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Discussion about...

(m, n)-graphs

homomorphisms between (m, n)-graphs
(m, n)-relative clique numbers
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(m, n)-chromatic numbers
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(m, n)-graphs: m types of arcs and n types of edges

74— 3 6‘—)/7‘
n
6 4 5 /l
\[ 3 > 1 S5
3 > 1< 2 \\—/
G H

(2, 1)-Graphs
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(m, n)-graphs: m types of arcs and n types of edges
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(2,1)-Graphs
(0,1)-graphs = normal graphs
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(m, n)-graphs: m types of arcs and n types of edges

AN i
/ 1
6 4 5 /l
\[ 3 > 1 S5
3 > 1< 2 \\/
G H

(2, 1)-Graphs

(0,1)-graphs = normal graphs
(1,0)-graphs = oriented graphs
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Homomorphism: adjacency, type and direction preserving
vertex mapping

74— 38 66— 7
/
6 4 5 —_— /l
l 3 > 1 > 5
3 > 14 2 \\/

G H

f:G— H. f(2)=3", f(8) =4 and f(i) =i forall i #2,8
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Morphism in motion!

AN v
70
6 4 5 — /l
3 > 1 > 5
3 $ 1 ¢ 2 \\/
G H

fiG—H. f(2)=3, f(8) =4 and f(i) =i’ forall i #£2,8
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Morphism in motion!

7 6 —> 7
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B S 14 B \\/

G H

fiG—H. f(2)=3, f(8) =4 and f(i) =i’ forall i #£2,8
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Morphism in motion!

7 .
OB = N

fiG—H. f(2)=3, f(8) =4 and f(i) =i’ forall i #£2,8
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Morphism in motion!
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fiG—H. f(2)=3, f(8) =4 and f(i) =i’ forall i #£2,8
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Morphism in motion!

A
=T A

2

G H

fiG—H f(2)=3, f(8) =4’ and f(i) = i’ forall i #£2,8
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Morphism in motion!

A
>~ R
—4 / LN

fiG—H f(2)=3, f(8) =4’ and f(i) = i’ forall i #£2,8
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Morphism in motion!

S
N~ A

2

G H

f:G— H. f(2)=3', f(8) =4’ and f(i) =i forall i #2,8
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Morphism in motion!

/ A / 7
N TN
NS NS

fiG—H. f(2)=3, f(8) =4 and f(i) =i’ forall i #£2,8
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Morphism in motion!

/ IV / 7
N TN

fiG—H. f(2)=3, f(8) =4 and f(i) =i’ forall i #£2,8
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Homomorphism: adjacency, type and direction preserving
vertex mapping

74— 38 66— 7
/ (
6 4 5 — /l
\[ 3 > 1 7> 5
3 > 14 2 \\/

G H

fiG—H. f(2)=3, f(8) =4 and f(i) =i’ forall i #£2,8
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|
The special 2-path characterization

1

|

2

Edge / arc
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|
The special 2-path characterization

1
2 X
Edge / arc Loop
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The special 2-path characterization
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Xmn(G): min|V(H)|, V G — G*

74— 38 66— 7
2
6 4 5 - /J{
3v > 1v > 5v
e S 14 B \\/
G: xmn(G)=6%8=V(G)| H: Xm,n(H) = 6= |V(H)|

f:1G— H f(2)=3, f(8) =4 and f(i) = i’ forall i # 2,8
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(m, n)-absolute clique: (m, n)-graph C such that
FVODI=IV(O), VI C—C

74— 38 66— 7
/ 4'
6 4 5 - /J{
\[ 3 > 1 > 5
e S 14 B \\/
G: xmn(G)=6%8=V(G)| H: Xm,n(H) = 6= |V(H)|

f:1G— H f(2)=3, f(8) =4 and f(i) = i’ forall i # 2,8
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(m, n)-absolute clique: (m, n)-graph C such that
FVODI=IV(O), VI C—C

