
oh23.
introduction to graph

1 - 4

->
directed edge

4- 1Y

h I 4

acybic graph
cro cycle)

->
all the edges
are directed

-> it can have

sycles in a graph
(circulars multiple direction
-- ->bidetional

0- 0 graph atbeast a node

↓- -
--

"edge/s
d

graph
graph

cycles startfrom a node, a
cash backto

the same node

paths contains a lot of nodes &

each of them are seachable

1235-path
①-

12321-not path inthecannotallerthe↓
④-

/



yesinsale thenum of edges attached to a morein

D13) - 3
①- 2

D14) - 2

↓ property.--
total degree of graph:

2x num of edges in

/ thegraph
④ hoor every edge

is

associated with a
nodes

nectedah:-

indegree (node) ->
num of incoming edges

outdogses(node) - num of outgoing edges

O indegrees) ->2- outdegrees)- I

d
-

weights weightof
an edge,

is notgiven, take unit

5
3 6

P 5

2
P I

2



- Graph representation in C++

uts number of nodes, number
of edges, type of graph (directed

as

notdirected)

m lines thatwill representedges (this can be given in

5,6 2 I any orders
P 3modernpledges 1243 425
45

wayto store
1. Adjacency makix
2. Adjacencylist

Adjacency makix
N=5
-

nodes are based indexing ⑰
P

5 24

O

I 3
-

matix Eadj [N+D [D812 ↳ C. li 34

0 12 3 4 5 25
I ↑ ↑ space- NXN

2 ↑

0: agai4 O P I

5 ↑ O



2 I

13

24
34

Adjacency List S
-

adj[n+
I 3

1 - (2,3)
5

2 ↳
2 -> 11,4)
3- 51,4,53

86-012E)

I-> (2,3,53
-> if directed -> 55,43
this line isnot needed

↳ SC-OLES

stoseweighted graph
matix- 2

I 3 6

3 I
5

&

3
2 ↳
4

List <(a,b), 3
-> 44

O -> node weight
0 -> (15,2), 12,313

2- (11,3, 14,4)

3- 3N,2), 14.1), 15619

Ie
312,4),13,0,15,3)

-> ((3,0), 14,33



-

convertadjacency matix
to list

1 - 73]
3 2- 1]

i go 3 - [1]



created object
I with

restines6x

Astonnee

Lecs-Gaph representation in Java

⑭*I what are connected components

N =10, M =8

edges-
12

13

24

34 mponents.
56

67

89

->forany
paversal, always keep a

visited anay/map for mode

is a node isnot visited, sun the look for thatcomponent



-5-
always check it given nodes

are a based as

I based
P

N=8
level wise.

2 6
-

I starting
node:1

1

-785
3 4 I 8

Istarting node:
6

-18-52
5

level means node
should be atequal distance

from stating node

stasting node:1

visited. Starting
moder

0 0 00 O 000

012345678

- shift from queue,add it to ans

-> taverse the neighbours of shifted node

queue.
unsfordegreenote

if it's not visited already-

0 - E S push it to the queue

1 - 42,63 Yesor when quere
is empty

2 -> 51,3,43 woo setwen the ans.

- 323 T6- 0(N)+O(2E)
-> (2,53
-> 347
-> 31. Ti
-> (63

-> 36,53



↳6 model

1263487

* 37842
3 4

inode 3*** 3487/256
5 0 I 8

Recursion #
- I I I 1 I I

viS=
I 1- 52,33

O P o t t t 0 00

0 1 2 3 4 5- 2- 91,5,63
stating 3 -> 30,4,73--
↓

↑(i) ↑(1)
de 4- 55,83

&(2) Yes it aladyvisited 5- 329

*I 6- 523

↑(5) ↑(8)
↓ 7- 33,83

&18)
already

visited
degreeof

each
e

8-> 34,73

↓ elR(Y

TO O(N) +O(2E)

SC -0(N) +0(a)
+0 (N) = O(NS



ofprovinces.
123 ⑭
i I ②

③

⑦85 st
↳ starting point:1/2/3

↑
...4/5/6

visited -10101010] =7/8
012345678

count=0;
dRsUI can be calledOnes

&os (i=1: IC;i++15
↑↑ (visited (i] = =0)

E count++

&Rs(i) Il BAsLY- dusing this, it
will mark the visited

E code in the visited away.
S outta

look ~d neighbors.
-

-> O(N)

TC- 0(N)
+0IV+2ES ->0/N+PIN) IOIN)

SC2 O(N)
+O(N)

-1].
[i]

3



tmof islands. I connected components
0 I 23

0

I

2
- ⑤

3

48D
find number of starting node?-ans

E
-
seat a visited matrix

2 3

0 ~ V starting point:20,17
I
- -

-> startfrom CO,
2 v ->taverse it'sneighbour

-> push it in queue
3 icee -> mask it visited in visited

K away

Pos(sow-O tonl quenepaesse the infotmatix, if it's
Kos (col-0tomy

· Inotvisited, it
is another

I iP I! visssowT(4M] starting forint
5 bis(sow, coll

count it?

