





public class Graph<N> { Stack Heap

private HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>();
}
public void addEdge(N from, N to) {
this.addNode(from);
this.addNode(to);
this.adjacencyList.get(from).add(to);
}
private void addNode(N a) {
if (!this.adjacencyList.containsKey(a)) {
this.adjacencyList.put(a, new ArrayList<>());

}
}

public boolean areConnect(N from, N to){
return this.adjacencyList.containsKey(from) &&
this.adjacencyList.get(from).contains(to);

}
public boolean validPath(ArrayList<N> path) {

for (int 1=0; 1 < path.size()-1; 1i++) {
if(!this.areConnected(path.get(1), path.get(i+1))){
return false;

}
}

return true;

}

*public static void main(String[] args) {
Graph<String> graph = new Graph<>();
graph.addEdge("BUF", "WDC");
graph.addEdge("WDC", "JFK");

graph.addEdge ("TOR", "BUE"); e Always start with the in/out

ArrayList<String> pathl = new ArrayList<>(

Arrays.asList("BUF", "wWDC", "JFK")); .
System.out.println(graph.validPath(pathl)); rT1Ei|r] rT]EBtr]()(j
ArrayList<String> path2 = new ArrayList<>(

Arrays.asList( "JFK", "wDC", "BUF"));
System.out.println(graph.validPath(path2));




public class Graph<N> { Stack Heap
privgte HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 Graph

} Graph adjacencylList | 0x200

public void addEdge(N from, N to) { 0x350
this.addNode(from);
this.addNode(to);
this.adjacencyList.get(from).add(to); 0x200

}
private void addNode(N a) {

if (!this.adjacencyList.containsKey(a)) {
this.adjacencyList.put(a, new ArrayList<>());

}
}

public boolean areConnect(N from, N to){
return this.adjacencyList.containsKey(from) &&
this.adjacencyList.get(from).contains(to);

}
public boolean validPath(ArrayList<N> path) {

for (int 1=0; 1 < path.size()-1; 1i++) {
if(!this.areConnected(path.get(1), path.get(i+1))){
return false;

}
}

return true;

}

public static void main(String[] args) {

*Graph<8tring> graph = new Graph<>();
graph.addEdge("BUF", "WDC");
graph.addEdge("WDC", "JFK");
graph.addEdge("TOR", "BUF");
ArrayList<String> pathl = new ArrayList<>(

The Graph in/out
System. out. oeintin(oraph.validpath (pathl)) constructor initializes

ArrayList<String> path2 = new ArrayList<>(

System. out.printin(graph. valideath(patha))) | the adjacency list to
a hew HashMap




public class Graph<N> { Stack Heap

private HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 Graph

} Graph adjacencylList | 0x200

public void addEdge(N from, N to) { 0x350
this.addNode(from);
this.addNode(to);
this.adjacencyList.get(from).add(to); 0x200

}
private void addNode(N a) {

if (!this.adjacencyList.containsKey(a)) {
this.adjacencyList.put(a, new ArrayList<>());

}
}

public boolean areConnect(N from, N to){
return this.adjacencyList.containsKey(from) &&
this.adjacencyList.get(from).contains(to);

}
public boolean validPath(ArrayList<N> path) {

for (int 1=0; 1 < path.size()-1; 1i++) {
if(!this.areConnected(path.get(1), path.get(i+1))){
return false;

}
}
return true;
}
public static void main(String[] args) {
Graph<String> graph = new Graph<>();

*graph .addEdge("BUF", "WDC");
graph.addEdge("WDC", "JFK");

graph.addEdge("TOR", "BUF"); e We'lladd a edge from "BUF"  jn/out
ArrayList<String> pathl = new ArrayList<>( x 5

Arrays.asList("BUF", "WDC", "JFK")); to "WDC
System.out.println(graph.validPath(pathl));

ArrayList<String> path2 = new ArrayList<>( . . . .
Arrays.asList( "JFK", "WDC", "BUE")): e Notice this will be a directed

System.out.println(graph.validPath(path2)); graph (Edges On|y go in one
direction)




public class Graph<N> { Stack Heap

privgte HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 Graph
} - 4 addEdge(n £ N to) ¢ Graph adjacencylList | 0x200
P ic void a ge rom, o :
éthis.addNode(from); this | 0x350 0x350
this.addNode(to); addEdge|  from | "BUF"
this.adjacencyList.get(from).add(to); to 1 "WDC" 0x200
} . T I
private void addNode(N a) { = adhlode this ?X35(|)| Seidd
if (!this.adjacencyList.containsKey(a)) { d BUF
* this.adjacencyList.put(a, new ArrayList<>());
}
}
public boolean areConnect(N from, N to){ 0x480
return this.adjacencyList.containsKey(from) && ¢
this.adjacencyList.get(from).contains(to);
}
public boolean validPath(ArrayList<N> path) {
for (int 1i=0; 1 < path.size()-1; i++) {
if(!this.areConnected(path.get(1), path.get(i+1))){
return false;
}
}
return true;
}
public static void main(String[] args) {
Graph<String> graph = new Graph<>();
*graph .addEdge("BUF", "WDC");
graph.addEdge("WDC", "JFK");
graph.addidge ("TOR", "BUF"); * We haven't seen the in/out
ArrayList<String> pathl = new ArrayList<>(
Arrays.asList("BUF", "wpCc", "JFK")); I I
System.out.println(graph.validPath(pathl)); nOde BUF yet
ArrayList<String> path2 = new ArrayList<>(
Arrays.asList( "JFK", "wDC", "BUF")); TR I i
System.out.println(graph.validPath(path2)); 5 Inltlallze It 1N the

adjacency list




public class Graph<N> { Stack Heap
privgte HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {

this.adjacencyList = new HashMap<>(); graph | 0x350 Graph
} Graph adjacencyList | X200

public void addEdge(N from, N to) { this | 0x350 0x350

this.addNode(from);
* this.addNode(to); addEdge from | "BUF"
this.adjacencyList.get(from).add(to); to 1 "WDC" 0x200

