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Part 1: Project Description

A. Definition and Requirements:  The task of my project was to explore and implement a process that constructs n images from a given image so that the ‘secret’ of the original image can be obtained only by superimposing k or more of the encrypted images.  This technique is called Visual Cryptography and there are several specific types of Visual Cryptography Schemes (VCS’s) that I was assigned to investigate.  A VCS where any k or more of the n encrypted images can reconstruct the ‘secret’ image is called a (k, n)-threshold VCS.  Specific cases I studied included (2,2), (2, n), (n, n), and (k, n)-threshold VCS’s.  Furthermore, I studied VCS’s with a general access structure, which means only specific subsets of the n images can reconstruct the ‘secret’.
B. Solution(s):  I researched VCS’s by reading Doug Stinson’s essays (http://www.cacr.math.uwaterloo.ca/~dstinson/visual.html).  Stinson and Co. defined algorithms for constructing the VCS’s required for my project and they also proved that some of these algorithms produced VCS’s with optimal contrast bounds.  They also studied more specific threshold schemes such as (3, 5) and (3, 7)-threshold VCS’s but I was more interested in the general cases.  I outlined each of the algorithms I used on my project web page under Schemes.  Doug Stinson and Co. also defined a construction for an Extended VCS in which the encrypted shares have ‘innocent’ looking images embedded into them so that they don’t look completely random.  However, when qualified groups of shares are overlaid these ‘innocent’ images disappear and the ‘secret’ image is revealed.  I implemented all of these algorithms in my Visual Encryptor program.
C. Exceptions:  One of the requirements of my project was to explore methods of increasing the contrast of the “secret” versus the background of the reconstructed image but, as I said before, Doug Stinson and Co. already proved that most of their construction algorithms produced optimal contrast bounds, except for specific cases (like the (3,n) or (4,n)-threshold VCS) but my project was focused on more general cases.  The Extended VCS algorithm I implemented fails to achieve optimal contrast.  The algorithm Stinson and Co. gave does achieve optimal contrast if q=χ(H) (the chromatic number) in the ​q​-coloring of the hypergraph H used in the construction.  However, I simply used the trivial q-coloring because it is a NP-complete to find the chromatic number of a hypergraph.  Another requirement was for me to explore methods of extending the algorithms to colored VCS’s.  This has also been attempted already but only recently and though I found a construction method that was elegant and efficient it is yet to be proven what the optimal contrast bounds are for such a scheme.  This algorithm could probably be implemented into my program without much difficulty.  However, the semester is nearly over and I must think of wrapping my project up rather than extending it at this point.
D. Methodology:  I began my project by thoroughly reading Stinson and Co.’s papers on VCS’s for the first few weeks.  Dr. McVey gave me the shell of a program that one of her former students developed so that I wouldn’t have to start from scratch on mine.  However, following Dr. Pankratz’s suggestion, I essentially did start from scratch, which, ultimately, I think worked out much better.  I started by writing a simple C++ program in console mode to implement a (2, 2)-threshold VCS on a text file, where 1’s and 0’s represented black and white pixels, respectively.  I then extended the program to create the other required schemes.  Once all of the construction schemes worked for encrypting text files, I wrote a Bitmap class that could read in any bitmap file and write out black & white bitmaps.  After that, I worked on implementing an Extended VCS.  Lastly, I had to create a GUI.  I never used MFC before so I went to Dr. McVey a lot to get help with this phase.  She suggested that I begin by combining two example MFC programs: one that had a menu and one that displayed a bitmap file.  After that, I began modifying the menu to perform the functions necessary for creating a VCS.  I also modified the program to use the bitmap class I had created rather than the Cbitmap class MFC has so that I could read in files without having them in the resource file.  Next I imported the functions from my old console program to encrypt the bitmap files I opened in the windows program.  I also created a toolbar with combo boxes to select the desired VCS and pixel expansion method on the shares.  Finally, to make the interface more user-friendly I added a function that combines shares and stores the superimposed image in a new file and I made another combo-box which lists all of the pictures that the user has open so that they can quickly and easily switch between pictures.
Part 2: Demonstration

Let’s say you wanted to encode the secret image SI and distribute it between 4 participants so that sets {{1,2}, {2,3}, {3,4}} of participants and any superset of one of those sets could reconstruct SI while sets {{1,3}, {1,4}, {2,4}} of participants and any subset of those sets could recover no information about the original image.  Furthermore, you wanted the shares to contain an ‘innocent’ image to reduce suspicion of a scheme.  Here is an example of my program implementing this scheme:
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Innocent Image 1:



Innocent Image 2:
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Innocent Image 3:



Innocent image 4:

[image: image4.png]


[image: image5.png]



Share 1 :






[image: image6.png]



Share 2 :

[image: image7.png]



Share 3 :

[image: image8.png]




Share 4 :

[image: image9.png]




Share 1 & 2 :

[image: image10.png]R A A A R A R N A i

R R A B N R A A B B Ry B RO b A R A e e B e R A AR T T AT RAARARR O B
‘m‘wu i B ‘MM‘ RN HWW“H\H‘ i “I I ““mwh w“‘ NRRRRREAH ‘w' R MMWJMHWHW i W Ly Iy gty I L e A RS, H ““:“‘H“““: ““‘:“v‘\““”“‘w\“: ‘w‘\P‘“‘:‘:“‘w“:“‘:\“\‘s“J‘:“:“\“‘;‘\“jHJJWUH N I R LTI it B L R R HL AR 8 B ' ‘w‘uumh“\‘;u“““\uouu‘mu“u‘;ug\ i R

b ) o 0 Dt b v o 5 1 B A 10 00, e A S S e e Nt i 1l ot i b A, bt A g F o | SR B el
“:“““‘,5‘\‘:‘f‘wf“““w“\“‘\l“‘\‘wf\““‘“‘\“‘“":w\:w‘:\‘w\ww””““”‘“‘3\":}‘\“‘\‘1‘”}-‘\'“,1‘\“\“\“\“\“'\‘;““V\‘"““SE\\“]"‘\“‘““:1““"‘:“‘\"J‘-“J‘\“S:“\j“‘:‘g‘:\‘lb“;“iw‘:\‘“;“\”3:“‘\“1w\f\‘\‘“}‘:‘lf‘;‘i‘““tl‘l}“‘j“‘f“:‘f‘:"“\N}w‘“‘:’;“J“f“l‘l“:\““‘:1““:“““ \‘!N“l;\‘;“““‘};:‘:\‘i‘g‘:‘i‘:‘g‘g‘\g“:‘h\}w\‘lw‘1‘\:3‘:‘;“\\“}1:““31"‘“:\‘1‘3“‘3{‘\‘\‘5‘;““gi\“g‘”;\j“‘\g“}“ge:‘;‘e‘g“w‘uge“g‘e‘\\“M”\‘W‘J‘\\ P PR s bt e e M N L b ety Dl ‘Ho L (AN VRN il R IR i 8 i J“\q\ug} | ‘l“w“\“““\‘o\“m‘;“\“y“‘ Wl ) \‘u‘e““: W R L [IREAT i

RNy O R R P P A e A U “ o L P e ““HH“:\“\‘J\“\‘W“‘ PR AN RN b b P b Lt S T AR TR LA ) iy ! i ! AL e JIXRRUMIRIT W

I iy
il | high A e 0

N R B T T Ty F R A T PR T R R R T T AT IV A T i ) R R KRR R R NV BT T RSN TR I IR A BT B U LA Y

R A T S A R R Lt o i s Kt R bl e e AT e bt S0 R ST I b s A Dt LR ARk i W10 e AR b O S, e B Byt WG sl Sl e SR R

b A B R R O A1 PR A T R A R

A e i iR i, | H ! X i

A, ”“‘ll““\‘l‘\“:‘ \ “H““““\‘w”lw A R T L A P R R A ER Y I A R A T A M e R A T R AT N A E R A E A T A A R R A L NS o A M AR B Rt T B T L A A A R TR R T E I T AR ALY AR I AT A | R LT AT AU T g, R 1N il DL S NHMHH“H““““H““HH‘“‘H“W‘MWHWWHI‘
ARGt LR O TR s R A it o R A A i R R

