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Networks, Spanning Trees and Steiner Points

• Network
Another name for a connected graph.

• Tree
A network with no circuits.

• Spanning Tree
A subgraph that connects all the 

vertices of the network and has no circuits.
• Minimum Spanning Tree (MST)

Among all spanning trees of a weighted 
network, one with the least total weight.
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Properties of Trees
Property 1
In a tree, there is one and only one path joining any two vertices.
If there is one and only one path joining any two vertices of a graph, 
then the graph must be a tree.
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Property 2
In a tree, every edge is a bridge.
If every edge of a graph is a bridge, then the graph must be a tree.

Here do we mean "graphs" or "networks"?



Math1116Chap7SpanningTreesDone.notebook March 18, 2013

Property 3
A tree with N vertices has N – 1 edges.
If a network has N vertices and N – 1 edges, then it must be a tree.

(This second statement isn't quite true for all graphs. Just for 
networks. What is the difference?)

Note that every time you add a new vertex and an edge connecting it to the original 
tree, then you get a new tree and the number of edges is still one less than the 
number of vertices.

N=      vertices
E=       edges

N=     vertices
E=      edges
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Spanning Trees
Property 4
If a network has N vertices and M edges, then M ≥ N – 1. 

R = M – (N – 1) is the redundancy of the network. The number of edges you need to 
remove to make it a tree.

If M = N – 1, the network is a tree; if M > N –1, the network has circuits and is not a 
tree. (In other words, a tree is a network with zero redundancy and a network with 
positive redundancy is not a tree.

N= 14 Vertices
E= 29 edges
R= 29(141)=16 extra edges

Consider the following map of seven Towns. Suppose your goal is to connect them all with a water 
irrigation pipeline. The graph at the right shows the "cost" of installing each of the possible pipes.

How would you do it?

try again.....

Total Cost:

Total Cost:
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There are many spanning trees in a graph.
How could you find a Minimum Cost Spanning Tree?

Many ways to approach the problem.
We'll discuss "Kruskal's Algorithm".

"Kruskal's Algorithm".

First Step.  Among all the possible links, we choose the 
cheapest one, 

Each Step: Pick Cheapest possible remaining link so that...

When do you finish? 

How many edges do you have to add?
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http://www.cuttheknot.org/Curriculum/Combinatorics/WGraphs.shtml

Two Examples of Kruskal's Algorithm

http://students.ceid.upatras.gr/~papagel/project/kruskal.htm

Is Kruskal's Algorithm Optimal?

Does it always give the best possible spanning tree?

http://www.cut-the-knot.org/curriculum/combinatorics/wgraphs.shtml
http://students.ceid.upatras.gr/~papagel/project/kruskal.htm
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Look at a "cut set of edges" that breaks the graph into two parts.

Cost = 45+30+50+30+45+75+40+80+45 
        = 440

Cost = 20+30+45+40+75+90+50+45+15 
         = 410

Optimal Spanning Tree has cost 295. How can you improve these spanning trees?

Try Kruskal's Algorithm
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Every edge in the spanning tree is a bridge of the 
spanning tree.

Removing it breaks the tree into two disconnected parts.
There are many edges from one part to the other.

Adding any of them will make a new spanning tree.

Picking the cheapest edge will make the cheapest of all 
those spanning trees.

Since Kruskal's algorithm adds the cheapest edges first, 
this assures that the resulting spanning tree will be the 
cheapest possible.

Explanation that shows that Kruskal's Algorithm
 will always find the optimal spanning tree.

Another algorithm 
Prim's Algorithm.
Informally:
1. Pick any point to start.
2. Chose the cheapest edge that connected your "treesofar" with a 
new vertex.
3. Repeat until all the vertices are included.

Start at H1. Start at H7
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http://en.wikipedia.org/wiki/File:MAZE_30x20_Prim.ogv

Use Prim's Algorithm to generate a maze.

Start with a grid graph.
Give each edge a "random" weight.
Start at bottom right corner. 
Add edges following Prim's Algorithm. 

http://en.wikipedia.org/wiki/file:maze_30x20_prim.ogv


Math1116Chap7SpanningTreesDone.notebook March 18, 2013



Attachments

SingleSharePasswordProtectedVisualCryptographyViaCellularAut.cdf


(* Content-type: application/vnd.wolfram.cdf.text *)

(*** Wolfram CDF File ***)
(* http://www.wolfram.com/cdf *)

(* CreatedBy='Mathematica 8.0' *)

(*************************************************************************)
(*                                                                       *)
(*  The Mathematica License under which this file was created prohibits  *)
(*  restricting third parties in receipt of this file from republishing  *)
(*  or redistributing it by any means, including but not limited to      *)
(*  rights management or terms of use, without the express consent of    *)
(*  Wolfram Research, Inc.                                               *)
(*                                                                       *)
(*************************************************************************)

(*CacheID: 234*)
(* Internal cache information:
NotebookFileLineBreakTest
NotebookFileLineBreakTest
NotebookDataPosition[       835,         17]
NotebookDataLength[     89077,       1744]
NotebookOptionsPosition[     62809,       1176]
NotebookOutlinePosition[     89114,       1738]
CellTagsIndexPosition[     89003,       1732]
WindowTitle->Single-Share Password-Protected Visual Cryptography via Cellular \
Automata
WindowFrame->Normal*)

