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What is the length of the shortest a w» f pathin the
graph whose adjacency list representation is below?

a :z :z b %

N j @ Q 1 (A)
F{ 0 ®
b J] 3 (C)
{7

; — 4 (D)




Lecture 22: Graph Traversals

CS 2110
November 11, 2025




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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Recall: (Improved) Adjacency List Representation

-
class AdjListGraph implements Graph<...> {
record AdjListEdge(...) implements Edge<...> { }

static class AdjListVertex implements Vertex<...> {
String label;
HashMap<String, AdjListEdge> outEdges;

}

private HashMap<String, AdjListVertex> vertices;

Space Complexity: o(Ivl + |EI
. 001+ 151

vertices Map all ot EJge.S
. - #a pS
Runtime Complexities:

Check for avertex: O(1) wvectices. coatainskeyl)

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

cweck for tail, get tail verlex, cueeu for head

I[terate over all vertices:
o) (l\“) veclices \MIHES[.)

lterate over all edges: ol +IEN)= 0 (IE()

lterate over neighborhood: (1v1)
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Graph Traversals

Procedare 1o systematically visit vertices /edges v a gfaph
Qn ofder that fCSPeCf.S "local Structyre” . |
Fo llow a.,-}Joc'ng ere fecorm one verfex o wmove to it

V)e?j hWoor.

IR

&

\Nhy? Local Structwre Lolds rich information

S
\/\“V"'PCA"‘* Link6 Soch‘ Ne‘\“"o"
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Navigating a Maze

Rule, Alutys 1 o1e 5quare, can  only See wWhether its possible
']'O MOUL i-o QJJQCG’I"’ 51‘44’@5

Tdea’ "Bliadly™ follow o1e  path bacikiack € we hit Jead ead.
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Depth-First Search (DFS)

A search procedure twat  prioritizes

£followina o€ Paf‘q as far avay fron 5o»fccstart§|§

| ¢ ther —
as FOS.SH)[C be fece chK}NCKMJ fo Cons der othe :

9 :
P - beJ;n qf So0ul (L (Lqucd' uer'}ex) 6
— follovi a1 edge to A ve:q wbol &

- set off oa a DFS feom -HM']' vjeij'ﬂbol‘

¥ Recursion ¥
- .S*OP i‘F e ('eq‘(q Jesi.:/)qf-,'oq bl bqse CQSC*

— wquiad (backrack) if verfex has  wo  aeiqUboess,
con'}"lwe ey wie £Ad q-ﬂo“'e" alternate v\e;‘?hbor
to V;bi'l"
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A First Attempt

( )
/** Returns whether there is a path from ‘source’ WYa $ ‘5 W fo“l\j 7
* to ‘dest’in this graph. */
public static <...> boolean dfs(V source, V dest) { @
if (source == dest) { return true; } base cAse @/ :
iterate over wneighbofs
for (E edge : source.outgoingEdges()) { @
if (dfs(edge.head(), dest)) { return true; } d€s [5J+)
} Step to aeighvor arnd (vtoete new N
return false; seqrch 155 (a H
} >t%
\ J L Wdfs(by)
Need a viay to auvaid infiaile (OOPS in?:mi'c

conl NV
9 c0N ]
Ideq': Keep ‘!’fad( O'F vl"ﬁc‘q ‘,eP‘l;CCS ret 5 éFS [q/‘})

we've alreqddy seen.
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Vertex Status During Search
-2 tme >

O. 5 2 3
@ @ fcontier /d\@ @

|_._._._-
.4/\J iSCo dcred visdiag settled
- \_ discoveced — —
havea't yef " follov | actively 4.‘;4:sbtea
et chel vecdex  ficst 21€9™M77 fraversing Yravessi1g
' {eoueflSal 6431 to ovel” 'y N's vle:j"nbof‘é
. ) verteX Vleto‘vbofﬁ

Ta DFS we want to  Jeack which vectices have  been discovered
/
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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.

sMipped b

c,a,d,g,e
a |
don't redticover q
c,a,b,a,d,g,e (B)

0 onl)o backicech ¢o b

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

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

(A)




DFS Complexity

-
boolean dfsRec(V current, V dest, Set<String> discovered) { (a

if (current == dest) { return true; } Q(1)

for (E edge : current.outgoingEdges()) { OUV\) der ofivas

V neighbor = edge.head(); 0(1)-00El) = Ol IE])
if (!discovered.contains(neighbor.label())) {o (1)- O(IE))\\

discovered.add(neighbor.label());0(1)- 0([\/]) - O(IVI)
if (dfsRec(neighbor, dest, discovered)) { return true; }

}

return false;

Y

}

\_

O (V) nuecations)
(one, per 0:8 covered vcr+ex)

er inJvocation

% Only O(lEl) ifecations total
across gll calls (better bound

{uwan o(,v\")),

O(IEl)

Ovcrq”: 0(‘\’]”’" |E[>

o(1E1)

srea{‘,’ ‘:\-e:; n 3(‘991’:
] .
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Poll Everywhere
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What is the space complexity of our DFS implementation?

