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Last Weeks...

« 15.05 extra session: Longest Path (Colorful Paths)
» 21.05 session : Minimum Cut, Smallest Enclosing Cycle

« 26.05 END OF SEMESTER, WHAT NOW? (18:00 - 21:00)

« 28.05 session : Convex Hull

 |Last extra session: Coding

e WOIrSt case zoom



End of semester... What now?

Plan your summer Lernphase with the help of TAs from sem. 2

ASW Nil Ozer
Victoria Miebach
AGS Jennis Bes§ié

PProg

CAB G 61 | 18:15-20:00
Followed by an Apéro
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Helper

Mathematical Tools and Notations
=1{1,2,...,n}

= the set of sequences over [n] of length k

= the set of k-element subsets of [n]

The k nodes on a path of length kK — 1 can be colored using [k] in exactly =~ ways

of these colorings use each color exactly once



Helper

Mathematical Tools and Notations

Handshaking lemma : For all graphs , it holds that ) deg(v) = 2| E| |

veV

It you repeat an experiment with success probability p until success, then the

1

expected number of trialsis —  ( )
P



Helper

Mathematical Tools and Notations

For c,n € R™, it holds that

plogn — ylog2 — 1 ang 2000en) — 1, 0D ig glways polynomial in 7

Forn € N, it holds that

Forn € N, it holds that



Long-Path

Problem Description

given: A graph G and a number B € N

to find : is there a path of length Bin G



Long-Path

Problem Description

given: A graph G and a number B € N

to find : is there a path of length Bin G

NP-Complete



Colorful Paths

Problem Description

given: Agraph G = (V,E)

A coloring of its vertices with k colorsy : V — [k]

to find : Is there a colorful path of length k — 1 in a randomly colored graph ?

colorful :

A path is colorful if all of the vertices in the path have a different color



Colorful Paths

Problem Description

given: Agraph G = (V,E)

A coloring of its vertices with k colorsy : V — [k]

to find : Is there a colorful path of length k — 1 in a randomly colored graph ?

A path is colorful if all of the vertices in the path have a different color

P(v) = {S C k], |S|=i+1 | There exists a colorful path of length i ending in v with colors S}

3 colorful path of lengthk -1 <= UPk—1(V) *

vevV



given: Agraph G = (V,E)

A coloring of its vertices with kcolors y : V — [k]

Colorful Paths

P ( ) gra ph ?  Apath is colorful if all of the vertices in the path have a different color
l

to find: Does there exist a colorful path of length k — 1 in a randomly colored

3 colorful path of lengthk -1 < Upk-l("’) #*O
veV

P(v):={SCI[kl, |S|=i+1 | There exists a colorful path of length i ending in v with colors S}

color sets S s.t |S| = i+1 and there is a
colorful path of length i ending at v only
using the colors in S



given: Agraph G = (V,E)

A coloring of its vertices with kcolors y : V — [k]

Colorful Paths

P ( ) gra ph ?  Apath is colorful if all of the vertices in the path have a different color
l

to find: Does there exist a colorful path of length k — 1 in a randomly colored

3 colorful path of length k-1 < UPk—n("’) # O
veV

P(v):={SCI[kl, |S|=i+1 | There exists a colorful path of length i ending in v with colors S}

color sets S s.t |S| = i+1 and there is a
« Py(v) = colorful path of length i ending at v only
using the colors in S



given: Agraph G = (V,E)

A coloring of its vertices with kcolors y : V — [k]

Colorful Paths

P ( ) gra ph ?  Apath is colorful if all of the vertices in the path have a different color
l

to find: Does there exist a colorful path of length k — 1 in a randomly colored

3 colorful path of length k-1 < UP*'—I("’) # O
veV

P(v) = {S C k], |S|=i+1 | There exists a colorful path of length i ending in v with colors S}

color sets S s.t |S| = i+1 and there is a
. Py(v) = {{}/(v)}} colorful path of length i ending at v only
using the colorsin S



given: Agraph G = (V,E)

A coloring of its vertices with kcolors y : V — [k]

Colorful Paths

P ( ) gra ph ?  Apath is colorful if all of the vertices in the path have a different color
l

to find: Does there exist a colorful path of length k — 1 in a randomly colored

3 colorful path of length k-1 < UP*'—I("’) # O
veV

P(v) = {S C k], |S|=i+1 | There exists a colorful path of length i ending in v with colors S}

color sets S s.t |S| = i+1 and there is a
. Py(v) = {{}/(v)}} colorful path of length i ending at v only
using the colorsin S

o P1 (V) =



given: Agraph G = (V,E)

A coloring of its vertices with kcolors y : V — [k]

