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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"?
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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
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(* 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.                                               *)

(*                                                                       *)

(*************************************************************************)
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  GraphicsBox[RasterBox[CompressedData["

1:eJztvXmUXldxL8pazzeKUCRHkqVWz3O3utWTutWjWq1u9dz9SdbgSZ7AI1OY

59EGMxgMGI9AgACBJIwmcBNCwnBvgm2mvPduCATWevfmvgD5864L5P3Neaf2

WFW79vlOt2RJtrfXqnW+s3ftGn5Vu2r7bEtuvfXlp2/9P57znOd05fS133vO

cy7Ln0/Mdf6vROebOhIlSpToKaaLXecSJUqUKFGiRBeIfmfoYtuRKNHTjX73

RNo/iRKVod8V0MW2LVGii0VF+2Ize2Wj8hIleibQed2X//dCZ5bowtP/lehZ

QRc7zxI9/fZ5efldF92/RIkSJUqUKFGiRIkSJUqUKFGiRIkSJXqq6b+v7k90

3qm7Oq0kSoSoTM4kelrR/3MOBHXkf5Si7kSJEiVKlChRokSJEiVKlChRokSJ

EiV6RtP/XO3+X4kSJbr49K+JnjH0PwT67yvFhHn/FT1jdLHzNVGiRIkSJUp0

weh3hi62HYkSPd3od/8z7Z9EicrQ7wroYtuWKNHFoqJ9sZm9slF5iRI9E+i8

7svfXjueFdF/IPot+x3QNYgicsrwRuevidEY4f0Pgar5dj5JxnKsgIpjsPF1

fK5Id5HcsQ3q36yeajI2iudm9Z+LndViWH6fPTtpomBcz/1/ZGwSzV0sKlcD

fnONp1/ntUoizOPXTlTNjXPNu0JSdTWk/8ht/A+hBv+HIcVn90VERqJEiRIl

SpQoUaJEiRIlSpQoUaJEiRKVpYHWjpzas/782Z8/B1o89TNSfNK4mQNZg0pe

hxvra2nLicvJ+dpynrYOp1/pa7Xy7LgmZVdOg3adWQPvQ+2d+ViXIsXbAtTm

qK8Vnq1ZX3O7ov7mDiUf+PoUtetncxv63W5+txs+64eVp2Uqf5oRGd5+w9OH

7AC92rZ280Rygb/Vyx4AwnrUnMamr7UD4dkWkpFl3weUnW1Er/W93/nncbDr

Qf+Ak2vwaDY8bq3FBGxsNfHz9hFb4beKpVnb2k5s7oMYtWI79XPA+dlqCGEP

fBZ7I1fpA6ybje5mn1fq6XLMY03tMDa2ej/7Wk0ssZ2t7QH1tbS7ddp3u97k

hOWzv838AIqL09nSYXJV+9DX0mH2hd9Dfr3XO9DsZeI95eLd6vMa70ntN35H

a9z+bvd7kuWTrR9eVoeJuZGF4tNnawmpJ23GZpQfsMebWrOBnPraOrOe1s6s

t7lTxb+3tSE70NqYHWhrVtTX1qpjY0jnI8SrRVOrnTO/Wz2PptbsgJrT8/i3

loHlm3clB8vW7wdatc4DLV7WAXg2NyvqRc9exaefvW4NsqGFPrUs4NXvfl2r

0WlssjqRTLe+hY5rm1udTCv3AFmjZfbmYx3tjVl3S2PO02zmmlWuduXUmcep

N6f+Rohbi6kReN+2+jrFahatOW2+VqA89LUF5xSu+TquA1i+zQlbB6E2NHf4

mu1qeIep076eBzU+RoQX2d3cLo+3oHesNzZP+OjeJWudng5qW2Ar9xX700HX

OV86sgAnQlhnRHegs0OwLyKXjwcyMU7CWoJHh8zX3BHOcz1FPsfsxX4HceC2

cX6GO8ZMwGNvTUO2Z29ONY3qCe9qjDwbydhey7e3Uf/eS8f3GJnUFpZzzcym

Zo4jyl0pD4hfHQw7LkeIvYQjty+Qw/0pkhfLhw5mhxQvwQ++17keHFcxj9uz

ECtmO9m7PN8ErMUawuqOVK9idROfF4vsD/Kc7SmOO6+7ol1CzvF9zOsQwV94

kjM890GIL9/nQV3voHJ5DyL285wR/A4w43VCqkOxePB1PHcku7m9fB9JOdAR

kcfjjtdJfEKOi/uJ68J5zH7z2sb/PU6SFeSOhDmX0R7KlOqqVIN4TZT6cLDf

NX9bQ6uidkNtDW1Ze2OrG7dzbY1tlKcBvxu+RjPeqH97uS2eGvUz2Eu5bdBr

XN+yvSjoWw1h30I9jvQy1LdsX9tj+xtei8YUv+mNzp69drzB91Ono5HqqQlp

j/HD8e6V5pBfe708i4PGpNHZsRfxUX2Ngc0coz17G0NMCTb03ODisLfR21Qj

6OZnjb0hLt4ndgaJ+ELjgnBBeUJ9oHHfw+Rh392Y09+IbGP4CfnH7d5j7OU2

ybnUyOQ3hj7ifWDjI9nAYoDPfVYOwVTcT2bNXuqzlZH6Vupbl1LfEvWJ519u

D7eR+UrkS7km2VAQW3wW5TnH5/leCGyO5TLXX4JaGF48j/g43//8/B/UByFf

uZ+8VgQxY5gH+Aj5EeSjZK+wV2L7XopJrDZwuXw8kMnyRYyBkOvE9o5wnusR

bNPnNTjX+bNdW2OrObu1krOdf7axcx2mNrSuLZxvbDXnPgGPFuYnj0U0Vh67

y3bty/7Trprssp3wzGlnjXrHBHOXwW87Z3ndGPq9087798uUjBo0ptd73Ugf

WkPsQLIvszbsZON4jKyp8fZjwrKJbXbOy7xMydhHbcVrEJ+Xvc/PYZt3eUwc

Ng7/mB/7GIYhTpcFviDZ6Onx20f4Ltu1j2Jgbdm1j+piuHsZNq4UH/4uxoE/

XS5S22luorGdnv8yZpfPWR5zn6eXIX8szjRvPQaXobWXReQRP5h/OIccvru8

DThXsf7L3HqbU/uIveEe2udyjNgu5pPfV56Hx2yfk+t928cwxXbsYz4weW49

9R/HCq/1+clyk+cW9oPkiBCHYL/6d4pXJO/RPqF738fX+7BX0669euwPYV6/

w7i19zKEz2XCPg32ALZT2ktYRrB/6B4I/EX4XYbyPYZLaAeyPagvFuN9gZ1h

HfW/L8OxjeafnBeXYX94rUXj3keWP7ymWV5sC+5/LKeCceuTe/K9wHKO1zIp

7iz2l+3ka/aFfgh16j+x/cb1kHq0C8fS+LET1x+cx7xO4ncpHgyvCB+Nj7xn

vM1UNjlTsJwn9RHn1S62H3GOobjiHA9qHMklCQ/WD3Av5nUN28kx2kX1pHMf

50/nvnTuozHC8tO5L537gnwsfe5Dsney2O30efVsP/elvsXkBTER4pz6FrE3

9S0qP/Wt1LeCfEx9i9UbtidQPtL6IvctuY763+l7RSznuQ60D8iafaEf6XsF

8nFf4OPT6XuF36t2L/HzmYThPqLv93bX5rQv25LT7+3ST/UbxnfVmnHNY3k1

fy15wlrFZ9cQuXT9Fml8l7fBrXNraqm+XbWOj89bmW79Ls+DdXn/+Npaxp/L

2oXX7SO6uZ1+jMrAGHvckN9Y7i60dpe302PHfHR83qYt2M/dzH7mw+8xmTY2

W/Bah7u3i+gnPqKcsDhb25yM2sBuh4eYAzSWzl62lvuJY7GF2LiP+cRyBOne