‘;‘}:‘\““‘““:”1“““““:‘“"J‘:““‘J“‘“‘\i“““\““\‘Fl‘s\“:“:‘\“w“w“\‘““““‘V“:“““““““““‘“‘\‘“"““‘"‘:““““‘:“““:““‘“‘H‘:‘”‘““““‘”\‘t“:‘“”‘::“‘“‘\“““““‘““W““:‘:“\‘\\““\:;“‘E““e“\‘l“:““w\‘j‘“w‘s“l\:““i‘s“w:‘1\3“““‘}““;‘\“‘3““51““]“1‘g\\‘\‘:"ui;‘;‘:i‘i\“‘\h‘ﬂ“:“‘\‘ \‘“\““;““;J‘]H‘\“;J““\]‘\“\\;\“}Ju‘\” WLl A R Tl I R A A R A N R AU Sk B R R T R RO R 1 O TR AR T W, I Y \\JU“\‘\“H“‘ W, ‘\“‘J‘\lge“\““‘]‘\

A e g O B0 A o A o R R R S Y R e R R R e
wmwmmwwWwwwwawmwmwwwwmy”ﬂwwmmwmemmwmwmwwmwmemmwwMMWMmMWwmMMWMWMMWWWWJMNwwwwamWw‘wwwww‘wmwﬂummwmh”wmmmwwwwauwwww%wﬁdmhm‘mewhwmwmmmwwmwmwwwmmwwwwwmwwwwwﬁmMmewmmmWwMmewwwWwwWwwww
R I L o I N O L T R A A A e T A R A T R T A T BT R T R R T A R B A e e R TR R T O B N e A T R I R S L S A R AR a1 L T N AU R ATV Y [ FE R L Y F T T AT T e A T A R L T N R T B L o A T B A I T N A e Y T A e R B Y O AL I T R R e T P L T Y L R N R AR N RN A
\MWMMMMWWMWMMmmwwMMwwwawwwmm WWHMWMNMMMWWMM”””WWNNWWWWWWNWWWWWWHMWWWWMMWWWW‘ ﬁwwmmﬂw‘Mwwwm‘HMMmmwwM WMWWNWWWWWMWNWW\WWWWWWNMNWWWwWNWMMWWWMWMMMNMMWWWWWMMWWWWWMWWWWWMN”“WMMNWMWWMMWWMMWMMWWWWWMWN

L Iy )

i g
e A B L e e A A e R A A TR A e e "H‘muu‘\Hi‘ﬂ\“\quﬂ'\Hg‘;“lgg\]\“.“u‘uq‘.;“‘\‘\MNM e O Ry ST AR ‘\;u““.“u:e“:“‘“;{‘\“\‘\“‘u‘f\‘l‘ Sl [ u‘w‘\“W\”m‘\\\;veg‘\“g‘;.g“‘\‘\“H““\u“‘l‘\“\“w““\m“l\‘w\\‘l“cl“‘ﬂp‘l'\ HERE A L DAY B By A

N T T T R N A R "\“\‘u“u‘“\“‘my;\ngu“w‘w‘\\‘\‘ R A ‘.‘w‘l‘u‘l‘“‘\l“l‘\“\‘ﬂ“."“J“e\‘l‘\‘m‘ﬁu‘w‘g{‘g“uu J‘\“\““‘J‘\p\“‘u R A AN A B sty o \“W”Hg\“‘:j“““: TR oy U 6 LR L AR DT T TN I L Y

O A NI I IR R CAr R Ll 0 L TR L R AR

L DA R R R R VAT KT U R A S TR A L IR

i ! ’ s Pl iy e [ L T A T A L A AT o TR R TR R A

R AR TR Tl b bl LA R T

il e b A bl A B L SR F T K AR T L R B R AT A TR AN AT R \‘ \H“\‘\‘MH el e L D '

B A PR T et o RN A S A \‘\'\‘H“\\”‘H“\‘HH TN RN AR A i k! ! Wi ol ! LA | B S B b Bty R ] R A RO sy
B e R R e R A Pl AR A R g PR R g b b B AR St S R G e (T )t )
OO S L 1t G o T e L 4 o A R ot L T e ()
I o e T o 1 bl [ AT L R e T L B R T R At T A J e K O A L AL T B Lt A SRt PR T R B L b b e T D P pod T T o P

AT L R B b Y AL Bttt
mem‘wwwwWNWMMWMMMWMWw”“””“””“\ il !

Y A A R e R s e T YA A T R el
(i, b A R M

AN RN AT A R ‘““J‘l‘”“;\““\“u\“‘\“\“\“1‘\‘0““\0“3“\1‘”‘“‘\"“1“‘1“‘“‘1‘\“”‘\1‘1‘0‘”‘\0‘“‘”““‘]\‘\.g‘e”‘ H e LRI b N‘N‘u“H\mgu;‘p\u“;\“:‘\u“;‘ \‘::::“‘:“:;Jw‘:;“\h\\\‘e;“:‘ﬂg‘u‘ fﬁl‘“ﬁi“eﬁ‘l“h““}:1‘;\“;‘3“};‘,“‘ ‘w;J“‘\““‘:‘H‘J““:Ju‘:“‘i‘f\\ﬂ\““\“““q\ﬂo”g\‘w ‘\““:“‘.‘“‘1‘1‘3“1‘“‘\““ AVt R AT A R

N e A KA AN O P L o 1 B O R R A Ay e B R R A AT B
1 1 R A O A G R MR PO

Bty [ iy AL B sy e N L PO e R e A AR R AT A R B B P PR A A A e T S e R AR RN T R e AT B B Rt i

AP ER 11 Il R A R s A AR M A A A

B bt i, “\“luuug“‘l‘ez"l“}“{1“‘1‘1\31"\““\“‘\“\“““ [ R Ly 7 R W

NS R O IR AR AL
(LM A gl e AR RN LA A et A B O

AU AT ‘i“\““\\‘ ey R o A AR R I T YA A W A R T

AL B o A A A T A T P T R U M R L AR N

| by N S A e A B A ot N W st et il R LT bt O TR Y
b T A e O TR R O : S B Rl R
R ot A LAt A L S i i L SRS LRl SRR B B e R R R
N B A 0w N o A A A A A A e T I D R PG L R T
T A A A L A LA L e R PR e R b TR IBE T it R Y ) A
i) il ‘e‘u“um;‘\g‘wumw‘“w W e b ) \Muu‘”\‘j““”‘\u"\\Muw‘ AP M we‘\”“e‘\ge“‘uv;‘uuu\\ug‘;““‘:‘:“:“‘:“:“}v“‘u‘ :‘1“‘\“1““\“‘\“‘\‘ "u‘:‘}‘\““‘J‘u““\‘\‘\‘h‘ﬂ\‘}‘m‘::““g“:‘”““‘\\‘}‘:“‘h‘\“‘g;‘m‘g‘}‘\‘\1““‘;‘:‘“;“‘;‘1““Q”‘ewe:.g‘\“‘Juu\“\:‘\”\“h‘;‘e:““‘Iu“h“q;‘\omw”"\\q‘“‘:‘ﬂ:‘\g‘;\e‘l‘qhm“p [N ‘\‘\\‘1“1‘"\\“1“\“\{““\\‘\“1“‘1“ lg;l\"u\‘u“‘l“\“‘e\g‘“‘\\l‘fw‘g\w!;C‘g'\‘u‘\{‘“ ‘\Hw‘u‘:‘“\“‘Hu‘:‘;u‘”\‘\‘\‘;Hg‘\\ | ‘uw‘:\u“‘\1‘0“\“‘;\“;“‘:“““i;“:“:““‘gg‘j\“\w“\\;m‘:‘{u“lw‘j“‘ “:}“‘\\e “\"l;t\‘;“‘\“‘J‘““\“l““;‘“““s“ i :\“\Iw““\‘g\‘u}u‘,\h‘;wJ‘\\‘\N\‘\‘:J:‘\“u:‘:\““‘:w\:}w\‘l‘w‘:‘\:‘!“\“i‘\l:‘l‘\‘\”;\‘w‘w‘ q“\f}w)‘w‘wl‘fl‘j\"‘;‘;““““u ‘:“:‘1-“‘1““:“:“\‘1“:1“}‘;:1‘1““1““““‘?‘\:‘33‘:“\“:‘f“““:“‘:‘;\“i‘:“‘il“i‘\‘3“‘“1“‘“‘1“:“\‘};}“\““1\‘1\"‘-‘h“:‘1““5“::“‘;““\‘:“‘:1‘:‘“\‘:}‘