Colorful Paths

P ( ) gra ph ?  Apath is colorful if all of the vertices in the path have a different color
l

to find: Does there exist a colorful path of length k — 1 in a randomly colored

3 colorful path of lengthk -1 < UP&—I("’) #* O
veV

P(v) = {S C k], |S|=i+1 | There exists a colorful path of length i ending in v with colors S}

color sets S s.t |S| = i+1 and there is a
. Py(v) = {{}/(v)}} colorful path of length i ending at v only
using the colorsin S

. P(v) = {{r(),y("} | x € N(v) und y(x) # y(v) }



given: Agraph G = (V,E)

A coloring of its vertices with kcolors y : V — [k]

Colorful Paths

P ( ) gra ph ?  Apath is colorful if all of the vertices in the path have a different color
l

tofind: Does there exist a colorful path of length k — 1 in a randomly colored

3 colorful path of lengthk -1 < UPk_l(v) # O
veV

P(v) = {S C k], |S|=i+1 | There exists a colorful path of length i ending in v with colors S}

color sets S s.t |S| = i+1 and there is a
. Py(v) = {{}/(v)}} colorful path of length i ending at v only
using the colorsin S

. P(v) = {{r(),y("} | x € N(v) und y(x) # y(v) }

« P(v) =



given: Agraph G = (V,E)

A coloring of its vertices with kcolorsy : V — [k]

Colorful Paths

P ( ) grad ph ? A path is colorful if all of the vertices in the path have a different color
l

tofind: Does there exist a colorful path of length k — 1 in a randomly colored

3 colorful path of lengthk -1 < UPk_,(v) # O
veV

P(v) = {S C k], |S|=i+1 | There exists a colorful path of length i ending in v with colors S}

color sets S s.t |S| = i+1 and there is a
. Py(v) = {{y(v)}} colorful path of length i ending at v only
using the colorsin S

. P(v) = {{r(),y("} | x € N(v) und y(x) # y(v) }

P =) {RU{r0} IReP_(x)undy(v) &R}

xeN©W)



given: Agraph G = (V,E)

A coloring of its vertices with kcolors y : V — [k]

CO I O rfu I Pat hs tofind: Does there exist a colorful path of length kK — 1 in a randomly colored

B I g 0 r i t h graph ? A path is colorful if all of the vertices in the path have a different color

3 colorful path of lengthk -1 < Upk-l(") # O

veV

Algorithm 1: COLORFUL(G, 1) G a v-colored graph
1 forall v e V do

2 P;(v) «+ 0;

3 forall x € N(v) do

4 forall R € P;,_,(x) such that v(v) ¢ R do

5 Pi(v) <= Pi(v) U{RU{y(v)}};

Algorithm 2: RAINBOW(G, ) GG a graph, v a k-coloring
1 forall v € V do

2 | Po(v) « {{7(v)}};

3 fori=1tok—1do

4 | COLORFUL(G,1);

s return |J, . Pr—1(v) # 0;




Colorful Paths
Algorithm

Algorithm 2: RAINBOW(G, %)

Algorithm 1: COLORFUL(G, 1)

1 forall v € V do

2 | Po(v) + {{r(v)}}
g fori=1tok—1do
4 | COLORFUL(G,1);

5 return | J, . Pr_1(v) # 0;

Po

Po (1)

Po (2)

Po(3)

Po (4)

Po (5)

Po (6)

Po (7)

color sets S s.t |S| = i+1 and there is a
colorful path of length i ending at v only
using the colors in S

1 forall v € V do

e W N

P;i(v) « 0;
forall z € N(v) do
forall R € P;,_,(x) such that v(v) ¢ R do

i L P;(v) « Pi(v) U{RU{v(v)}};




Algorithm

Colorful Paths

Algorithm 2: RAINBOW(G, %)

Algorithm 1: COLORFUL(G,1)

1 forall v € V do

2 | Po(v) + {{r(v)}}
g fori=1tok—1do
4 | COLORFUL(G,1);

5 return | J, . Pr_1(v) # 0;

Po
Po (1) {11}
?0(2) {11}
P0(3) {1}
Po (4) {121}
Po (5) {17}
P0 (6) {17}
20 (7) {14}}

color sets S s.t [S| = i+1 and there is a
colorful path of length i ending at v only
using the colors in S

1 forall v € V do

e W N

Pi(v) « 0;
forall x € N(v) do
forall R € P;,_,(x) such that v(v) ¢ R do

i L P;(v) « Pi(v) U{RU{v(v)}};




Algorithm 1: COLORFUL(G, 1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

2 LPO("J — {{v(v)}};

g fori=1tok—1do
4 | COLORFUL(G,1);

5 return | J, . Pr_1(v) # 0;