} "BUF" | Ox480

private void addNode(N a) { addNode " I
if (!this.adjacencyList.containsKey(a)) { WDC 0x120
* this.adjacencyList.put(a, new ArrayList<>()); i this | O0x350

} a "WDC"

}
blic boolean areConnect(N from, N to
publl ‘ ' )4 0x480

return this.adjacencyList.containsKey(from) &&
this.adjacencyList.get(from).contains(to); ‘

}
public boolean validPath(ArrayList<N> path) { 0x120

for (int 1=0; 1 < path.size()-1; 1i++) {
if(!this.areConnected(path.get(1), path.get(i+1))){ ‘
return false;

}
}

return true;

}

public static void main(String[] args) {
Graph<String> graph = new Graph<>();

*graph .addEdge("BUF", "WDC");
graph.addEdge("WDC", "JFK");

graph.addEdge("TOR", "BUF"); e \\Ne haven't seen the in/out

ArrayList<String> pathl = new ArrayList<>(

Arrays.asList("BUF", "wbpCc", "JFK")); nOde "WDC" yet

System.out.println(graph.validPath(pathl));
ArrayList<String> path2 = new ArrayList<>(

Arrays.asList( "JFK", "WDC", "BUF")); ST L
System.out.println(graph.validPath(path2)); s Inltlallze It N the
adjacency list




Stack Heap

public class Graph<N> {

private HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 Graph
} Graph adjacencylList | 0x200
public void addEdge(N from, N to) { -
this.addNode(from); this | 0x350 0x350
this.addNode(to); addEdge from | "BUF"
*this .adjacencyList.get (from).add(to); to 1 "WDC" 0x200
I |4 addNode o "BUF" | 0x480
prlvate VOl a Node (N a addNode 1 I
if (!this.adjacencyList.containsKey(a)) { WDC" | 0x120
this.adjacencyList.put(a, new ArrayList<>());
} addNode
}
public boolean areConnect(N from, N to){ 0x480
return this.adjacencyList.containsKey(from) && ; 3
this.adjacencyList.get(from).contains(to); (” WDC
}
public boolean validPath(ArrayList<N> path) { 0x120

for (int 1=0; 1 < path.size()-1; 1i++) {
if(!this.areConnected(path.get(1), path.get(i+1))){ ‘
return false;

}
}

return true;

}

public static void main(String[] args) {
Graph<String> graph = new Graph<>();

*graph .addEdge("BUF", "WDC");
graph.addEdge("WDC", "JFK");

graph.addEdge ("TOR", "BUF"); e Add the edge into the in/out

ArrayList<String> pathl = new ArrayList<>(

Arrays.asList("BUF", "wWDC", "JFK")); . .
System.out.println(graph.validPath(pathl)); adjaCenCy IlSt
ArrayList<String> path2 = new ArrayList<>(

Arrays.asList( "JFK", "wDC", "BUF"));
System.out.println(graph.validPath(path2));




public class Graph<N> { Stack Heap

privgte HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 Graph
o | Graph adjacencylList | 0x200
pablic void addEdge(N from, N to) { 0x350
é this.addNode(from);
this.addNode(to); addEdge
this.adjacencyList.get(from).add(to); 0x200
I . |4 addNode (N a) { "BUF" | 0x480
private void a ode a i :
éif (!this.adjacencyList.containsKey(a)) { Ll WDC 0x120
this.adjacencyList.put(a, new ArrayList<>());
} addNode
} .
public boolean areConnect(N from, N to){ this | 0x350
return this.adjacencylList.containsKey(from) && addEdge|  from | "WDCGC" 0x480
this.adjacencyList.get(from).contains(to); to | "JFK" ()‘"VVDCﬂ
Y | _ this | 0x350
public boolean validPath(ArrayList<N> path) { addNode 2 | "wDc! 0x120
for (int 1i=0; 1 < path.size()-1; i++) {
if(!this.areConnected(path.get (1), path.get(i+1))){ ‘
return false;
}
}
return true;
}
public static void main(String[] args) {
Graph<String> graph = new Graph<>();
graph.addEdge("BUF", "WDC");
*graph. addEdge ("WDC", "JFK");
graph.addEdge("TOR", "BUF"); e "WDC" already has an  in/out
ArrayList<String> pathl = new ArrayList<>(
Arrays.asList("BUF", "wpCc", "JFK")); ' '
System.out.println(graph.validPath(pathl)); entry IN the adjacency
ArrayList<String> path2 = new ArrayList<>( IIS-t

Arrays.asList( "JFK", "wDC", "BUF"));

System.out.println(graph.validPath(path2));