URRA T " i LR o Y e R T A T A
A R R T PR ALY B T A B R R O e A L A L N A A e A P R R L D AL Byt it gt B L e
KL i PR B A B R L e B N e e o A LA e e R e R R EBRAL A ot e PO AL A R T I s

Iy w:‘““l‘“““‘l‘"““‘“w“‘\‘:‘h““:“‘:‘j:‘f“:‘]:”‘\”“‘\”‘““”"w‘h‘:“i‘i:“‘“;J‘l\‘h‘:“zj“\:““:‘l‘“‘:““‘l“w!1‘“\““‘“‘:‘.““‘3“\‘2‘:‘1::\“:““‘J‘“J“j"‘\\“::“‘“\i“‘““‘l““‘3“‘1‘:‘1‘3‘\“:"1““‘;‘6:““\“::“‘“:“\““\?{1‘:‘ "1“‘1\“;11‘\]}‘{‘}9;\;‘}q‘flﬂ-‘j}:\l“\‘\ﬁ\‘;‘3“‘:“}1‘{“\33“;‘:\3}‘1;1‘13{‘33‘:‘31‘\13‘9‘13;\:“5\“3‘1‘\?J‘:‘“‘\\f‘l“:\“}i‘ii‘?"\‘:“\‘“\‘111‘:‘3‘1““‘&1‘?‘“\«‘;“}‘?3"“‘ i AR LA Al At LR b el Tl u\\‘:“”lu‘euas‘l‘““:‘e:gf\l “““ il BT A \“‘1““;\““:“““:“:1;‘31“‘1‘”u"lugl":““l]‘;“‘\:‘{\”i‘{‘\‘I‘\‘Lﬂhj‘!”‘\.“l“o““l‘w‘5‘1“1‘:“‘1‘\”1:5:‘1‘\“‘1"“1‘J‘:“:“J“‘\‘\w\“ u‘:“‘:“:"1:“”1“\"““0‘\:““";1““}“;“\"1‘i‘1‘”‘1“\:‘\:“J“:“‘:‘\‘l“l“?“iul“‘\\‘o‘i“\\“‘\e‘:"‘1 i ”‘J‘:}]\:\‘C‘“‘JU“M‘]‘;\“J”‘J“\‘;“J“;“M‘\}f}\{“‘}”\“ T A A I K

W S A L ‘“J}‘:‘“:\‘JS“:\:““;'\;‘\;““;J“:\‘:‘\l‘\:\‘j‘1‘:‘\”\:\““.‘::\“:‘\“\:‘\1}“\:\“;”“:‘”}‘“\}“1:\‘:“\‘:“.1‘:‘\““\“H\“‘““\‘H‘.“\‘ﬂv‘\‘\‘“‘\“\‘\”\ K A RN RS A NP e A A Bt R I L T LA AT R R

iy I ‘ i | [
Wi, AT oy Lt R A R R VAR A
| A B L R R G P

R e R It by e R R R R R A

N L R TP Ol R R A S A R I R e T LT L L R
bl HLD VR AT TR RRIERI RRtR S,  EBR EDA SRR , St MR O AT A A
L L A ek L e b L R SR A IR A ek R N A it bR, R,

il “ﬂ“WWNWMWNW“"WMWWWWWMW”””W“W” L S ane b bbb st b i bR R g R

F R T N T T W R RV S R T AR AL TR IR uuuM\‘\ IR e b P Ll L G Pyt ity R b bl i A e I N \“1“‘\““\“‘\”1‘\‘\"\‘“\““\“‘\““““ bl “\"\‘\‘“‘\“‘\“\“"\“\‘:\J\‘\H“\\‘J e Wl Y
LRI P "R A it RN M et I, " bR UL
e N R R R SR U AR AL A L A ST R T RGN RN IR MR At B KRV RS

B S TR S L S R Bl wmwmwuwmmwwmmumﬂhﬁmm‘“MﬂwhmwNWNWW
MmmwmmwmmwwwmmeWMwmmmmwmwmeMWMMMWHuuwWWWNﬂWNHMNM”NWNWﬁWNWWWWMMWNWN%N“MWWMWMWMW L S WWNWWNHWWHMWWWMW i
O onp LU st ien it ie sl spht s B R L Wb LT L G R A
T TR SR R e T BRI i ) s,

L b G R R L R b e o) A T b A b et Fh L N L N U A
| sl TRy el el :“j\““‘}\“‘j“‘:“j“:“‘\‘\“\“”“\‘\\\ Y o AR Bt R S R e A e T S R AT AN AN “‘M BB A “‘1\'\““1\““1“:”h“: b i TH A ““”“1“‘M:““.“‘\\”u i EH
| i ) B LA R R T TR R IR Y Wi e mhin ey I AR ‘ i

i) \h u\‘u\“‘““‘u‘wm‘M N T P A PR N N I R T A A O O A R e RPN Bl AR SR T R fy i

LI i MWMMMWMWWWWNNWHW‘TﬂTmM“ﬂMﬂMWWW“ﬂNWMWMMWMWMWHWMwmmwmwmwmwwmwwwMWMMWWWMMMWMWWMMwmumwwwwmww e R e s SR

it L B L bt g R
RN e T R RO A

I il By b L “H\Mu!‘ (TR NN ‘me‘ NG Nwm‘um i T B R T O AR WWw“;,w“”\“u““ |
gty ! D O A Y R S N U LR

i A i i) \

bt b f e

ALl

e O Y Ty DL ot P o o ) o Rt .t I i b RS A s oS A I BALEBRINE it o Ay Rl
Pl R | W\W R S N L R R CAT L, T L e e A R R i R Y gl b b TR L L AL A
. b TSN it bt P TR O TSR i e gpwwm“wmmmﬁ¢wwwwm ‘Mﬂmwmmhmkwﬂwwww%mm\WWWWW%‘MMNWWW

FI—. S VAN PR LA R O L A TR MR A e it A S T AN R A DR i b AR R

RN STt DRt PG L RS A T Dy L, S i, o R T A A et o A AR T R R R KR A R Y A AT

ik o . PN R e TR At R G S LAt R e A AR T (L R e R v s R
P A A h R AR R h {) T i R P A LAY i ik I

Sy, Whit LR N TR 8 e A N AR R S e A A L, P IR SR SRR R sl ittt T “\“H‘\"g.f‘.“‘iu“l“w“‘g”‘“l\l\]‘““\]“‘\m‘ﬂu\‘ﬂ“‘g\“ﬂ‘e]u“]‘:““‘“‘e‘ R N R

IR I i A R B AT A T A IR TR Ve eyl S O 0 e LT e e “UH u\“\m‘ “f‘\“f‘u“““mwm‘ DLt i e At el

L A L S B P T AR, Vit et A g S A

Pt 1Ly I A A R O O L A A e A A AR L A A fif P | ]
IEAACTI I A o) w‘\‘mmm’w‘\“\‘ewu‘\u“"\g“mw‘\‘\ue WH‘V;‘\m‘\‘m”;W:\ BB bty eue}“gmJM‘NWM“‘MMMW\J‘\‘ug‘gw‘e WDy R T o g P A Mmu\\\‘\u‘w‘\em‘g‘\““ﬂMw“\w\‘\‘w:ﬂ;“‘M‘:\"w‘h\‘\w‘wﬂ‘l“}u“‘:\w”iw“h‘w‘”‘\uw “‘“““‘C‘:“\“;\\“ﬂ“‘g“\“i:"J::‘;f::“\“lll‘f““t‘:“ ok “‘:““.M\“:‘Ju;\]ﬂ““\‘]\i;“le“‘]w‘;“\\“\e]‘;“‘\“\“1““‘\“‘:{““”} u‘u“\e'u“‘“wlu‘\]u‘;}‘\‘“g‘l‘ﬁ;\\““o\“;‘““g\‘]‘\ At

il meo I \‘u\““h‘“u‘\“““““‘u“w‘h“‘u““‘u‘ﬁ‘\“‘\“lﬁ‘.“‘1\““‘“‘“1‘3‘\‘e“““u\‘\“““\]‘w N T R N R R T N e O A R A A R T R RN R R R R