1 forallv e V do

Pi(v) + 0;

forall z € N(v) do

forall R € P;,_,(x) such that v(v) ¢ R do

L P;(v) « Pi(v) U{RU{v(v)}};

Colorful Paths
Algorithm

e W N

P
P1(1) \
P1(2)
P1(3)
31 (4) \
D : ( 5) Po
Po (1) {11}
6

?1(6) Po(2) {n
P1(7) Po(3) {1h
Po (4) {2}}

Po (5) {}

color sets S s.t |S| = i+1 and there is a o5 L

i Po (7) {{4}}

colorful path of length i ending at v only Y 2,53,4
using the colors in S



Algorithm 1: COLORFUL(G, 1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(‘v)<_0§
CO'OI‘fUl Paths ) fk’fnz(l);{k{i(l)‘}’i’, 3 for?n xuefévévi)odo( ) such that v(v) ¢ R d
. + | COLORFUL(G, i); 4 ora . i—1lx) such thatl (v 0
Algorithm s veturn U, ., Po_1(v) # 0 s | | L P« R@U{RUOO)}E

P1
P1(1) {1, 2}}
P1(2)
P1(3) >
P1(4)
31 (5) Po
Po (1) {11}
1 (6) Po (2) oy 6
>, (7) Po(3) {1}}
Po (4) {{2}}
Po (5) {{°}
I S S| < i+1 d h . Po (6) {1
color sets S s.t |S| = i+1 and there is a Po (7) {4

colorful path of length i ending at v only Y 2,53,4
using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
Colorful Paths :_7wctoon | forall . No) do
. i | é(;LORFUL(G i); 4 forall R € P,_,(z) such that v(v) ¢ R do
Algorithm s return U, ., P 1(v) # 0 s | | L P« R@U{RUOO)}E
. 4
P (1) {1, 21 \
P1(2)
0, (3) 5
P1(4)
31 (5) Po
Po (1) {1}}
P1(6) Po (2) {n e 6
P1(7) Po (3) {on
Po (4) {{2}}
Po (5) {}
: : Po (6) {1
color sets S s.t [S| = i+1 and there is a ro () an

colorful path of length i ending at v only Y 2,53,4
using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
Colorful Paths  :.7wctwon | forall 7 € No) do
. i ([r é;LOREUL(G 2.).0 a forall R € P,_,(x) such that v(v) ¢ R do
Algorithm s return U, ., P 1(v) # 0 s | | L P« R@U{RUOO)}E
. 4
21 (1) {{1, 2}} \
21(2) {{1, 2}}
0, (3) 5
P1(4)
31 (5) Po
Po (1) {1}}
P1(6) Po (2) {n e 6
P1(7) Po (3) {on
Po (4) {2}}
Po (5) {}
: : Po (6) {1
color sets S s.t [S| = i+1 and there is a ro () an

colorful path of length i ending at v only Y 2,53,4
using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P;
21 (1) {{1, 2}}
:)'] (2) {{/ ’ 2}}
P1(3) Z >
P1(4)
31 (5) Po
Po (1) {1}}
1 (6) Po (2) {n 6
>, (7) Po(3) {1}}
Po (4) {2}}
Po (5) {}
I S S| = " d h . Po (6) {°}}
color sets S s.t [S| = i+1 and there is a Po (7) Han

colorful path of length i ending at v only Y 2,53,4
using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P;
21 (1) {{1, 2}}
21(2) {{1, 2}}
P1(3) Z >
D'] (4) {{1 ’ 2} ’ {2 ’ }}
31 (5) Po
Po (1) {1}}
1 (6) Po (2) {n 6
>, (7) Po(3) {1}}
Po (4) {2}}
Po (5) {}
I S S| = " d h . Po (6) {°}}
color sets S s.t [S| = i+1 and there is a Po (7) Han

colorful path of length i ending at v only Y 2,53,4
using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

. 0

D'] (1) {{’ ’ 2}}
21(2) {{1, 2}}
P1(3) Z
D'] (4) {{1 ’ 2} ’ {2 ’ }}
P1(5) .
Po (1) {1}}
1 (6) Po (2) {n 6
>, (7) Po(3) {1}}
Po (4) {2}}
Po (5) {}
I S S| = " d h . Po (6) {°}}
color sets S s.t [S| = i+1 and there is a Po (7) Han

colorful path of length i ending at v only Y 2,53,4
using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

. 0

21 (1) {1, 2}}
21(2) {1, 2}}
P1(3) <
D'] (4) {{1 ’ 2} ’ {2 ’ }}
D’I (5) {{2 ’ } ’ { ’ 4}} o
Po (1) {1}}
1 (6) Po (2) {n 6
>, (7) Po(3) {1}}
Po (4) {2}}
Po (5) {}
. . Po (6) {1
color sets S s.t |S| = i+1 and there is a Po (7) 4N

colorful path of length i ending at v only Y 2,53,4
using the colors in S



Colorful Paths

Algorithm

Algorithm 2: RAINBOW(G, %)

