
Theoretical and Computational Approaches to Determining
Sets of Orders for (k, g)-Graphs

Appendix: Algorithms

1 Edge subdivision

EdgeDistance := func t i on ( graph , edges )
l o c a l d i s tance s , pa i r ;

d i s t an c e s := [ ] ;
f o r pa i r in IteratorOfCombinat ions ( edges , 2) do
Add( d i s tance s , Distance ( graph , pa i r [ 1 ] , pa i r [ 2 ] ) + 1) ;
od ;
re turn Minimum( d i s t an c e s ) ;

end ;

EdgeSubdivis ion := func t i on ( graph , type )
l o c a l edges , order , numberOfEdges , minimumDistance , combination ,

newVertices , newEdges , newGraph ;

i f type = ” three−edge−cubic ” then
numberOfEdges := 3 ;
minimumDistance := Girth ( graph ) − 3 ;
e l s e
numberOfEdges := 2 ;
minimumDistance := Girth ( graph ) − 2 ;
f i ;
edges := UndirectedEdges ( graph ) ;
order := OrderGraph ( graph ) ;
f o r combination in IteratorOfCombinat ions ( edges , numberOfEdges ) do
i f EdgeDistance ( graph , combination ) >= minimumDistance then

i f type = ”two−edge−cubic ” then
newVert ices := 2 ;
newEdges := [

[ combination [ 1 , 1 ] , o rder + 1 ] ,
[ combination [ 1 , 2 ] , o rder + 1 ] ,
[ combination [ 2 , 1 ] , o rder + 2 ] ,
[ combination [ 2 , 2 ] , o rder + 2 ] ,
[ order + 1 , order + 2 ]

] ;
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e l i f type = ” three−edge−cub ic ” then
newVert ices := 4 ;
newEdges := [

[ combination [ 1 , 1 ] , o rder + 1 ] ,
[ combination [ 1 , 2 ] , o rder + 1 ] ,
[ combination [ 2 , 1 ] , o rder + 2 ] ,
[ combination [ 2 , 2 ] , o rder + 2 ] ,
[ combination [ 3 , 1 ] , o rder + 3 ] ,
[ combination [ 3 , 2 ] , o rder + 3 ] ,
[ order + 1 , order + 4 ] ,
[ order + 2 , order + 4 ] ,
[ order + 3 , order + 4 ]

] ;
e l s e
newVert ices := 1 ;
newEdges := [

[ combination [ 1 , 1 ] , o rder + 1 ] ,
[ combination [ 1 , 2 ] , o rder + 1 ] ,
[ combination [ 2 , 1 ] , o rder + 1 ] ,
[ combination [ 2 , 2 ] , o rder + 1 ]

] ;
f i ;
Append( newEdges , F i l t e r e d ( edges , e −> not e in combination ) ) ;
Append( newEdges , L i s t ( newEdges , e −> Reversed ( e ) ) ) ;
newGraph := EdgeOrbitsGraph (Group ( ( ) ) , newEdges , order +

newVert ices ) ;
Pr int ( combination , ”\n”) ;
#return newGraph ;

f i ;
od ;
r e turn f a i l ;

end ;
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2 Edge deletion and vertex addition

DeleteEdgesAddVert ices := func t i on ( graph , numberOfEdges ,
numberOfVertices , g i r t h )

l o c a l edges , degree , order , numberOfExtraEdges , deletedEdges ,
f i l t e r edEdge s ,
newEdges , poss ib l eEdges , extraEdges , newGraph ;

edges := UndirectedEdges ( graph ) ;
degree := VertexDegree ( graph , 1) ;
order := OrderGraph ( graph ) ;
numberOfExtraEdges := ( degree ∗ (OrderGraph ( graph ) +

numberOfVertices ) / 2) −
( S i z e ( edges ) − numberOfEdges ) ;

f o r de letedEdges in IteratorOfCombinat ions ( edges , numberOfEdges ) do
f i l t e r e dEdg e s := F i l t e r e d ( edges , e −> not e in de letedEdges ) ;
Append( f i l t e r edEdge s , L i s t ( f i l t e r edEdge s , e −> Reversed ( e ) ) ) ;
po s s ib l eEdges := F i l t e r e d (

Combinations ( Concatenation (Unique ( Flat ( de letedEdges ) ) , [ order +
1 , order + 2 ] ) , 2) ,

e −> not e in de letedEdges
) ;
f o r extraEdges in IteratorOfCombinat ions ( poss ib leEdges ,

numberOfExtraEdges ) do
newEdges := Concatenation ( extraEdges , L i s t ( extraEdges , e −>