wtZTHjlnCL/dGyjnwvwSfMX5tmufEE8ao2DfRWhLsCcQbrt8HfB7WsrLfSaW

sRwI7SV7Ldg7PGZ8r1CMtmB72d73dUXKnXAv/h6zy+0jJH8LqSthPpI6tguv

zWss1Fn1jp477TgmxLO7xsveReuFsw35QfOc44VjGub6FsbnxpEOtweEXkDy

AuMQ2CDHItxT2A5e5zBvrbC/UV3AvgZ+s3zZ5d+37KJ+hLWI1VZTs7bwMVRb

pVzfEmAR2fsk31g8RRJsdBiw34F8oa5hfMjewv0ijFuAM89N3m9jtmA8CB+v

P8hW0l94PcByad/Yspva5PYxz9lI/4z1ELx+Czlnof0m5TnKS44b7/NbmE20

Ltp+QTFI5z4hD62v6dyH9pS3K537aNzDdXzv4ljy/BJ8Tec+kptBTJ4W5z4p

X/gcjwHfd8+2cx/HCu8dinnqWzymvK7g/YvzndqR+paQn6lvpb61O/Wt0B5O

tR5zsu+ebX2L4pO+Vwg5I+FbZKPDgP0O5At1LX2vCHM20j9jPQSvf6q/V7h9

HmDDc1qIhdH1+1fUadrDnpxgfE8tmq8tXLeVr3XP2nAcj11RhXcP1lGrbULr

tlh5AX+trCdCWyV7YtgE/gh47EEyyZy2a4vzRaA98bmtnE9aj/DYavRv5b4Q

HPn6feypdW3dg36L2NY6PRhP/7veYRPEG9ticm9rgY9b91DbojhI2EXiujUa

TxaTPYJM4X0rtyu6dyIxlX7jp+g3wxzp9DmJ1+4TZKBxw7cF+8xjs4fjK8UL

8ezheSzsNSZjq2RbmT0u1ZGSe1vjVcvWc33M192GrI3576270XiM7NpqubyH

4VyQA1Vr0R5MOg5bRcxqKX8E12o1MpBN+ksJWdVqNHrfSmperVzf8VwkvlvN

fLAejcl1no2XwYlhFa9HLE8LbCN1Xqo7ezxWkpxoPZHyAssJ9rMgS/JBWLeV

68djG80ZbntOWyLxidpk5zlmEh+uuc5m0yeDHhzBKCI3GqciTNK5L24/zuWi

dZs+9xm7C7EvYWeJ+JY793GqZU8mA/dDtu78nfuKc3hrQT2rGuPzcu6T82Zr

TB6WWbh3In5J/bbA7+rnPh7rSA4Yvi3s3BSeD2oL8SV5IdXLgj4R4lx+Xz/1

576Izah2FvXTarkh2iXoKMz7WC3ag+kSOPdxns3glPpW6lupbyGbUt8Kcjv1

rbjNqW+FuAf5m75XxHxJ3yvoXPpesTE8ZX5ak7ai9+furc+pwTztb03byHs9

eq8X1knvEmFZIXGdso6Y3nDNNvaU14dz2wQ/t4k6/Tuf34awfO7eHOs9+fie

ugLKdaDf8Nxm6LlsnPLXF8vei3gcHjb2dZREXfVVxuqoHU5uvZcp6XI8BqM9

1jaE2V4sn/q6LWpXvcHG84W80to6Yvc2h1Odeec4USx47Krp24bW0xjLcYjn

AdeD/ce60LvzI4YlliPFmT5l++M4b2P2b6sqp5rvPOdxDsap2p6u/hvnBPaX

+r4V0R/dPJnTVNbZ26b+fea5pi9sZTEq2tfb9oSxiOWQGzc5XVzfimu65dnm

6ltMBiZprMHsr7j+4tjwca7H+7ktylcvrMF2cayK+pusn2MWzz+qn/sQsyNc

Xy22/l3uwXTtNlGXbHfxXsM+UJu2BZiFvDQ28XEf7zCuNG9pr+fx3sZkUxnV

crIIg5jtZdeH4+ViIdWvdO7jc+f/3Fdub/AYhjkR5kyxTznV8JwLa0txnlXL

GaneV8sVAffg3BfL7XiMqI94X8fqfDyPw3pQjE+8HhTVNSl3yuyZ2N7m/vMa

Ktsq48PrHK8B1eyP48x74Laqcqr5Xm2NTOd+7ov5G9uTsRrVwKhIBq4L1XNI

OsNc2ue+ItxkDOXaFvNr8/mU+pasP/Wt1LfK7ZnY3ub+Y118L0u2xHKFx5k+

U9/i/larv7xGFdV62e5nbt8qE5sYng1MRvpeEcYlfa/gfeSZ9b1C0hfuixBr

v/YPahqzP9jXmG3fZ57mXVENeq8R3vex3zUNfoyM+7Ht+FnD5OwL+USKrBHn

aqjO7ZwH2xDzzWIkyOb4Ub4GTTWM8hhsZ+/w3GYIj29j9AcQwxo0htYHT0Pb

9/rndm6L468P1lt7iA1ct+BH/F3r2I70KHs4Tua3tXW7lbWX2SbZEMGU8Fa1

k9poaTvi8zjWk/Xb9vqnw6tIlzAX5Ab3xflTvzm5eym/xXcb0sPz0f1mcYjJ

Btv42m0YJ44LztW9DaL/nuqNDibHxonjofKr3tho96edQ3XNjsdqDOjN57cb

CuxEv7W/9SZGvg8D/fm9lewfPnF19q9fuzmbn+3X96xqb9Cnw49jLlKYC9sR

ERvtfov6yWq0UEur1WPST3idl+qoVI95D4rUdaqzAb03BPzbS9vQIPA2oD7S

kHFfRful3mZ8wv2oyC7ek/2zweSjYIegU+zX1eJbE85tr4mMS3qFuWhe1aAY

ur3LfbZ8DR7rWL5Wyc+orxyzGtnmELOGUDfLOfF3ydyJxjd6bmkI1vFzVzr3

FeEnYBPBT+QTbOS1gsdmu5XDaDveCzG7I/m7neslmDVE1/P9FY1bUS21+VEj

7KdI3ou5IuTddkZR2aXtDPOe11+y1yM1rGwNkvzhmMg1SupNJeRKODM9Qa0o

ygVRdlhzgt4r6ZJizPOZYy5hFcw3ONlBDatpLHnuw32/IKdqQv6NxAdjEMv9

cB83iPIKzzpVxi7auc/5nPpWYb4V1X2MUayec2yL7JPiXxPGJvWt1LfIvovE

LPWtCFbBfOpbT5u+xXVGbJTzKH2viOkU87NafIVanb5XyP5fct8rBF8K44D8

uLy2OduR0+V1TdmOOnjq9x21Tf43jNfqOftU82Zuh3uCDL9OyaxF8+bdzdei

Zx16Wl6sF81r24weN250K3lNRh9da9fYdTuQHZcjvZfXItnIFrxmB5K3o45i

o/Rz2teUbbfPHHs93pCTjs/lMGZitcPs9e3mucPsgx2OB/2uxb8bjbxQtyP1

rvVrfjvu123fp+e07AZ3RgUCW3bYd7u/jF6rYzvx2cxzGwBj8355Pq8xa1Rj

l9f68R213jaNm6/L3l+DibE5GDeYKl9qGxxmNg7bjf9Wl8ekyWPiYkfHNZYN

zk+rj8TP2qB4mhxZHDBezl8nr9G973Cyfcx3IJ4daA2OzXbsB/EZ+4Zzz2Bl

412D9Nl47/M2EvtqG6nPTi4eRzpqqR/OZjfW5Ox3+Dq8cRytfRjbRp1bZv7y

fSa/bG7ZXHO8NudYLtR6vssxL4mXtQ+Nob2zw+4f5D/cZX30bSv5eL0er0EY

231m+H3+NHrf7b6ytqJ9vB3FGu8954f5fbmt2eapa3QTrZG4/uF6jOqlr8vN

pn76+r0Dk+0BtsfU+vp9udFteXa4et3k63fQc1DPqvO1n/cBbreT43Q1o37S

lO3g9hv7rL2XIzttPyQ9DNvnMEZrsd2s35C+hnHDvQ7h42TF+hXr434MY0Ux

wNi7OLE+h3OD9sGmyDg+F7D+XtuE/Pd54GMf+nA5savJYyngu8ONMT0ohtQv

li+47+P+j3LeY8bk1DLbhRz2c+gM5faXnBdu/9VRu3A+O78w8VgQ/9K575zO

fWzfER9rUT0z8v4Q711UR7F/l+PfOO583wo1jsa8ya9lscIx97WY5jzhqWX+

1zKcSFzo/OUBjnSP+3g1IczRXiaxbCKxCveN7UXeHpzjWBfNtch+I/sBx7uJ

2ujqA8s7Vh9I/gh9dkcdwwmvZ3WB1DorC+9bYQ2tAz7udj/x+JI4orz1e7sp

sM/zoDMUqSkoZ2pR7rEa4/FhvvD8cn3Dn238PuD53oRiifZfLfMR41/r9fD6
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u5Qj+vs2PM9cc2327e98R83/8Ec/CmToXJl1T0VztH8ov2b5GO6Rs46m2W9M