Algorithm 1: COLORFUL(G,1)

1 forall v € V do

2 | Po(v) + {{r(v)}}
g fori=1tok—1do
4 | COLORFUL(G,1);

5 return | J, . Pr_1(v) # 0;

1 forall v € V do

e W N

Pi(v) « 0;
forall x € N(v) do
forall R € P;,_,(x) such that v(v) ¢ R do

i L P;(v) « Pi(v) U{RU{v(v)}};

P
P1 (1) i1, 2}}
P1(2) i1, 2}}
P1(3) %,
1 (4) 1,2}, 12, 53}
1 (5) 12, 1,15, 4}
P1(6)
P1(7)

color sets S s.t [S| = i+1 and there is a

colorful path of length i ending at v only
using the colors in S

Po
Po (1) {11}
Po(2) {1}
Po (3) {11}
Po (4) {{2}}
Po (5) {"}
Po (6) {1
Po (7) {{4}}

1,2,5,4



Colorful Paths

Algorithm

Algorithm 2: RAINBOW(G, %)

Algorithm 1: COLORFUL(G,1)

1 forall v € V do

2 | Po(v) + {{r(v)}}
g fori=1tok—1do
4 | COLORFUL(G,1);

5 return | J, . Pr_1(v) # 0;

1 forall v € V do

e W N

Pi(v) « 0;
forall x € N(v) do
forall R € P;,_,(x) such that v(v) ¢ R do

i L P;(v) « Pi(v) U{RU{v(v)}};

P
P1 (1) i1, 2}}
P1(2) i1, 2}}
P1(3) %,
1 (4) 1,2}, 12, 53}
1 (5) 12, 1,15, 4}
P1(6) %,
P1(7)

color sets S s.t [S| = i+1 and there is a

colorful path of length i ending at v only
using the colors in S

Po
Po (1) {11}
Po(2) {1}
Po (3) {11}
Po (4) {{2}}
Po (5) {"}
Po (6) {1
Po (7) {{4}}

1,2,5,4



Colorful Paths

Algorithm

Algorithm 2: RAINBOW(G, %)

Algorithm 1: COLORFUL(G,1)

1 forall v € V do

2 | Po(v) + {{r(v)}}
g fori=1tok—1do
4 | COLORFUL(G,1);

5 return | J, . Pr_1(v) # 0;

1 forall v € V do

e W N

Pi(v) « 0;
forall x € N(v) do
forall R € P;,_,(x) such that v(v) ¢ R do

i L P;(v) « Pi(v) U{RU{v(v)}};

P

P1 (1) i1, 2}}
P1(2) i1, 2}}
P1(3) %,

1 (4) 1,2}, 12, 53}
1 (5) 12, 1,15, 4}
P1(6) %,

P1(7) {12, 41}

color sets S s.t [S| = i+1 and there is a

colorful path of length i ending at v only
using the colors in S

Po
Po (1) {11}
Po(2) {1}
Po (3) {11}
Po (4) {{2}}
Po (5) {"}
Po (6) {1
Po (7) {{4}}




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P2
D5 (1)
D5 (2)
P, (3) S
P2 (4)
P5 (5)
32 (6) P1 6
5 P1(1) {1, 2}
2 (7) P1(2) {1, 21
P1(3) %,
P1(4) {1,2},{2,°}}
color sets S s.t |S| = i+1 and there is a P1(5) {2, 1.4, 48
colorful path of length i ending at v only P1(6) ° Y 2,53,4
P1(7) {{", 41}

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P2

4
D5 (1) \ /
P2 (2)

P, (3) S
P2 (4)
P5 (5)
32 (6) P1 6
5 P1(1) {1, 2}
2 (7) P1(2) {1, 21
P1(3) %,
P1(4) {1,2},{2,°}}
color sets S s.t |S| = i+1 and there is a P1(5) {2, 1.4, 48
colorful path of length i ending at v only P1(6) ° Y 2,53,4
P1(7) {{", 41}

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P2

P> (1) {1,2,5}} \ /a
P2 (2)

P, (3) S
P2 (4)
P5 (5)
32 (6) P1 6
5 P1(1) {1, 2}
2 (7) P1(2) {1, 21
P1(3) %,
P1(4) {1,2},{2,°}}
color sets S s.t |S| = i+1 and there is a P1(5) {2, 1.4, 48
colorful path of length i ending at v only P1(6) ° Y 2,53,4
P1(7) {{", 41}