 Nothing to Iinitialize




public class Graph<N> { Stack Heap

privgte HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 Graph
} Graph adjacencylList | 0x200
public void addEdge(N from, N to) { 0x350
this.addNode(from);
* this.addNode(to); addEdge
this.adjacencyList.get(from).add(to); 0x200
I 4 addNod "BUF" | 0x480
pera.-te VOl. a I\.]O e(N a? { . addNode "WDC" 0x120
1f (!this.adjacencyList.containsKey(a)) { ’ :
* this.adjacencyList.put(a, new ArrayList<>()); JEK™ | Ox777
} addNode
} .
public boolean areConnect(N from, N to){ this ?X350" 0x480
return this.adjacencylList.containsKey(from) && addEdge]  from | "WDC S : .
this.adjacencyList.get(from).contains(to); to | "JFK" ()‘ WDC
}
public boolean validPath(ArrayList<N> path) { addNode 0x120
for (int 1i=0; 1 < path.size()-1; i++) { :
if(!this.areConnected(path.get(1), path.get(i+1))){ JdNod this | 0x350 ‘
return false; S a| "JFK"
} OX777

}

return true;

}

public static void main(String[] args) {
Graph<String> graph = new Graph<>();
graph.addEdge("BUF", "WDC");

*graph. addEdge ("WwDC", "JFK");

graph.addEdge("TOR", "BUE); e (Create a new entry in in/out

ArrayList<String> pathl = new ArrayList<>(

Arrays.asList("BUF", "wWDC", "JFK")); . .
System.out.println(graph.validPath(pathl)); the adjaCenCy IISt fOr
ArrayList<String> path2 = new ArrayList<>( - =

Arrays.asList( "JFK", "wDC", "BUF")); J FK
System.out.println(graph.validPath(path2));




public class Graph<N> { Stack Heap

pré_)\lfe.iteGHaslrrlﬂ\(/I?p?N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Grap
this.adjacencyList = new HashMap<>(); graph | 0x350 Graph
} Graph adjacencylList | 0x200
public void addEdge(N from, N to) { 0x350
this.addNode(from);
this.addNode(to); addEdge
* this.adjacencyList.get(from).add(to); 0x200
g | "BUF" | 0x480
pera.-te VOlC.i addI\.Iode (N a? { . addNode "WDC" 0x120
1f (!this.adjacencyList.containsKey(a)) { X -
this.adjacencyList.put(a, new ArrayList<>()); JEK" | Ox777
} addNode
} :
public boolean areConnect(N from, N to){ this ?X350" 0x480
return this.adjacencyList.containsKey(from) && addEdge|  from | "WDC A : :
this.adjacencyList.get(from).contains(to); to | "JFK" ()‘ WDC
}
public boolean validPath(ArrayList<N> path) { addNode 0x120
for (int 1=0; 1 < path.size()-1; 1i++) { _ ol "JEK"
if(!this.areConnected(path.get(i), path.get(i+1))){ this | 0x350 ‘
addNode 1 I
return false; a| "JFK
} OX777
}
return true;
}
public static void main(String[] args) {
Graph<String> graph = new Graph<>();
graph.addEdge("BUF", "WDC");
*graph. addEdge ("WwDC", "JFK");
graph.addEdge("TOR", "BUF"); Py in/out
ArrayList<String> pathl = new ArrayList<>( ‘/\(j(j tr1€3 EBCjQJEBIfr()rT1
Arrays.asList("BUF", "wWDC", "JFK")); 1l 1 1 I -
System.out.println(graph.validPath(pathl)); WDC tO \J FK In
ArrayList<String> path2 = new ArrayList<>( ; 3
Arrays.asList( "JFK", "WDC", "BUF")); the adjacency I|St

System.out.println(graph.validPath(path2));




public class Graph<N> { Stack Heap

private HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 S Graph
} Graph adjacencyList | X200
public void addEdge(N from, N to) { 0x350
this.addNode(from);
this.addNode (to); addEdge
this.adjacencyList.get(from).add(to); 0x200
I i 4 addNode (N a) { "BUF" | 0x480
private Vol a oqae a addNode 1 I
if (!this.adjacencyList.containsKey(a)) { YVDC% 0x120
this.adjacencyList.put(a, new ArrayList<>()); e JFK™ | Ox777
} Sah b "TOR" | 0x808
}
public boolean areConnect(N from, N to){ 0x480
return this.adjacencyList.containsKey(from) && addEdge A : 3
this.adjacencyList.get(from).contains(to); (” WDC
}
public boolean validPath(ArrayList<N> path) { addNode 0x120
for (int 1=0; 1 < path.size()-1; 1i++) { ol "JEK"
if(!this.areConnected(path.get(1), path.get(i+1))){ ‘
addNode
return false;
} OX777
}
addEdge
return true;
) Ox802"3 "
public static void main(String[] args) { 0| "BUF
Graph<String> graph = new Graph<>(); addNode
graph.addEdge("BUF", "WDC"); I
graph.addEdge("WDC", "JFK");
graph.addEdge("TOR", "BUF"); P ' in/out
ArrayList<String> pathl = new ArrayList<>( FREBF)€321t EaS;Ealr]lfC)r tr]ea
Arrays.asList("BUF", "wWDC", "JFK"));
System.out.println(graph.validPath(pathl)); |Ei$5t GBCjQJEB

