Lecture 8

Finding SC< in a directed Ecaph

Algorithm ot €inding sCCs
VY Run DFS on GT, the 9;—::/)1, with

all edges reversed | anel order vertices
teversel, by their post numbers

2) Run PFS on €, cons}o/u-}n7 rectices
in the above ordler Whenever explore
terminafes , set SSC-count= S(C-rouv/'-*I)
anol restart explorelv) at the yerfex wifl
hi,hesf post value ameny +h e It ¢ ertices,

Lorredpess Pres€ uses

fPOPer'J [: J¢ explore 1s slacted at v it

will terminate when all vertices reacholle

From v hare been diccoveced. Furthermeore,
/Ore(v) s 1he (awcs'f, anol ow(vl the

h}ghcsf nmvn; a/l 9/}:cvve(en/ vertices

Zﬁggd{’/¥ 3. JP we order nwll SCCs /)7 thei
Iarﬂof post number, then all edges point
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Goal: Calcylaie distances
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How to Find odislances €Ecom a source S T
g'uny/e Source Sherfest Path Alyar.

Brealh First Searrh B>

Dijkstra’s A—//or/ﬂ,m

Belman - Ferd A/; op 7 K pr
BEs

¢ Starf Frem source S

e Find its ne;y/rbors — vettices at
distance |

. y'/VC set of verlices af Jistance DI/
Find yot 4o be seen yerticos af
olistance ot
bes (6,55
Irpuf: 6=V, E) seV
Output . Foer all vertices reoeh From u,

olist () = glist (s )

VueV: dist(n)= oo
dist(s)= 0
Q=1Ls]T /?ncwc corlain. s)

While @+ ¢

Y= e‘)e‘{ (Q)
Eor ull eJﬂ ex (u,v)
iF olistlv) =29
dist (W)= olisd (u) +])
inbec+ (6,v)




[S] dist 0: 5

LA C D] dist 11 AC, D,
LC,D,B] disd 2: B
[D,A]

(B,E,F] dis{2 . &,F
(z,r)

[F)

¢

Claim : This gives dlistly) = dist(s v)
[E: By induction

Assume at timed wve have
dist (V)= dist(s,v)  f < o

olist (V) = op otherwise

Q= 1veV :did(59)=4d}

“tm o N >u

S fé,&"b* [y, u)=d+l
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CTlogim ﬁunninﬂ Time = O(l\”'*“E)>




DPijksira's Alyocidhm

For meany prob/ems , eo[ﬁcy hoav e /ch/-]],, .
St reel /Ye'/wor/(_,.)
Lime it take on in€eddion 4o infeed

ne{ylubar: in comact ndweork

To:—
Graph G:(V,E)
eo/ae I'Zﬂ,‘”'S Z(u,v) For luy)éE

Source N
Eoal: VweV, Find

d (rw)= min 2 2luv)
W wV)ew '

Where the min) mum Joes over all

ptaths ¢y From n to w

Exq/a/)/e:

Tt'?’ 'I‘D SVIV'C $7$+€Mq‘ll}[a/l ) Flh""(} ”; neor-CS?(

vertices F€irst




Nere systematicalls
i (4

IK = knhown nooles = {1)“-»-’049

M =l/nkn0uln naaleJ
Weant te keep d (5,%) s sSmqll os posn'kle

HDW{D Fihol 1/.4-1"
’Uk“mus{'];e on shortesl path co

-— o—se U
< U ht!
L noole before Vi in rm-“m

s mu-t be in K
o P"'H’ From s to |y mu:" be ol shon‘cs{' f’fl'/'t;

= Llw)= d (s, &) 4= £, v, 4)

ol(s,vMﬂ =
= rmz ol (s,u) + £(v,v,,,)

LY
Z MmMh mih [suw)y +2u y)
V€K u’ek(o’ ! 'V)

uek

@ ('I/gH minymjz€s mMin {J/s,u)f!/u,v}}?

&J_ki{lg ooes 1his 'mo'uc'f':vcl7, kee/)}n, o/n
arroy olis"fVJ, veV csuch 1hat

d
dist [v]:[ (n,v) vek
min (olist (W) + £ v))
Uusk

so we can inducfively choose v, such {hat it minimizes

disICul over U=V\K




Ouestion: AFter aJJinz Vasl to i, how ol we Mpa/q'fe
dist [l 2
/\nsw«r C We \wan-f to ma'un‘}q'.lq

dln,v) vek

min(dist (U) + €/ v))
Ue 1<

ﬂ hew shepdest path
/N

dist [V]: {

T .
4 e Ko via v,
K U
dist[w] = min {disd W3, dist(y,, ) + 2Ly, w)}
A\ _J

[

updorte (vaer, w)

o{ijks-fra (6,4,s)
olistUs)=0
Vvas distlv]=e0
U=V
while U+ §
chovse e U nth. dist Lu] js minimol
Femove U fFrom U
V edpes (u,v)e &
oli st [vI=min {histCv] dist Wl 4200 )]

Q- How oo we ]mp}f.’mef)'f 14 s 2



Prioridy Rueue
Contains a sed oF
(elemend, key) pair
erJl\res dist
Operations

e Tnsert (Qlem,ke~/)

* Decrease (elem, key)

e Delete Nin € removes elem
with Jowest ko.7

o{ijkﬁra (6,4,s)

olistUs]=0
v v+s distlv]= oo

M Vu inseet (u, oli st [uj

while U+ ¢
chovse e U nth. dist Lu] js minimol
rFemo u U= Delele Nin

V eulacs (u,v)e &
olisT [vl=min {vhstLv], olis{[%}f//u,v)j
Decteace Ko~/ (v, olisi [vl)
nniha Ui
VI inserts <€ deletes

[El decrense



: ' x delefemin +
IMP,QMH{M}OM delets mib L;'\zfia/sekcy l\i\n-HEHx insert
Ar—ot7 O (h) D[l\ O( "L)
/9;'}’)0!#7 keaf) O[jpg h) O(@ h) O((n+m)lo7h)
b(’ar-\/ hea/) 0 éZ“ O( %QZB O(r\ol‘l' " é_ﬁo]h
Fibenucy o1 blndygn + m)
hery i) \ |