R0z/BZpRdMw8JZlzyk4guFeQ6GsPXa3ubRYXj7q7DOvf9Iyg29pqfFJ6kb3Y

fr5Wnx1mA38D2xle4jy3p4iwjKiNpoZh/x3fnJ9nco8I/oexM3XSvrPc4/kI

cXnPa47T2M9G4lCVwvwitrM8Vbk0R3NqZm7O+wM2Hj2q7CvKqVfctuLu07xv

swhXbtNcAa6Sr3PZf37oGkXTUb/D/cL34QzG4CjPjzkaA7YHHVaGoI65uj9f

vsbPxn7Pb6zWzqIa6+Q4GfHaf251fkHsFdSnBWZj9b4m2TQrrPFj1XvbhvpS

gKnXIfnKe7Gkw58JJDwEHOeLYhPaLOET2hLDaUGIGT+3LBD/JF83kktFOUPs

FXDgvsZ8L5vvxftzI7mVzn0b2V84dvKe4TLLx2Jz+Ub1FK9ZCPMuqNlF9oY+

l8G/ONd1neH9gPsU0xGXXS6vY3jpXsZrTBz32LzPB6kPFNtTbd+EazfWV0Rf

5uO2lNonG8onqWdFeCNni8Lzx/xm60OYg+X8kfagsOeCmEk+CfkyL+upVu/l

vLw0zn3VsIjLSX0r9a3qvsfyI/Wt1LcIpb6V+lbpeCM56XtFCX/T94r0vaLc

muI897+PLSxugJayOfN7rgqvND8n/MbPamu4LdV4NmOjxFPENze/4Gh23u8X

/W3YfGuGuw5+94C+/x8hdw7ofsTckeDv8UcJHTM0R/lmqV5JnpVhv2HbfcKJ

144YT9F8lAxmsxhDLNfeERpf5O/94X3SDMKmrA+4hpb1KzZfbVyyp8yacN7b

OuNywd+ruvcCDMrgQmoMl43vcYXxsH8U699sLuF9OIfyKvDD3TfP0fsisw8V

oVyj+yWOqdRryu6huIyF0jGL5g/Lh9j+s1SmD6h6uBjW8DK1s0yNLytXWlck

Pya3bE87lx6yEXm8T27Gvmp9K2bfxnpwOZ4i+zerb3N+L20Kk7LjsbhtxrdY

TKTzUqn4LJ4LvuncV5ZXqk1FMat6vtyAvRvNr3PVu9l9Gqvf5zteG9NRPa82

m3dFsS6zJpyP2yrVoHOp6XKdWQp4iuSX8ftcan6ZPAh/L0XXbw6TjedfXIbc

pzYTx9gaTmWxfSrPfaKs1Lc2htcG45n6VnlKfWtja8L51Lc2mgfh79S3LrW+

VVZuWZylWrsRfRvFdTM8MR9iObZROWXtO5caUW3ufOXy5v1+9n2vKGOvxLOw

tIxoST8Xl9h4AS3y9UuRcb4W61pi/Hx9EcVsLfJhyT8DX5fCtYuSPP0+n6+f

z2ukfmrS2KLv6vDNeA59P56bJ3dRs8cwoW/z7vs8fy4o+Za0DkzHDM0jmceM

vHnFM2vWaBk0J7wvi5oWzPvCEvHT+n0Mjy1gDDAtsLWyLL7W3295P2YJnsco

Xsc0TsSv+YVQz0KBD8ZvYv+8xYavD30PfVokcrW+xYznTfC+wOdxjvG4LRA7

yRj5vYBiwWMtxWEhIpPm4DGWk0X6i+Mv2USxC3GPreF7Eu3LOZo7R9nd56x5

+j3I98qC3ytSLsRsxfYgXKmM4rjIeYXlFuPv9zi1Ua6Hkbop1ezC2i3U1cjc

fLRfcBlLEdlL7Aky5fFyfcP4ivyal3gXuQ2CrFJ9zds5X7UPlcW+hI+BjDLn

gCJMy+Ad0nxgB8eTx30zZwCJZ6P80nrJTuRPNP6y7vlCPr5nC2wrPI+lc99G

z31V/ZP8WeR6yuZvgU+LiKJ7xPps8qkqxiw2Ab85+5aKW7WcKjvP86tErIJ6

HK6fD3TF4ifldzE+Un+aF+NdZHc1vKrtO6lHFvdKnC9xmWwfR22slsNFNkVi

UhTfahTkyUawZ/ylem2VfCkVt6K8kmwvKwfHumTdlGp2VTyKYl+lhqa+RfFP

fasKTqlvifpS36KyUt+qEp8q+ZL6lntP3yu8nel7hYTnRvtmGfs3wy+tj9XX

5YvwvSIWVyk2VO7SympOK9ly/lzOn0vquWrG7e8VRKtkDX73YytofT62zHkp

uTXLbG7Z2rQS2LaM1i0TH7A9q8SeZSJnBdlmiftBfcFzywiTxeXlbCnHcymX

tbgE7ysoFuYbsflmvGAIf2+GOU9LZo3nXwQSYrioyMwtLInr6R2A1mFlLaL8

UT4sr2gf0BPGlR42vmTmPJ8ZXzJrgnksI1wXyAY5DsNF941+nt/H2HsR820e

cHD+OZ+WnV6sa2lJto36T+0N55dDuUwv1iGtW0J4Of4lPLdM7JBk23jofND1

YonPLy0j+1hMl7xNNGYhHjh3lJ2Lyyg/l9x7aCfFgdq0QjFeCvMwnp907dIy

j5+x29qJ9prKm+BezuaS4UP1ktti4yP7gPEs4ENjPt5SLPweW+IYkDjT3FW/

F5cJH9ah+IL6v0LqMK7BtlZjfl6Lad3kY2jdcji2JNR6LlPqS76OU5lF/Yn2

HCNnWeht4K/1eTnscU7W8krQc1SsmJ1h/+P44R5D55e5XufLCpMj+L7M9UpY

c/krTvbySgz7cD3lp/bz2HJfPc7eN7nfr2Q87ssMv2Xmg8+VVeQXi8myPxtI

5wieM9L5gOqXcJVwW2H7Ap+FwpzB5yMec+ksRm1O575zOfctYR+5DwxzYuMy

s4X4gDBc5rhiWTZPZJ+x3TxGUp5IeUj3C9+vzM9laqeEY5ijguzlMJZh7qIa

b21cpjlL85r6sbwcl8/rH6+1dJ8yuUxvmI90ndinSD1aIXZIsnH9DOuNr3G0

JlG8w/oR1nUeV4sjwXx5NWInz11sE6tly2EexvOTrl1e4fHD9QTvt3gf8/tO

qvE8DjEf5Loi9W4uT46F32NSrZN7+4pbQ+sH2z9BbvOz0YU893FZ0t7HcUh9

K/UtqS6kvpX6VpgrGMfUt1LfOn99K6z1QWyEmPF/b43V7tA3lpvpewWTv5Kl

7xU8LuG+5D0nrMNh3KR6RvcFrV3hurBW4LhJNVPCisdiZW09W11dy1bXLK2r

54qhVYkM/4p95ms8P12/YviJPPu+aoj95vx4zOrD9qxwu9awfeuUb5X6tcLs

x36srFIfVo2N3L7l1dV8fFU9MS0tr5C42ae9p1iy90fmPoDmt+dfMfKtDv17

zemB3/xMsLTM9wuWuWrw9raurBhaXTXz+h37huO0GsQEEbKX2rxKY7rG8gjz

OVv0/vT3NPbbu38uWvwMH44BxWnV5xjWTfJk3ftgaxiyh+RXsDfWxRzzvOsk

f/A+WEW48lzENvMcc7SC5lws1wj+y0JcloVxu1ZatwwyV2RenEvLK1SP4llB