(* Beginning of Notebook Content *)
Notebook[{
Cell[BoxData[
 ButtonBox[
  GraphicsBox[RasterBox[CompressedData["
1:eJztvXmUXldxL8pazzeKUCRHkqVWz3O3utWTutWjWq1u9dz9SdbgSZ7AI1OY    "], {{0, 0}, {1714, 38}}, {0, 255},
    ColorFunction->RGBColor],
   ImageSize->{1714, 38},
   PlotRange->{{0, 1714}, {0, 38}}],
  Alignment->Left,
  BaseStyle->{"Hyperlink", "DemonstrationHeader"},
  ButtonData->{
    URL["http://demonstrations.wolfram.com"], None},
  ButtonNote->"http://demonstrations.wolfram.com"]], "DemonstrationHeader"],

Cell["\<\
Single-Share Password-Protected Visual Cryptography via Cellular Automata\
\>", "DemoTitle"],

Cell[BoxData[
 TagBox[
  StyleBox[
   DynamicModuleBox[{$CellContext`pos$$ = {92.25, 0}, Typeset`show$$ = True, 
    Typeset`bookmarkList$$ = {}, Typeset`bookmarkMode$$ = "Menu", 
    Typeset`animator$$, Typeset`animvar$$ = 1, Typeset`name$$ = 
    "\"untitled\"", Typeset`specs$$ = {{{
       Hold[$CellContext`pos$$], {92.25, 0}}, {30.75, 0}, {92.25, 0}}}, 
    Typeset`size$$ = {200., {144., 149.}}, Typeset`update$$ = 0, 
    Typeset`initDone$$, Typeset`skipInitDone$$ = 
    False, $CellContext`pos$134767$$ = {0, 0}}, 
    DynamicBox[Manipulate`ManipulateBoxes[
     1, StandardForm, "Variables" :> {$CellContext`pos$$ = {92.25, 0}}, 
      "ControllerVariables" :> {
        Hold[$CellContext`pos$$, $CellContext`pos$134767$$, {0, 0}]}, 
      "OtherVariables" :> {
       Typeset`show$$, Typeset`bookmarkList$$, Typeset`bookmarkMode$$, 
        Typeset`animator$$, Typeset`animvar$$, Typeset`name$$, 
        Typeset`specs$$, Typeset`size$$, Typeset`update$$, Typeset`initDone$$,
         Typeset`skipInitDone$$}, "Body" :> Graphics[{
         Inset[$CellContext`hexEncryptedRasterImage, {$CellContext`imageWidth/
           2, 0}, {Center, Bottom}, {$CellContext`verticalUnit 
           Part[$CellContext`image, 1, 2, 2, 1], $CellContext`horizontalUnit 
           Part[$CellContext`image, 1, 2, 2, 2]}], 
         Inset[$CellContext`hexKeyRasterImage, {
           Part[$CellContext`pos$$, 1], 0}, {
          Center, Bottom}, {$CellContext`verticalUnit 
           Part[$CellContext`image, 1, 2, 2, 1], $CellContext`horizontalUnit 
           Part[$CellContext`image, 1, 2, 2, 2]}]}, 
        PlotRange -> {{0, $CellContext`imageWidth 2}, {
          0, $CellContext`imageHeight}}, PlotLabel -> 
        ArrayPlot[$CellContext`Picture], ImageSize -> 200], 
      "Specifications" :> {{{$CellContext`pos$$, {92.25, 0}}, {30.75, 0}, {
         92.25, 0}, ControlType -> Locator, Appearance -> None}}, 
      "Options" :> {}, "DefaultOptions" :> {ControllerLinking -> True}],
     ImageSizeCache->{251., {176., 181.}},
     SingleEvaluation->True],
    Deinitialization:>None,
    DynamicModuleValues:>{},
    Initialization:>(($CellContext`Picture = CompressedData["
1:eJxTTMoPSmJiYGAQgWIYYGRkZEADjFCMJoQmyIhGozAZkRhgC0AEI5LxCALD
YOwugBiFYQmaICOybkZUIZjNUB8T7X50QVSH4XI/hvMZMAMaGQAAIQMCCw==

        "]; {$CellContext`width, $CellContext`height} = 
       Dimensions[$CellContext`Picture]; 
      If[$CellContext`width < 100, $CellContext`PasswordCA[
           Pattern[$CellContext`L, 
            Blank[List]], 
           Pattern[$CellContext`b, 
            Blank[]]] := ReplacePart[
           CellularAutomaton[30, $CellContext`L], 
           1 -> $CellContext`b]; $CellContext`$InitCond = 
         RandomInteger[1, 100]; $CellContext`$ExtraBits = 
         RandomInteger[1, 100]; $CellContext`LargeCA = 
         FoldList[$CellContext`PasswordCA, $CellContext`$InitCond, \
$CellContext`$ExtraBits]; $CellContext`Password = 
         Join[$CellContext`$InitCond, $CellContext`$ExtraBits]; \
$CellContext`CA = 
         Take[$CellContext`LargeCA, {101 - $CellContext`width, 100}, {
           101 - $CellContext`height, 100}]; 
        Null, $CellContext`Password = 
         RandomInteger[{0, 1}, $CellContext`width]; $CellContext`CA = 
         CellularAutomaton[30, $CellContext`Password, $CellContext`height]; 
        Null]; $CellContext`Share1 = ReplaceAll[
         RandomInteger[1, {2 $CellContext`width, 2 $CellContext`height}], 1 -> 
         0]; $CellContext`Share2 = $CellContext`Share1; $CellContext`Share3 = \
$CellContext`Share2; $CellContext`temp = Do[
         If[
         Extract[$CellContext`CA, {$CellContext`i, $CellContext`j}] == 
          1, {$CellContext`Share1 = 
           ReplacePart[$CellContext`Share1, {
              2 $CellContext`i, 2 $CellContext`j} -> 1], $CellContext`Share1 = 
           ReplacePart[$CellContext`Share1, {
              2 $CellContext`i - 1, 2 $CellContext`j - 1} -> 
             1]}, {$CellContext`Share1 = 
           ReplacePart[$CellContext`Share1, {
              2 $CellContext`i - 1, 2 $CellContext`j} -> 
             1], $CellContext`Share1 = 
           ReplacePart[$CellContext`Share1, {
              2 $CellContext`i, 2 $CellContext`j - 1} -> 1]}, 
          