3

3

return count;



neighbours.
tor/deltasow--> to +1

for (dettacol->-0 to +1)

'
neighbourRow:sow+

deltarow

neighbourcol=col+ dettacol

soe o(a2 +Oce↑
visited

TCY N+
NYG = N2

F
matix visitedneighboris

2



-FillAlgorithm

Se= 1, 58:1
O f 2

newColor:2
D

gol initially:II
connected to uppers, I leftI

rightor bottom as
o

diagonal are not allowed

↓
↑

1 =21 2 2 2

↑

=- 2 0 -> 22 0

↓

I O I 2 0 I
↳as

⑰

0 L 2 SR
=2, S2

=0

0 I I I

I 2 2 0
↑

E ⑳-2 2 naialwoe toa



Sass ans,copyof
put

O I 2

dRS(2,0) O

I
I ·

d4s12,0 * *XI 12- O

I alreadysited 2-3
cos

notmatch dR5,0) dRS/2,1

d
dRs(1,1)
Y

dRs12, I

Tu I

des(2,)
!

TC NxM =x
node

(4X o0(NxM)

SCR 0(NxM) +0 (Nym
↑

reassion

[[2,2,2], [2,2,07, [2,0,1]



Oranges

e 0 I 2
2-> sot

1- fresh
O 2 2+12 in this cell

2
of doen't have orange

14 +0
t =1

20 2 12 t =2

t =3

t =4

total min time:4 unit

ex2 is notpossibleto notall oranges-

O I 2

t =1 setusn-1.
00 ↑ 2

10 152 ans: I

22-t intuition

orange
is sotting other oranges

which
-

each sotten

are at level distance from
it.

level wise-



0 I 2 mintime -> keep back of maxtime

0 0 1 2 -> in queue, putcoordinates of 22,2,2

f 0 I I all initially sotton
items with

l22 1 I timeo

out 12,0),0
10,2,0 18

·the - shiftfrom quere e
visit it

& add it's neighbour
to the queue

anse2 neighbourvisited -

TC- 0(Nxm) x4

5690(NXM)



el detecta cycle in an undirected graph using BES

adj List-
2 5

1 - 92,33

I 7
2 -31,53
3-91,4,63
4- 355

3 6
5- 92,73
6 - 45,73

4
7- 55,63

startin two differentdirection, is reach collide
ata

tion->
same node later on, thatmeans it

has a cycle

-> fish starting in

queuethat I won't go
to again

I I-> go in direction because it just
came from

it

->
- whichnodes came from
nextrode [3,)

(2,1
& mask it visited in visited -stating quere

-> if something is already
visited:il's'o'

visited, then these is a cycle in it.



TC = 0(N+2E)

SO- O(N) +O(N
= 0(N)

⑫- detect a cycle in undirected graph using des

adj List-
2
->

5
1 - 92,33

I 3

·Sales 7 2 -30,53
I -> 58,4,63

4- 355
3 6

!
" 5- 92,73

6 - 45,73

4
7- 55,63

initionstartdes from
a node, if we encounter any

node

which has already been visited thenthese is cycle
presentin graph

visited -- 0101010]
1234567



T dBs),rode parent

↑get "dosis,
-5,
&Asl, st
TY visited:diolo
dR8(6,7 1234567

TP1
dRS/3,6 ↑T

3 - 1,4,6↑ 4, Fasli
I is already visited

it is not parent

of 3,
so cycle:the

des/node, parents
vis(node]=1

dos (letit of adjode])
9 iP (vis[it] = =0

iP (dR(it, nodel==tuel
seturn fire;

else is (it!= parent
·twin tsue;

3

,
return false;



