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Implementation of an Algorithm that Generates Minimal
Spanning Ladders and Exploration on its relevance with
Computational Thinking

Youngcook Junt
ABSTRACT

This paper dealt with investigating the number of minimal spanning ladders originated from
ladder game and their properties as well as the related computational thinking aspects. The author
modified the filtering techniques to enhance Mathematica project where a new type of graph was
generated based on the algorithm using a generator of firstly found minimal spanning graph by
repeatedly applying independent ladder operator to a subsequence of ladder sequence. The newly
produced YC graphs had recursive and hierarchical graph structures and showed the properties of
edge-symmetric. As the computational complexity increased the author divided the whole search
space into the each floor of the newly generated minimal spanning graphs for the (5, 10) YC graph
and the higher (6, 15) YC graph. It turned out that the computational thinking capabilities such as
data visualization, abstraction, and parallel computing with Mathematica contributed to enumerating
the new YC graphs in order to investigate their structures and properties.

Keywords : Minimal spanning ladder, Graph structure, Computational thinking, Mathematica
programming
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<<DiscreteMath'Combinatorica"
<<DiscreteMath'GraphPlot"

swapln_{i_j_}1:=
ReplacePart[ReplacePart[Rangeln], j,il, i,j]

compRungPerm[n_,rung_J:=
FoldList[Permute,Range[n],Maplswapln,#&,rung]l]

(* exhausitive generation *)
generateRungs[n_,sides_]:=
Module[{rungs,target},
rungs=Table[{i,i+1},{i,1,n-1}];
target = Tuples[rungs,sides] ]

compLadderPerm[n_,sides_]:=
MaplcompRungPerm([n #]&,generateRungs[n,sides] ]

findFinalPerm[result_]:=Mapl[Last,result]

findMinSpanLadder[n_ result_]:=
Select[result,(Last[#] Reverse[Rangel[n])&]

countSameNumbers[n_,final_|:=
Module[{zerolist,inverlist},
zerolist=Map[Range[n] - #&finall;
inverlist=Map[MaplIf[## 0,1,01& #]&, zerolist];
Apply[Plus,inverlist]]

reconsRung[perml_,perm2_J:=
Position[perm1-perm2,_?(#>0||#<0&)]//Flatten
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listupRung[perms_]J:=
Table[reconsRung[permsl[[ill, perms[[i+1]]],
{i,1,Length[perms]-1}]

minSpanLadderQ[n_,rung_J:=
Module[{candidate,result, final},
candidate=Subsets[rung];
result=MaplcompRungPerm[n,#]&, candidate];
final=MaplLast,result]//Union;
final==Permutations[Range[n]]]

confirmSpanlLadderQ[n_,finalperms_]J:=
Map[minSpanlLadderQ[n,#1&,
MapllistupRung[##1& finalperms]]

captionText[perm_J:=
Join[Table[ Text[ ToString[il,{i,1}],{i,1,Length[perm]}],
Table[ Text[ ToString[perml[[i]1],{1,0}],{i,1,Length[perm]}]]

ladderDraw[n_,rung_J:=
Module[{delta,nr,caption, pole,temp,pdraw,rdraw},

nr=Length[rung]+1;
delta =Table[List[1-i/nr,1-i/nr],{inr-1}1;
temp=Outer[List,Range[n],{1,0}];
pdraw=Map|Line[#]&,temp];
rdraw=MapThread[List,{rung, delta}l;
rdraw=Map[MapThread[List,#]&,rdraw];

Graphics|Join[captionText[compRungPerm[n,rung]//Last],

pdraw, Map[Line,rdraw]l] ]

drawAllLadders[n_,sides_, partition_J:=
Modulel{ladders},
ladders=MaplladderDraw[n,#]&,generateRungsln,sides]];
Partition[ladders,partition]//GraphicsArray//Show]
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