7/lvWnfoHrV4aN/XI/kSwcvwL1t7kX2knwX3Tcvkjsf9e2NOdn8sE7/RGN4H

1v6VEGeC90rxGPaT109avzD+a4ZCW2N2cCy5bFL3V4V4ReKi98N6IBPXUYxZ

UEtQfwnsWQ3jTmv8OrHZ1y60B9k+DHxbDeW7cd6jVteZzSGOK6sCDkwm/x3G

3/aqdXkdwpvXDz4e8KyiWDnM1mlcV2kd8+NhD+XY8pjyOirlOO41q0xekDuo

jsfOLitMVrCXVhl+OJcwBgiXwF6+X9coHz0v+ZrF7Qzn16n9axIWjC/IDySP

5Hs69+EejX2InfuCPYRyhs87vHj/F+qphL8fo5gHPkXk+RixOPN9HGBO4xSd

L7Q5xIL2iTDH/G+5rhKbWD2mdZLmfrCP2bnP+Sf0BMkHsnY1nMM5dS7nPqm2

4nqF5fEaKNkkxmyV4kDjtx6PDcqloMetrdPYsZob1DGLPetlpO7E8CL2rAf2

BbWK137s8yolXmukWrCySv2TddO10hi2L7Apmg/+rCXVRdEOhmW0BgkxK4rL

Zs99qW95eyQ53s7Ut1LfSn1LwjuMX+pbJD9T34rGJX2vkP2hdlKZ/HcY//S9

AseK5I5Q86L1RchnXEep7KfX9wrJ/iDfWDxXGc5r65VsfX09p0r+e90RHlt3

4/a94sbUs4LnsIwKkbcWzGGdFaSvQvR5ezx5mRX39GvM74psC/cz8LFSQXo4

PhXCu17Rc7YOakz9GWON1RNfE1cd2fsV9W7WrCFZa072uhvH5901p4vqw3JW

14HWkU3reszqqYS4kPhV1on/6xxrEquKw9Fi5GRX4rFYMziuEb9szUI4rVEM

+RzF3ttkYxXGlecOHVsPcFlnuWpzphLwrwW+hnnq10m8FWJjFDvk9yrKF2Vr

xftK92Ql0EX3JtNZobm4ynNzfd3Pofxcr4T+hTr4vse1JoyJj6mfWw9km98m

1/HeWUH70ObPqskznFe0rltMWc6z+udyo4L4KhRruj/DWqvrKscH5WOF78Ww

vq6T/W5rwBqypYIwxPoqDvd1xCfnsucL4mdxqWAseO55/WR9xfvp9geSsW5r

UgXVImR/2Ae8T3wv2v0R7k+af+vCWFj/cD+qOPvDmkn3ttTfwt5G6yiPFY6F

3D+5bl4bpHoY1nm7jvTtShyX8PwQ9k9bP3m+4bG1YI7nk5SvtC6E9T/MZx83

X2NCv0Ks1tdxLGyc+NoifMI8prFdR3264n7T2kHzD9cTnn/p3Hfu5z5eR2Ix

lfY53+O8d9A4ytiEe5710oqv675OIjmXyLkvGhOCeYXZEeHjOfsMPvfJfUuq

7TxOvOYVn/toT2O5GfRdmzuhfxfy3If7Eo+zVK9iZ6noHtzEuY/yVohuX1c5

PigfS577iI8VXAdQzbjEzn2pb8m2SPs99a0Ql9S3whimvoXrUupbfu+EfqS+

5etM+l4R9t1YP5B6QpCL6XuFsHelfKV1Iaz/YT77uPkaE/oVYrW+jmNh48TX

FuET5jGN7Trq0xX3Wz7vSbka5vea3UdE3npWOV7J6Tih43ascjx8VhAv/23e

j6tnJeThvBXQFY7BWpBxPMcn0Kl4C2Rz/TGqFMxXzHwRj5F/nGHj95rPp4r9

jQnt1UqF5p/nQU8rl6xn/BW2FuV1pbIu8K1HY3s8hh/hgecJeR7FEuMlxq1C

11H/cd1e8/tnjZ6JOB6AeWH8Y/ZK+Ub4KjTmxB9h31RQjhDc8O9KdD7AjdtI

9hy3tyLYGMbmeLCuxH5xcVpXczZm9Ldgl1RHYL9HYhOMV4S5wLdQXrinUE9Y

w3VZyCeUh3JuC/Epk3tSDhbkXaVSKeApsc8K9txxFOPjZfaFzTspZqQ+V9uH

IYZSLhx3NTmSq7Ga4myga48H9S4iI5qzVbAQ9ii24fhxhBP7HbWB5TjBpyje

FTQf1O8qeSLFC9st+cp7p1QzeWyL+gjHuay9Yn5E9lCQwxFZONaVKmclglUF

EcKsStzL1U/kV7Q38binc190X23i3BfYFu19nu94UX8+zuTi9dVqUQXXGckX

ppfUhIt37qN8FWpvLPfEHCxB1fpbwJfOfdzn0B/Pc6mc+/h60mdj+chqUgw/

cV2Z3JNysCDvni3nvmqYpL5VFNPUtwr32PHUt1Lf0jJS3xLWlck9KQcL8u7Z

0rfS94oCv1COE3yK4l1B80H9rpInUrzS94pL/ntF1Zou7mt/pjl96lR2KqfT

iPi7Gzsdjms67flOnxZ5JJmnC2WGfKJdp+NzgY4CXTH/TmHbT0f4sc+n/fjJ

UyezUycNnTKE3k+eLJg/ecq9x7A6hXRJMk5iWUwXiV2JGFB8ThM/8VxxnnAs

5VxxvOCD8eckx6sKxXKP5AnyoShHivJO8uGU5D8ey/Mluseq7Zdqec5z1MYr

sAHlbiSPq8WyeL8Vx1aMd1HeFGBq/RTtRe8n2d47eZLvuRjJtgQx2gBWsViD

7FNV8SuBrYrraSpfyvEYriT+p5HMTeTDKW8H8a1wn5wO4ivhJa2PxqcoZnYN

XxvLJxGH0K+g3rDY0TyQ8S3V24rGeH+K8Qq+nWLxi8mJ90ih1hkcXH4hvSLu

RFe8lp0qxF3IE+ZfWYrVqWjOnBLqqmCfs+W0vC6699z6SG5BDIRzWTr3PTXn

vlM8N9l79AwSxF+2/5Qgs7Dvi3Iu3XMfxvBUtRhXs13Kw3Tue1ad+3DunYrx

i3RatCWd+8rSZs59qW+lvpX6lpiHqW+lvpX6VjSP0veKgnwScUjfK8Iemb5X

XOjvFdE6ejrso6dOYRw8TUzPJEqU6FlIk5eADYkSJUqUKFGiRImeekrnvkSJ

EiVK9HSi1LcSJUqU6JlPG631W3bXXhi6ojb7fUV1m6c9nraKVL9JMnKRrufW

NKnnZn0tot8voC3oGaULFDMcL643jCX3MRbH4jwIcRLmCuwoWi/bUeBL1Fe+

Pp6zYcyr5XkJnoJcf+5eoAZCW/cyPsKD9gCRXyfsi03k6gXM10SJEiV6ttNz

tu9+yuhi+5YoUaJEiZ559FT2rUSJEm2eLnZtSJQoUaJEiST6/wFtJUc4

    "], {{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",
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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],
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Cell[BoxData[