ArrayList<String> path2 = new ArrayList<>(
Arrays.asList( "JFK", "wDC", "BUF"));
System.out.println(graph.validPath(path2));




public class Graph<N> { Stack Heap
private HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 S Graph
} - e ] Graph adjacencylList | 0x200
public void addEdge(N from, N to) {
this.addNode(from); pathi | [DQEIS 0350
this.addNode(to); addEdge
this.adjacencyList.get(from).add(to); 0x200
I 4 adNed "BUF" | 0x480
prlvc'?lte VOl. a I\.]O e(N a? { . addNode "WDC" 0x120
1f (!this.adjacencyList.containsKey(a)) { ; ;
this.adjacencyList.put(a, new ArrayList<>()); JEK™ | Ox777
} addNode "TOR" OX808
}
public boolean areConnect(N from, N to){ 0x480
return this.adjacencyList.containsKey(from) && addEdge A : 3
this.adjacencyList.get(from).contains(to); (” WDC
}
public boolean val%dPath(ArrgyList<N>.path) { addNode 0x120
for (int 1=0; 1 < path.size()-1; 1++) { ol "JEK"
if(!this.areConnected(path.get(1), path.get(i+1))){ ‘
addNode
return false;
} OX777
}
return true; B edoR 0x808
}
public static void main(String[] args) { O‘ "BUF"
Graph<String> graph = new Graph<>(); addNode
graph o addEdge ( " BUF " ’ "WDC " ) M | OX1 96
graph.addEdge("WDC", "JFK"); 01 "BUF
graph.addEdge("TOR", "BUF"); ® ' in/out
*ArrayList<String> pathl = new ArrayList<>( Create d pOSSIbIe path 1 | "WDC"
Arrays.asList("BUF", "WDC", "JFK")); 2 | "JFK"

System.out.println(graph.validPath(pathl)); . .
ArrayList<String> path2 = new ArrayList<>( ® ThlS Wl” be CheCked
Arrays.asList( "JFK", "wDC", "BUF"));

System.out.println(graph.validPath(path2)); t))/ C)Ljr rT]EBtr]()(j




*System. out.println(graph.validPath(pathl));

ArrayList<String> path2 = new ArrayList<>(
Arrays.asList( "JFK", "wDC", "BUF"));

System.out.println(graph.validPath(path2));

will check if every
edge in the path
exists in the graph

public class Graph<N> { Stack Heap
privgte HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 S Graph
} Graph adjacencylList | 0x200
public void addEdge(N from, N to) {
this.addNode (from); path? f0x196 0x350
this.addNode ( to ) ’ addEdge thlS OXSSO
this.adjacencyList.get(from).add(to); validPath| path | 0XeEL] 0x200
} i|10 "BUF" | 0x480
privc'?lte VOiC.i addI\.Iode (N a? { . addNode "WDC" OX1 20
1f (!this.adjacencyList.containsKey(a)) { : ;
this.adjacencyList.put(a, new ArrayList<>()); T JFK" | Ox777
} e "TOR" | 0x808
}
public boolean areConnect(N from, N to){ 0x480
return this.adjacencyList.containsKey(from) && addEdge A : 3
this.adjacencyList.get(from).contains(to); (” WDC
}
ppblic boolean validPath(ArrayList<N> path) { addNode 0x120
for (int 1i=0; 1 < path.size()-1; i++) { ol "JEK"
if(!this.areConnected(path.get(1), path.get(i+1))){ JdNod ‘
return false; 9 Bds
} OX777
}
addEdge
return true;
y 0x808
public static void main(String[] args) { O‘ BUF
Graph<String> graph = new Graph<>(); addNode
graph.addEdge("BUF", "WDC"); I 0x196
graph.addEdge("WDC", "JFK"); 0| "BUF’
graph.addEdge("TOR", "BUF"); ® in/OUt
ArrayList<String> pathl = new ArrayList<>( '53t21rt tr1€3 IC)C)F) tr]zit 1 | "WDC"
Arrays.asList("BUF", "WDC", "JFK")); 2 | "JFK"




public class Graph<N> { Stack Heap

privgte HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() { 5 >
o g o : ra
this.adjacencyList new HashMap<>(); graph | 0x350 S | p
} - e ] { Graph adjacencylList | 0x200
public void addEdge(N from, N to)
this.addNode (from); path? fox196 0x350
this.addNode(to); addEdge this | Ox350
this.adjacencyList.get(from).add(to); validPath| path | 0XeEL] 0x200
I . \d addNode(N a) { i]0 "BUF" | 0x480
private void a ode a ddNod . ! n
if (!this.adjacencyList.containsKey(a)) { — this | 0x350 YIVDC" 0x120
this.adjacencyList.put(a, new ArrayList<>()); areConnect| from | "BUF" JFK™ | OX777
} addNode to | "wDC" "TOR" | 0x808
}
ublic boolean areConnect(N from, N to)/{ 0x480
$ return this.adjacencylList.containsKey(from) && aadEdge 2 : S
this.adjacencyList.get(from).contains(to); O‘ WDC
}
public boolean validPath(ArrayList<N> path) { R 0x120
for (int 1=0; 1 < path.size()-1; i++) { "IEK
éif( !this.areConnected(path.get (1), path.get(i+1))){ SdNod 0 ‘
return false; 9 oas
} OX777
! addEd
ge
return true;
) 0x808
public static void main(String[] args) { O‘ "BUF"
Graph<String> graph = new Graph<>(); addNode
graph.addEdge("BUF", "WDC"); I 0x196
graph.addEdge("WDC", "JFK"); : ; -
graph.addEdge("TOR", "BUF"); * There is an edge between in/out (13 \?v%Fc
ArrayList<String> pathl = new ArrayList<>( ? ¢ ; i 5 2
Arrays.asList("BUF", "WDC", "JFK")); BUF" and "WDC", so the 5 | v JEK®
*System.out.prlntln(graph.valldPath(pathl) ) ; methOd returnS true