[ TR A ! e N e S R L I TR L LTt R L R R I B " AR BT R TN T RETI N PR T T A PR A ! A A S I, i S i e T A B T I e A A TR AR ALK ol
Ihiliin il et e R R AR R R R R i AR A R A A R

e o R T R | h |l N [ i (I L

e R A e A O A S
i cule R A o g il SRR S,

wwwﬂwmwwwMWWWWmWwwwwwwwwwwmmsqwmwmwmw‘w L A A e O IR R

oy N TR A N T A TR wHm\\\ul"\“\‘\”J‘\J“\‘\J“‘”“\H‘l R R R | ! R R R WA
IR T AR I il " LT e g P e e N T N T B R R T AN R SR T
o R o by et B By b DA AR R TR u\uumwmmumwum\phwwhhwwmﬂwwww;wmu&wwwmwmWWMNmhyﬁmmwwxwuﬁwﬁﬂwwwwﬂwWNMw«mwwwh&ﬂkmmeWWM finlid

SRR A I KA A A e I

et T T e R e L AR
‘WNMMMMNW“WMNWWWWWWWWMMMWWWMMM B G L AN TR R A e A o st Al i R AL E D
T o R e e g A A A o L S A it s AR IR CRLH i
ATl A R T R RO RO A R s R Tt e b AR R A S A 11 1y L M R T Bt

““M\ e “““IM‘ LTy A A g Ay L P I S T e R T '1\‘\‘\\‘\” T A U et o K e A T A R AV P R A W S0 e o AT R TR Uy i W R P A T VR UL A Cave e L





Share 1 & 4 :

[image: image11.png]b At S R b P A s e 1 b P o s o Y o gL 8 B LD T S

AL b b 0wt b

U 1t T B i Y R R R R R R O AN [T R R R BT R ‘u‘l‘l“\‘u‘w“‘e\“\“‘e]l\\:‘\“{‘“\‘:‘g‘\““‘u;““”\ﬁ‘uH“:“u}“l\“‘l‘l“:\"u\'\“‘\”““‘\\ T R R TR e PR A b W“g“g;uﬂ\H\\M;“‘:\{‘g‘\e‘}:;“\“Jl““ﬂ:\\‘\“J‘\‘::“‘J“Q‘;Mg}g Pt B B A B J;\‘M\M\‘ug"h‘gq”;gl‘p‘“\“‘\;e]“‘y““‘u‘l“\;gl\“\"\]‘ el o S RS LA oy T

g B bAoA A e R S R A e e e s R St AR A e AR Wt e e TRl bt iy ot
e e A s R R SR SRRl L D R A R et R
e T R R R A A AR AR A L “H‘w“1\\“u‘”\‘u‘\\“\“11“‘;\‘\‘1“\“\‘\”W”‘UM\‘\“\\e P “]W“w““‘:\‘u\‘“‘Cl\‘lh”\lH Bt el LR ey Wl A Lt A A A A i b Tt bt P R D AT A il

b A T Al R e B B L B e A o P A e A B O A ke i A A I IR A R R T R R B
‘ I ; b ‘ ‘ ettty | ‘ L R “‘”““N\u‘\”‘”‘““J“w}“)‘““u“lw“ \u‘u\“‘”\\“ﬂ“u‘w bR EAD LD Bl A wummmum‘g‘mM\‘\‘\“M‘le}u‘e‘h‘“‘H.u““ﬁ\\‘u‘uu“u“\\“\u‘g“y“\igM I \‘\u"ug‘\“u“““w‘fu“‘\‘M“.gv‘u‘“\e\"gu‘e\‘u"‘;‘;‘e‘\“ﬂ\‘w‘o\H\‘eogugm”‘:e“e‘e\u\;‘\‘wgu‘u;w‘.‘uw“}g"H‘M\“e““lml“ R U TR

(AL g bt bk bl [ A L o g Fihi ity Ty A W

e Sl b At el et e A b e D IRt b et ‘ R e s il
‘ L i LA e PRy v”w\‘J‘e‘\\g‘W”M‘]e‘v}“u““u““u‘e"”“‘Jul“l‘l‘“\Hu‘u“e\“ H\‘e“u‘;‘]\ﬁ\u‘u;‘;l‘\h“g“l ot h b AT e bt O bl et Pl ) bt bt AR M“\‘L“h“"Q}Nh‘u“H‘.“\\‘l\f“l‘\‘\“\\“\“‘H‘\‘Wl“\“\‘\“H‘}W AN R AU RN SR o I R RN R

A R TR i (L Py b B e e At o ot 08 Tt b T LT WAt

R RN R R AT o VI e TNEIN LR T TN IR Y| P TR T N R (R RN NR
B A R A B i b bl PN I B R e Bt e b I \ AR R T
AR R R T G S ne R I R PR RS s e R RN A A R e TR i R N R B A R R A R
it st s R AR st s i e A s e R o
A e R b b s B AR e b et S e st D e el B I Rt e
AR AR s T bR O R R R R
T A AT A e R e S A S B N R R e R R AT R L R A AR W e A L) R o D LTty s P b il B L b B
S A s b et el S et b et e i AR
LG i

' ol 1 ol ek e | ol AL A
el A et [l s B e B Bl I R Nt R e H‘m‘m ‘w‘u‘u ‘ ‘\‘\‘ R s R L e iy

PR R S P AN T R AR AR A e
R T N A L R e A AN A R R R [ P i
JWWMNWWWmwﬂwwﬁmuwmﬁwwwmwﬂﬁwNmwmwwwwwmwmwmwmhmwmwhwmwwmmww

Dt it [ M e P L 1l N‘“‘“H“w‘““‘:“)\‘u;“:“:“‘“‘;“‘““u\”‘
i

el :“‘\:u‘“‘ﬂ O ) A L Bt el S gt b L St A ! il
e R T A el A AR R R B T AL T
mmmwmmwwwwmmmwmwmmWMwwwwwwwmwwmwwwwwwwwwMWWWWMMwwwMWMMwMwwwwmwwwwwwwmwwmwmww

L a1 R /) R U AR T R ST
[ i ! L R R R L e Y A N A R W R R R T A R AT R S e AR AR AN AT S EA TR
A T T AR A g R B R e A A R e U e L e e e A
e R R L B L AR R bR R s

IO P it e Rt R At R s sl Bt Wl kB b I AR e Bl e s Ay el b s A b st e o At by el e s Dt A s B e ot L i
AR s b A R R R A e

‘”‘H"H‘NH‘I‘\‘\“H'\I‘\‘\“\:‘“\‘\:‘H e o o L ) i e P LBl L Py P T an et e L ) Bt B L e bttt P GOl Pt Rt el e Pt B e ST PR e, L glolod Tl et e By i b B AR BN Bt \‘\‘\“!\‘\H\‘\“u‘\‘\“H“\‘ R R R A A A s R “\“\‘ \““\“\‘\‘H‘\H\‘\‘\‘1‘\‘“‘\‘\“\‘\ i “\“\“\H\ ol ‘uu‘l““.‘“\ \”“\“‘\“ TR R AT "w““w\“!\ww bty il HHM““‘ Ve (A ! Mw Iy \h!:‘\“‘”\h\‘\“‘\"\‘\M‘\‘:
A TR e R R s G R stk A e Bt L R AR DR B R R R
R R

e Bt e stk e )il A S s st bt st R LRt b sl iy L

‘ Ui LR
RSB A bR )

R R At e A A P R R AR R AR ] a0 M 0 ol e il A R e L IO ol P A L A 1 AR R “‘NH\“v‘\““‘\“m\‘\“‘H

At R TR BRI AL A T R T R AR A R ek R At R et S O R e A
SR A R R AR AR A R s RS

R A et AL e A e A N R A N AR G A A A T B R A C I i X
e A A O e O A R T R R B L R B R bl 10 Lt b b P I o L 8t et I i ol ot b S s b st e G s D e A e e st b o K pdionosd i it e bt st bt P e Lt e Wb R AL A 8
A Tt e n sl b o A R i ARt A AL o D i St el i b sttt G i ol st o st e b ol s ot S il b R LRI s PR BB
H“w“ﬂmwﬂwﬂwmwhwww@WWMNWHNHW“W”““W“W”“WMMWWM%WmMﬂﬂwwﬂ%%wmWwwmwﬂmNMNMMWMWWWMMMWWWWWWWMﬁwmmwNMWWWHWMWWHWWWWMNWWWWWHMWMWWWWMMWWNWMWHWWWNNWNWNWNWMWM“VW“”WWW“““NWWWWWWMMWMMWMMWMWMWMwMWWwW“”W””“WW”‘ ‘ i WA A )
RN