 ButtonBox[

  PaneSelectorBox[{False->Cell[BoxData[

    GraphicsBox[RasterBox[CompressedData["

1:eJztmjlPZFcQhZH8H5z7LzmYFGkSyAwZkEEGZEDEkrBEbAEgAjCLxS6xCbEP

Bnu8SAYaRoIEhPDnPqJcvm/p17THyJp3pGnVPbdu1bl1T7dGo/nm/Xffvv+q

qqrqa/78wJ+/4ufn56enp4eHh7u7u9vb25ubm0KhcFNEoQiCT0Wwa4wA88kh

WCYhKS39eKAtCUFCSUmW4AN/96T6sY30qa1gUCk6NdiUK8Q+ij9riFZOR5YZ

xu5yFsNgG8zzXMTV1dX5+fmHHDnKBLbBPHLR2dnZW8vJ8X8F5pGLbJkjRxbI

LfZpv0U5crwauYuEpaWlmZkZPt9ayN/Y39+fKeKthZSGXPRj+WhoaHjnwHJi

YsJ2mUBra2t1dTVbzc3NvI5tQZKsWLu+Znd3t+LZ2Vl2fZBSFlIyCIaHhwnI

hEdSTU0Ny46ODl/cgyLKEYitbFI7JOkIu6ps12HLKtNOaXV1dTYcApaQlOWs

dEbBlkkik0t5wYgRjwCrAK9H4dOrKtmRg/39/cr0j5gdctG5A+R5BiCyra3t

+xcQo5PAdhkgd5+cnCRG/8HBATzL6iKISdYDaUunenp6FMe6yMpyWZVlJkxA

cyZTw9cAdZCnJNDYoy7iOGfZ3dzcZMkn70KLlHbwkLwL+lGrL4U0+wloi7Mw

UrW1tUUsQxKwRQJzi87WzhIzHJacYnRaqiNLElCi7uJVWfniM3bkOpxCIQl2

hRQEJom6KCP8iwvIQwwBYvw8dUHNpK0IlsvLywMDA3omzSeoqev7IKksdShi

VqS+BmiBQHIgGHBWlvZQl5RbeN538TySKO6Ho++al8QQ7O4GGvk6wWzlBLus

hoPUgMc2sUOI7Wh12GVEfpgZIRddFMHyIjMaGxvp6JmVlRWUbG9vS1JsMgqn

pqZYjoyMcFNI+Spa04pEg6Ds4eGhfrEp3viCqMKoYIBaZHtGXSBTbqFXFgmj

dgHvY19BRTyCHOaDH6I64YN2vlHA2zJLR4HnYIwEdO/s7IzNSYJ3UVmIfRTd

SPPncY3XD6ZsBi/z6MfTDy2Li6JlFVOcUvoq2QD9NHxyFBznp4MjtJCrU9pl

dJHePRiat7rMH+REfRLs6q0F5JmLPM/FbQglO14UXcor8NXWcwTfrJKQi34q

H0jq7e0NSBTOzc0RyM8iEQa/uroK09LSAkOO/tqpBJLJUU34o6Mj4sHBQSWQ

7DOjZXd2duDVF2iAqmDVVCQqGFDBfsrwj9VJauevCaipduItn5saTzKl0Ikk

ekkSoJ0G4uELxqqVP+2yVDZe8qgPaUMo2VFqAWkMgSNJ3ZMgF/1cPuQizzAl

LsIn8ejoKHFtba0eqL29HZIlvJIhqaC4vQjVJJ80/SaInJ+fJ1ZmbFlVUEHx

6nJ8fMxS8+STU4FguwhYW1uLbiW1I0aVYj268WRaQTX1d1E7SWKLINqXpvAp

k9dlNSi7rB8CxyUjY0cYLMS4KIUtU1onQS76WD5Q1dfX55muri502nJ3d3do

aIgcRIpZWFg4OTlRDEmCZSpHJGmcGhsbs1MMJ6WsMD093VcE+UbSjjqQnIoK

FijujxCTmd7OX8TEG28aiHUWbVGpbFkRD8hA0sfItOmoCjZDX1kD9LdI71g5

KnER5l94gb4Iwbj+FQQuejWSXATPN1HPwWd9fT3LyttVAr6P/GjoeyRbRn2V

jsBFnxty0S/lo6mp6Z0Dw8dCr6hTEnJR5XUQzGyj/Pr6OuLtIqSdnp5W3q5C

IFX/mKZ/LRwfHy/3OBf5TNqikIt+/eKxsbGxuLi4t7f31kL+gcUiMib/Z54B

QevcRTkqh1z0W44cFcBc9HuOHK+Cuejq6kqmSsnMnZYjgFxh/2P28fHx/v6+

UChcXl7+EQf46+vrpN0cXyAwA4bBNpgHC/0JwypFcA==

      "], {{0, 0}, {194, 22}}, {0, 255},

      ColorFunction->RGBColor],

     ImageSize->{194, 22},

     PlotRange->{{0, 194}, {0, 22}}]]], True->Cell[BoxData[

    GraphicsBox[RasterBox[CompressedData["

