oqvi+ED
for e?ch v[ir]1 G—>V <){ ’
if (dist[v] > max
max = dist[v] o(v) O(|V]+|E])
}
return max

* D@Jrevwm% se¢ Ub WgJo Y s {VOVA }uhgn ,I Pevearso {n X e e

percorso(G, x, y, z) -> Bool {

if (x == y && y == z) return true
else if (x == y) return BFS_percorso(G, x, z)
else if (y == z) return BFS_percorso (G, x, y)

else return BFS_percorso(G, x, y) && BFS_percorso(G, y, z)

BFS_percorso(G, s, w) -> Bool {
inizializza vertici;
Q = {s};
while (Q non vuota) {
u = RemoveTop (Q) ;
for each v €Eu->adj {

if (v->d == infinito)
if (v == w) return true
v->d = u->d + 1;
v->p = u;

Enqueue (Q, V) ;

}

return false
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function maxDist(G, s) —> Int {

BFS(G, s);
b | oqvi+[E)
count = 1;

for each v in G->V {
if (dist[v] > max)
max = dist[v] {
count = 1; O(VI+[E)
} ) ) o(|v)
else if (dist[v] == max) {
count++;
}
}

return count

» Detevminre se contene ciddi — feretvemente

haCicli(G) > Bool {

for each vertex u €G->V {

u->color = BIANCO;
}
for each vertex u €G->V {

if (u->color == BIANCO)

if haCicliRec(G,u,nil) return true

}

return false

° bg]LEVM/VlaVe, se cov,J'/ehe, Glol/ ‘V’cOVJlVéM@h+¢

haCicliRec(G,u,w) {
u->colore = GRIGIO;
for each v in u->Adj[]l-w {
if (v == GRIGIO) return true
else if haCicliRec (G,v,u)
return true

}

return false
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