SC-0(N) +OL
↑

recussion visited assay

TO- 0 (N+2F) +0IN)
↑Pos look

e. distance of nearestcell havings ofmakix

02

or 0 1 -> 0 00

'P P ④ O 0 I

3 intuition

· :2
0 I 2

I starts with all given I
-

(2-2) + (2-0)
=2 step:6(distance:of

(2 -01 +12- 2 =2 ② Faverse one level ⑤
distance: 1

min (all three):2 ③ Gaverse two level
distance =2



-to tie it
O I 0

I
El I Of I O

I O I 2 I Of I 00 0

0 I 2

icabeady visited
visited distance sans

1,2I2. I

shitt-neighbours already
visited

-> shift from queueis(andwee store the distance
in and matrix

queue 10,0), 2
go toit'sneighborsene if not visitedt
made it visited

while (POS grid

T6-01NxM) x4 +0(NxM)
O(NYM)

SO - 0(Nxm) +O(NxMS
[S0,1,07, (0,0, 13, 10,1,27] visited distance



eededregions.

=>boundary

observations.
-

①is a setof Xconnected to
the boundary

boundaryconnected O, it won't be converted

xx X ①withit,
won't

be
converted #x X X X

" 0 X X rect (thisX ->
can be converted8x8,X x 0 0 X

X x 0 ,
can

notbe conventedt

intuition
-

startfrom the boundingO & mark

those that
will notbe

converted

and convert the remaining. visi

O 1 2 3 4
0 0000

oX X X X X

00 00 ol

1x 0 0 x 0

00 00 of

2xx 0 x 0

o d oo o

3 x0 X 0 X

400X XX t'd'000



bottomHe no o
->

> done

left -0-(1,4
-

4,9 dB (0,4)
dRs14,0 ↓

↓ ds(2,4

&14.1 TC Plaxm) x4 +O(N1 +o(N

↓ =O(NXM)
ds3, SO- O/NXM



ofenclaves.

count arm of is that cango outof boundary
-> ans 50

o o foie
0. !...O

->ans 24

-> find all I atboundary other is
connected

0 !. ! 0
with boundary won't be

the answer

000 I remaining is will
be the answer

O 1 I O -
visited matix

queue,

4



ofdistinct islands.

Fr0 TDI identical

100 00

00 0 '1 ans-
store all the shape in set

.od and return the size of set

identical
ai
-

10,0) C0, -) (0,0) O,0710. set -> S10,0),0.1, 11.033
10,4-10,0) - 10,11-I (I,0) -10,0)=) (10) 54,0],10, 11, 41.033

(1,0 -
-base

(2,3 - (2,3) =(0,0

(2,4-(2,3) =>10,je4 [3-(2,3) => (0,0)

d4s/0,0) unceoned calls completed
- store this shape in the

set

dRC0,I d43(1,0



The 0(NYM/x4 +01Nxmylog(Nxm))

36- 0(0xM)

↑

asgh
color the graph with 2 colors such thatno adjacent nodes have

same color
G Y

yellow -green 2

Y G X
-

I
3

6 4 G X G
G 5 /

Y possible -> tae-
-

X hiportite graph

y 8 G Y G

⑦ Y
notpossible



-> lnce graph with no cycle are alway bipartite
-> any graph with even cycle length are bipartite

odd cycle length nothipoctite

-1- notcolored yet

color= ⑧-> color

↓ 1- color2

(like visited assays
D

3

0
I

↑
· (:)

↑
2 K 7 S

6

0

P

5 P If
clos
intuition same as

BFS
-

TO-

SCS



stegraph using DFS

Stast: I

color:0/1
colos.Isit out

78 TO

node, colos SOS OlY +isemsson stack
14s),0)

↓x
dol,1

1x
des(3,0

dx

deF
d (7,0) dB(5,0)

**a
*F

d18,1) ds16,1) AF

als
with same

colore



4 defectcycle in a directed graphy (DFS)

S 2 3 4
1

V
V

8 7 >5 36

S

v I
e > 10

↑
not a cycle

cycle
-> on the same path a node has to be visited again

to be it a cycle
0 I 910

is-810,800,8]oy
pathis0101010101010 dly

Guisited d
on the

samepath dislY
↓

dis(8) Faceasare
I F If

d)
set pathvisitFree

⑰rate
des(10)

to o
again

-Im
Pos6



TC

S

same as IES

ofind eventual safe states.

D ->
safe node-?
terminal node! -> outdegses-o

2
6
-adegree:

O

Ferminal safenode ->2,4
↓

⑤- D anycode who is fast
of cycle

can notbe safe node5 -4
② any one

who leads to a

cycle can not
be a safe node



d (s) 7- terminal node

6 leads to y - saf node

des ↳---
safernoce

I has 2 pathcheck both

dis d(8) already 0,1,2,3,4,5,6- safe modes.