AR R e R o)

B b s bR LA I b \\““‘eg“q“‘]\"“‘w‘l“lp‘\“u‘v ‘1‘“Jw“\“}“'e‘g\”\“"}“Il‘e““\“\;\}u]\l‘lu“};l\w“;.‘”\;J\‘e;‘l“‘u\“\m‘gl\q‘ﬂ\‘\;\“u‘\‘H‘g‘q“‘h‘“ug“q“‘e]‘\““‘}“;J;“N\‘”‘;“\‘\lg‘\\”gw“w‘w\“‘m;‘;HJ]\wq\“‘;\m\euu\‘q“‘\‘} WL b e e ety b e e )l T gt AL B R

fihah R b i LA A et At Mt o T M i
AR AR Fib M it b ‘C\‘e: L‘;“:g“l“w“\”}‘1‘0““\“‘“‘3‘\“““““‘ R 1‘1“‘“‘”““‘1u‘u\‘eeuu h Bt Bl

A A A R A e g R o e A A B A B e A A A R A R A A R WA A e 0y TR ey
el AR et Bttt R AT b it e B A LA A b ot A Sl it b ALl bl W Pl A A it ittt BT F o b e b 1 AL el A AR R i) Rl Al T I
WWWWMNMNWWNWWMWMMWWN“WMMWWH“WWWWWMﬁHNMWWMWWNMWWWMWWMNWWMNMWHﬁMWNWWWWWNWﬁww@wﬂ@%%wwwwwMWWMwwwWWM%MMWWWNWWMWNW%WM%WWWWWWwWWWWNMNUWNWWMMWWHWNWWMNW”WWMWWWMWMWWNHMWWmW“MWHW“”““”””“” ““NMMW“WWWWWMNMMWMWMMNNMWNWWWNWWWMWMﬂMwMmemmeMMMNWMWWNWNﬂ

N ek A A Ry G N A e TR L e e R AR A T IR AT I I Lt W D il bt A S 1 Pl 8 L T 8 b Pty s e i R PR EL G B i) A B g R Py 0l \”\”\‘H“\“\”\“‘u“‘\“‘\“\“\‘ “\‘\‘Hu“‘\‘:‘ ! “‘u““\‘:“\ “\“‘\‘\“}‘\“\‘:H“‘\“H‘\w ““M iy b R e 1 p |
R e AR At e SO Gt b s I P e LSRR A e B b s Rl thos st e et S b T i it i LA
wmwmMmemewMMwwmwww%mmmeNMWWWwMMwmwwwMMWMMwmemewwwwwmmwwmw¢wmywwmmwmwmemwmw%wwwWMmmwwm‘”” R it U, i e R i (i IRt i
Rt ) M T e W B A I

AR AL TR Ly A B L R N A e Y et A L R R A by
A S A A R ‘mxuummﬁﬂww%ﬂ”ﬂf“w“”wWwwuM”WW””Wwwwwwwwﬁwwwwmwwwwu AT R R “H‘Hx‘uul.‘mhumwuu‘mumumw\ il mﬁuﬂkhuwﬂ“Hwhﬂuymwﬂwumﬁfmﬁﬁkjgu
e i ot o o 0t e Dt oyt A A S Lt i L it B0 T ) e o R o b o AT G o
HMMMWHMMVWMWMMMWWWWMWWHWm‘WmmemwmwwWwwwwmmuumwwmmwwwwwwwWwwmwwwwwwwwwwwwwwwwmm%%thwwwMMwwamwwwwwmMMMWWMWMwmmWMMwwwwwaMMMMWMMWMmewwwﬂmwhwmwmwmﬁwwwwwmwwwwwN“wWwammeWMwwmwNMMMWMWWWMMWMM
T T N A R B T B B e A A N ey L LA T T g e e L A e R A A 0 A T R R T AR Y T TR T R T
e e R R A R R A A R AR SRR R A R
wwwwmewwmmwaumw“WwwwWwwwWN“WMWWMMwwWWMNNWw%memeMWMwmeWWMMMWMwmwwmwmwwwmmmwwmmwwwmwmMMMHNMNMMNMWWNWWWWWNWMM%WWWMNWWMNWWMNMNMNWMMMMMW”NWWNWWﬂW%WMWWﬂNﬂﬁﬂﬂﬂﬂﬁﬂﬂﬂMWWWMMWNWMMNWMWWW”“WWWWWNWWNWNNWWNWWWWﬂMWWW

L A P L TR AT T e B A e Do b ¢ BT 0 B gt BN (R At S T A VAR TN | in
LR b R ) i R TR b Rk R R A A LR R e At ettt nly o G T

i ity \H“ “L‘H.w\ it N A R AR R AR R A R I Sl ISR bt Ty P g R

B R R A B R R A R AN R AN R R AR bl T g T D AL b bt b

F A AR R e Rt U AT M b P L 1 I L ! Yy | I R e S A P L |

| ol bt Lt B A e o e e B S e e b e A I g b L 8 E A e [ bt e R Ll R LY A RS
N A T e T L TN e e R R A I P T N A R S B S R R RO R i AR et R BT R R R R R AT I e b Bl e B g P gt e !
| i AR R R R R A A AN R RO D R : by ‘ il

“““WWMWMWWWNWWWWWWWMNNWWWWWMWWMWMMMWMMMMNMWWWMMWWMNWWMNMWWWMMNMWWWWWWMMWWWWWMWNWWWMWMWwwwm‘ bk it DU B e
g B R L T R A A R ek A R AR e T N e A e A R NSt A U VP It PR e e Sl R i I
A R B A R B B R R A S S T
“mwmﬂwwwwwwmwWWWWWMWWNWMNWWMNMMMNMWMWWNWMN%MWMMMMWMMNWMWWWMWWWWWWWNWWWWNWﬂWWWWMNNWWWWWNWWWMWWNWWWWWWMWWNWWWWWWWWWWWWWWWWW“WWWNWWWWWWWWWWWWWWWWWWWWWWW“”“WN“WWWW”WWWWW“MMWWMWWW

pie i i AR i

VL b B o el T e B bl TS o !
il WWWWMMMMWNWNNWMMMMNMWWWMWNWMMWM&NMMMWMMNNwwmwwMWMwwwwmwmwwwwwwwWWWW”““““““”

e e st iy v e L S s Rt IR A
UL G ‘

e R R

b O R A R R R uww\\q‘eueMMM‘Mww\H‘\Hmw mo\ueu“]‘\‘e\g‘:}\‘\\‘su‘ oy

YK Wbty i AR ik e Lt Y A 0 U At R et e P Byt b b ey “"‘J“‘l“““‘!1\‘1““‘“\\"mwh‘”wlﬁ‘l‘u‘w‘““‘“‘C\l“"“u.“““‘“Ju“sl‘lul“\““Cu“\‘ﬁ‘““ A LT ‘ll“‘\lu““e\“‘”\““““‘1‘\“‘1\“1“““‘ L
AR R R b RO R ARG R A e et L LA A

Y [NTRUNN]
PR OO R A S e R HA A e B R R A M P il i )
A )‘h‘j‘; i o] ol R H“v‘\‘:\u“\\ b “.“ A w‘\\“"“o“‘l““w\‘”H‘\“‘H\‘“‘\l:‘“\‘g“‘”u““\‘\ l“\‘l\““\‘“l:l“{ ey U I e L T et RS i LSl w‘}“}“e‘\:‘“ AR il A A e RN O R A AR T RO S e i e L S A R R AR A .‘““\Hm“‘w A e A e AR R TR A
NWWMWWWWWWWM“W“WWN”WW‘Wﬂmw“ﬁwwwﬂhﬂw““wﬂﬁxmwmﬂﬂﬂmwwwmwwwwmmwmhwMMHMWHMWwWWMNNWWWWHkMNHM“NMWWWMMMMWWMWNNMWNWMNHMWWHMWW”WNWWMWNWWWNWMMHAHNWNWMWJWHMNMwM"WMWW“NNWW”wwmwww”MWWWwﬂWW”MN“WNWMMWMWWMWMMMMWNHWWHNAWNHNHWWMwmwmmﬂmwmwﬂmwwwmMW%WWWUWWMWWMMWNMHWMNHWMWWNMMMHWNMMWWM