          Null], {$CellContext`i, $CellContext`width}, {$CellContext`j, \
$CellContext`height}]; $CellContext`temp = Do[{
          If[
           And[
           Extract[$CellContext`Picture, {$CellContext`i, $CellContext`j}] == 
            1, Extract[$CellContext`Share1, {
              2 $CellContext`i, 2 $CellContext`j}] == 1], $CellContext`Share2 = 
           ReplacePart[$CellContext`Share2, {
              2 $CellContext`i, 2 $CellContext`j - 1} -> 
             1], $CellContext`Share5 = 
           ReplacePart[$CellContext`Share2, {
              2 $CellContext`i, 2 $CellContext`j} -> 0]], 
          If[
           And[
           Extract[$CellContext`Picture, {$CellContext`i, $CellContext`j}] == 
            1, Extract[$CellContext`Share1, {
              2 $CellContext`i, 2 $CellContext`j - 1}] == 
            1], $CellContext`Share2 = 
           ReplacePart[$CellContext`Share2, {
              2 $CellContext`i - 1, 2 $CellContext`j - 1} -> 
             1], $CellContext`Share5 = 
           ReplacePart[$CellContext`Share2, {
              2 $CellContext`i, 2 $CellContext`j - 1} -> 0]], 
          If[
           And[
           Extract[$CellContext`Picture, {$CellContext`i, $CellContext`j}] == 
            1, Extract[$CellContext`Share1, {
              2 $CellContext`i - 1, 2 $CellContext`j}] == 
            1], $CellContext`Share2 = 
           ReplacePart[$CellContext`Share2, {
              2 $CellContext`i, 2 $CellContext`j} -> 1], $CellContext`Share5 = 
           ReplacePart[$CellContext`Share2, {
              2 $CellContext`i - 1, 2 $CellContext`j} -> 0]], 
          If[
           And[
           Extract[$CellContext`Picture, {$CellContext`i, $CellContext`j}] == 
            1, Extract[$CellContext`Share1, {
              2 $CellContext`i - 1, 2 $CellContext`j - 1}] == 
            1], $CellContext`Share2 = 
           ReplacePart[$CellContext`Share2, {
              2 $CellContext`i - 1, 2 $CellContext`j} -> 
             1], $CellContext`Share5 = 
           ReplacePart[$CellContext`Share2, {
              2 $CellContext`i - 1, 2 $CellContext`j - 1} -> 
             0]]}, {$CellContext`i, $CellContext`width}, {$CellContext`j, \
$CellContext`height}]; $CellContext`temp = Do[{
          If[
           And[
           Extract[$CellContext`Picture, {$CellContext`i, $CellContext`j}] == 
            0, 
            Extract[$CellContext`Share1, {
              2 $CellContext`i, 2 $CellContext`j}] == 1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i, 2 $CellContext`j} -> 1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i, 2 $CellContext`j} -> 0]], 
          If[
           And[
           Extract[$CellContext`Picture, {$CellContext`i, $CellContext`j}] == 
            0, Extract[$CellContext`Share1, {
              2 $CellContext`i, 2 $CellContext`j - 1}] == 
            1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i, 2 $CellContext`j - 1} -> 
             1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i, 2 $CellContext`j - 1} -> 0]], 
          If[
           And[
           Extract[$CellContext`Picture, {$CellContext`i, $CellContext`j}] == 
            0, Extract[$CellContext`Share1, {
              2 $CellContext`i - 1, 2 $CellContext`j}] == 
            1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i - 1, 2 $CellContext`j} -> 
             1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i - 1, 2 $CellContext`j} -> 0]], 
          If[
           And[
           Extract[$CellContext`Picture, {$CellContext`i, $CellContext`j}] == 
            0, Extract[$CellContext`Share1, {
              2 $CellContext`i - 1, 2 $CellContext`j - 1}] == 
            1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i - 1, 2 $CellContext`j - 1} -> 
             1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i - 1, 2 $CellContext`j - 1} -> 
             0]]}, {$CellContext`i, $CellContext`width}, {$CellContext`j, \
$CellContext`height}]; $CellContext`temp = Do[{
          If[
           And[
           Extract[$CellContext`Picture, {$CellContext`i, $CellContext`j}] == 
            0, Extract[$CellContext`Share1, {
              2 $CellContext`i, 2 $CellContext`j}] == 1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i, 2 $CellContext`j} -> 1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i, 2 $CellContext`j} -> 0]], 
          If[
           And[
           Extract[$CellContext`Picture, {$CellContext`i, $CellContext`j}] == 
            0, Extract[$CellContext`Share1, {
              2 $CellContext`i, 2 $CellContext`j - 1}] == 
            1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i, 2 $CellContext`j - 1} -> 
             1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i, 2 $CellContext`j - 1} -> 0]], 
          If[
           And[
           Extract[$CellContext`Picture, {$CellContext`i, $CellContext`j}] == 
            0, Extract[$CellContext`Share1, {
              2 $CellContext`i - 1, 2 $CellContext`j}] == 
            1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i - 1, 2 $CellContext`j} -> 
             1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i - 1, 2 $CellContext`j} -> 0]], 
          If[
           And[
           Extract[$CellContext`Picture, {$CellContext`i, $CellContext`j}] == 
            0, Extract[$CellContext`Share1, {
              2 $CellContext`i - 1, 2 $CellContext`j - 1}] == 
            1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i - 1, 2 $CellContext`j - 1} -> 
             1], $CellContext`Share3 = 
           ReplacePart[$CellContext`Share3, {
              2 $CellContext`i - 1, 2 $CellContext`j - 1} -> 
             0]]}, {$CellContext`i, $CellContext`width}, {$CellContext`j, \
$CellContext`height}]; $CellContext`Share4 = $CellContext`Share2 + \
$CellContext`Share3; $CellContext`Final = 
       ReplaceAll[$CellContext`Share4 + $CellContext`Share1, 2 -> 0]; 
      ReplaceAll[
        Partition[$CellContext`Final, {2, 2}], {{{0, 0}, {0, 0}} -> 
         0, {{0, 0}, {0, 1}} -> 0, {{0, 0}, {1, 0}} -> 0, {{0, 0}, {1, 1}} -> 
         0, {{0, 1}, {0, 0}} -> 0, {{0, 1}, {0, 1}} -> 0, {{0, 1}, {1, 0}} -> 
         0, {{0, 1}, {1, 1}} -> 1, {{1, 0}, {0, 0}} -> 0, {{1, 0}, {0, 1}} -> 
         0, {{1, 0}, {1, 0}} -> 0, {{1, 0}, {1, 1}} -> 1, {{1, 1}, {0, 0}} -> 
         0, {{1, 1}, {0, 1}} -> 1, {{1, 1}, {1, 0}} -> 1, {{1, 1}, {1, 1}} -> 
         1}]; $CellContext`image = $CellContext`temp; $CellContext`image = 
       Graphics[
         Raster[CompressedData["
1:eJy90csNwjAMBuDE9SLcYB1G6ALd/0ZUN/UzxKDCL/kQ55OlOLd1e65QSrm3
erRafNAFWj6HtUauBhO7VC6GRCUbwho6+xiSyvFAB/sQeRjAKlwMhVRuDDns
voP4xkmISYgpqJanIEiIsdtlh/prfcDB2LGcuVPO2EkTjmSCEc25JtGm3/AG
7R4NBLgYWuch/gg65yFABu6tOTxaoQOrSAYwyvXwT3kBURARAg==
          "], {{0, 0}, {41, 40}}, ColorFunction -> (Apply[RGBColor, 
            Part[CompressedData["
1:eJxTTMoPSmViYGAQAGIWBkLgg30wGFzGoGHyYWDwDIOGyROiZ84AgRP2omBw
1R7dfjEweGYvBAaHMOTjweC9/d8/IPAGQ14ODNbZP7gPAu/t//8DgXdw+yHm
PrLfuwcEMPUbgMEDewkwWAGlT6D5g4EBIt5hLwMGb9DM32Q/YzoIHLefNBEE
HuKUnzwJBB5hmA8DAmCwAKc8xP41GObDwnniBBB4AJcHAGdWf3w=
             "], #]]& ), ColorFunctionScaling -> False], Background -> None, 
         ImageSize -> {12., 11.}, 
         PlotRange -> {{0, 41}, {0, 40}}]; $CellContext`imageLevels = 
       Map[First, 
         Sort[
          Tally[
           Flatten[
            Part[$CellContext`image, 1, 1]]], Part[#, 1] < 
          Part[#2, 1]& ]]; $CellContext`halfShadedHexagon = N[
         Table[{
           Sin[$CellContext`\[Theta]], 
           Cos[$CellContext`\[Theta]]}, {$CellContext`\[Theta], 0, Pi, Pi/
           3}]]; $CellContext`horizontalUnit = 
       N[2 Cos[Pi/6]]; $CellContext`halfHorizontalUnit = 
       N[$CellContext`horizontalUnit/2]; $CellContext`verticalUnit = 
       N[1 + Sin[Pi/6]]; $CellContext`key = (SeedRandom[12345]; N[
          Table[RandomInteger[{0, 5}] (Pi/3), {
            Part[$CellContext`image, 1, 2, 2, 2]}, {
            