6 —— 7
4
6 4 5 /l
\I/ 3 > 1 > 5
~-
33— 1 2
Absolute clique= {1, 3, 4,6} H absolute clique
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(m, n)-absolute clique: (m, n)-graph C such that
FVODI=IV(O), VI C—C

. y 7
"
6 4 5 /l
l/\[ ¢ e >5'
3 ——1 2 \\/
Absolute clique= {1, 3, 4,6}. w,( 7)(G) =4 Wa(m,m)(H) = Xm,n(H) = 6
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(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique

7 6 y 7
"
6 4 5 /l
l 3 > 1 S5
3
3—1 2
Absolute clique= {1, 3, 4,6}. w,( 7)(G) =4 Wa(m,n)(H) = Xm,n(H) = 6
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(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique

7
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N

Absolute clique= {1, 3, 4,6}. w,( )(G) =4 Wa(m,m)(H) = Xm,n(H) = 6
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(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique
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(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique
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(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique

7
AN
N

Absolute clique= {1, 3, 4,6}. w,( )(G) =4 Wa(m,m)(H) = Xm,n(H) = 6

Dipayan Chakraborty?, Sandip Das”, Soumen Nandi® On clique numbers of colored mixed graphs 24 /1



(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique
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(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique
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(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique
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(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique

7 6 y 7
"
6 4 . /l
l 9 > v S5
4
3 — 31 3
Absolute clique= {1, 3,4, 6}. w,( )(6) = 4 @a(m,n)(H) = Xm,n(H) = 6
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(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique
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(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique
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Absolute clique= {1, 3, 4,6}. w,( 7)(G) =4 Wa(m,m)(H) = Xm,n(H) = 6
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(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique
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Absolute clique= {1, 3, 4,6}. w,( 7)(G) =4 Wa(m,m)(H) = Xm,n(H) = 6
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(m, n)-absolute clique number w,(m »)(G)
max |V(C)| in G, C an absolute clique
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l 3 > 1 S5
3
3—1 2
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(m, n)-absolute clique: (m, n)-graph C such that
FVO)I =IV(C), VF:C— G

. y 7
"
6 4 5 /l
l 3 > 1 S5
3
3—1 2
Absolute clique= {1, 3, 4,6}. w,( 7)(G) =4 Wa(m,n)(H) = Xm,n(H) = 6
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(m, n)-absolute clique: (m, n)-graph C such that
[FVENI=IV(CO), VF:G— G

. y 7
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6 4 5 /l
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3
3—1 2
Absolute clique= {1, 3, 4,6}. w,( 7)(G) =4 Wa(m,n)(H) = Xm,n(H) = 6
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(m, n)-absolute clique: (m, n)-graph C such that
[FVENI=IV(CO), VF:G— G

Iz
AN
N

@a(m,n)(H) = xm,n(H) = 6
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(m, n)-absolute clique: (m, n)-graph C such that
[FVENI=IV(CO), VF:G— G
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@a(m,n)(H) = xm,n(H) = 6
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-
(m, n)-relative clique: R C V/(G) such that

f(R)| =|R|, ¥ f:G — G*
A
LN
NS

Relative Clique= {1, 3,4,5,6} H relative clique
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(m, n)-relative clique: R C V/(G) such that

f(R)| =|R|, ¥ f:G — G*
A
LN
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H relative clique
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(m, n)-relative clique: R C V/(G) such that

f(R)| =|R|, ¥ f:G — G*
A
LN
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-
(m, n)-relative clique number w,(m »)(G)

max |R| in G, R relative clique
6 —)/7

H: L"'r(rn,n)(H) =6
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-
(m, n)-relative clique number w,(m »)(G)
max |R| in G, R relative clique

8 6 y 7
/ & s
3 > 1 > 5
2 \\/
G wy(m,n)(G) =5 H @y y(H) = 6
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(m, n)-relative clique number w,(m »)(G)
max |R| in G, R relative clique
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-
(m, n)-relative clique number w,(m »)(G)
max |R| in G, R relative clique