ArrayList<String> path2 = new ArrayList<>(
Arrays.asList( "JFK", "wDC", "BUF")); s _ ; :
System.out.println(graph.validPath(path2)); ® COnd|t|Ona| N Va“dPath 1S

false




*System. out.println(graph.validPath(pathl));
ArrayList<String> path2 = new ArrayList<>(

Arrays.asList( "JFK", "wDC", "BUF"));
System.out.println(graph.validPath(path2));

nodes

public class Graph<N> { Stack Heap
privgte HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 Sy Graph
} - e ] Graph adjacencylList | 0x200
public void addEdge(N from, N to) {
this.addNode (from); path? f0x196 0x350
this.addNode ( to ) ’ addEdge thlS OXSSO
this.adjacencyList.get(from).add(to); validPath| path | 0XeEL] 0x200
} i1C 1 "BUF" | 0x480
prlvc'?lte VOlC.i addI\.Iode (N a? { . addNode "WDC" 0x120
1f (!this.adjacencyList.containsKey(a)) { : ;
this.adjacencyList.put(a, new ArrayList<>()); areConnect JEK" | Ox777
} addNode "TOR" OX808
}
public boolean areConnect(N from, N to){ 0x480
return this.adjacencyList.containsKey(from) && addEdge s : 3
this.adjacencyList.get(from).contains(to); (” WDC
}
public boolean validPath(ArrayList<N> path) { addNode 0x120
for (int 1i=0; 1 < path.size()-1; i++) { ol "JEK"
* if(!this.areConnected(path.get(1), path.get(i+1))){ JdNod ‘
return false; 9 Bds
} OX777
}
addEdge
return true;
y 0x808
public static void main(String[] args) { O‘ "BUF"
Graph<String> graph = new Graph<>(); addNode
graph.addEdge("BUF", "WDC"); I 0x196
graph.addEdge("WDC", "JFK"); 0| "BUF’
graph.addEdge("TOR", "BUF"); P I in/out
ArrayList<String> pathl = new ArrayList<>( Ir]C:rEBrT]EBr]t | Eir](j 1 | "WDC"
Arrays.asList("BUF", "wWDC", "JFK")); (3f]€3()P('tf]E§ r]EB)(t t\A/C) 2 | "JFK"



Stack Heap

public class Graph<N> {

privgte HashMap<N, ArrayList<N>> adjacencyList; Name
public Graph() {

this.adjacencyList = new HashMap<>();

Value Name | Value

Graph

graph | 0x350

} - 4 addEdge(n £ » Graph e adjacencylList | 0x200
public void aadadkEdge(N from, N to
this.addNode (from); path? fox196 0x350
this.adjacencyList.get(from).add(to); validPath| path | 0XeEL] 0x200
I i 4 addode (N a) { ilo 1 "BUF" | 0x480
private Vol a oqae a 1 I
if (!this.adjacencyList.containsKey(a)) { e YVDC% 0x120
this.adjacencyList.put(a, new ArrayList<>()); areConnect JFK" [ Ox777
} addNode "TOR" OX808
} ;
ublic boolean areConnect(N from, N to){ this 9X350" 0x480
$ return this.adjacencyList.containsKey(from) && addEdge areConnect| from | "WDGC X : S
this.adjacencyList.get(from).contains(to); to | "JFK" (” WDC
}
public bogleap val%dPath(ArrgyList<N>.path) { R 0x120
fr (int 1=0; 1 < path.size()-1; 1++) { : g
éif( !this.areConnected(path.get (1), path.get(i+1))){ SdNod 0 ‘ JFK
return false; 9 oas
\ } OX777
return true; clelliolr) 0x808
}
public static void main(String[] args) { O‘ "BUF"
Graph<String> graph = new Graph<>(); addNode
graph.addEdge("BUF", "WDC"); I 0x196
graph.addEdge("WDC", "JFK"); : ; -
graph.addEdge("TOR", "BUF"); * There is an edge between in/out (13 \?v%Fc
ArrayList<String> pathl = new ArrayList<>( 5 :
Arrays.asList("BUF", "WDC", "JFK")); "WDC" and "JFK", so the 5 | " JEK?
*System.out.prlntln(graph.valldPath(pathl) ) ; methOd returnS true

ArrayList<String> path2 = new ArrayList<>(
Arrays.asList( "JFK", "wDC", "BUF"));