            Part[$CellContext`image, 1, 2, 2, 
             1]}]]); $CellContext`hexKeyImageDataSet = 
       ReflectionTransform[{-1, 1}][
         Flatten[
          Table[RotationTransform[
             
             Part[$CellContext`key, $CellContext`i, \
$CellContext`j]][$CellContext`halfShadedHexagon] + 
           Table[{$CellContext`i $CellContext`horizontalUnit + If[
                EvenQ[$CellContext`j], $CellContext`halfHorizontalUnit, 
                0], $CellContext`j $CellContext`verticalUnit}, {
             4}], {$CellContext`i, 1, 
            Part[$CellContext`image, 1, 2, 2, 2]}, {$CellContext`j, 1, 
            Part[$CellContext`image, 1, 2, 2, 1]}], 
          2]]; $CellContext`encryptedImageDataSet = $CellContext`key + Replace[
          Part[$CellContext`image, 1, 1], {
          Part[$CellContext`imageLevels, 1] -> Pi, 
           Part[$CellContext`imageLevels, 2] -> 2 (Pi/3), 
           Part[$CellContext`imageLevels, 3] -> Pi/3, 
           Part[$CellContext`imageLevels, 4] -> 0, Blank[] -> 0}, {
          2}]; $CellContext`hexEncryptedImageDataSet = 
       ReflectionTransform[{-1, 1}][
         Flatten[
          Table[RotationTransform[
             
             Part[$CellContext`encryptedImageDataSet, $CellContext`i, \
$CellContext`j]][$CellContext`halfShadedHexagon] + 
           Table[{$CellContext`i $CellContext`horizontalUnit + If[
                EvenQ[$CellContext`j], $CellContext`halfHorizontalUnit, 
                0], $CellContext`j $CellContext`verticalUnit}, {
             4}], {$CellContext`i, 1, 
            Part[$CellContext`image, 1, 2, 2, 2]}, {$CellContext`j, 1, 
            Part[$CellContext`image, 1, 2, 2, 1]}], 
          2]]; $CellContext`hexPointSets = 
       Table[{$CellContext`i, $CellContext`i + 1, $CellContext`i + 
          2, $CellContext`i + 3}, {$CellContext`i, 
          1, (4 Part[$CellContext`image, 1, 2, 2, 2]) 
          Part[$CellContext`image, 1, 2, 2, 1], 
          4}]; {$CellContext`imageWidth, $CellContext`imageHeight} = \
{$CellContext`verticalUnit 
         Part[$CellContext`image, 1, 2, 2, 1], $CellContext`horizontalUnit 
         Part[$CellContext`image, 1, 2, 2, 2]}; $CellContext`ShareFlipped = 
       ReplaceAll[$CellContext`Share4, 
         1 -> {1, 0}]; $CellContext`hexKeyRasterImage = Graphics[
         Raster[
          Reverse[$CellContext`ShareFlipped]], ImageSize -> 350, Background -> 
         None]; $CellContext`hexEncryptedRasterImage = Graphics[
         Raster[
          Reverse[$CellContext`Share1]], ImageSize -> 350]; Null); 
     Typeset`initDone$$ = True),
    SynchronousInitialization->True,
    UnsavedVariables:>{Typeset`initDone$$},
    UntrackedVariables:>{Typeset`size$$}], "Manipulate",
   Deployed->True,
   StripOnInput->False],
  Manipulate`InterpretManipulate[1]]], "Output",
 CellID->71661223],

Cell["\<\
Drag the image at the bottom-right corner to the left. This shows how \
manually overlapping the two shares can be used in visual cryptography. This \
novelty of this Demonstration is that one of the shares is a snapshot of a \
rule-30 cellular automaton (CA) evolved from a set of predefined conditions \
making up a password that needs to be used to decrypt an encrypted share. \
\>", "ManipulateCaption",
 CellID->2366064],

Cell["\<\
Visual cryptography depends on two shares, only one of which has to be \
random. The second share can contain a predefined pattern. In the algorithm \
presented here, a snapshot of a CA after a certain number of steps is used to \
generate the predefined share. The initial configuration, extra security \
bits, the number of the rule for the CA, and the number of computed steps \
serve as a password for a visually encrypted image. This encryption system is \
a hybrid between visual and classical cryptographic approaches. It requires \
less storage space compared to a standalone visual encryption system. \
\>", "ManipulateCaption",
 CellID->1111732002],

Cell["THINGS TO TRY", "ManipulateCaption",
 CellFrame->{{0, 0}, {1, 0}},
 CellFrameColor->RGBColor[0.87, 0.87, 0.87],
 FontFamily->"Helvetica",
 FontSize->12,
 FontWeight->"Bold",
 FontColor->RGBColor[0.597406, 0, 0.0527047],
 CellTags->"ControlSuggestions"],