¥ |

mwmwMwwmwmwmmmmuwwwmwNwWMwﬁwmwmmmhmwwwHH”mwuu‘wwwmwawmmmyW$wmumﬁmh it A R s et e B U S G ORE B S i

| R R R A A A R e e R A A R R A A TR B e A N A R A A
B TR TE S e Bl Ve i i A R Bt ”“‘“““\“‘h“““““““‘ml\"wl"uN‘ b LY ‘ ‘ A |1 B ‘ ‘ ‘ | LRy “‘“‘WHH‘ “1‘wuwlww”Heuw“w\”‘ ‘\Qu‘u“\\u’m‘wp\‘e‘\“‘w"\‘{\;““ S

R i R R A R i BV 1 A A A R AT R O T R e S e e A A i A R I ] A
T I i ‘ i M B R j il R D bt TN Rl ‘Hu“\\""w‘\1}‘\\“‘\\‘9‘\1‘{1\‘g\‘;‘J‘I‘ﬂ“b‘ﬂ\\\”"HlMuw‘.“wh iy w‘“‘uhl-ﬂ“ﬁj“u‘\‘}“‘q““\“}“\“‘l“‘\“w“\ i B SR g‘“\‘u‘m“W‘uﬁ\h‘ﬁ‘uw‘u‘\‘u}"g“‘”}}“}{u"u‘\\‘u“\\”\‘H\“‘u‘“u‘e‘g““\\]‘p\‘u‘\ﬁh\\J‘Jw“w“\1}";\“”‘L\‘ﬁ;‘“";ﬂ{‘w N VA FLE R “ AR \‘\“m“\“\l“‘w“\”‘\‘M”\

I i I R il I St M RS TR A A S S A RSO A
‘ A Ty N S L e B A A P s D A N A TR AN R R L P . R e R i) R A DR

R R T N il LB D S TR R 0 it R R ity B R N RN VR LN A e LA Bt el il P L

e LT i . ) 11 5
b bRl B B a4 ik, A R R Tt R A T E AR 1) A s e P PRl T e s B B | 5 B sl HH“Ju“\:‘\‘;“\‘Wu‘\\g‘;‘\”J‘Uhuuu\“.wwu‘uu\“e“w\“uu‘uw e L) Ry ‘v‘u‘"\‘\{u“"lw““lww U RN I b H"giu"‘g]“]“““‘g\g‘;‘g‘“\‘ ";‘{1\]\“‘\\“‘u‘“\]1“‘““H“““g“‘]““;““}‘e“‘;“‘\‘]“‘;‘]“nmw b B LB AL

AL B s P L DS A AL I o e Ll

R R L ! L TR TR TR e Pt g Gl
T R R o B g A R N P A R RO A A O A N e R e A A e o e e R R R e s SR AR T R st
S T e A e R A e N R R A A A A e R A e R A A AR I

D ARt R R R RIS AR R R A s e T

R N A R e A A e R A R N A

A BB AEREILE ) R ERSA Tyl e wug“\\“usuw\‘\‘\H‘H\L\ ‘\\mww ittt
i) (R LR AR T e AR s R e A
O e T o T A AT R Ay AR e W o R K I P A iy O BN S VR AT R AT A AR ATt B R B Bl B T e A R e e A B B A L S P A R T PR T A A T N S e A T T L T P R A I R AR AR
it g ot et b o bt M o pe e g e b PRI et A b e A R b DA st Ll R el sb i ol b Ml st it i B el b Gt DR el B g b st A L L LSRR ot IR Lt s R DML b et
gmmwwwwwwwmwwmMWMMWMWWwwwwmmWMWWWWMwMmMMwMMWwWWWWMMMMMWWwNWWWWWMWWWWWNmmmewwwwmNWWMMWWWMWMwmmWWMMMNNWMWMWWWWWWwwWWwMMWwMWMWMwwWWMWWmmmwwNMWMWNMMMMWM

b il “‘”” ‘ “”“”‘”“ | wyu‘ue"‘w W i i i) A ‘\‘\‘1\‘3‘\1‘\“\“-‘““”““‘ ““‘ At I I P b L e m“} AR R A RO Mk e W)

b R R L e A A A T R T T E R A T R I D] et Bt D e Ea v (i ATy faf ool A R e e A L R ol el
i [ i il | e o H‘I\‘WH\H\“‘ e e A ‘ Wby ‘ i ey ‘ kg bl Bl o D A AN M‘HWH\\\u“‘e“\“u‘;"\‘m‘g\\:\gug;‘Le il b “H"H“‘:‘wf\‘”l“j‘}f““‘“u“\““‘\““"‘l““‘““”W Y e St ek B A

i I et ‘ R \‘\“:\H:“M\‘“\‘\\‘\\\\\ A i ” AL D A it b L e A AR A N A R R AR R AR HWH‘H‘W‘ il 1 wm\m‘ AL
P Tl o o s 8 R i el oy B A [ o Fe ot o et o o S o a0 G e S B ol Eat b bt P o Sl b Pt 0] b S b S ol et b T I ) I ot g A e P e o A s L VL0 P b e ol d 8
R “u‘\ { u‘ ‘\‘ W ‘u‘ oy \‘ R ‘ LR AT \lu‘ ‘\‘\‘H‘ \“\‘\‘\‘\“ \‘ " ‘\H‘\‘\'\ ‘H‘\ [ ‘\H‘\H\“\‘\ o \”\‘“\ \“\‘\ i ‘\ TR \‘\‘H“‘\ ‘l”\‘u“\H\‘HH\‘\‘\‘\‘\‘\‘\” \‘\‘\ “\‘u R KT AN ‘l‘\“\‘u‘\”ﬂ”\‘ ‘\‘” 1 'u‘ ‘H‘H‘l“\‘u‘l‘\‘\‘\‘\ S ‘\‘\‘\“\‘\ i \H\‘H‘ ‘u“u ‘H‘\ I \‘ ol ‘\‘H‘\”\‘l‘\‘ i \‘\‘ )" \”‘H‘\‘ LRI m‘\‘\“\‘\‘ W \‘H“l‘\‘\‘”u \‘\“H”\ \'\\H\‘H (R \“\ P ‘H“\‘H‘\‘\H\‘\‘u‘ S L ‘u“u ] \‘\'H“\‘\‘\ i W T \“\‘\ ‘H‘\hw‘ B H\\ ‘\‘ A ‘H‘\‘\‘\‘\ R I) u“u“u‘ \‘\‘\‘\‘ W H\ AR L H‘”H‘\H i \“\‘\ i ‘H‘M \“ i ‘\‘H“H”\ EETN T KRR ‘u‘”\\u‘\ IR ‘\‘u‘ IR ‘\‘\Hmlu‘ !y ‘\‘ “\HH‘ i \‘\‘\“\‘\‘l“\‘\‘\ W “u‘ TR AR \‘\‘m”\‘u‘ )
wwwwwmmwﬁwmeMMmeMmemwmmewaWMMwwwm%wwﬂwmwMMWMMmwwwmwmwwwwwWWWwawmMMMMMWMMWMWWMWWMwwWMMmWMMwmmﬂmmﬂMMWWMmewwww“wmwﬁwwwwwwMww%mwMﬂMwM%MWMwMmeMWm%wmwawMWMMMWMWWNMw%ﬁmww%MMWmWwww
sttt ahe S o R et it D e b T L R D T L A it et e A RS R Rl et Bttt vl el e e vt B RS A i
mwwwmmmﬁwuﬁmmwwMMWNMWWWWWNWwMMMMWwwwwwwmwwwhwwmm@ﬁﬂjﬂﬁﬁfumeﬁMHﬁﬁ?ﬂﬂhﬂhﬂﬂ&NW%NWWﬂNWﬁNWWMWWW&WMMﬂMNHWNWﬁwwwﬂwHﬂﬂNMNMWMNﬁMW&WWHﬂNﬂWﬂMﬁWNWNWN&N@WMWWWWNWNWMWN&NMWWNWWNWNNWWMNMWHWNMwﬂﬁWwﬂwﬂwwwwwwwNWWWMNN&WWWMWWWwwwmwwwwwwmmﬁwmwwMMWMMWNNWHHWWNWWWWWW‘”””””WHWWNWNWW”””“'”””WHAVNWNWWWWW“
vl DU RS R o ot B bl b bl st bt bt h A, IS P Mt g ol A |

