Note |2 Giroph - Algorithm I
Pisjoint Set, MST, Single Seurce Shortest Path

1. Disjoint Set ﬁi/';-
|- Basic.  Operotion$ '-
O MALE-SET(X): build o new cet . only wntoing X-
® UNLON (X ) -union the sete that contin X and y(Sx and Sy) into o new set
® FIND-SETU) : retum the pointer thort symbolizs the set thot contmins X .
2. Digjoint Set forests:
O Repregentotion of o set

MAKE-SET(x)
8’ 1. p|lx] «—x

’ 2. rankl[x] <« 0
8)

* the ro0f. of eoch set represents the set. 1t's the fother of itself:
® union by ronk. (i UNlONLx.-g))
* methool | : atloch the tree with fewer nodes %0 the other with more nodes -
» method 2 :ottoch the tree shorter (smaller ronk) to the other higher

UNION(x, y)
1. LINK(FIND-SET(x), FIND-SET(y))

LINK(x, v)

1. |if rank|x] > rank[y]

2.| then p|y| <« x

else p[x] < y

if rank|x| = rank|y
then rank|y| < rank|y] + 1

when eﬂ‘uhljj hfah ,updﬂa <the hﬂ'lt
When operoting FIND-SET(#) | di’fe.ctfﬂ waneet all noles on the path from

the node to the root to the root.

hn B W

® poth compression Cin FIND-SET(x)

FIND-SET(x)
1. if x # p|x]
2. then p|x| «— FIND-SET(p|x])

3. return p|x| l/

Lompress fhe Path when
rewrsfnﬂ bock.




3 [ime Complzxi'b\tj Analgsfs
Us-'rj Amorti Zeal Am(dr.is ., We on aet the time mflm'ti& of»" 3 opervilions
obove (When implemen ting get in Disjoint, Set Forect, )

® MALESET: oc) L= 'la zi’;ﬂ Arti) = 3t if k=0

o FlNDSET O(,d-LN)) 2, 4sne] ) 1A;5r)(j) ,']e K2>|
3, BSEN<SWh]

o UNlON = (0 CULCM)) 4, WYh|sNnNg AN >? |0’°

11 Minimam Spomniﬂs Tree
(1) Problem And-gsi.s
|- Optimal Substructwe (Jdea of Dynomie Pﬁﬂramﬂ)

Minimum sporning tree T of G(V,E)
T

>N R

¢ Bemove. Cirv)

T ' T T is partitioned into subtrees Ty X T
>\~/ vV \_&
CY C¥)

Let 16..-40“1’:0 the subgroph of Gi induceol by the vertices of T
Ga= (b, B2) the subgroph of G induced by the vertices of T,
o Theorem: T; (s on MST of @G,
lors an MST of Ga
0 Pmof’ Since. WCT) =wlww) + wCl) + wiT)
lf T were o WW-WQM Spaﬂﬂ"'ﬁ tree than Tt for G
then for T'= ) VT Vo
weT) = w ) tw(T’) +wih)
S Wl V) + W) + wi) = W)

This is not right- . Ti ‘e MST of Gi. T (s MST of G-

INRETR



> A Locally optimal choice (s glohally optina .
2. Camd.\j Amlasis C1dea of Gireedly Algorithm)
o Theorem - Lot T be the MST of G=(V,E), et ASV
Suppoe that LWVIEE s the (east —weight, edge connecting A o V-k
Then LV €T CT ¢ one of the MST if there ‘ve severnl)
O:eaA O:e V-A
ABLR SEMST S (arV)
T wVvREIAEAS V-A
L TR A-l e DFETR0'E:) . xe A, YeV-A
wWixey) > w (V)
A% e RIPG, tBhe (w0 S A i T
T'=T - foa ) Uftw ]
WCT) =W CT) = WX + Wilnv) < wWLT)
T RBIEARE 2 weD2w(T) - AR ARSATNRE
. V) €& one "F the MST

(11)-Eruskol  Algorithm

- BHTH D #0RAE N B) AR SRS
i8Rk B £ AR EHAFNES o B (W V) ) RN EAdsE

MST-KRUSKAL(G, w)
1. 4A—
2. for each vertex ve |||
do MAKE-SET(v)
sort the edges of £ into nondecreasing order by weight 1.
for each edge (1, v) € £, taken 1n nondecreasing order by

welgﬁt*

kW

then 4 <« A4 L) [(w. V)]

UNION(u. v)

O 00 N

2. Time (/Omplﬁxi‘tﬂ E
¢ Sort Eafges in Line & : OCECQE)
e Line¥-8: 0O(\/) 4 MALESET OE) T FIND-SET 4~ UNION
OCLV+E) dLV))
BIe® - IVI-l<(El<y



> 0lyV)=0(4E), OW)<o(E)
OCW+BY A(V)) < oc(u+E)le) < O(EQE) = 0(EQV)

D Time (ﬂhﬂﬂﬁ"ﬁj + 0O (Elq V)
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(I11). Primn A(ﬂoﬂ%m
- REAZAX-FRE B4 8 oM 5 AS Aps e , atf - £
F2.5 s A-fib Yoo MAP
Implementotion Trick 2 Maintain V-A ag o priofity queue & with the
weight of the least weight edge Comnecting it to o vertex in A
(BADiketron B3R so 3%, , EAWLRFS th R AT $FEREAA )

MST-PRIM(G, w.r)
| | foreachu € G.V

3 u::rr = NIL

F TR =Ty

S ooy Y RERR.