1:eJztmjtPLEcQhZH8H5z7LzlwinQjiCwIIYQQyICMRwRkPCIQCRgIeCa8At6S

vetrW2aXlTYAhD/PEeW63TOzu4wxsj1HYlVdXV11qvrMLEJ88+n7bz991dXV

9TU/m/z8ab+8vDw/Pz8+PjabzUaj8fDwUK/XHxLUE2A0XmEeofHPwnPLQhBQ

pFBqLT+crELaCgaVw9OOZGVOvRR/1hBnbtlpyxmm7nIWwSAbxPOSoFarVSqV

H0uU6BDIBvFIRR/NpcS/G6WKShRHqaISxVGqSNjd3d3Y2ODzo4n8hYuLi40E

H02kNaSinzrHwMDAdw4sV1dXbffy8nJkZKS7u5utoaGhvb0928JJsGzt+pxT

U1OyNzc32fVGTlqcooGxuLiIQSR+KPX09LAcHx/3yT1IohgB29JmlYOSjrCr

zNYOW5aZcgrr6+uz4WCwxElazopnDLaMEpE05QlDRn4IWAb8uhQ+PauWFTk4

NzenSH+J7UMqqjjgrLQBSI6Ojv7wCmx4YtguA6T3tbU1bPhfXV3hZ9mdAJtg

XZC2dGp6elp2qoosLc0qLTNhApozkRq+BqiDXCWGxh6riOOcZff4+Jgln9wL

JXLK4cfJvcAftnooxNlPQFucxTMxMcHWyckJtgSJwRYBzC2erZ3FZjgsOcXo

tFRFlgTARNXlV2bFy99mRdrhFAwJsBZyEIgkVlGb8DcuQA8yGJDx81SDmslo

Apb7+/vcvq5J8wlyqn1vZKUlD0lMiuTXAM0QCA4IAykwcKpKThfe76t4P5RI

7oejZ81TYgjWu4FCPk8wWynBmtVwoBr4kU3qEFIrWh52GZEfZpuQiqoJWFbb

xuDgIBW95+DgACanp6eilBoszbBcWloaHh7GKV3FOS1JbARpr6+v9cYm+eAr

YoYxYQBbaHuPquDM6UK3LCcelQv83vYZlMQjiNHrOuaJPyjnCwV+W7ZTUeA6

GCMG1Xl5psZkwauoI6ReijrS/Llc8+uFKZnhl3j08vRDa0dFcVrZJCeVHiUb

oJ+GD47B8fn5eY5QQqrOKdeminTvwdC81CX+ICbWSbCruxagZyryfhq3IbSs

WE1Uyi3waOs6gierJd5DRdUv9QwxPd14EHw1uSD92qkAgjVwtayL407jV1Bq

Wk3Ars8GSAbLpiSpKiKDvcr0vWNbqeWquSqyeDo1v34DhCeUqGXKpJwG4pGv

Ij2Jpk/K6RmUX/TIj9OG0LKi2ALCGAJHsqpnQSr6uXNAcmZmxnvOzs5ohE/s

5eVl3Ut/f7+ebpws8SsYJxlk60tNOYnXs2Ontra2sBWZmlYZlFB+Vbm5uWGp

efLJqYCwNQKYf7yVVQ4bVrLJaY3gJ9ISqqjvReVEiS099XFR/DmTV7MalDXr

h8Bx0WizIh4kxLhINTk5mVM6C1LR584hFXkPBHp7e22JnBYWFog5PDyUZ3t7

+/b2VjZOAixSMXISxik6slMMJyetsL6+PpOAeHNSjjw4ORUTFkjuj2ATmV/O

N2LkzW8csHUWbjFVtiyJB86A0udo2lRUBpuhz6wB+i7yKxZHERWNjY1tvwKb

3oNx/S0IVPRmZKkIP0+iroNPnmKWxcsVAc8jLw09R5JlrKt8BCp6b0hFv3QO

vagNDB8JvSFPS+zs7JC/eB4Iz87Oxv6joyN9YQmE3d3dFS9XEFDVH9P018KV

lZVOj9PIO3GL8WYV/ceAlpDr+fn5RxP5AjsJPppFa5QqKlEcUtGvJUoUgKno

txIl3gRTUa1Wk6hyIkullQggVdh/zD49PTWbzXq9fn9//3sa8BOctVvifwjE

gGCQDeJBQn8AEYN5ZQ==
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 FontFamily->"Verdana",

 FontSize->9,

 FontColor->GrayLevel[0.6],

 CellTags->"Copyright"]

},

Editable->False,

Saveable->False,

ScreenStyleEnvironment->"Working",

CellInsertionPointCell->None,

CellGrouping->Manual,

WindowSize->{650, 650},

WindowMargins->{{0, Automatic}, {Automatic, 0}},

WindowElements->{

 "StatusArea", "MemoryMonitor", "MagnificationPopUp", "VerticalScrollBar", 

  "MenuBar"},

WindowTitle->"Single-Share Password-Protected Visual Cryptography via \

Cellular Automata",

DockedCells->{},

CellContext->Notebook,

FrontEndVersion->"8.0 for Microsoft Windows (32-bit) (February 23, 2011)",

StyleDefinitions->Notebook[{

   Cell[

    CellGroupData[{

      Cell[

      "Demonstration Styles", "Title", 

       CellChangeTimes -> {

        3.3509184553711*^9, {3.36928902713192*^9, 3.36928902738193*^9}, {

         3.3754479092466917`*^9, 3.3754479095123196`*^9}, {

         3.375558447161495*^9, 3.375558447395873*^9}, {3.37572892702972*^9, 

         3.375728927639103*^9}}], 

      Cell[

       StyleData[StyleDefinitions -> "Default.nb"]], 

      Cell[

       CellGroupData[{

         Cell[

         "Style Environment Names", "Section", 

          CellChangeTimes -> {{3.369277974278112*^9, 3.369277974396138*^9}}], 

         Cell[

          StyleData[All, "Working"], ShowCellBracket -> False]}, Closed]], 

      Cell[

       CellGroupData[{

         Cell[

         "Notebook Options", "Section", 

          CellChangeTimes -> {{3.374865264950812*^9, 3.374865265419568*^9}}], 

         Cell[

         "  The options defined for the style below will be used at the \

Notebook level.  ", "Text"], 

         Cell[

          StyleData["Notebook"], Editable -> True, 

          PageHeaders -> {{None, None, None}, {None, None, None}}, 

          PageFooters -> {{None, None, None}, {None, None, None}}, 

          PageHeaderLines -> {False, False}, 

          PageFooterLines -> {False, False}, 

          PrintingOptions -> {

           "FacingPages" -> False, "FirstPageFooter" -> False, 

            "RestPagesFooter" -> False}, CellFrameLabelMargins -> 6, 

          DefaultNewInlineCellStyle -> "InlineMath", DefaultInlineFormatType -> 

          "DefaultTextInlineFormatType", ShowStringCharacters -> True, 

          CacheGraphics -> False, StyleMenuListing -> None, 

          DemonstrationSite`Private`CreateCellID -> True, 

          DemonstrationSite`Private`TrackCellChangeTimes -> False]}, Closed]], 

      Cell[

       CellGroupData[{

         Cell[

         "Input/Output", "Section", 

          CellChangeTimes -> {{3.3756313297791014`*^9, 

           3.3756313299509783`*^9}}], 

         Cell[

         "The cells in this section define styles used for input and output \

to the kernel.  Be careful when modifying, renaming, or removing these \

styles, because the front end associates special meanings with these style \

names.    ", "Text"], 

         Cell[

          StyleData["Input"], CellMargins -> {{48, 4}, {6, 4}}], 

         Cell[

          StyleData["Output"], CellMargins -> {{48, 4}, {6, 4}}], 

         Cell[

          StyleData["DemonstrationHeader"], Deletable -> False, 

          CellFrame -> {{0, 0}, {0, 0}}, ShowCellBracket -> False, 

          CellMargins -> {{0, 0}, {30, 0}}, 

          CellGroupingRules -> {"SectionGrouping", 20}, 

          CellHorizontalScrolling -> True, 

          CellFrameMargins -> {{0, 0}, {0, 0}}, CellFrameColor -> 

          RGBColor[0, 0, 0], StyleMenuListing -> None, Background -> 

          RGBColor[0, 0, 0]], 

         Cell[

          StyleData["ShowSource"], CellFrame -> {{0, 0}, {0, 1}}, 

          ShowCellBracket -> False, CellMargins -> {{48, 48}, {8, 28}}, 

          CellFrameMargins -> {{48, 48}, {6, 8}}, CellFrameColor -> 

          RGBColor[0.87, 0.87, 0.87], StyleMenuListing -> None, FontFamily -> 

          "Helvetica", FontSize -> 10, FontWeight -> "Bold", FontSlant -> 

          "Plain", FontColor -> RGBColor[1, 0.42, 0]]}, Closed]], 

      Cell[

       CellGroupData[{

         Cell[

         "Basic Styles", "Section", 

          CellChangeTimes -> {{3.34971724802035*^9, 3.34971724966638*^9}, {

           3.35091840608065*^9, 3.35091840781999*^9}, {3.35091845122987*^9, 

           3.35091845356607*^9}, {3.35686681885432*^9, 3.35686681945788*^9}, {

           3.375657418186455*^9, 3.375657418452083*^9}}], 

         Cell[

          StyleData["Hyperlink"], StyleMenuListing -> None, FontColor -> 

          GrayLevel[0]], 

         Cell[

          StyleData["SiteLink"], StyleMenuListing -> None, 

          ButtonStyleMenuListing -> Automatic, FontColor -> 

          GrayLevel[0.45098], 

          ButtonBoxOptions -> {

           Active -> True, Appearance -> {Automatic, None}, 

            ButtonFunction :> (FrontEndExecute[{

               NotebookLocate[#2]}]& ), ButtonNote -> ButtonData}], 

         Cell[

          StyleData["Link"], FontColor -> GrayLevel[0.45098]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["DemoNotes"], CellFrame -> True, 