b B A ol ol Bl e bt AR it N et 0 [BRAD Tel B  F it by | |

e ALl R i

i fi

LSRRI b Bl sl RN D i

L PO T L T b a0 1 o P i S i

iy j I Tt R L B L
il ‘ At A Ak LR e O A A AL ko Pt et Pt e it b kb St e s Aol A s e Tt A i f e
R AR A R LA e A e R A u“l‘M““Ce“‘“w‘u”\‘\\“H“m“\u‘u‘\m‘”lﬂ“‘n‘e\\“‘\"‘“‘\‘u“\"‘”l\\‘“”‘“\“\\H‘”‘\““131‘\1{1‘\‘}‘{““}“‘\“\"u‘”\‘e‘“H‘ “."‘“““””“‘“”‘w\ B B ‘\‘u‘l‘l‘““\u““‘l“““u"”“‘“‘\“ “‘l\“‘\“\““‘1\‘\“‘\““‘"“‘ iy “‘ww il Mu“\‘\”\"\“\‘Hh:“‘h“‘\‘\““‘”“\’H‘ P ;“e‘j“‘g“‘ﬁ\;‘\“\ ;e“\u“‘\m‘j\‘e‘\‘;\u\‘e“‘\‘\“\‘\\\\“‘;‘\“w‘uu“H‘HH“' ki Ak Hmw\u“m‘w””m“\p\”“ ol “\”g\g“uu\“\l‘m\;u‘m;e\“ug‘w‘.; il R “m“ ‘\u‘\

Wi ITARRAR, W H"J“‘\‘\C‘J“\\\““J““‘u”m phn b Ly 1 \“\“‘\“‘\‘N\\‘ H\“HH\“\‘\‘\“‘:"\““\”H“\“‘ ‘\‘:‘\‘\‘\“\"\ O 4 R g o B R B e A R B B e et N e B o g e g e R KR RN 1 1
A R R AR R s AR SRR RO e R R R A

S | T TN BT ] RN NI Ea iR [ATEAE A K I
L B A e e A e R




Share 1, 2, 3, & 4 :

[image: image12.png]R A A A R A R N A i

R R A B N R A A B B Ry B RO b A R A e e B e R A AR T T AT RAARARR O B
‘m‘wu i B ‘MM‘ RN HWW“H\H‘ i “I I ““mwh w“‘ NRRRRREAH ‘w' R MMWJMHWHW i W Ly Iy gty I L e A RS, H ““:“‘H“““: ““‘:“v‘\““”“‘w\“: ‘w‘\P‘“‘:‘:“‘w“:“‘:\“\‘s“J‘:“:“\“‘;‘\“jHJJWUH N I R LTI it B L R R HL AR 8 B ' ‘w‘uumh“\‘;u“““\uouu‘mu“u‘;ug\ i R

b ) o 0 Dt b v o 5 1 B A 10 00, e A S S e e Nt i 1l ot i b A, bt A g F o | SR B el
“:“““‘,5‘\‘:‘f‘wf“““w“\“‘\l“‘\‘wf\““‘“‘\“‘“":w\:w‘:\‘w\ww””““”‘“‘3\":}‘\“‘\‘1‘”}-‘\'“,1‘\“\“\“\“\“'\‘;““V\‘"““SE\\“]"‘\“‘““:1““"‘:“‘\"J‘-“J‘\“S:“\j“‘:‘g‘:\‘lb“;“iw‘:\‘“;“\”3:“‘\“1w\f\‘\‘“}‘:‘lf‘;‘i‘““tl‘l}“‘j“‘f“:‘f‘:"“\N}w‘“‘:’;“J“f“l‘l“:\““‘:1““:“““ \‘!N“l;\‘;“““‘};:‘:\‘i‘g‘:‘i‘:‘g‘g‘\g“:‘h\}w\‘lw‘1‘\:3‘:‘;“\\“}1:““31"‘“:\‘1‘3“‘3{‘\‘\‘5‘;““gi\“g‘”;\j“‘\g“}“ge:‘;‘e‘g“w‘uge“g‘e‘\\“M”\‘W‘J‘\\ P PR s bt e e M N L b ety Dl ‘Ho L (AN VRN il R IR i 8 i J“\q\ug} | ‘l“w“\“““\‘o\“m‘;“\“y“‘ Wl ) \‘u‘e““: W R L [IREAT i

RNy O R R P P A e A U “ o L P e ““HH“:\“\‘J\“\‘W“‘ PR AN RN b b P b Lt S T AR TR LA ) iy ! i ! AL e JIXRRUMIRIT W

I iy
il | high A e 0

N R B T T Ty F R A T PR T R R R T T AT IV A T i ) R R KRR R R NV BT T RSN TR I IR A BT B U LA Y

R A T S A R R Lt o i s Kt R bl e e AT e bt S0 R ST I b s A Dt LR ARk i W10 e AR b O S, e B Byt WG sl Sl e SR R

b A B R R O A1 PR A T R A R

A e i iR i, | H ! X i

A, ”“‘ll““\‘l‘\“:‘ \ “H““““\‘w”lw A R T L A P R R A ER Y I A R A T A M e R A T R AT N A E R A E A T A A R R A L NS o A M AR B Rt T B T L A A A R TR R T E I T AR ALY AR I AT A | R LT AT AU T g, R 1N il DL S NHMHH“H““““H““HH‘“‘H“W‘MWHWWHI‘
ARGt LR O TR s R A it o R A A i R R

‘;‘}:‘\““‘““:”1“““““:‘“"J‘:““‘J“‘“‘\i“““\““\‘Fl‘s\“:“:‘\“w“w“\‘““““‘V“:“““““““““‘“‘\‘“"““‘"‘:““““‘:“““:““‘“‘H‘:‘”‘““““‘”\‘t“:‘“”‘::“‘“‘\“““““‘““W““:‘:“\‘\\““\:;“‘E““e“\‘l“:““w\‘j‘“w‘s“l\:““i‘s“w:‘1\3“““‘}““;‘\“‘3““51““]“1‘g\\‘\‘:"ui;‘;‘:i‘i\“‘\h‘ﬂ“:“‘\‘ \‘“\““;““;J‘]H‘\“;J““\]‘\“\\;\“}Ju‘\” WLl A R Tl I R A A R A N R AU Sk B R R T R RO R 1 O TR AR T W, I Y \\JU“\‘\“H“‘ W, ‘\“‘J‘\lge“\““‘]‘\

A e g O B0 A o A o R R R S Y R e R R R e
wmwmmwwWwwwwawmwmwwwwmy”ﬂwwmmwmemmwmwmwwmwmemmwwMMWMmMWwmMMWMWMMWWWWJMNwwwwamWw‘wwwww‘wmwﬂummwmh”wmmmwwwwauwwww%wﬁdmhm‘mewhwmwmmmwwmwmwwwmmwwwwwmwwwwwﬁmMmewmmmWwMmewwwWwwWwwww
R I L o I N O L T R A A A e T A R A T R T A T BT R T R R T A R B A e e R TR R T O B N e A T R I R S L S A R AR a1 L T N AU R ATV Y [ FE R L Y F T T AT T e A T A R L T N R T B L o A T B A I T N A e Y T A e R B Y O AL I T R R e T P L T Y L R N R AR N RN A
\MWMMMMWWMWMMmmwwMMwwwawwwmm WWHMWMNMMMWWMM”””WWNNWWWWWWNWWWWWWHMWWWWMMWWWW‘ ﬁwwmmﬂw‘Mwwwm‘HMMmmwwM WMWWNWWWWWMWNWW\WWWWWWNMNWWWwWNWMMWWWMWMMMNMMWWWWWMMWWWWWMWWWWWMN”“WMMNWMWWMMWWMMWMMWWWWWMWN

L Iy )

i g
e A B L e e A A e R A A TR A e e "H‘muu‘\Hi‘ﬂ\“\quﬂ'\Hg‘;“lgg\]\“.“u‘uq‘.;“‘\‘\MNM e O Ry ST AR ‘\;u““.“u:e“:“‘“;{‘\“\‘\“‘u‘f\‘l‘ Sl [ u‘w‘\“W\”m‘\\\;veg‘\“g‘;.g“‘\‘\“H““\u“‘l‘\“\“w““\m“l\‘w\\‘l“cl“‘ﬂp‘l'\ HERE A L DAY B By A