(boolean dfsRec(V current, V dest, Set<String> discovered) { )
if (current == dest) { return true; } A
for (E edge : current.outgoingEdges()) { 3‘0(/‘ s 1o 0(1) (A)
V neighbor = edge.head(); O( |V ])
if ('discovered.contains(neighbor.label())) { \
discovered.add(neighbor.label()); size O(WD @
if (dfsRec(neighbor, dest, discovered)) { return true; }
} } ol oX}ra MmeMoly per call 0(|E|) (C)
return false; Is /recursive depth
} OCND # eells Jrecarsive P oqy| 4 gy (D)

G J




Search vs. Traversal

In a jrqP\v 5eqrch/ we 1y to locate ¢ qu‘»; {-‘romtql
e so0vyrce to o1c Fat‘*tcm\ol‘ vertex (aad can ysully
6fop Wea e discover / settle it)

Iw 4 jrqp(» +rwer54[J We 5,9‘*(/\44"'5(‘)”7 visit ‘c_uery
(ceacyayle) wvertex ia ue 3quﬁ7 avd do Same}‘qmj w\e 9

we 36“— there. (Disco vcr\/)

1) Vis:ta}: Order ~ rQ -ordef
Tuio natural ) Visitaton P

orders %r 2) ée’rHemeM Order X f)os'f—order
DFS
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2 Coding Demo: DFS Traversal Actions £
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Visitation vs Settlement Orders

D¢ etk
Q X
Q d

Visitation: § q dbtc

Settlement: b"l"C (J a g
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Breadth-First Search
DFS focuses i o1 one FM““C%W‘ P‘l”)

start% ]

A\wj-(rna’re Qppfoqch', Fqn out qad walK _‘
alof»‘? all paths 5',W)~:Hmeously ......... —

Breadth- First Search (BFS) stategy ”2, 9 19116

I¢ juere's a  Shoerd Ycﬁ(q, —e'ie Jwamnf&&J 1Y 11§Z3§ZC{§ZS§end
‘|’8 C:ad. if ‘FQS{‘/ bu"‘ ‘FAIMMJ out expen;}da
B oe Con Juess'  corect poth and foeus 0n ik

Need a \ay to ijt«wnize, ‘mcafwi/lj mebsqjes feom

Scouts, (an clueo,e L,lp ‘["13':(" Oppa["}'u'/’;+;g§ o /epol"l'
chK,
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g0

& Coding Demo: BFS
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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.

0 b c,a,f,d,g,b,e @
G c,a,d,b,f,g,e (B)

f a c,a,d,f,g,b,e (C)
{/p(y//\jb e c,a,f,d, g, e,b (D)




Traversal Levels

BFS swveeps accoss jrqp‘y i)
\o.yet‘ﬁ (or 'GVEIS)J Modi/‘lj
O\ni’lﬂ“‘\d from 50urcé

level of - ‘enj}h of shorlest

Vertex v~ s~>v  paty

Vertices are -\-ro.uchec‘ " |CUe[ orde

we'll  {axe MSP‘.I‘M—.‘M from  fuis  vext Jechire heq Je
J‘.bc wsb$ 5hor te st FQ‘?LI q\jar:'ﬂom)s,
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BFS Complexity

. . . e o verlex added hee diScovcred
1 016 eacH eriex €

while(trontier.isEmpty () { OCW]) ::‘: ’ vefiex {emoved per iteration

Vv = frontier.remove(); o (1)- 0(Iv))

if (v ==dest) { return true; }
' ( ijecation
for (E edge : v.outgoingEdges()) { o((v1) ilecqhions pec outer loop ilers

te( iterators
V neighbor = edge.head(); 0 (1)- o [IE]) but O(I1g)) otal
if (!discovered.contains(neighbor.label())) { ®(1)- 0 (IEl)

discovered.add(neighbor.label()); 0 (y- OJ(1VI) (3( lEO
frontier.add(neighbor); o(V)- Q (1VI
} ol ) A,.o{-\qct‘ O(WH ’E\) aljal‘i}(‘lﬂ)
} Spqce coMplex2+7 O(I Vl)
} %
_return false; ) discovered + Feontier
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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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