             CellMargins -> {{0, 0}, {0, 0}}, 

             CellFrameMargins -> {{48, 48}, {4, 4}}, CellFrameColor -> 

             GrayLevel[0.99], StyleMenuListing -> None, FontFamily -> 

             "Verdana", FontSize -> 10, FontColor -> GrayLevel[0.45098], 

             DemonstrationSite`Private`ReturnCreatesNewCell -> True], 

            Cell[

             StyleData["DemoNotes", "Printout"], 

             CellMargins -> {{24, 0}, {0, 10}}, FontSize -> 9]}, Open]], 

         Cell[

          StyleData["SnapshotsSection"], CellFrame -> {{0, 0}, {0, 2}}, 

          ShowCellBracket -> False, ShowGroupOpener -> True, 

          CellMargins -> {{48, 48}, {10, 30}}, 

          PrivateCellOptions -> {"DefaultCellGroupOpen" -> False}, 

          CellGroupingRules -> {"SectionGrouping", 30}, 

          CellFrameMargins -> {{8, 8}, {8, 2}}, CellFrameColor -> 

          RGBColor[0.870588, 0.521569, 0.121569], DefaultNewCellStyle -> 

          "SnapshotCaption", StyleMenuListing -> None, FontFamily -> 

          "Verdana", FontSize -> 12, FontColor -> GrayLevel[0.45098]], 

         Cell[

          StyleData[

          "SnapshotCaption", StyleDefinitions -> StyleData["DemoNotes"]], 

          ShowCellBracket -> False], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["SnapshotOutput"], ShowCellBracket -> False, 

             CellMargins -> {{48, 10}, {5, 7}}, Evaluatable -> True, 

             CellGroupingRules -> "InputGrouping", PageBreakWithin -> False, 

             GroupPageBreakWithin -> False, DefaultFormatType -> 

             DefaultInputFormatType, ShowAutoStyles -> True, 

             "TwoByteSyntaxCharacterAutoReplacement" -> True, 

             HyphenationOptions -> {

              "HyphenationCharacter" -> "\[Continuation]"}, 

             AutoItalicWords -> {}, LanguageCategory -> "Mathematica", 

             FormatType -> InputForm, NumberMarks -> True, 

             LinebreakAdjustments -> {0.85, 2, 10, 0, 1}, CounterIncrements -> 

             "Input", MenuSortingValue -> 1500, MenuCommandKey -> "9", 

             DemonstrationSite`Private`StripStyleOnPaste -> True], 

            Cell[

             StyleData["SnapshotOuput", "Printout"], 

             CellMargins -> {{39, 0}, {4, 6}}, 

             LinebreakAdjustments -> {0.85, 2, 10, 1, 1}]}, Open]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["DemoTitle"], Deletable -> False, ShowCellBracket -> 

             False, CellMargins -> {{48, 48}, {22, 10}}, 

             CellGroupingRules -> {"SectionGrouping", 20}, StyleMenuListing -> 

             None, FontFamily -> "Verdana", FontSize -> 20, FontWeight -> 

             "Bold", FontColor -> RGBColor[0.597406, 0, 0.0527047], 

             Background -> GrayLevel[1]], 

            Cell[

             StyleData["DemoName", "Printout"], 

             CellMargins -> {{24, 8}, {8, 27}}, 

             HyphenationOptions -> {"HyphenationCharacter" -> "-"}, FontSize -> 

             16]}, Open]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["DetailsSection"], CellFrame -> {{0, 0}, {1, 0}}, 

             ShowCellBracket -> False, CellMargins -> {{48, 48}, {8, 28}}, 

             CellGroupingRules -> {"SectionGrouping", 25}, 

             CellFrameMargins -> {{48, 48}, {6, 8}}, CellFrameColor -> 

             RGBColor[0.87, 0.87, 0.87], StyleMenuListing -> None, FontFamily -> 

             "Helvetica", FontSize -> 12, FontWeight -> "Bold", FontColor -> 

             RGBColor[0.597406, 0, 0.0527047]], 

            Cell[

             StyleData["DetailsSection", "Printout"], 

             CellMargins -> {{12, 0}, {0, 16}}, PageBreakBelow -> False, 

             FontSize -> 12]}, Open]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["DemoSection"], CellFrame -> {{0, 0}, {1, 0}}, 