Reversed ( e ) ) , f i l t e r e dEdg e s ) ;
newGraph := EdgeOrbitsGraph (Group ( [ ] ) , newEdges , order +

numberOfVertices ) ;
i f Girth (newGraph) = g i r t h and VertexDegrees (newGraph) = [

degree ] then
return newGraph ;

f i ;
od ;

od ;
re turn f a i l ;

end ;
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3 Vertex deletion

De l e t eVe r t i c e s := func t i on ( graph , g i r th , numberOfVertices )
l o c a l degree , newOrder , v e r t i c e s , subgraph , edges ,

vert icesToReconnect , poss ib l eEdges , numberOfExtraEdges ,
extraEdges , newEdges , newGraph ;

degree := VertexDegree ( graph , 1) ;
newOrder := OrderGraph ( graph ) − numberOfVertices ;
f o r v e r t i c e s in IteratorOfCombinat ions ( Ve r t i c e s ( graph ) , newOrder )

do
subgraph := InducedSubgraph ( graph , v e r t i c e s ) ;
edges := UndirectedEdges ( subgraph ) ;
vert icesToReconnect := F i l t e r e d ( Ve r t i c e s ( subgraph ) ,

v −> VertexDegree ( subgraph , v
) <> degree ) ;

po s s ib l eEdges := Combinations ( vert icesToReconnect , 2) ;
numberOfExtraEdges := ( degree ∗ newOrder / 2) − S i z e ( edges ) ;
f o r extraEdges in IteratorOfCombinat ions ( poss ib leEdges ,

numberOfExtraEdges ) do
newEdges := Concatenation ( edges , extraEdges ) ;
Append( newEdges , L i s t ( newEdges , e −> Reversed ( e ) ) ) ;
newGraph := EdgeOrbitsGraph (Group ( ( ) ) , newEdges , newOrder ) ;
i f Girth (newGraph) = g i r t h and VertexDegrees (newGraph) = [

degree ] then
return newGraph ;

f i ;
od ;

od ;
re turn f a i l ;

end ;
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4 Biggs’s tree deletion

DeleteBiggsTree := func t i on ( graph )
l o c a l g i r th , numberOfLayers , base , l aye r s , removedVertices ,

newVertices , newGraph , vertex , edge ;

g i r t h := Girth ( graph ) ;
numberOfLayers := Int ( g i r t h / 4) ;
i f g i r t h mod 4 in [ 0 , 1 ] then

base := [ 1 , Adjacency ( graph , 1) [ 1 ] ] ;
e l s e

base := [ 1 ] ;
numberOfLayers := numberOfLayers + 1 ;

f i ;
l a y e r s := Layers ( graph , base ) ;
removedVert ices := Concatenation ( l a y e r s [ 1 . . numberOfLayers ] ) ;
newVert ices := F i l t e r e d ( Ve r t i c e s ( graph ) , v −> not v in

removedVert ices ) ;
newGraph := InducedSubgraph ( graph , newVert ices ) ;
f o r ver tex in l a y e r s [ numberOfLayers ] do

edge := L i s t (
F i l t e r e d ( Adjacency ( graph , ver tex ) , v −> not v in

removedVert ices ) ,
u −> u − Number( removedVertices , x −> x < u)

) ;
AddEdgeOrbit (newGraph , edge ) ;
AddEdgeOrbit (newGraph , Reversed ( edge ) ) ;

od ;
r e turn newGraph ;

end ;
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5 Circulant graph and its variation

ModifyNeighbor := func t i on ( vertex , numberOfVertices )
l o c a l ne ighbor ;

ne ighbor := vertex mod numberOfVertices ;
i f ne ighbor = 0 then

return numberOfVertices ;
e l s e

re turn neighbor ;
f i ;

end ;

CirculantGraph4 4 := func t i on ( numberOfVertices )
l o c a l edges , vertex , ne ighbors ;

edges := [ ] ;
f o r ver tex in [ 1 . . numberOfVertices ] do

ne ighbors := [ ver tex + 1 , ver tex − 1 , ver tex + 3 , ver tex − 3 ] ;
Apply ( ne ighbors , n −> ModifyNeighbor (n , numberOfVertices ) ) ;
Append( edges , L i s t ( ne ighbors , n −> [ [ n , ve r tex ] , [ vertex , n ] ] ) ) ;

od ;
r e turn EdgeOrbitsGraph (Group ( ( ) ) , Concatenation ( edges ) ,

numberOfVertices ) ;
end ;

CirculantGraph4 6 := func t i on ( numberOfVertices )
l o c a l edges , vertex , ne ighbors ;

edges := [ ] ;
f o r ver tex in [ 1 . . numberOfVertices ] do

i f ve r tex mod 2 = 0 then
ne ighbors := [ ver tex + 1 , ver tex − 1 , ver tex + 7 , ver tex + 1 1 ] ;

e l s e
ne ighbors := [ ver tex + 1 , ver tex − 1 , ver tex − 7 , ver tex − 1 1 ] ;

f i ;
Apply ( ne ighbors , n −> ModifyNeighbor (n , numberOfVertices ) ) ;
Append( edges , L i s t ( ne ighbors , n −> [ [ n , ve r tex ] , [ vertex , n ] ] ) ) ;

od ;
r e turn EdgeOrbitsGraph (Group ( ( ) ) , Concatenation ( edges ) ,

numberOfVertices ) ;
end ;
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