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→
( G. E) is  a signed graph

→ a circuit / cycle C is  odd if

I CNE | = 1 ( mod 2) ,

otherwise  it's even

→ ( G
, E) is weakly bipartite if what  are the weakly

{ C : C an  odd circuit } bipartite signed graphs?

is an ideal clutter



Signedgraphmnors

→ For disjoint I ,J EE
,

define ( G
, E) 121J as

•  if J contains an  odd circuit
,

set

( G
, E) \I 1 J := ( GTEIJ , 01 )

.
otherwise

, pick a signature B disjoint from J
, set

(G) E) \I/J := ( G\I 1J
,

B - I )
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Signers

Note : Consider  a signed graph ( G
, ECGI ) where  every edge  is odd

.
Then for  every

cut 8 ( U ) ,

( G
, ECG ) ) / 8 ( U ) = ( H

,
E ( H ) )

where H :  = G 18 ( U )
.

or$#n - .#heoth.*



RemarK# : A  weakly bipartite signed graph has no  odd - Ks minor :

every edge  is odd

( Ks ,
E C Ks ) )

Good : Prone the converse .

We need tools for finding odd - Ks minors
.



Odd -1<4 s and Whirlpools
-

→
The signed graph( Ky ,

E ( Ky ) ) is  called an  odd -1<4 .

every edge  is  odd

→ Schrijue ( 2002 ) gave  a tool for finding odd - Ky minors .



Odd . Kits and Whirlpools
.

→
Consider the signed graph :

¢µ ⇒ e % "  °d d ia0  ° 3
2 - /

/ o  ° 3

-
→

let's call this a whirlpool with central edges 01
, 02,03 .

→
The whirlpool has an  odd

- K4 minor  using the central edges.



Lemma 10.8 ( Schriver 2002 )

→ give  a graph G=( V
,

E)
, disjoint stable Sets S

, ,Sz , 53 ,
distinct  vxs 0,1/2,3 5. t

.

• 0 E V - ( 5,052053 ) ,
i E Si  and { o

,
i } E E for  i E [37

,

•
G [ Si US ;] has  an  ij - path for distinct  i. je [ 3) .

→ Then ( G. E ) has en  odd - Ky minor using 01
, 02,03IN
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Proof: Proceed by induction  on IVI + IEI
.

→
let Pi ;

be  an  ij - path contained in G- ( EU

: oi

P%°°

Sj
°

j

→  we  may assume that

V = { 0 } U V ( P
,z

) U V ( Pg ) U V ( P3 ,
)

E  = { 01,02 ,
03 } U Piz U Pz }

UP
} ,



→  if degcv ) =2
,

then ( G
,

ECG ) ) 18 ( v ) satisfies the conditions of the lemma for

the same vertices 0,112,3
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j
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→ so  we  may assume that  every vortex has degree 7,3
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→ otherwise
,

define It
, 21,31 :

÷e÷t*÷
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→ by IH there's  an  odd - Ky minor  using Or I
'

,
62 '

,
O' 3

'

on⇐
:→

deconhact 0 : • →
this  is  a  whirlpool with

central edges 01 , 02,03

µ → so ( G. e) has an%\. 3
odd - Ky minor  using

2 - /

zr o  ° 3

- 01
, 02.03 ME