AN

G: w

r(m,n)(€) =5 H: Wi, ) (H) =6
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-
(m, n)-relative clique number w,(m »)(G)
max |R| in G, R relative clique
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max |R| in G, R relative clique
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(m, n)-relative clique number w,(m »)(G)
max |R| in G, R relative clique
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(m, n)-relative clique number w,(m »)(G)
max |R| in G, R relative clique
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-
(m, n)-relative clique number w,(m »)(G)

max |R| in G, R relative clique
6' —)/‘7'

(G)=5 Hi @ ) (H) = 6

G: w

r(m,n)
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-
(m, n)-relative clique number w,(m »)(G)

max |R| in G, R relative clique
6' —)/‘7'

(G)=5 Hi @ ) (H) = 6

o 8

G: w

r(m,n)
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(m, n)-relative clique number w,(m »)(G)

max |R| in G, R relative clique
6' —)/‘7'

(G)=5 Hi @ ) (H) = 6
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(m, n)-relative clique number w,(m »)(G)

max |R| in G, R relative clique
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-
(m, n)-relative clique number w,(m »)(G)

max |R| in G, R relative clique
6' —)/‘7'

(G)=5 Hi @ ) (H) = 6

G: w

r(m,n)
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Parameter comparison

74— 38 6 —— 7
¥
6 4 5 /J{
/ 3 > v > 5
3 1% ) \\_/
Wa(m,n)(€) =4 @a(m,m) (H) = 6
wr(m,n)(c) =5 w,(m,n)(H) =6
Xm,n(G) =6 Xm,n(H) =6
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In general...
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|
Parameter for family F

o Xmn(F) =max xmn(G), G € F
° wa(m,,,)(]-") = max Wa(m,n)(G)r GeF

° cu,(mm)(]:) = max wr(m,n)(G), GeF
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|
Bensmail, Duffy and Sen:

Theorem
Let O denote the class of all outerplanar graphs. Then,
for all (m, n) # (0,1), we have,

wa(m,n)(o) - wr(m,n)(o) = 3,0 + 1.

Theorem
Let P denote the class of all planar graphs. Then, for all
(m,n) # (0,1), we have,

30+ p+ 1 < wamnm(P) <9p° +2p+2.
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Our work

Clique numbers for:
@ Partial 2-trees of girth g: 77
@ Planar graphs of girth g: P,

@ Graphs of maximum degree A: Ga

p=2m-+n
v(2,A): max |G

, diam(G) = 2 and max deg(G) = A

On clique numbers of colored mixed graphs 58 /1



|
7?: Partial 2-trees of girth g
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|
Pg: Planar of girth g

o 3:02 +p+1< Wa(m,n)(P3) < Wr(m,n)(P3) < 42P2 —11.
@ P2 +2= Wa(m,n)(P4) < wr(m,n)(P‘l) < 14[32 + L.

@ max(p+1,5) = Wamn)(Ps) < We(mn)(Ps) =
max(p + 1,6).

@ p+1= wa(m’n)(Pﬁ) < wr(my,,)(P6) = max(p + 1,4).

@ Wam,n)(Pg) = Wr(mm)(Pg) =p+1forg>T7.
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|
Ga: Graphs of maximum degree A

@ V(2, A) = wa(mv,,)(gA) < wr(m’,,)(QA) < A% + 1 for all
A < p.

° Cua(m,n)(gA) < Wr(m,n)(gA) < A%+ 1 forall A = p.

@ Wamn)(9a) < We(mn)(Ga) < L%Aﬂ + A +1 for all
A > p.

@ wy1,0)(F3) = wy(1,0)(G3) = 7 (Das, Prabhu and Sen).
@ wa(O,n)(gfi) = Wr(O,n)(g3) =8 forn=2,3.