Cell[TextData[{
 Cell[BoxData[
  TooltipBox[
   PaneSelectorBox[{False->Cell[TextData[StyleBox["Drag Locators",
     FontFamily->"Verdana"]]], True->Cell[TextData[StyleBox["Drag Locators",
     FontFamily->"Verdana",
     FontColor->GrayLevel[0.5]]]]}, Dynamic[
     CurrentValue["MouseOver"]]],
   RowBox[{"\"Drag any locator (\"", 
     GraphicsBox[
      LocatorBox[
       Scaled[{0.5, 0.5}]], ImageSize -> 20], 
     "\", etc.) to move it around.\""}],
   TooltipStyle->{
    FontFamily -> "Verdana", FontSize -> 10, FontColor -> GrayLevel[0.35], 
     Background -> GrayLevel[0.98]}]]],
 StyleBox["\[NonBreakingSpace]\[FilledVerySmallSquare]\[NonBreakingSpace]",
  FontColor->RGBColor[0.928786, 0.43122, 0.104662]],
 Cell[BoxData[
  TooltipBox[
   PaneSelectorBox[{False->Cell[TextData[StyleBox["Automatic Animation",
     FontFamily->"Verdana"]]], True->Cell[TextData[StyleBox[
    "Automatic Animation",
     FontFamily->"Verdana",
     FontColor->GrayLevel[0.5]]]]}, Dynamic[
     CurrentValue["MouseOver"]]],
   RowBox[{"\"Animate a slider in this Demonstration by clicking the\"", 
     AdjustmentBox[
      Cell[
       GraphicsData[
       "CompressedBitmap", 
        "eJzzTSzJSM1NLMlMTlRwL0osyMhMLlZwyy8CCjEzMjAwcIKwAgOI/R/IhBKc\n\
/4EAyGAG0f+nTZsGwgysIJIRKsWKLAXGIHFmEpUgLADxWUAkI24jZs+eTaEt\n\
IG+wQKRmzJgBlYf5lhEA30OqWA=="], "Graphics", ImageSize -> {9, 9}, ImageMargins -> 
       0, CellBaseline -> Baseline], BoxBaselineShift -> 0.1839080459770115, 
      BoxMargins -> {{0., 0.}, {-0.1839080459770115, 0.1839080459770115}}], 
     "\"button\\nnext to the slider, and then clicking the play button that \
appears.\\nAnimate all controls by selecting \"", 
     StyleBox["Autorun", FontWeight -> "Bold"], "\" from the\"", 
     AdjustmentBox[
      Cell[
       GraphicsData[
       "CompressedBitmap", 
        "eJyNULENwyAQfEySIlMwTVJlCGRFsosokeNtqBmDBagoaZjAI1C8/8GUUUC6\n\
57h7cQ8PvU7Pl17nUav7oj/TPH7V7b2QJAUAXBkKmCPRowxICy64bRvGGNF7\n\
X8CctGoDSN4xhIDGGDhzFXwUh3/ClBKrDQPmnGXtI6u0OOd+tZBVUqy1xSaH\n\
UqiK6pPe4XdEdAz6563tx/gejuORGMxJaz8mdpJn7hc="], "Graphics", 
       ImageSize -> {10, 10}, ImageMargins -> 0, CellBaseline -> Baseline], 
      BoxBaselineShift -> 0.1839080459770115, 
      BoxMargins -> {{0., 0.}, {-0.1839080459770115, 0.1839080459770115}}], 
     "\"menu.\""}],
   TooltipStyle->{
    FontFamily -> "Verdana", FontSize -> 10, FontColor -> GrayLevel[0.35], 
     Background -> GrayLevel[0.98]}]]]
}], "ManipulateCaption",
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 FontFamily->"Verdana",
 CellTags->"ControlSuggestions"],

Cell[BoxData[
 ButtonBox[
  PaneSelectorBox[{False->Cell[BoxData[
    GraphicsBox[RasterBox[CompressedData["
1:eJztmjlPZFcQhZH8H5z7LzmYFGkSyAwZkEEGZEDEkrBEbAEgAjCLxS6xCbEP      "], {{0, 0}, {194, 22}}, {0, 255},
      ColorFunction->RGBColor],
     ImageSize->{194, 22},
     PlotRange->{{0, 194}, {0, 22}}]]], True->Cell[BoxData[
    GraphicsBox[RasterBox[CompressedData["
1:eJztmjtPLEcQhZH8H5z7LzlwinQjiCwIIYQQyICMRwRkPCIQCRgIeCa8At6S      "], {{0, 0}, {194, 22}}, {0, 255},
      ColorFunction->RGBColor],
     ImageSize->{194, 22},
     PlotRange->{{0, 194}, {0, 22}}]]]}, Dynamic[
    CurrentValue["MouseOver"]]],
  BaseStyle->"Hyperlink",
  ButtonData->{
    URL["http://demonstrations.wolfram.com/versions/source.jsp?id=\
SingleSharePasswordProtectedVisualCryptographyViaCellularAut&version=0005"], 
    None},
  ButtonNote->
   "http://demonstrations.wolfram.com/\
SingleSharePasswordProtectedVisualCryptographyViaCellularAut/\
SingleSharePasswordProtectedVisualCryptographyViaCellularAut-source.nb"]], \
"DemoSourceNotebookSection",
 CellFrame->{{0, 0}, {1, 1}},
 ShowCellBracket->False,
 CellMargins->{{48, 48}, {28, 28}},
 CellGroupingRules->{"SectionGrouping", 25},
 CellFrameMargins->{{48, 48}, {6, 8}},
 CellFrameColor->RGBColor[0.87, 0.87, 0.87]],