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
Colorful Paths  : .7t b | forall 7€ N() do
AI .th + | COLORFUL(G, i); a forzg] ]‘?.E P},D_l(r) sv;;:h that 7('1;). ¢ R do
goritnm 5 return J,., Pr_1(v) # 0; 5 ] | Pi(v) « Pi(v)U{RU{y(v)}};
. 4
P2 (1) {1,2,8 \
P> (2)
>, (3) 5
P (4)
P> (5)
32 (6) P e 6
P+ (1) {1, 2}}
P2 (7) P1(2) {1, 23
P1(3) %,
P1(4) {1,2},{2,°}}
color sets S s.t |S| = i+1 and there is a P1(5) {2, }. {5, 48
colorful path of length i ending at v only P‘ES; - Q}}} Y 2,53,4
P1(7 , 4

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
Colorful Paths  : .7t b | forall 7€ N() do
AI .th + | COLORFUL(G, i); 4 forzg] ]‘?.E P},D_l(r) sv;;:h that 7('1;). ¢ R do
goritnm 5 return J,., Pr_1(v) # 0; 5 ] | Pi(v) « Pi(v)U{RU{y(v)}};
. 4
P2 (1) {1,2,8 \
25 (2) {1.2,541
>, (3) 5
P (4)
D) (5)
32 (6) P e 6
P+ (1) {1, 2}}
P2 (7) P1(2) {1, 23
P1(3) %
P1(4) {1,2},{2,°}}
color sets S s.t |S| = i+1 and there is a P1(5) {2, }. {5, 48
colorful path of length i ending at v only P‘ES; - Q}}} Y 2,53,4
P1(7 , 4

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P2
22 (1) {1.2,5}
22 (2) {1.2, 5}
P, (3) S
P2 (4)
P5 (5)
D, (6) P; 6
P1(1) {1, 2}
P2 (7) P1(2) {1, 21
P1(3) %,
P1(4) {1,2},{2,°}}
color sets S s.t |S| = i+1 and there is a P1(5) {2, 1.4, 48
colorful path of length i ending at v only P‘ES; - Q}}} Y 2,53,4
P1(7 , 4

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P2
22 (1) {1.2,5}
22 (2) {1.2, 5}
P,y (3) % 5
P2 (4)
P5 (5)
D, (6) P; 6
P1(1) {1, 2}
P2 (7) P1(2) {1, 21
P1(3) %,
P1(4) {1,2},{2,°}}
color sets S s.t |S| = i+1 and there is a P1(5) {2, 1.4, 48
colorful path of length i ending at v only P‘ES; - Q}}} Y 2,53,4
P1(7 , 4

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P2
22 (1) {1.2,5}
P2 (2) {1.2, 5} a
P,y (3) % 5
P2 (4)
P5 (5)
D, (6) P; 6
P1(1) {1, 2}
P2 (7) P1(2) {1, 21
P1(3) %,
P1(4) {1,2},{2,°}}
color sets S s.t |S| = i+1 and there is a P1(5) {2, 1.4, 48
colorful path of length i ending at v only P‘ES; - Q}}} Y 2,53,4
P1(7 , 4

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P2
22 (1) {1,2, 5}
5 (2) {1,2, 8 a
P> (3) 2, 5
P2 (4) {2, 3, 4}}
D) (5)
D, (6) P; 6
P1(1) {1, 2}}
P2 (7) P1(2) {1, 21
P1(3) %,
P1(4) {1,2},{2, °}}
color sets S s.t [S| =i+1 and there is a P1(5) {2, }.{8,48
colorful path of length i ending at v only P‘ES; - Q}}} Y 2,53,4
P1(7 , 4

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

. O

25 (1) {1,2, 5}

25 (2) {1,2,5}

D5 (3) %

P2 (4) {2, 3, 4}}

P5 (5)

D, (6) P; 6
P1(1) {1, 2}}

P2 (7) P1(2) {1, 21
P1(3) %,
P1(4) {1,2},{2, °}}

color sets S s.t [S| =i+1 and there is a P1(5) {2, }.{8,48

colorful path of length i ending at v only P‘ES; - Q}}} Y 2,53,4

P1(7 , 4

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

. O

22 (1) {1.2,5}

22 (2) {1.2, 5}

D5 (3) %

P> (4) {2, 5, 4}}

P2 (5) {1.2, 51}

D, (6) P; 6
P1(1) {1, 2}

P2 (7) P1(2) {1, 21
P1(3) %,
P1(4) {1,2},{2,°}}

color sets S s.t |S| = i+1 and there is a P1(5) {2, 1.4, 48

colorful path of length i ending at v only P‘ES; - Q}}} Y 2,53,4

P1(7 , 4

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P2
22 (1) {1.2,5}
22 (2) {1.2, 5}
P,y (3) % 5
P> (4) {2, 5, 4}}
P2 (5) {1.2, 51}
D, (6) P;
P1(1) {1, 2}
P2 (7) P1(2) {1, 21
P1(3) %,
P1(4) {1,2},{2,°}}
color sets S s.t |S| = i+1 and there is a P1(5) {2, 1.4, 48
colorful path of length i ending at v only P‘ES; - Q}}} Y 2,53,4
P1(7 , 4