I d(I
visited

dis(a) dis(
L*

no
safe noche
Ialready visite terminal modeds(10 dist

↓4
same as

als
-

TC
387



⑰21. IpoAlgosithms.

- valid ordering
I ~valid ordering

5-0 only in directed acyclic graph
4 -0

5-2

2- 3

3-

4-1

0-3

1 - 93 dPs(0
visitedt
-

2- 333 -

3 - 313 !
↳ El4-> SO, 1 I

5 - 30,23 dRs)
5)

Ro (i=0 to5]

le S so
>iP I? vis[il

543 210
dPs(i) ordering=

3 uns.
>

-> before setting from dk, push
the node to stack.



SC ON)Olq
TC- 0(V+E)

Algorithm-> E d
50

40

52

4 I

23

3 (

orderings 540231
os. 452 310

05

1 -

2 - 933
O

X

2 4-50,13indegree V 3- 91)

O 51 (0,23
5

① insect all nodes with a indegree in queue I
② shift 4 from queue

reduce the 4 as indegree from
connected queueo

node, O, I
④ when indeysee become

ofos a node

③ shift 5 from queue put it into queueseduce the 5 as ....



How to calculate indesser scro(w)+ola/+0N

using adjacentlist degree" Halso
Havesse the list a increase ↑CD OIVE)

the indegree

23. detect a cycle in a directed graph
0 R I

I indegree 1- 523
I -2 33 35

⑮ 2- 933
M 3- 34,57

W

4 I 4- 529

we know topo sost is notpossible
for

5- 33
sost

this, butwe will
still apply topo

Topocort -> I ·-
topsost.ben > rum of

nodes

Ithere is a cycle in graph 2 reducedby,
queue

butnow no o indegree node



TG- 0lV+E

Sc-0(N) +OIN)

4- course schedule, & 2 /peecequisite task

12 w

4 3 v sat
24 V ⑪---$
4 I X ~X

anss Pale.

way, detectif the graph hasaycle, it yes, ecture Pale

- is topo sostnotpossible, sethen tabse v-



3210



25find eventual safe states - BFS.

-> aptly topo sost

-> backback from terminal
node

terminal node-I
-> indegree becomes o

push it in queue

01234567



⑫6- alien dictionary-topological sort

#

- a, b, c, d

abiet
baa Bad -ba

a bcd ⑳a bod

·boa - da -bdac
as ab tab- bd
cad

gold
patters something before something.

⑬ad abtd d <a

⑨bad?Aca ab -c
=

b-x- c ·boa,a so
7 ⑧ab↓ /

d -ab
- bcd

a d
i =0 b a a si-aniy->baa
abcd S2: as [it] -> abod
2 a b c a followup-whatit order is not possible?

② abs
30ab ⑪ abod est bat---

-ad abo -> S2
ade---

itlarges is before smalles,

odes is notpossible
- cycle order notpossible



Mathin directed acyclic graph



-> take the nodes outof
stack a day the edges

·S
-make the

3

node:4, dist= 2

-

ad; nodes: 4,5 O
2

modehistrointhe
It

dist:5
3

repeatthis for
rest of stack

a update dist

TC - p(N+M)
+0(N+m)



les shortest path in undirected graph with unit weights.

S Ifind shortest distance
S

I I I I
toeach node from the

I I I
I

I
source node?

13,
Se,1 mode:0, dlist:o
--

! ↳ IfBode
= 3

node:1
dist: I

dist: I

coderdist:I

nodenotenode: 3
2

dist= 2 2

mino,100,2 11,
=O

=

2
/

sepeatthis for all the nodes.

TOO(N+2E)
SIT



beword ladder? Ishortestpath

-brute force-
-> get the start

word

-> change each has to a to z

& shack which one is validfrom

the word list
#
-

-> up eat -
Cait, bit, ....., zit] Chat, Akt, ......Let] Chia, hib, ..hiz]
X Lit X

↓

hot ->

-
- dot

X
③
I Got astation herdy exist



wordlist=[hot, dot, dog, lot, log, cog]
beginword-hit, endward=cog↳
set: I hot,cot,joy ot? log, log 3

safer the
hit->I

variationa ↓
check,
it it

whenwefind
a variation totheexist in

set hot ->2

dot,3

dot lot- 3 because it we take
this 11I from set,
,

variation again on Pusthes ,I

level, distancewill he Queue*
longes we need

shortest

distance.

