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What is the length of the shortest a w f pathin the
graph whose adjacency list representation is below?
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Lecture 22: Graph Traversals
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Today's Learning Outcomes

90. Describe adjacency list and matrix representations of a graph and
compare the space/time complexities of operations on each of these
representations.

91. Perform BFS and DFS traversals of a given graph by hand and in
code.

92. Visualize the state of a graph traversal at a given point of its
execution, describing each node as either undiscovered, discovered,
visited, and/or settled.
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(Improved) Adjacency List Representation

r N
class AdjListGraph implements Graph<...> { Space Complexity: O ( | \/| + I E ]) ;(B(IE]*)J
record AdjListEdge(...) implements Edge<...>{ } N ;r"::;.‘se

vertices qu7
all o4t EdgeS maps

static class AdjListVertex implements Vertex<...> { | Runtime Complexities:

String label; i . Jain sKeyl)
HashMap<String, AdjListEdge> outEdges; Checkfor a vertex: OO) vectices, cont™ ’

}
Check for an edge/neighbor: O (1)

cwecu for hil, 3;} }a:l vu‘lexl checu for Yhead
I[terate over all vertices: O(I\Il)

private HashMap<String, AdjListVertex> vertices;

lterate over all edges: o ()v| +IE1) =0l |E[)

Iterate over neighborhood: ) (|v|)
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Graph Traversals

Procedure 1o Sysfem‘?'}:l"”y visit  vertices /edyes v a jrqfl, )

an

ordgr that r<speci.s "Iocq, 51"«44'}01"6".
- Follow 0'1'}‘7"‘."7 CJJC -FroM one Uel“fﬂx $o it WQFj\n‘OO".

information

\Nhy? LOC“\ $tructwre \'lOlA'j ich

\/\“V“'PCA"‘* Link6
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Navigating a Maze

Rule. Alutys 1 ©1e 5quar€ , can  only See whether it possible
o move to odiaceat squafes

Tdea’ "Bliadly™ follow o1e  path backiack i wvie hit dead ead.
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Depth-First Search (DFS)

A search rrocedvre Yaat Fully explores omne

Pa{"ﬂ qu07 -FroM Sovrce bQ‘?'Cc chK}mcKMJ
{o conscder other Fq‘l“os.

—bej;n at source

; ~
— follovi a1 ed,e o 9 we.\,hbo

- Set off o1 a DFS feom  that weghbor
¥ Recursion ¥
- stop if we ceach destinefion ¥ base cﬂs.c*
- \aquA (back¥rack) if verilex hes o 4317\4.}”/5’
continue hea  wie find  aneller alternate we.ghbor

to V;b:*’
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A First Attempt

( )
/** Returns whether there is a path from ‘source’

* to ‘dest’in this graph. */
public static <...> boolean dfs(V source, V dest) {
if (source ==dest) { returntrue; } bave case

iterate over neighbors
for (E edge : source.outgoingEdges()) {

if (dfs(edge.head(), dest)) { return true; }
} step to agigwbor ard ivitete new
return false; 5eqrch

k} y
Need a vay to auaid infiaile cyc\inj

'Lcleq', l'(eep fracy of vl"l'lc‘q vectices

we've already seen.
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Vertex Status During Search
>tme >

O. | 2 3
® © ® @

undiscovere d : discoveced | f
- * .F-nd -F:rs‘. \)is.('l‘iﬂ! 58'“‘ CA
0". ‘ . n T
(ye\:::eé \,7 ;fex incomin\y Cqu_ qchvely Frace.s‘se,A
" Seqrc:; to vertey Searchiag ‘\\'\'0“"7‘1 all of VO

'S “e;g\qbors 0‘41'50;"‘7 6&765

To Pre"‘n+ infiate c7cl;.4jj DFS Keeps tracy of which Verdices
have been discovered Ang o-ql/ visits Y)euu|7 discovered ones.
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2 Coding Demo: Fixing our DFS Code &
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Poll Everywhere
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In which order will the vertices be discovered during
a DFS from c to e of the following graph? Assume
neighbors are discovered in alphabetical order.

Mipped b
c,a,d,g,e (A)

a a donlf redticover

c,a,b,a,d,g,e (B)

Q o"')' backicec® 4o A,

c,a,b,f,d,ge (C)

/ @ c,a,b,d,g,e @




DFS Complexity

-

~

boolean dfsRec(V current, V dest, Set<V> discovered) { g

if (current == dest) { return true; } O(1)
for (E edge : current.outgoingEdges()) { O (V) iterations
V neighbor = edge.head(); 0(1)-00€E1) = O IE])

- O(lvl) calls— one
per d:scovered Jvertex

er call ¥ bul only O (\EY)
total itecations acrfoss gl il

(petHer bouad than OUVI?'))