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P2
22 (1) {1.2,5}
22 (2) {1.2, 5}
D) (3) 2, 5
P> (4) {2, 5, 4}}
P2 (5) {1.2, 51}
D, (6) %) P;
P1(1) {1, 2}
P2 (7) P1(2) {1, 21
P1(3) %,
P1(4) {1,2},{2,°}}
color sets S s.t |S| = i+1 and there is a P1(5) {2, 1.4, 48
colorful path of length i ending at v only P‘ES; - Q}}} Y 2,53,4
P1(7 , 4

using the colors in S




Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P2
25 (1) {1,2, 2}
25 (2) {1,2, 5}
P5 (3) %, S
P2 (4) {12, 2,4}
P2 (5) {1,2, 5}
D, (6) @ P 6
P1(1) {1, 2}}
P, (7) {2, 2, 4}} P1(2) 1,21
P1(3) D
P1(4) {1,2},{2,°}}
color sets S s.t |S| = i+1 and there is a P1(5) {2, '}, &, 4%
colorful path of length i ending at v only P‘ES; - Q}}} Y 2,53,4
Pi(7 , 4

using the colors in S




Algorithm 1: COLORFUL(G, 1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(‘v)<_0§
CO'OI‘fUl Paths ) fk’fnz(l);{k{i(l)‘}’i’, 3 for?n xuefévévi)odo( ) such that v(v) ¢ R d
. + | COLORFUL(G, i); 4 ora . i—1lx) such thatl (v 0
Algorithm s veturn U, ., Po_1(v) # 0 s | | L P« R@U{RUOO)}E

Ps3
P3 (1)
P3(2)
P3(3) 5
P3(4)
P3(5)
D P2
3(6) P2 (1) 1,2, 6
P3(7) P2(2) {1,2,
P2(3)
P2 (4) {{2,7, 4%
color sets S s.t |S| = i+1 and there is a Ez g il ';' i
. . )
colorful path of length i ending at v only s 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v - P;(v) «+ 0;
Colorful Paths  : . roctoon | forall z € (o) do
. i | éOLORFUL(G i); 4 forall R € P,_,(z) such that v(v) ¢ R do
Algorithm s return U, ., P 1(v) # 0 s | | L P« R@U{RUOO)}E
P3
P3 (1) \
P3(2)
P3(3)
P3(4)
P3(5)
P2
3 (6) P, (1) 1,2, 71 6
P3(7) P2(2) {1,2,°8
P2(3) 2
P2 (4) {2, 2, 4}}
color sets S s.t |S| = i+1 and there is a ;’2 g ., ; )
colorful path of length i ending at v only s 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v - P;(v) «+ 0;
Colorful Paths ;. @ D bmeNGa
. s COLORFUL(G, i) a ora i—1lx) such thal (1 0
Algorithm “&mmuvem_f(v)#@; s | | L P« R@U{RUOO)}E
P3
3 (1) {{1,2,3,4}} \
P3(2)
P3(3)
P3(4)
P3(5)
P2
P3(6) P2 (1) 1,2, 2} 6
P3(7) P2(2) {1,2,°8
P2(3) Z
P2 (4) {2, 2, 4}}
color sets S s.t [S| = i+1 and there is a P2(5) .2,
. . P2(6) o
colorful path of length i ending at v only s 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

CO'OI‘fUl Paths :fgjnivi;{k{i(?‘}‘i’; z gi%zligg évi)odo( ) such that y(v) ¢ R do
Algorithm : rgtfriucjﬁrgl) £ 0 . _ Lr Pi(v) « zli(lfu; u?ﬁb {)3(13}1};
3 O
P3 (1) {{1,2,°,4}} \ /a
P3(2)
P3(3) 5
P3(4)
P3(5) .
P35 (6) P2z1) {1,2,°8 e 6
P3(7) P2(2) 1.2, 5}
P2(3) &
P2(4) {{2,2,4}}
color sets S s.t [S| = i+1 and there is a ;’2 g {1, ; ,°h
colorful path of length i ending at v only sz 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi('v)<_0§
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. ) COLORFUL(G, i) 4 ora | i—1\lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E
P3 I
3 (1) {{1,2,3,4}} \
3 (2) {{1,2,°,4}}
P3(3) 0
P3(4)
P3(5)
P2
P35 (6) P2 (1) {1,2,°} e 6
P3(7) P2(2) {1,2,°8
P2(3) Z
P2 (4) {2, 2, 4}}
color sets S s.t [S| = i+1 and there is a P2(5) .2,
. . P2(6) o
colorful path of length i ending at v only s 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