6 while O # 0

7 u = EXTRACT-MIN(Q)

8 for each v € G. Adj|u]

9 if[ : ;zland (u,v) < v.key

10 V.7T = U . d

|1 v.key = w(u,v) ";"‘Pd"m the m‘a}\t on PrﬁkCBGSOY
2- Time (aomp\zxi'g

[ine 6-7 : Extroct - Min * O(Vlj V) (2och pop of o heap 'S o(cgv))
E-Rlr , TRER decreose - keg‘ﬁsl'ﬁ (.OLE(ﬂV))

> 0wV +ElQV)= OEQV)



1]. Single- Source Shortest Poths

(1) Problem Analﬂsis s

*Dypomic. Progrommniy:
DRI bt -3ph e iKmg & 240K dabi2 B

‘G'uedat

TG RE V-5 DAL /R it S

(11) Dijkstra’s
|- Algorithm

(1) Maintoin\

(2) At each

alsoﬁ thm

aset S of vertices whose chortest Pa:ﬂ\ distances fron S are unknown
step add 0 S the vertex Ve V-S whose. distance estimote. from S is minima

(3) Updote the distance estimotes of‘ Vertices adjaoent to V-

The idex af Dijksn 1s simi lor 12 Pr:m ,but kind of‘ diﬁbrerrt,

DIJKSTRA(G, w, )

.
Z.

NN L B W

O

10.
11.
12.

13.

for each vertex v € [ (G]
do d|v] <« x

m(v) < NIL
d[s] < 0
S— O
Q < V|[G]
while O # ¢ Relaxation step.

do 1 <+ EXTRACT-MIN(Q) Implicit DECREASE-KEY.

S— S U {uj /
for each vertex v € Adj|u|

dolif d|v] > dlu| + w(u, v




2. Time Complex iy
Khfrige 2B extroct-min 3\, ROV > OLigV)
E %t § M rebx 87 MTHE decreste I‘eﬂz%‘/ﬂ O(.Cg\/) = 0(EY V)

" 0V e 0CB) Uaink BBA) , 0yy) = OLYE)
! Time (,omple.xiﬁj: OC(.V*'E)(GV) = O(ELjV)

% - Emmp\b :

4. z{ﬂﬁ Dijkstra STZCRIM T G T a BII0M 5 T 5 00 BAT#E 42, FE4 40475
R

e xR S T i o I L

VfSl'w: a ) : ’ Vi'sitgd; fa!"of CLZS . . Vlslwf fg.O; ;;!-Zref-,spf‘}f‘/
¢. | V ) | | :.’ -
e (ol | [, el 1T —
poted: o0, c:2 e84 | O

nisited: §a:o0) - V*"fd:fwa:c:-z,cas,f‘:s,d:u_'
2 ‘ fringe - L1} “
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4. Condlition

W hen usfna Di(j ketron. Ghere showlaln’t be nega'tiw—mfghiml edgas-

(JJ1)} Shortest Poths in Weighted DAG

| - Algorithm
DAG-SHORTEST-PATH(G, w. 5)
1. Topologically sort the vertices of (&

2.
3.

S OO NN A

for each vertex v € '| (5]
do d|v| « «
7(v) «<— NIL
dls] <« 0
for each vertex u, taken In

do for each vertex v € é’é?ﬁﬂ-ﬁ\‘-ﬁ l"hﬁ BAT relox, %_,%
do if d|v] > dlu] + w(u, v) E’M%‘&P“ /( frfnge,

then d|v| < d|u] + w(u, v)
(V) «<— u

topologically sorted orde

Adj|u]



(1V.) Bellman - Forol Alcawithm
I-Algori'bhm

BELLMAN-FORD(G. w. s5)

1. for each vertex v € I'| (]

2. do d|v] « «

3. 7(v) < NIL

4. d[s] — 0

fori < lto|l |G — ]

do for each edge (1. v) © E|(]
dopt dlv| > dlu] +w(u, v

then d|v| < d|u| + w(u, v)

0. 7(v) — u

10. for each edge (v, v) & E|G

11 do if d|v]| > d|u| + w(u, v)

12. then return FALSE

3. return TURE

% N O W

BRIV -2RETHT |vI-| %:L’g, P E.‘Eﬁgﬁ‘t!_ﬁ V1= | S relootion Rt
- ALER 3] BET b4 | ForApsiin A i)

L-Time Oompl.e)ofld + QWE)

% Exanw'

Order of edge relaxation.



Algorithms | Negotive ~Weighte Edees | Cycle | Negotive ~Weighted (ycle | Time Complex
Dijkestron X V X OCEQV)
A X \/ X O(EQV)

Doﬂ Shortest Pos; \/ X )& OW+E)
Pellman- Forol \/ / K O(VE)