System.out.println(graph.validPath(path2)); e (Conditional in validPath is

false




public class Graph<N> { Stack Heap

privgte HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 Graph
addNode ; .
} - e ] Graph adjacencylList | 0x200
public void addEdge(N from, N to) {
this.addNode (from); path? f0x196 0x350
this.adjacencyList.get(from).add(to); validPath| path | 0XeEL] 0x200
b | ‘ "BUF" | 0x480
prlvc'?lte VOlC.i addNode(N a? { . addNode "WDC" 0x120
1f (!this.adjacencyList.containsKey(a)) { ’ :
this.adjacencyList.put(a, new ArrayList<>()); e areCGonnect JEK" | Ox777
} SLihs "TOR" | 0x808
}
public boolean areConnect(N from, N to){ 0x480
return this.adjacencyList.containsKey(from) && addEdge areConnect A : 3
this.adjacencyList.get(from).contains(to); (” WDC
}
public boolean validPath(ArrayList<N> path) { addNode 0x120
for (int 1i=0; 1 < path.size()-1; i++) { ol "JEK"
if(!this.areConnected(path.get(1), path.get(i+1))){ JdNod ‘
return false; 3 oax
} OX777
}
addEdge
return true;
? 0x808
public static void main(String[] args) { O‘ "BUF"
Graph<String> graph = new Graph<>(); addNode
graph.addEdge("BUF", "WDC"); I 0x196
graph.addEdge("WDC", "JFK"); S . . -
graph.addEdge("TOR", "BUF"); e The loop condition is false in/out 0] "BUF
ArrayList<String> pathl = new ArrayList<>( 1 [ "WDC"
Arrays.asList("BUF", "WDC", "JFK")); : 2 [ "JFK"
*System.out.println(graph.validPath(pathl) ) ; s We made It thrOugh the IOOp
ArrayList<String> path2 = new ArrayList<>( ' '
Arrays.asList( "JFK", "wDC", "BUF")); WIthOUt returnlng false’ _
System.out.println(graph.validPath(path2)); therefor all the edges exist and

we can return true




public class Graph<N> { Stack Heap
private HashMap<N, ArrayList<N>> adjacencyList;

_ Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 S Graph
} - e ] Graph adjacencylList | 0x200
public void addEdge(N from, N to) {
this.addNode(from); path1 IOX196 0x350
this.addNode(to); addEdge
this.adjacencyList.get(from).add(to); validPath 0x200
b | "BUF" | 0x480
prlvc'?lte VOlC.i addNode(N a? { . addNode "WDC" 0x120
1f (!this.adjacencyList.containsKey(a)) { ’ :
this.adjacencyList.put(a, new ArrayList<>()); areConnect JEK™ | Ox777
} addNode "TOR" OX808
}
public boolean areConnect(N from, N to){ 0x480
return this.adjacencyList.containsKey(from) && addEdge areConnect A : 3
this.adjacencyList.get(from).contains(to); (” WDC
}
public bogleap val%dPath(ArrgyList<N>.path) { addNode 0x120
for (int 1=0; 1 < path.size()-1; 1++) { ol "JEK"
if(!this.areConnected(path.get(1), path.get(i+1))){ ‘
addNode
return false;
} OX777
}
return true; SUCEIgR 0x808
}
public static void main(String[] args) { O‘ "BUF"
Graph<String> graph = new Graph<>(); addNode
graph.addEdge("BUF", "WDC"); I 0x196
graph.addEdge("WDC", "JFK"); 0| "'BUE"
graph.addEdge("TOR", "BUF"); P ' in/out
ArrayList<String> pathl = new ArrayList<>( Prlnt true tO the 1 | "WDC"
Arrays.asList("BUF", "WDC", "JFK")); true o | " JEK"
*System. out.println(graph.validPath(pathl)); SCreen

ArrayList<String> path2 = new ArrayList<>(
Arrays.asList( "JFK", "wDC", "BUF"));
System.out.println(graph.validPath(path2));




public class Graph<N> { Stack Heap
privgte HashMap<N, ArrayList<N>> adjacencyList; Name | Value Name | Value
public Graph() {
this.adjacencyList = new HashMap<>(); graph | 0x350 Graph
addNode ; .
} - e ] Graph adjacencylList | 0x200
public void addEdge(N from, N to) {
this.addNode(from); path1 I 0x196 0x350
this.addNode(to); addEdge
this.adjacencyList.get(from).add(to); validPath 0x200
} "BUF" | 0x480
prlvc'?lte VOlC.i addNode(N a? { . addNode "WDC" 0x120
1f (!this.adjacencyList.containsKey(a)) { ’ :
this.adjacencyList.put(a, new ArrayList<>()); e areCGonnect JFK™ | OX777
} SLihs "TOR" | 0x808
}
public boolean areConnect(N from, N to){ 0x480
return this.adjacencyList.containsKey(from) && addEdge areConnect A : 3
this.adjacencyList.get(from).contains(to); O‘ WDC
} path2 | 0x296
public boc?leap val%dPath(ArrgyList<N>.path) { addNode 0x120
for (int 1=0; 1 < path.size()-1; 1++) { ol "JEK"
if(!this.areConnected(path.get(1), path.get(i+1))){ ‘
addNode
return false;
} OX777
}
addEdge
return true;
) 0x808
public static void main(String[] args) { O‘ "BUF"
Graph<String> graph = new Graph<>(); addNode
graph.addEdge("BUF", "WDC"); I m
graph.addEdge("WDC", "JFK"); 0| "BUE"
graph.addEdge("TOR", "BUF"); ® in/OUt
ArrayList<String> pathl = new ArrayList<>( Create d New . 1 | "WDC"
Arrays.asList("BUF", "wDC", "JFK")); . . ruc 2 [ " JEK"
System.out.println(graph.validPath(pathl)); ArrayLISt Wlth
*ArrayList<String> path2 = new ArrayList<>( 3
Arrays.asList( "JFK", "WDC", "BUF")); another pOSSIble path 0x296
System.out.println(graph.validPath(path2)); 0| "JFK"
to check 1| "WDC"
2 | "BUF"




public class Graph<N> {
private HashMap<N, ArrayList<N>> adjacencyList;
public Graph() {

this.adjacencyList = new HashMap<>();