Ps3
s (1) {{1,2,5,4}}
’3(2) {{1,2,°,4}}
P3(3) 5
?3 (4)
P3(5)
P2
"3 (6) P2 (1) 1,2, 6
P3(7) P2(2) {1,2,
P2(3)
P2 (4) {{2,7, 4%
color sets S s.t S| = i+1 and there is a Ez g t ,;, i
colorful path of length i ending at v only s 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

Ps3
s (1) {{1,2,5,4}}
’3(2) {{1,2,°,4}}
3 (3) D 5
P3(4)
P3(5)
P2
"3 (6) P2 (1) 1,2, 6
P3(7) P2(2) {1,2,
P2(3)
P2 (4) {{2,7, 4%
color sets S s.t S| = i+1 and there is a Ez g t ,;, i
colorful path of length i ending at v only s 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P3
3 (1) {1.,2,°,4}}
’3(2) {1.,2,°,4}}
P3(3) % 5
P3(4)
P3(5)
P2
"3 (6) P2 (1) 1,2, 6
P3(7) P2(2) {1.2,
P2(3)
P2 (4) {2, 2, 4}}
color sets S s.t |S| = i+1 and there is a Ez g i ,;, )
colorful path of length i ending at v only s 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P3
3 (1) {1.,2,°,4}}
’3(2) {1.,2,°,4}}
P3(3) % 5
P3(4) 2,
P3(5)
P2
"3 (6) P2 (1) 1,2, 6
P3(7) P2(2) {1.2,
P2(3)
P2 (4) {2, 2, 4}}
color sets S s.t |S| = i+1 and there is a Ez g i ,;, )
colorful path of length i ending at v only s 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P3

>3 (1) {{1,2,°,4}}
°3(2) {{1,2,°,4}}
P3(3) %
P3(4) %
P3(5)
P2
P3(6) P, (1) {1,2,°1 6
P3(7) P2(2) {1,2,°8
P2(3) Z
P2 (4) {2, 3,4}
color sets S s.t [S| = i+1 and there is a :2:2 {“';' i}
colorful path of length i ending at v only o) P Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

5 O

>3 (1) {{1,2,°,4}}
3 (2) {{1,2,°,4}}
P3(3) %
P3(4) %
?3(5) %
P2
P3(6) P2 (1) 1,2, 2} 6
P3(7) P2(2) {1,2,°8
P2(3) Z
P2(4) {2, 2, 4}}
color sets S s.t [S| = i+1 and there is a ;’223 {{1,; ,°h
colorful path of length i ending at v only s 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P3
3 (1) {1.,2,°,4}}
’3(2) {1.,2,°,4}}
P3(3) % 5
P3(4) 2,
P3(5) 2,
P2
3 (6) P2 (1) {1, 2,
P3(7) P2(2) {1.2,
P2(3)
P2 (4) {2, 2, 4}}
color sets S s.t |S| = i+1 and there is a Ez g i ,;, )
colorful path of length i ending at v only s 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P3
3 (1) {1.,2,°,4}}
’3(2) {1.,2,°,4}}
P3(3) % 5
P3(4) 2,
P3(5) 2,
P2
3 (6) % P2 (1) {1, 2,
P3(7) P2(2) {1.2,
P2(3)
P2 (4) {2, 2, 4}}
color sets S s.t |S| = i+1 and there is a Ez g i ,;, )
colorful path of length i ending at v only s 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G,1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(v) + 0;
CO'OI‘fUl Paths ) fg’f():(i;{k{i(l)‘}‘: 3 for?n xueévévi)odo( ) such that v(v) ¢ R d
. COLORFUL(G, 1): 4 ora . i—1lx) such thal y(v 0
Algorithm * ot Uvcy P a(6) 20 s | | L P« R@U{RUOO)}E

P3
3 (1) {1.,2,°,4}}
’3(2) {1.,2,°,4}}
P3(3) % 5
P3(4) 2,
P3(5) 2,
P2
"3 (6) % P2 (1) {,2, 6
P3(7) P2(2) {1.2,
P2(3)
P2 (4) {2, 2, 4}}
color sets S s.t |S| = i+1 and there is a Ez g i ,;, )
colorful path of length i ending at v only s 2 3.0 Y 2,53,4

using the colors in S



Algorithm 1: COLORFUL(G, 1)