Cell["PERMANENT CITATION", "CitationSection"],

Cell[TextData[{
 "\[NonBreakingSpace]",
 ButtonBox["Roman V. Yampolskiy",
  BaseStyle->"Hyperlink",
  ButtonData->{
    URL["http://demonstrations.wolfram.com/author.html?author=Roman+V.+\
Yampolskiy"], None},
  ButtonNote->
   "http://demonstrations.wolfram.com/author.html?author=Roman+V.+Yampolskiy"]
}], "Author",
 FontColor->GrayLevel[0.6]],
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 "\"",
 ButtonBox["Single-Share Password-Protected Visual Cryptography via Cellular \
Automata",
  BaseStyle->"SiteLink",
  ButtonData->{
    URL["http://demonstrations.wolfram.com/\
SingleSharePasswordProtectedVisualCryptographyViaCellularAut/"], None},
  ButtonNote->
   "http://demonstrations.wolfram.com/\
SingleSharePasswordProtectedVisualCryptographyViaCellularAut/"],
 "\"",
 "\[ParagraphSeparator]\[NonBreakingSpace]",
 ButtonBox["http://demonstrations.wolfram.com/\
SingleSharePasswordProtectedVisualCryptographyViaCellularAut/",
  BaseStyle->"SiteLink",
  ButtonData->{
    URL["http://demonstrations.wolfram.com/\
SingleSharePasswordProtectedVisualCryptographyViaCellularAut/"], None},
  ButtonNote->
   "http://demonstrations.wolfram.com/\
SingleSharePasswordProtectedVisualCryptographyViaCellularAut/"],
 "\[ParagraphSeparator]\[NonBreakingSpace]",
 ButtonBox["Wolfram Demonstrations Project",
  BaseStyle->"SiteLink",
  ButtonData->{
    URL["http://demonstrations.wolfram.com/"], None},
  ButtonNote->"http://demonstrations.wolfram.com/"],
 "\[ParagraphSeparator]\[NonBreakingSpace]",
 "Published: ",
 "August 2, 2011"
}], "Citations"],
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 "\[Copyright] ",
 StyleBox[ButtonBox["Wolfram Demonstrations Project & Contributors",
  BaseStyle->"Hyperlink",
  ButtonData->{
    URL["http://demonstrations.wolfram.com/"], None},
  ButtonNote->"http://demonstrations.wolfram.com/"],
  FontColor->GrayLevel[0.6]],
 "\[ThickSpace]\[ThickSpace]\[ThickSpace]|\[ThickSpace]\[ThickSpace]\
\[ThickSpace]",
 StyleBox[ButtonBox["Terms of Use",
  BaseStyle->"Hyperlink",
  ButtonData->{
    URL["http://demonstrations.wolfram.com/termsofuse.html"], None},
  ButtonNote->"http://demonstrations.wolfram.com/termsofuse.html"],
  FontColor->GrayLevel[0.6]]
}], "Text",
 CellFrame->{{0, 0}, {0, 0.5}},
 CellMargins->{{48, 48}, {20, 50}},
 CellFrameColor->GrayLevel[0.45098],
 FontFamily->"Verdana",
 FontSize->9,
 FontColor->GrayLevel[0.6],
 CellTags->"Copyright"]
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Saveable->False,
ScreenStyleEnvironment->"Working",
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CellGrouping->Manual,
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WindowMargins->{{0, Automatic}, {Automatic, 0}},
WindowElements->{
 "StatusArea", "MemoryMonitor", "MagnificationPopUp", "VerticalScrollBar", 
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WindowTitle->"Single-Share Password-Protected Visual Cryptography via \
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CellContext->Notebook,
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                "Columns" -> {{Left}}, "ColumnsIndexed" -> {}, 
                 "Rows" -> {{Baseline}}, "RowsIndexed" -> {}}}], 
            Cell[
             StyleData["TableBase", "Printout"], 
             CellMargins -> {{2, 0}, {0, 8}}, FontSize -> 9]}, Open]], 
         Cell[
          CellGroupData[{
            Cell[
             StyleData[
             "1ColumnTableMod", StyleDefinitions -> StyleData["TableBase"]], 
             GridBoxOptions -> {GridBoxItemSize -> {"Columns" -> {
                   Scaled[0.04], {
                    Scaled[0.966]}}, "ColumnsIndexed" -> {}, "Rows" -> {{1.}},
                  "RowsIndexed" -> {}}, GridBoxSpacings -> {"Columns" -> {
                   Offset[0.28], 
                   Offset[0.126], {
                    Offset[0.77]}, 
                   Offset[0.28]}, "ColumnsIndexed" -> {}, "Rows" -> {
                   Offset[0.2], {
                    Offset[0.4]}, 
                   Offset[0.2]}, "RowsIndexed" -> {}}}], 
            Cell[
             StyleData[
             "1ColumnTableMod", "Printout", StyleDefinitions -> 
              StyleData["TableBase", "Printout"]], 
             GridBoxOptions -> {GridBoxItemSize -> {"Columns" -> {