}

public void addEdge(N from, N to) {
this.addNode(from);
this.addNode(to);
this.adjacencyList.get(from).add(to);

}

private void addNode(N a) {
if (!this.adjacencyList.containsKey(a)) {

this.adjacencyList.put(a, new ArrayList<>());

}
}

public boolean areConnect(N from, N to){
return this.adjacencyList.containsKey(from) &&
this.adjacencyList.get(from).contains(to);

}
paﬁlic boolean validPath(ArrayList<N> path) {

for (int 1=0; 1 < path.size()-1; 1i++) {
if(!this.areConnected(path.get(1), path.get(i+1))){
return false;

}
}
return true;
}
public static void main(String[] args) {
Graph<String> graph = new Graph<>();
graph.addEdge("BUF", "WDC");
graph.addEdge("WDC", "JFK");
graph.addEdge("TOR", "BUF");
ArrayList<String> pathl = new ArrayList<>(
Arrays.asList("BUF", "WDC", "JFK"));
System.out.println(graph.validPath(pathl));
ArrayList<String> path2 = new ArrayList<>(
Arrays.asList( "JFK", "wDC", "BUF"));
* System.out.println(graph.validPath(path2));
}

Graph

addEdge

addNode

addNode

addEdge

addNode

addNode

addEdge

addNode

If the values at
iIndices 0 and 1 are

Name | Value

graph | 0x350

Stack Heap

Name | Value

Graph

—— adjacencyList | X200
path1 | SER 0x350
validPath 0x200
"BUF" | 0x480
"WDC" | 0x120
areConnect "JEK" | OX777
"TOR" | 0x808
areConnect 0x480
O‘ IIWDCII
path2 | 0x296
this | Ox350 Ox120
validPath] path | 0x296 0| "JFK®
i10
OX777
0x808
O‘ "BUF"
e Valid path with check in/out s
alid path with chec s et
true 2 IIJFKII
0x296
0| "JFK"
connected 1|"wDC"
2 | "BUF"




public class Graph<N> {
private HashMap<N, ArrayList<N>> adjacencyList;
public Graph() {

this.adjacencyList = new HashMap<>();

}

public void addEdge(N from, N to) {
this.addNode(from);
this.addNode(to);
this.adjacencyList.get(from).add(to);

}

private void addNode(N a) {
if (!this.adjacencyList.containsKey(a)) {

this.adjacencyList.put(a, new ArrayList<>());

}
}

public boolean areConnect(N from, N to){
return this.adjacencyList.containsKey(from) &&
this.adjacencyList.get(from).contains(to);

}
public boolean validPath(ArrayList<N> path) {
1 < path.size()-1; 1i++) {

fQr (int i=0;
éif( lthis.areConnected(path.get(1), path.get(i+1l))){
return false;

}
}
return true;
}
public static void main(String[] args) {
Graph<String> graph = new Graph<>();
graph.addEdge("BUF", "WDC");
graph.addEdge("WDC", "JFK");
graph.addEdge("TOR", "BUF");
ArrayList<String> pathl = new ArrayList<>(
Arrays.asList("BUF", "WDC", "JFK"));
System.out.println(graph.validPath(pathl));
ArrayList<String> path2 = new ArrayList<>(
Arrays.asList( "JFK", "wDC", "BUF"));
* System.out.println(graph.validPath(path2));
}

Graph

addEdge

addNode

addNode

addEdge

addNode

addNode

addEdge

addNode

e areConnect returns

Name | Value

graph | 0x350

false

Stack

addNode

validPath

areConnect

areConnect

validPath

areConnect

Name

Value

path1 | SNER

path2 | 0x296

this
path
i
this
from
1{0)

0x350
0x296
0

0x350
"JFK"

IIWDCII

Heap

Graph

adjacencyL.ist

0)2d0]0)

in/out

true

0x350

0x200

"BUF"
"WDC"
"JFK"
"TOR"

0x480
0x120
OX777
0x808

0x480

o\ "WDGC"

0Ox120

()‘"JFK"

OX/777

0x808

O‘ "BUF"

AEEL

1

] BUFII
IIWDCII
IIJFKII

0x296

0
:
2

IIJFKII
IIWDCII
|} BUFII




public class Graph<N> {

private HashMap<N, ArrayList<N>> adjacencyList;
public Graph() {

this.adjacencyList = new HashMap<>();

}

public void addEdge(N from, N to) {
this.addNode(from);
this.addNode(to);
this.adjacencyList.get(from).add(to);

}

private void addNode(N a) {
if (!this.adjacencyList.containsKey(a)) {

this.adjacencyList.put(a, new ArrayList<>());

}
}

public boolean areConnect(N from, N to){
return this.adjacencyList.containsKey(from) &&
this.adjacencyList.get(from).contains(to);