\only enter iF block

ouce pef veriex discovefy

Ovecall . © (V1 + 1EL)

Grceat! liaear in 3“99") Size

if (!discovered.contains(neighbor)) { O (IEl)
discovered.add(neighbor); 0(1)-O(tv1) =a(1v)
if (dfsRec(neighbor, dest, discovered)) { return true; }
}
}
return false;
k} J
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Poll Everywhere
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What is the tightest worst-case space complexity of our DFS
implementation?

( N
boolean dfsRec(V current, V dest, Set<V> discovered) {
if (current == dest) { return true; } A
for (E edge : current.outgoingEdges()) { gouts to O(IVI) 0(1) (A)
V neighbor = edge.head(); si2é
if (discovered.contains(neighbor)) { O(WD @
discovered.add(neighbor);
if (dfsRec(neighbor, dest, discovered)) { return true; }
} Ol extra MmeMoly per call 0(|E|) (C)
return false; ,
\ O(l\ll) recarsive cle‘D‘Ho 0(|V| + |E|) (D)

\_ v,




Search vs. Traversal

Search. (iven Sowcce & aad  destination t, locate
an S~st loonf\o

- Often we Uon't need 1o explol‘e whole (7ro,PL,

Traversal: 575f¢M4+o‘ch7 visit every Vverfex qad 6473
M TLe arqplﬂ/ 'thinj Some Action clvnn'v
twe vigt

~ Awobver teratee Pqurn
- Vse «a modifed DF5 Fuat does, 't .Sfop 9t degtivqafion
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Visitation vs Settlement Orders

* see twue
animated Versiov
1 fve \ectwré

notes

Runtime

(3) X e Stack
()

Visitation: ¢ ¢ bc +o'

Settlement: C Td b a s
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Breadth-First Search
DFS 'Focqses M 01 one Ft\l"licnlq“ P‘l'”)

starté l

AH-crmn‘e QPP('OQCL\.. Fqn out qqd have ?3
“Seouts’ walk all  paths  simaltaveocusly ] Al

Breadfu~- First Search (BFS) stategy ENCRGRICALL

— Aluays locates  shorlest path 11223 29 25 w

be expens;ve of we Lave
path

— Fm/MMJ out Can
3ood Weuristic to guess Shortest

~Need ‘Yo organize incoming messages from  Scoqts

- Queve wp fneir oPFari-um,'Heg to  (eport back
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Jo

2 Coding Demo: BFS Traversals
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Poll Everywhere
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In which order will the vertices be visited in a BFS
traversal of the following graph starting from ¢? Assume
neighbors are discovered in alphabetical order.

@ b ca,f,d,g,be (A)
a c,a,d,b,f,g,e (B)

; a c,a,d,f,g,b,e (C)
;//@(}//J b e c,a,f,d geb (D)




Traversal Levels

BFS SV‘CGPJ Qccoss jrqp\y i)

\o,yerﬁ (or leuel.S)J Mau;t?
ouwtwartd from ggurce

’
|e\le\ oF _ \eﬂjﬂn 01': sbor'it.sf‘ |

Jertex V. s~»v  path

Vertices are Yrauversed v leve| order

ve'll  fake aspifet:o” from  fuis  Vext Jectire wheq e
d:5C uss 5hor Ye st )90“"1 q\jori{“t)mps,
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BFS Complexity

(while(!frontier.isEmpty()){ o (1v1) Herofions )

Vv = frontier.remove(); o(1). 0(1v)) = o(lv))
if (v ==dest){ return true; }

V neighbor = edge.head(); gu)- o [IEI)

for (E edge : v.outgoingEdges()) { o (v1) ilecptions

if (Idiscovered.contains(neighbor)) {
discovered.add(neighbor); o(p-0
frontier.add(neighbor); o (1)- g (1v1)

}
}
}

return false; )
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- eacY verieg added hea A:SCa-!azJ
ove femoved per iteration

ec outer loop ijeration
but O(IE)) dotal iterators

(1)-0(IEI)
(1v1)

Ano{‘ﬂ‘" o(Iv! +‘E\.) aljarﬁ"l"l

Space complexity  O(Iv1)
7
d:scwccc} + -Fron'}'aef‘
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Setting up Next Lecture

Highlight the edges that discovered new vertices during BFS

What structure do these edges form?
How do these edges help us find paths from the source vertex?
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