                   Scaled[0.078], {
                    Scaled[0.922]}}, "ColumnsIndexed" -> {}, "Rows" -> {{1.}},
                  "RowsIndexed" -> {}}, GridBoxSpacings -> {"Columns" -> {
                   Offset[0.28], {
                    Offset[0.56]}, 
                   Offset[0.28]}, "ColumnsIndexed" -> {}, "Rows" -> {
                   Offset[0.2], {
                    Offset[0.56]}, 
                   Offset[0.2]}, "RowsIndexed" -> {}}}]}, Open]], 
         Cell[
          CellGroupData[{
            Cell[
             StyleData[
             "2ColumnTableMod", StyleDefinitions -> StyleData["TableBase"]], 
             GridBoxOptions -> {GridBoxItemSize -> {"Columns" -> {
                   Scaled[0.05], 
                   Scaled[0.41], {
                    Scaled[0.565]}}, "ColumnsIndexed" -> {}, "Rows" -> {{1.}},
                  "RowsIndexed" -> {}}, GridBoxSpacings -> {"Columns" -> {
                   Offset[0.28], 
                   Offset[0.14], {
                    Offset[0.77]}, 
                   Offset[0.28]}, "ColumnsIndexed" -> {}, "Rows" -> {
                   Offset[0.2], {
                    Offset[0.4]}, 
                   Offset[0.2]}, "RowsIndexed" -> {}}}], 
            Cell[
             StyleData[
             "2ColumnTableMod", "Printout", StyleDefinitions -> 
              StyleData["TableBase", "Printout"]], 
             GridBoxOptions -> {GridBoxItemSize -> {"Columns" -> {
                   Scaled[0.079], 
                   Scaled[0.363], {
                    Scaled[0.558]}}, "ColumnsIndexed" -> {}, "Rows" -> {{1.}},
                  "RowsIndexed" -> {}}, GridBoxSpacings -> {"Columns" -> {
                   Offset[0.28], {
                    Offset[0.56]}, 
                   Offset[0.28]}, "ColumnsIndexed" -> {}, "Rows" -> {
                   Offset[0.2], {
                    Offset[0.56]}, 
                   Offset[0.2]}, "RowsIndexed" -> {}}}]}, Open]], 
         Cell[
          CellGroupData[{
            Cell[
             StyleData[
             "3ColumnTableMod", StyleDefinitions -> StyleData["TableBase"]], 
             GridBoxOptions -> {GridBoxItemSize -> {"Columns" -> {
                   Scaled[0.04], 
                   Scaled[0.266], 
                   Scaled[0.26], {
                    Scaled[0.44]}}, "ColumnsIndexed" -> {}, "Rows" -> {{1.}}, 
                 "RowsIndexed" -> {}}, GridBoxSpacings -> {"Columns" -> {
                   Offset[0.28], 
                   Offset[0.14], {
                    Offset[0.77]}, 
                   Offset[0.28]}, "ColumnsIndexed" -> {}, "Rows" -> {
                   Offset[0.2], {
                    Offset[0.4]}, 
                   Offset[0.2]}, "RowsIndexed" -> {}}}], 
            Cell[
             StyleData[
             "3ColumnTableMod", "Printout", StyleDefinitions -> 
              StyleData["TableBase", "Printout"]], 
             GridBoxOptions -> {GridBoxItemSize -> {"Columns" -> {
                   Scaled[0.08], 
                   Scaled[0.25], 
                   Scaled[0.25], {
                    Scaled[0.42]}}, "ColumnsIndexed" -> {}, "Rows" -> {{1.}}, 
                 "RowsIndexed" -> {}}, GridBoxSpacings -> {"Columns" -> {
                   Offset[0.28], {
                    Offset[0.56]}, 
                   Offset[0.28]}, "ColumnsIndexed" -> {}, "Rows" -> {
                   Offset[0.2], {
                    Offset[0.56]}, 
                   Offset[0.2]}, "RowsIndexed" -> {}}}]}, Open]], 
         Cell[
          CellGroupData[{
            Cell[
             StyleData["TableText"], Deletable -> False, StyleMenuListing -> 
             None, FontFamily -> "Verdana", FontSize -> 0.952 Inherited], 
            Cell[
             StyleData["TableText", "Printout"], 
             CellMargins -> {{24, 0}, {0, 8}}, Hyphenation -> True, 
             HyphenationOptions -> {"HyphenationCharacter" -> "-"}, 
             LineSpacing -> {1., 2, 2.}]}, Open]], 
         Cell[
          StyleData["Continuation"], FontColor -> GrayLevel[1]]}, Closed]]}, 
     Open]]}, Visible -> False, FrontEndVersion -> 
  "8.0 for Microsoft Windows (32-bit) (February 23, 2011)", StyleDefinitions -> 
  "Default.nb"]
]
(* End of Notebook Content *)