}
public boolean validPath(ArrayList<N> path) {

for (int i=0; i < path.size()-1; i++) {

i
* return false;
}
}
return true;
}
public static void main(String[] args) {
Graph<String> graph = new Graph<>();
graph.addEdge("BUF", "WDC");
graph.addEdge("WDC", "JFK");
graph.addEdge("TOR", "BUF");
ArrayList<String> pathl = new ArrayList<>(
Arrays.asList("BUF", "WDC", "JFK"));
System.out.println(graph.validPath(pathl));
ArrayList<String> path2 = new ArrayList<>(
Arrays.asList( "JFK", "wDC", "BUF"));
* System.out.println(graph.validPath(path2));
}

Graph

addEdge

addNode

addNode

addEdge

Lf(!this.areConnected(path.get(1), path.get(i+1l))){

addNode

addNode

addEdge

addNode

Value

Name

graph | 0x350

statement

Stack

addNode

validPath

areConnect

areConnect

validPath

areConnect

We reach a return

Name | Value

path1 | SNER

path2 | 0x296

this | 0x350

path | 0x296
i10

The entire stack frame

ends and false is returned

Heap

Graph
adjacencylList | 0x200
0x350
0x200
"BUF" [ 0x480
"WDC" | 0x120
"JEK" | OX777
"TOR" | 0x808
0x480
O ‘ "WDC"
0x120
O ‘ "JFK"
OX777
0x808
O ‘ T BUF"
. O T BUF"
in/out b ranly
true " JEK"
0x296
0| "JFK"
1| "WDC"
2 | "BUF"




public class Graph<N> {

private HashMap<N, ArrayList<N>> adjacencyList;

public Graph() {
this.adjacencyList = new HashMap<>();

}

public void addEdge(N from, N to) {
this.addNode(from);
this.addNode(to);
this.adjacencyList.get(from).add(to);

}

private void addNode(N a) {
if (!this.adjacencyList.containsKey(a)) {

this.adjacencyList.put(a, new ArrayList<>());

}
}

public boolean areConnect(N from, N to){
return this.adjacencyList.containsKey(from) &&
this.adjacencyList.get(from).contains(to);

}
public boolean validPath(ArrayList<N> path) {

for (int 1=0; 1 < path.size()-1; 1i++) {
if(!this.areConnected(path.get(1), path.get(i+1))){
return false;

}
}
return true;
}
public static void main(String[] args) {
Graph<String> graph = new Graph<>();
graph.addEdge("BUF", "WDC");
graph.addEdge("WDC", "JFK");
graph.addEdge("TOR", "BUF");
ArrayList<String> pathl = new ArrayList<>(
Arrays.asList("BUF", "WDC", "JFK"));
System.out.println(graph.validPath(pathl));
ArrayList<String> path2 = new ArrayList<>(
Arrays.asList( "JFK", "wDC", "BUF"));
* System.out.println(graph.validPath(path2));
}

Graph

addEdge

addNode

addNode

addEdge

addNode

addNode

addEdge

addNode

Name | Value

graph | 0x350

Stack

addNode

validPath

areConnect

areConnect

validPath

areConnect

Name | Value

path1 | SNER

path2 | 0x296

e Print false to the
screen

Heap

Graph
adjacencylList | 0x200
0x350
0x200
"BUF" [ 0x480
"WDC" | 0x120
"JFEK" | Ox777
"TOR" | 0x808
0x480
O ‘ IIWDCII
0x120
O ‘ "JFK"
OX777
0x808
O ‘ "BUF"
. O IIBUFII
in/out b ranly
true 2 [ " JEK"
false
0x296
O IIJFKII
1 IIWDCII
2 IIBUFII




public class Graph<N> {
private HashMap<N, ArrayList<N>> adjacencyList;
public Graph() {

this.adjacencyList = new HashMap<>();

}

public void addEdge(N from, N to) {
this.addNode(from);
this.addNode(to);
this.adjacencyList.get(from).add(to);

}

private void addNode(N a) {
if (!this.adjacencyList.containsKey(a)) {

this.adjacencyList.put(a, new ArrayList<>());

}
}

public boolean areConnect(N from, N to){
return this.adjacencyList.containsKey(from) &&
this.adjacencyList.get(from).contains(to);

}
public boolean validPath(ArrayList<N> path) {

for (int 1=0; 1 < path.size()-1; 1i++) {
if(!this.areConnected(path.get(1), path.get(i+1))){
return false;

}
}
return true;
}
public static void main(String[] args) {
Graph<String> graph = new Graph<>();
graph.addEdge("BUF", "WDC");
graph.addEdge("WDC", "JFK");
graph.addEdge("TOR", "BUF");
ArrayList<String> pathl = new ArrayList<>(
Arrays.asList("BUF", "WDC", "JFK"));
System.out.println(graph.validPath(pathl));
ArrayList<String> path2 = new ArrayList<>(
Arrays.asList( "JFK", "wDC", "BUF"));
System.out.println(graph.validPath(path2));

Stack

Heap

Name | Value Name | Value
raph Graph
Graph e Oae0 | [makiode adjacencyList | 0x200
E1N J0x196 0x350
addEdge
validPath 0x200
"BUF" | O0x480
addNode "WDC" | 0x120
areConnect "JEK" | Ox777
SHEUDOE "TOR" | 0x808
addEdge areConnect 0x480
0| "WDC'
path2 | 0x296
addNode Ox120
validPath O‘ "JFK"
addNode
OX777
addEdge areConnect
0x808
O‘ "BUF"
addNode
: SN0 1 96
* Program ends infout .o
true 2 | "JFK"
false
0x296
0| "JFK"
1 [ "WDC"
2 e =10 ] o