             ShowCellBracket -> False, CellMargins -> {{48, 48}, {8, 28}}, 

             CellGroupingRules -> {"SectionGrouping", 30}, 

             CellFrameMargins -> {{48, 48}, {6, 8}}, CellFrameColor -> 

             RGBColor[0.87, 0.87, 0.87], StyleMenuListing -> None, FontFamily -> 

             "Helvetica", FontSize -> 12, FontWeight -> "Bold", FontColor -> 

             RGBColor[0.597406, 0, 0.0527047]], 

            Cell[

             StyleData["DemoSection", "Printout"], 

             CellMargins -> {{12, 0}, {0, 16}}, PageBreakBelow -> False, 

             FontSize -> 12]}, Open]], 

         Cell[

          StyleData["ManipulateSection"], CellFrame -> {{0, 0}, {0, 2}}, 

          ShowCellBracket -> False, CellMargins -> {{48, 48}, {10, 30}}, 

          CellGroupingRules -> {"SectionGrouping", 30}, 

          CellFrameMargins -> {{8, 8}, {8, 2}}, CellFrameColor -> 

          RGBColor[0.870588, 0.521569, 0.121569], StyleMenuListing -> None, 

          FontFamily -> "Verdana", FontSize -> 12], 

         Cell[

          StyleData["ManipulateCaptionSection"], 

          CellFrame -> {{0, 0}, {0, 2}}, ShowCellBracket -> False, 

          CellMargins -> {{48, 48}, {10, 30}}, 

          CellGroupingRules -> {"SectionGrouping", 30}, 

          CellFrameMargins -> {{8, 8}, {8, 2}}, CellFrameColor -> 

          RGBColor[0.870588, 0.521569, 0.121569], DefaultNewCellStyle -> 

          "ManipulateCaption", StyleMenuListing -> None, FontFamily -> 

          "Verdana", FontSize -> 12, FontColor -> GrayLevel[0.45098]], 

         Cell[

          StyleData["ManipulateCaption"], ShowCellBracket -> False, 

          CellMargins -> {{48, 48}, {10, 16}}, StyleMenuListing -> None, 

          FontFamily -> "Verdana", FontSize -> 12, FontColor -> GrayLevel[0], 

          DemonstrationSite`Private`ReturnCreatesNewCell -> True], 

         Cell[

          StyleData[

          "SeeAlsoSection", StyleDefinitions -> StyleData["DemoSection"]], 

          ShowCellBracket -> False, DefaultNewCellStyle -> "SeeAlso"], 

         Cell[

          StyleData["SeeAlso", StyleDefinitions -> StyleData["DemoNotes"]], 

          CellDingbat -> 

          Cell["\[FilledSmallSquare]", FontColor -> 

            RGBColor[0.928786, 0.43122, 0.104662]], ShowCellBracket -> False, 

          FontColor -> GrayLevel[0.45098]], 

         Cell[

          StyleData[

          "RelatedLinksSection", StyleDefinitions -> 

           StyleData["DemoSection"]], ShowCellBracket -> False, 

          DefaultNewCellStyle -> "RelatedLinks"], 

         Cell[

          StyleData[

          "RelatedLinks", StyleDefinitions -> StyleData["DemoNotes"], 

           FontColor -> RGBColor[0.928786, 0.43122, 0.104662]], 

          ShowCellBracket -> False, FontColor -> GrayLevel[0.45098]], 

         Cell[

          StyleData[

          "CategoriesSection", StyleDefinitions -> StyleData["DemoSection"]], 

          ShowCellBracket -> False, DefaultNewCellStyle -> "Categories"], 

         Cell[

          StyleData["Categories", StyleDefinitions -> StyleData["DemoNotes"]],

           ShowCellBracket -> False], 

         Cell[

          StyleData[

          "AuthorSection", StyleDefinitions -> StyleData["DemoSection"]], 

          ShowCellBracket -> False, CellMargins -> {{48, 48}, {4, 18}}, 

          CellElementSpacings -> {"CellMinHeight" -> 3}, 

          CellFrameMargins -> {{48, 48}, {6, 3}}, DefaultNewCellStyle -> 

          "Author", FontSize -> 1, FontColor -> GrayLevel[1]], 

         Cell[

          StyleData[

          "Author", StyleDefinitions -> StyleData["DemoNotes"], FontColor -> 

           GrayLevel[0.64]], ShowCellBracket -> False], 

         Cell[

          StyleData[

          "DetailNotes", StyleDefinitions -> StyleData["DemoNotes"]], 

          ShowCellBracket -> False, FontColor -> GrayLevel[0]], 

         Cell[

          StyleData[

          "CitationSection", StyleDefinitions -> StyleData["DemoSection"]], 

          ShowCellBracket -> False, CellMargins -> {{48, 48}, {8, 14}}, 

          DefaultNewCellStyle -> "Categories"], 

         Cell[

          StyleData["Citations", StyleDefinitions -> StyleData["DemoNotes"]], 

          ShowCellBracket -> False, ParagraphSpacing -> {0, 6}], 

         Cell[

          StyleData[

          "RevisionSection", StyleDefinitions -> StyleData["DemoSection"]], 

          DefaultNewCellStyle -> "RevisionNotes"], 

         Cell[

          StyleData[

          "RevisionNotes", StyleDefinitions -> StyleData["DemoNotes"]], 

          ShowCellBracket -> False]}, Closed]], 

      Cell[

       CellGroupData[{

         Cell[

         "Specific Styles", "Section", 

          CellChangeTimes -> {{3.34971724802035*^9, 3.34971724966638*^9}, {

           3.35091840608065*^9, 3.35091840781999*^9}, {3.35091845122987*^9, 

           3.35091845356607*^9}, {3.36230868322317*^9, 3.36230868335672*^9}, {

           3.36928857618576*^9, 3.36928857640452*^9}, {3.3737586217185173`*^9,

            3.373758622077897*^9}}], 

         Cell[

          StyleData["InitializationSection"], CellFrame -> {{0, 0}, {0, 2}}, 

          ShowCellBracket -> False, CellMargins -> {{48, 48}, {10, 30}}, 

          CellGroupingRules -> {"SectionGrouping", 30}, 

          CellFrameMargins -> {{8, 8}, {8, 2}}, CellFrameColor -> 

          RGBColor[0.870588, 0.521569, 0.121569], StyleMenuListing -> None, 

          FontFamily -> "Verdana", FontSize -> 12, FontColor -> 

          GrayLevel[0.45098]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["AnchorBar"], ShowCellBracket -> False, 

             CellMargins -> {{48, 44}, {3, 6}}, StyleMenuListing -> None, 

             FontFamily -> "Verdana", FontSize -> 9, FontColor -> 

             GrayLevel[0.5]], 

            Cell[

             StyleData["AnchorBar", "Presentation"], FontSize -> 18], 

            Cell[

             StyleData["AnchorBar", "SlideShow"], StyleMenuListing -> None], 

            Cell[

             StyleData["AnchorBar", "Printout"], FontSize -> 9]}, Open]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["AnchorLink"], StyleMenuListing -> None, 

             ButtonStyleMenuListing -> Automatic, FontColor -> 

             RGBColor[0.5, 0.5, 0.5], 

             ButtonBoxOptions -> {

              Active -> True, ButtonFunction :> (FrontEndExecute[{

                  FrontEnd`NotebookLocate[#2]}]& ), ButtonNote -> 

               ButtonData}], 

            Cell[

             StyleData["AnchorLink", "Printout"], 

             FontVariations -> {"Underline" -> False}, FontColor -> 

             GrayLevel[0]]}, Open]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["GamePadStatus"], ShowCellBracket -> False, 

             CellMargins -> {{48, 48}, {5, 5}}, StyleMenuListing -> None, 

             FontFamily -> "Verdana", FontSize -> 10], 

            Cell[

             StyleData["GamePadStatus", "Printout"], 

             CellMargins -> {{24, 0}, {0, 10}}, FontSize -> 9]}, Open]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["DemoInstruction"], CellMargins -> {{48, 48}, {5, 5}}, 

             CellFrameLabelMargins -> 2, MenuSortingValue -> 800, 

             MenuCommandKey -> "8", StyleMenuListing -> None, FontFamily -> 

             "Verdana", FontSize -> 11, Background -> RGBColor[1, 0.85, 0.5], 

             DemonstrationSite`Private`ReturnCreatesNewCell -> True], 

            Cell[

             StyleData["DemoInstruction", "Printout"], 

             CellMargins -> {{24, 0}, {0, 10}}, Hyphenation -> True, 

             HyphenationOptions -> {"HyphenationCharacter" -> "-"}, 

             LineSpacing -> {1., 2, 2.}, FontSize -> 9]}, Open]], 

         Cell[

          StyleData[

          "ImplementationSection", StyleDefinitions -> 

           StyleData["DemoSection"]], Deletable -> True, DefaultNewCellStyle -> 

          "ImplementationNotes"], 

         Cell[

          StyleData[

          "ImplementationNotes", StyleDefinitions -> StyleData["DemoNotes"]]], 

         Cell[

          StyleData[

          "StatusSection", StyleDefinitions -> StyleData["DemoSection"]], 

          DefaultNewCellStyle -> "StatusNotes"], 

         Cell[

          StyleData[

          "StatusNotes", StyleDefinitions -> StyleData["DemoNotes"]]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["SectionGloss"], StyleMenuListing -> None, FontSize -> 

             0.85 Inherited, FontWeight -> "Plain", FontColor -> 

             GrayLevel[0.6]], 

            Cell[

             StyleData["SectionGloss", "Printout"]]}, Open]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["InlineFormula"], 

             "TwoByteSyntaxCharacterAutoReplacement" -> True, 

             HyphenationOptions -> {

              "HyphenationCharacter" -> "\[Continuation]"}, LanguageCategory -> 

             "Formula", AutoSpacing -> True, ScriptLevel -> 1, 

             AutoMultiplicationSymbol -> False, SingleLetterItalics -> False, 

             SpanMaxSize -> 1, StyleMenuListing -> None, FontFamily -> 

             "Courier", FontSize -> 1.05 Inherited, 

             ButtonBoxOptions -> {Appearance -> {Automatic, None}}, 

             FractionBoxOptions -> {BaseStyle -> {SpanMaxSize -> Automatic}}, 

             GridBoxOptions -> {

              GridBoxItemSize -> {

                "Columns" -> {{Automatic}}, "ColumnsIndexed" -> {}, 

                 "Rows" -> {{1.}}, "RowsIndexed" -> {}}}], 

            Cell[

             StyleData["InlineFormula", "Printout"], 

             CellMargins -> {{2, 0}, {0, 8}}]}, Open]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["InlineOutput"], CellHorizontalScrolling -> True, 

             "TwoByteSyntaxCharacterAutoReplacement" -> True, 

             HyphenationOptions -> {

              "HyphenationCharacter" -> "\[Continuation]"}, LanguageCategory -> 

             None, AutoMultiplicationSymbol -> False, StyleMenuListing -> 

             None, FontFamily -> "Courier", FontSize -> 1.05 Inherited], 

            Cell[

             StyleData["InlineOutput", "Printout"], 

             CellMargins -> {{2, 0}, {0, 8}}]}, Open]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["InlineMath"], DefaultFormatType -> 

             "DefaultTextFormatType", DefaultInlineFormatType -> 

             "TraditionalForm", LanguageCategory -> "Formula", AutoSpacing -> 

             True, ScriptLevel -> 1, AutoMultiplicationSymbol -> False, 

             SingleLetterItalics -> True, SpanMaxSize -> DirectedInfinity[1], 

             StyleMenuListing -> None, FontFamily -> "Times", FontSize -> 

             1.05 Inherited, 

             ButtonBoxOptions -> {Appearance -> {Automatic, None}}, 

             GridBoxOptions -> {

              GridBoxItemSize -> {

                "Columns" -> {{Automatic}}, "ColumnsIndexed" -> {}, 

                 "Rows" -> {{1.}}, "RowsIndexed" -> {}}}], 

            Cell[

             StyleData["InlineMath", "Printout"], 

             CellMargins -> {{2, 0}, {0, 8}}]}, Open]], 

         Cell[

          CellGroupData[{

            Cell[

             StyleData["TableBase"], CellMargins -> {{48, 48}, {4, 4}}, 

             SpanMaxSize -> 1, StyleMenuListing -> None, FontFamily -> 

             "Courier", FontSize -> 11, 

             ButtonBoxOptions -> {Appearance -> {Automatic, None}}, 

             GridBoxOptions -> {

              GridBoxAlignment -> {

                "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 *)



SMART Notebook


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Attachments Page 1