(* Internal cache information *)
(*CellTagsOutline
CellTagsIndex->{
 "ControlSuggestions"->{
  Cell[52640, 941, 258, 7, 70, "ManipulateCaption",
   CellTags->"ControlSuggestions"],
  Cell[52901, 950, 2587, 58, 70, "ManipulateCaption",
   CellTags->"ControlSuggestions"]},
 "Copyright"->{
  Cell[61987, 1151, 818, 23, 70, "Text",
   CellTags->"Copyright"]}
 }
*)
(*CellTagsIndex
CellTagsIndex->{
 {"ControlSuggestions", 88716, 1721},
 {"Copyright", 88911, 1726}
 }
*)
(*NotebookFileOutline
Notebook[{
Cell[1324, 32, 34328, 567, 70, "DemonstrationHeader"],
Cell[35655, 601, 102, 2, 70, "DemoTitle"],
Cell[35760, 605, 15768, 313, 70, "Output",
 CellID->71661223],
Cell[51531, 920, 435, 7, 70, "ManipulateCaption",
 CellID->2366064],
Cell[51969, 929, 668, 10, 70, "ManipulateCaption",
 CellID->1111732002],
Cell[52640, 941, 258, 7, 70, "ManipulateCaption",
 CellTags->"ControlSuggestions"],
Cell[52901, 950, 2587, 58, 70, "ManipulateCaption",
 CellTags->"ControlSuggestions"],
Cell[55491, 1010, 4928, 92, 70, "DemoSourceNotebookSection",
 CellGroupingRules->{"SectionGrouping", 25}],
Cell[60422, 1104, 45, 0, 70, "CitationSection"],
Cell[60470, 1106, 345, 10, 70, "Author"],
Cell[60818, 1118, 1166, 31, 70, "Citations"],
Cell[61987, 1151, 818, 23, 70, "Text",
 CellTags->"Copyright"]
}
]
*)

(* End of internal cache information *)

(* NotebookSignature BSa6XcyqxbW8dvAxKDWHfgzE *)
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