






























                                                     


                                                  https://youtu.be/q8ST4lqtUzQ


 





























Recap

BreadthFinterche a graphexploration problem

Idea lookat vertices reachable in 0 steps
I steps
2 steps

Carefulnot repeatedlyvisit samevertices

Work forboth directed undirected
Slime mold doingkinda like BFS

Queue Q EKET First In FirstOut FIFO

Qpush d E EAR 04
Q pop EAR 04

1 BFS cont'd





































































BFSCG.SI

1 For all VEV
2 diste o

JOLIVI3 parentlu

4 colorlo WHITE
5 dist s 0
6 A pushls 304
7 Colorls YELLOW

8 While Q is notempty
9 u Q pops
10 Forall vEAdj.in
11 If colorla WHITE
12 distal

distantly
HEl

13 parenta u

14 I colorlu YELLEW

15 Q.push v
16 colorful GREEN

distlu gives the shortest distance from Stov

Thepath Reverse v parental parentparentlul





































































dist parent
a 0
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dist parent
a 1 S
C D

A α
toI
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A D
Q a zoo

dist parent
a 1 S
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dist parent
a 1 S
C D

d x
1 tod so

A
A 1 S

Q A z z 2 a

dist parent
a 1 S
C

IS O_O a
I a

so
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dist parent

9
s

2 A
d 2

to
v8
A 1 S

Q c d g 2 a

dist parent
a I S
C 2 A
d 2

I
0

3 a

so
V 3 C
A 1 S

Q d f v 3 2 a





































































dist parent
a I S

ezIS Of a
3 C

so
V 3 C

A 1 S

Q f v g 2 a

dist parent
a I S
C 2 A
d 2

I 3 C
so
V 3 C

A 1 S

Q z 2 a





































































D vertices not added to Q yet undiscovered
0 vertices currently in Q unexplored
O vertices out of Q already finished

Coloring kinda overkill here could use a boot visited

But will be useful in the future
sometimes also colored as 0 0,000

This gives us a

Bf
with roots

I

Retime IVHEI





































































forany u v if u added to Q before u
dist u distr

Poet LoopInvariant
Forany two vertices v V2currently in Q

dist vi dist Va I
For any

discovered 10 0 I vi v2
if v pushed into Q beforev2

v poppedout beforev
v finished beforeV21

then dist lv.IE dist at

Init
Maintenance

By invariants all vertices in Q are in increasing

order of their dist their dist is at leastdistlu
but at most dist u 1 The new v's we add into
Q have dist of dist a 1 Soeverything in Q has

dist u or dist w 1





































































If not that means when we're discovering U
adding it to Q there is a vertex v already discovered

with dist v dist v dist a 1
i if v added to Q before u

dist v dist u contradiction

ii if u added after u
that means v still in Q By
dist u distlv dist u 1 contradiction

Termination Forany u v if u added to Q before v
distlu distal

Forfull proofofcorrectness see CLRS 520.2 optional





































































2 Depth First SearchIDFS

IdeaPikanedgetophoreeverything in that subtree
then move on to the nextedge

so

S 0
0
0 0

Solving a maze using DFS

When at a crossroad put down a marker
to mark the route you came from
Explore the left most route recursively

Explorethe second left route

Afterexploring all routes go backdownthe route

you came from backtrack

https://youtu.be/RaQDROsFQoY







































Pseudo Code Ignore the red lines for now

DFS VisitCG u DFSCG

time 1 times
2 disclu time 2 For alluEV
3 Colorful YELLOW 3 colorlu WHITE

4 For all vE Adjiu 4 parentlu

5 If colorlu WHITE 5 Forall UEV
6 parent v u 6 If colorful WHITE
7 DFS Visit Giv 7 PFS VisitLG.u

8 Color u GREEN WeusuallyuseDFSto
9 timet I learnsomething on the
0 finishu time entire graph so we run

it on everyvertex

0 Not discovered

0 Discovered butnotfullyexplored Gives a DFStree
0 Fully explored 0

0

b





































































Runtime DFS IVI excludingcalls to DFS Visit
One DFS Visit call on eachvertex and it
takes time Adjust Total

Er Adjin EI

IV IEI runtime

Correctness Trivial to see we indeed visit everynode
DepthFirst line4 7 in DFS Visit
Showotherpropertieslater






















































MagicTime

DBFSCG.SI explore G 1 V
1 For allvev livisitETRUE2visitedlvkFALSE2 For WE Adjiv
3 parentlv 3 L.pushlu.nl
4 L QuInEInitl
5 exploreG 1 s
6 While I is notempty Differences fromBFSabove

7 1 pops Queue contains edges
8 If visitedhv insteadof vertices
9 parent v U Onlymark as visitedwhen

10 explore.CI we add all its neighbors

Magic Trick change BFS to DFS
Just use Stack FILO
insteadofQueue FIFO

Essentially the stack simulates therecursion

This trick does NOTwork on all BFS implementations

Alf needs tobe carefullycraftedChemethered
changes

eg replacing Iwith Son the oldBFSdoesnotwork