@ Wa(mn)(G3) = Wr(mm(G3) = 10 for (m,n) = (1,1) and
(m n) such that p >4
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|
Sketch of poof: 77

Wa(m.) (TF) = Weimm(T5) = p* + p + 1.
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T3 Partial 2-trees
Sketch of proof: The lower bound (p? + p + 1)

\//

4

11 13

G: (0,3)-partial 2-tree. p =3. wy3(G) =3 +3+1=13
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T#: Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)
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T3 Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)
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T3 Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)
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T3 Partial 2-trees

Sketch of proof: The upper bound (p> +p + 1)
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T3 Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)
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T3 Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)
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T3 Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)

0

2/’
.
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T3 Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)

1

Y
N

Dipayan Chakraborty?, Sandip Das”, Soumen Nandi® On clique numbers of colored mixed graphs 69/1



T32: Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)

2 e
~J]
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T3 Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)
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T3 Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)
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T3 Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)
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T3 Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)

1
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T3 Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)
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T3 Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)
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T#: Partial 2-trees
Sketch of proof: The upper bound (p> +p + 1)
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p1 (middle right) = 2. p, (middle left) =2
g1 (right to h) =2. go (leftto h) =1
IRI<pip2+(p—pP)gr+(p—p)ga=(2%x2)+ (1 x2)+(1x1)<7<13
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|
Sketch of proof: 77

wa(m,n)(ﬁ) = wr(mm)(’]:z)

p? + 2.
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T2: Triangle-free
Sketch of proof: wy(mn)(77) = p* + 2
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\//

4

T2:pPP+p+1

11 13

G: (0,3)-partial 2-tree. p = 3. wy,3(G) =3 +3+1=13
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T2: Triangle-free
Sketch of proof: wy(mn)(77) = p* + 2
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T2: Triangle-free
Sketch of proof: wy(mn)(77) = p* + 2
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Sketch of proof: 772, g > 5 (higher girths)

wa(m,n)(,TgQ) - wr(m,n)(,rg?) =p+ 1, for all p >4
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7?, g > 5: Higher girths
Sketch of proof: wy(mn)(T7) =p+1
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7?, g > 5: Higher girths
Sketch of proof: wy(mn)(T7) =p+1
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7?, g > 5: Higher girths
Sketch of proof: wy(mn)(T7) =p+1

7 —— 1 6
9 3
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Sketch of proof: P,

3p2 +p+1< wa(m,n)(P?)) < wr(m,n)(P3) < 42p2 —11.
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Ps3: Planar graphs
Sketch of proof: The lower bound (3p? + p + 1)

Y

G: (0,2)-planar. p=2. wy0,(G) =3x2°2+2+1=15
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Ps3: Planar graphs
Sketch of proof: The upper bound (42p? — 13)
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Sketch of proof: The upper bound (42p? — 13)
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Ps3: Planar graphs
Sketch of proof: The upper bound (42p? — 13)
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Ps: Planar graphs
Sketch of proof: The upper bound (42p? — 13)
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Sketch of proof: The upper bound (42p? — 13)

N
o9 & 8

<2p?P—1 <2p°—-1 <2p?°-1 <2pP—1 <2p°—1 <2p°-1

T T
<6p>—3 <6p>—3

IRI <147

Dipayan Chakraborty?, Sandip Das”, Soumen Nandi® On clique numbers of colored mixed graphs

85/1



Ps: Planar graphs
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Sketch of proof: Py

p2 +2= wa(m,n)(P4) < Wr(m,n)(P4) < ]-4,02 +1
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Ps: Triangle-free
Sketch of proof: The lower bound (p? + 2)

Use the same graph as for triangle-free partial 2-tree!
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Ps: Triangle-free
Sketch of proof: The upper bound (14p? + 1)
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Ps: Triangle-free
Sketch of proof: The upper bound (14p? + 1)
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Ps: Triangle-free
Sketch of proof: The upper bound (14p? + 1)
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Ps: Triangle-free
Sketch of proof: The upper bound (14p? + 1)
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Ps: Triangle-free
Sketch of proof: The upper bound (14p? + 1)
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Sketch of proof: P,, g > 5 (higher girths)

wa(m,n)(Pg) = Wr(m,n)(Pg) =p+1lforp>5H
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Pg, g > 5: Higher girths
Sketch of proof: wy(m n)(Pg) = p+1

Same logic as for partial 2-trees of higher girths!
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