Algorithm 2: RAINBOW(G, %)

forall d
1 forall v € V do 1 forall v € V do

2 v v) - Pi(‘v)<_0§
CO'OI‘fUl Paths ) fk’fnz(l);{k{i(l)‘}’i’, 3 for?n xuefévévi)odo( ) such that v(v) ¢ R d
. + | COLORFUL(G, i); 4 ora . i—1lx) such thatl (v 0
Algorithm s veturn U, ., Po_1(v) # 0 s | | L P« R@U{RUOO)}E

Ps3
P3 (1) {{1,2,5,4}}
P3(2) {{1,2,5,4}}
P3(3) 0 S
P3(4) 0
P3(5) %
?3(6) Z " " | 6
s (7) (1.2, .40 returns true !

color sets S s.t |S| = i+1 and there is a
colorful path of length i ending at v only Y 2,53,4
using the colors in S



Algorithm 1: COLORFUL(G, 1)

Algorithm 2: RAINBOW(G, %)
1 forall v € V do

1 forall v € V do

2 v v) - Pi(‘v)<_0§
CO'OI‘fUl Paths ) fk’fnz(l);{k{i(l)‘}’i’, 3 for?n xuefévévi)odo( ) such that v(v) ¢ R d
. + | COLORFUL(G, i); 4 ora . i—1lx) such thatl (v 0
Algorithm s veturn U, ., Po_1(v) # 0 s | | L P« R@U{RUOO)}E

s 7
3 (1) {{1,2,°,4}}
>3 (2) {1,2,°,4}) O
P3(3) Z >
P3(4) Z
P3(5) Z
219) ° returns true ! °
3 (7) {{1,2,5,4}}

given: Agraph G = (V,E)
CO|OI’ SetS S S.t |S‘ - i+1 and thel‘e iS 3 A coloring of its vertices with kcolors y : V — [k]
. . to find: Does there exist a colorful path of length k — 1 in a randomly colored
Colorful path Of Iength | end|ng at V Only graph ?  Apath is colorful if all of the vertices in the path have a different color 1 2 4
2 colorful path of length k — 1 < gpk_,(v);m Y 4 / Y 4

using the colors in S



Colorful Paths

Algorithm + Probability

Algorithm 1: COLORFUL(G, 1)

(G a «y-colored graph

1 forall v € V do

2 Pz-(v) — 0;

3 forall x € N(v) do
4

5

| Pi(v) « P.(v) U{RU {7(v)}};

L forall R € P,_,(x) such that y(v) ¢ R do

Algorithm 2: RAINBOW(G, )

(G a graph, v a k-coloring

1 forall v € V do

2 | Po(v) < {{n(v)}};
3 fori=1tok—1do
a | COLORFUL(G,i);

s return J, .\ Pr—1(v) # 0;

given: Agraph G = (V,E)
A coloring of its vertices with kcolors y : V — [k]

to find: Does there exist a colorful path of length k — 1 in a randomly colored

gra ph ? A path is colorful if all of the vertices in the path have a different color

3 colorful path of lengthk -1 < UPk_,(v) #*O

veV

O2F - k-m)

Satz 3.2

Let GG be a graph that contains a path of length k& — 1.
1. A random coloring of the graph using & colors produces a colorful path of length & — 1 with
probability at least
D > — >k
success A

2. If we repeat the coloring process multiple times, then the expected number of repetitions needed
until success is at most

1
< e*

S atz 3 . 3 Panceess

1. The full randomized algorithm (including repetitions) has a runtime of
O(A- (2e)* - km)
where A > 1 is a tunable parameter (confidence level).

2. If the algorithm answers YES, then the graph does contain a path of length & — 1.

3. If the graph does contain a path of length & — 1, then the probability that the algorithm answers NO
is at most



Last Weeks...

» 21.05 session : Minimum Cut, Smallest Enclosing Cycle

e« 26.05 END OF SEMESTER, WHAT NOW? (18:00 - 21:00)

« 28.05 session : Convex Hull

 Last extra session : Coding

» WOIST case zoom



1I0NS

e
O

d
a5
D
=
=
O
&
QD

a
92,




Helper

Mathematical Tools and Notations
=1{1,2,...,n}

= the set of sequences over [n] of length k

= the set of k-element subsets of [n]

The k nodes on a path of length kK — 1 can be colored using [k] in exactly =~ ways

of these colorings use each color exactly once



Helper

Mathematical Tools and Notations

Handshaking lemma : For all graphs , it holds that ) deg(v) = 2| E| |

veV

It you repeat an experiment with success probability p until success, then the

1

expected number of trialsis —  ( )
P



Helper

Mathematical Tools and Notations

For c,n € R™, it holds that

plogn — ylog2 — 1 ang 2000en) — 1, 0D ig glways polynomial in 7

Forn € N, it holds that

Forn € N, it holds that