TC O/Nx word(J. lengthx 26)

SC->0(NS



soaladder2.

wordlist: (pat, but, pot, poz, C02] Ibut,bot, pot, poz, co
5

beginword: but endward:CO2 (but, put, pot, poz,
co2] 5 I

set(atfoot,$, 002] I Abbot,but,for 4
but, fat, fot,foz) 4-① St bat E

It (but, but,path I

pat bot
(but, pat, pots 3

② (but, put pat Ibut, but
2

bot

WI palf,2L
pot Ibatt I-

Ibut, bot
↓ quene

pot ③(but, put, foll Got
How entire level 2 is completed for
so delete putfrom set [but, but, fol pot

fooz
delete for from

set



TO vasy from examples to examples



1e31 word ladders/optimised approach (spways interviewer doesn't asky-

wordlist: (hot, dot, dog, lot, log, cog]
begin,hit end=log

I follow word ladders, a kind min steps

I storethe steps for each

-backtrack in the map from ends begin
to getthe answer

stepl->

de darg, slog
thisshould
a levels,

apllog, [cog, logs)XdB(dog, (cog, dogs
↓

&Plot, Ecog, log, lot 3)
↓

des(hot, 3cog, log, lot, hot 3)
↓

de (hit, I log, log, lot, hot,bits
I
beginning word





e algorithm,using priority queue.I shortestpath

given thess0 node, find the shortestpath toother nodes from sec

= This algo can be implemented using two

dist(1):min(4, (4+4): 4 ways-
①priority queue

Pastest& setdata structure

⑧ queas

inqueue. ① putdist,so in PA initially.
② shiftfrom PR

visit it's neighbours
↳calculated compare
distaneg

-> update the distance

node:0,d=0 node: 1, dist:4 1423 & put the nodes in

12
ina

# is notin Q already
O Rom cursent

node:1 moder

-
↳



- Minpsiorityene in5 with objects.

djikstea does notworks
- negative weight

in
-> negative cycle

TC logsrun of nodes
edges

e33mset -> this
sold notpossible iniS

set always stores data in ascending order.I
↳nottrue in Tarascript erase already existing fath

I 15,4)
↳,3

-5)(8,5)
[4,1

Gode:4shitsafanbaseite
1414

= 6

↑4 75 #8

---



yquered notqueue Rossilista algo

8,5 if it were PQ
9,4

we would have
-[3,⑭ dealt with [3,9-

# -ithellas o
↳ deal withboth

3 755
o t

⑩ ⑰ ⑳ ⑬

, s No, no, its cans
⑬3

=>using Queue is brute force

YY approach, because it
is

15,/ (4,5) bying each possiblepath

Pa



estestpath / Dijkstea's algo
590 = 1

2 5

I 2 5 dist= 5

4 I 1 -4- 3+5P

R
3

3 (1,4,3,5]
is notpossible return

=>remember where I am coming from

(5,
[7,5)
16.
(4,5-
-
4

des ↑ 4 I -3 -

-
min PP

24 1 - 75 -

04 ⑳
If 14s

inPs x*s ( s
I

⑮5
I when

Paisem
(6,5 wegot the shortest

(10,4 dist=5itis -
Iusing parent,

backback

the path of shortest



A parent.1]
↑5

1 - 4 - B- dist=5
↑

pasent[*] parent(s) parent[-]
TODO;- instead of queue

a sosting
-

use MinPriorityQueue.
TC-> 0 (Elogy) Es edges

venodes

SC0(1E)+1 + O(ND

ita distasay
↑Final path



b. Shortest distance in a binary maze

SSC =[0,0]
dest=[2,2]

- can move in your dis

--Pitt
t

otsao
here, queue already store the
values in increasing order due to

↳, 1,3 unit distance
12,2,1

So, we don't need a priority aeve.(2,0,3
(1,0,0)

I I <P, 1,11
-P D

-

10,1,0

t Lottomleft My10,Sortsloftteaedone.
&1, (0,1,1 10.8, 1

↑
adjlist

sow, col -

↑ deCT =[-1, 0, 1,0]

sowilt (ow,cl)-> low,col dCCI =[0,0,0, -B
↓ index-0, 1, 2, 3
sow, col



↳thmin efforts

↓path
effort-s

a
·- matterand2



⑥
-40
- [2,22] ↑* di=O

O I 2
(5,1,1)

⑧ (3,2,2)
① Y <(0,0)- (0,)⑦--

I ,1,2) ↓
&=2=1

2 16,1,1) diRR:max10,
↳ 10,-I I ⑤-At d=3t =2

-
265 -

40,1) ditt: max 10.2
di-

↳ ↳ -
52 ② -10.2

d =0
min PQ. ↓ dit:max (1,0->

10,1④2Ydi ③E d =8.2
=6

:I

↓ di= (1,6)
↓ =6.

19,4 (1,4
d =5.2

=3
d =2.2=0

diP=(1,3):3 did =(0,17: 1 dit:2

⑤ 0.1 ⑯ 20--5-d =8- 3 =5 11,11,5↓ di=(5,2) =5
↑ di: 2

diPP= (3,2)=2

(2,0) ⑦ (2,1-R,
d =5-3 =2

dit= (2,4: 2 d =5-3
=2

di:2



ityQueue



less:thefightswithin K stops

⑪ ⑩0
↓ ↳

↑ 2,8,1 5,I, i

② ⑬
↓
4,0,240,2x

(5,4,3)
1,2,3)

③ ⑭2stop:(2
) -)

4 ) 9,2,3 5,4,3
E d 2 5 10
-- -

④ ⑳I
minHeap is

No,, 2 6,4,2

already reached
PriorityQueue

doesn't work have at2,in cost

because it is notconsidering



miplicationto reach end.



MOD =100000 =105

multiplicationcount stast:3. as[]=[2,5,7], ende?
↑

lard->(3,0- 3,0

I sh z ↑dist for dijkstsa algo
levels- 16.1 (15,1 (21,1

⑰I5
-By [422

(2,42 ① e12,30)
(2,12)
(1,21)
(15) ②s#

Iti - 12,14 (2,30) (2,4)

t
e- is something

has already
added in the PC, there

is

no need to add it again
withhigher steps/distance



number of ways to assive at destination

4



(3,0) 00
[4,7 Yit,it(3,3)
(2,4)
#
(2,2 ②

I #
!~ # ↳tei,
21 2
I
---I

③ ⑬
+21↳3,5) already theseindet it is 1,6

so, increase ways

all



4 mandosithm (shortest distance I works with negative cycle
negative value--

~

-works only withdirected graph
-> convert undirected to directed graph to apply Bellman

dist-gold rationist [3]+6 (dist(2]
01 2 3 4 5

dist(55+1< dist[s]

Nul
times S dist[0] + 5 <dist(0] =5<-

selectthis dist(0] -3 <dist(5] => 3-3<00v

I keep updating distfo) - 2 <dist/2] => 5-2<xx-

dist with
min dist/3]-2 <dist[4] -

-itsations. distance dist[2] +3 <dist[4]=6 2002



42 EloyallAlgoma multisort shortest path, negative cycle as well

shortestpath from each node to every other node

notes go via every vestexuode



-x (3][17:/3T0]+[0J[]
=3 +2

=5

↳o Ivia:o; viach;via++) ↓
via I CO][2] =(0](1]

+(1392]
01 2 3

=
2 +3

& (i =0; in; it 0 02 5 ⑳
=5

Dos (j=0; j<4;j+1 1 I 05 &!Icost[i][j]:min (cost [i][5], 0

cost (iT[via] +costfvia][jD) 3 5O

TSO(V3] ve no of vesties

SCS0(v2 - store adjacency maki



⑭43 find the city with smalles number of neighbours ata threshold

distance

3 max allowed patheight
0 ↑

threshold:4

4 ↑ Sh
city dest cities within

threshold

3
P 2 ⑱,2 lowest num of cities we can

feavel to

!I"multilelargest see city
-$1,2
-as

TSe O(v3]
->Floyd warshall algo S150(VY



4 min spanning tes-theory.

dMSTways
①. Psin's algorithm
2. Kluskal's algorithm

-45 Prine's algorithm-min spanningthe



⑭46 itset







⑭- KAgosithm-minimumspanning tree

notes is a node is already past
of mst, do notadd it again



ofprovinces - int

or count the
number of unique ultimate provinces.



9 number of operations to make network connected

remove existing edge to connect/make new edge?
num of connected component->UC
- UC-1





loc5o mege-DSU--



I number of islandsz-online queries-DSU



2, making a large island--su





less stones Removed with same saw a column-DSU
-- most



4:strongly connected component-Kosasajus Algo



⑬55bridges in graphs using tarjan's algorithm of time in and
low time





:eration Point in Graph