N T T T R N A R "\“\‘u“u‘“\“‘my;\ngu“w‘w‘\\‘\‘ R A ‘.‘w‘l‘u‘l‘“‘\l“l‘\“\‘ﬂ“."“J“e\‘l‘\‘m‘ﬁu‘w‘g{‘g“uu J‘\“\““‘J‘\p\“‘u R A AN A B sty o \“W”Hg\“‘:j“““: TR oy U 6 LR L AR DT T TN I L Y

O A NI I IR R CAr R Ll 0 L TR L R AR

L DA R R R R VAT KT U R A S TR A L IR

i ! ’ s Pl iy e [ L T A T A L A AT o TR R TR R A

R AR TR Tl b bl LA R T

il e b A bl A B L SR F T K AR T L R B R AT A TR AN AT R \‘ \H“\‘\‘MH el e L D '

B A PR T et o RN A S A \‘\'\‘H“\\”‘H“\‘HH TN RN AR A i k! ! Wi ol ! LA | B S B b Bty R ] R A RO sy
B e R R e R A Pl AR A R g PR R g b b B AR St S R G e (T )t )
OO S L 1t G o T e L 4 o A R ot L T e ()
I o e T o 1 bl [ AT L R e T L B R T R At T A J e K O A L AL T B Lt A SRt PR T R B L b b e T D P pod T T o P

AT L R B b Y AL Bttt
mem‘wwwwWNWMMWMMMWMWw”“””“””“\ il !

Y A A R e R s e T YA A T R el
(i, b A R M

AN RN AT A R ‘““J‘l‘”“;\““\“u\“‘\“\“\“1‘\‘0““\0“3“\1‘”‘“‘\"“1“‘1“‘“‘1‘\“”‘\1‘1‘0‘”‘\0‘“‘”““‘]\‘\.g‘e”‘ H e LRI b N‘N‘u“H\mgu;‘p\u“;\“:‘\u“;‘ \‘::::“‘:“:;Jw‘:;“\h\\\‘e;“:‘ﬂg‘u‘ fﬁl‘“ﬁi“eﬁ‘l“h““}:1‘;\“;‘3“};‘,“‘ ‘w;J“‘\““‘:‘H‘J““:Ju‘:“‘i‘f\\ﬂ\““\“““q\ﬂo”g\‘w ‘\““:“‘.‘“‘1‘1‘3“1‘“‘\““ AVt R AT A R

N e A KA AN O P L o 1 B O R R A Ay e B R R A AT B
1 1 R A O A G R MR PO

Bty [ iy AL B sy e N L PO e R e A AR R AT A R B B P PR A A A e T S e R AR RN T R e AT B B Rt i

AP ER 11 Il R A R s A AR M A A A

B bt i, “\“luuug“‘l‘ez"l“}“{1“‘1‘1\31"\““\“‘\“\“““ [ R Ly 7 R W

NS R O IR AR AL
(LM A gl e AR RN LA A et A B O

AU AT ‘i“\““\\‘ ey R o A AR R I T YA A W A R T

AL B o A A A T A T P T R U M R L AR N

| by N S A e A B A ot N W st et il R LT bt O TR Y
b T A e O TR R O : S B Rl R
R ot A LAt A L S i i L SRS LRl SRR B B e R R R
N B A 0w N o A A A A A A e T I D R PG L R T
T A A A L A LA L e R PR e R b TR IBE T it R Y ) A
i) il ‘e‘u“um;‘\g‘wumw‘“w W e b ) \Muu‘”\‘j““”‘\u"\\Muw‘ AP M we‘\”“e‘\ge“‘uv;‘uuu\\ug‘;““‘:‘:“:“‘:“:“}v“‘u‘ :‘1“‘\“1““\“‘\“‘\‘ "u‘:‘}‘\““‘J‘u““\‘\‘\‘h‘ﬂ\‘}‘m‘::““g“:‘”““‘\\‘}‘:“‘h‘\“‘g;‘m‘g‘}‘\‘\1““‘;‘:‘“;“‘;‘1““Q”‘ewe:.g‘\“‘Juu\“\:‘\”\“h‘;‘e:““‘Iu“h“q;‘\omw”"\\q‘“‘:‘ﬂ:‘\g‘;\e‘l‘qhm“p [N ‘\‘\\‘1“1‘"\\“1“\“\{““\\‘\“1“‘1“ lg;l\"u\‘u“‘l“\“‘e\g‘“‘\\l‘fw‘g\w!;C‘g'\‘u‘\{‘“ ‘\Hw‘u‘:‘“\“‘Hu‘:‘;u‘”\‘\‘\‘;Hg‘\\ | ‘uw‘:\u“‘\1‘0“\“‘;\“;“‘:“““i;“:“:““‘gg‘j\“\w“\\;m‘:‘{u“lw‘j“‘ “:}“‘\\e “\"l;t\‘;“‘\“‘J‘““\“l““;‘“““s“ i :\“\Iw““\‘g\‘u}u‘,\h‘;wJ‘\\‘\N\‘\‘:J:‘\“u:‘:\““‘:w\:}w\‘l‘w‘:‘\:‘!“\“i‘\l:‘l‘\‘\”;\‘w‘w‘ q“\f}w)‘w‘wl‘fl‘j\"‘;‘;““““u ‘:“:‘1-“‘1““:“:“\‘1“:1“}‘;:1‘1““1““““‘?‘\:‘33‘:“\“:‘f“““:“‘:‘;\“i‘:“‘il“i‘\‘3“‘“1“‘“‘1“:“\‘};}“\““1\‘1\"‘-‘h“:‘1““5“::“‘;““\‘:“‘:1‘:‘“\‘:}‘

URRA T " i LR o Y e R T A T A
A R R T PR ALY B T A B R R O e A L A L N A A e A P R R L D AL Byt it gt B L e
KL i PR B A B R L e B N e e o A LA e e R e R R EBRAL A ot e PO AL A R T I s

Iy w:‘““l‘“““‘l‘"““‘“w“‘\‘:‘h““:“‘:‘j:‘f“:‘]:”‘\”“‘\”‘““”"w‘h‘:“i‘i:“‘“;J‘l\‘h‘:“zj“\:““:‘l‘“‘:““‘l“w!1‘“\““‘“‘:‘.““‘3“\‘2‘:‘1::\“:““‘J‘“J“j"‘\\“::“‘“\i“‘““‘l““‘3“‘1‘:‘1‘3‘\“:"1““‘;‘6:““\“::“‘“:“\““\?{1‘:‘ "1“‘1\“;11‘\]}‘{‘}9;\;‘}q‘flﬂ-‘j}:\l“\‘\ﬁ\‘;‘3“‘:“}1‘{“\33“;‘:\3}‘1;1‘13{‘33‘:‘31‘\13‘9‘13;\:“5\“3‘1‘\?J‘:‘“‘\\f‘l“:\“}i‘ii‘?"\‘:“\‘“\‘111‘:‘3‘1““‘&1‘?‘“\«‘;“}‘?3"“‘ i AR LA Al At LR b el Tl u\\‘:“”lu‘euas‘l‘““:‘e:gf\l “““ il BT A \“‘1““;\““:“““:“:1;‘31“‘1‘”u"lugl":““l]‘;“‘\:‘{\”i‘{‘\‘I‘\‘Lﬂhj‘!”‘\.“l“o““l‘w‘5‘1“1‘:“‘1‘\”1:5:‘1‘\“‘1"“1‘J‘:“:“J“‘\‘\w\“ u‘:“‘:“:"1:“”1“\"““0‘\:““";1““}“;“\"1‘i‘1‘”‘1“\:‘\:“J“:“‘:‘\‘l“l“?“iul“‘\\‘o‘i“\\“‘\e‘:"‘1 i ”‘J‘:}]\:\‘C‘“‘JU“M‘]‘;\“J”‘J“\‘;“J“;“M‘\}f}\{“‘}”\“ T A A I K

W S A L ‘“J}‘:‘“:\‘JS“:\:““;'\;‘\;““;J“:\‘:‘\l‘\:\‘j‘1‘:‘\”\:\““.‘::\“:‘\“\:‘\1}“\:\“;”“:‘”}‘“\}“1:\‘:“\‘:“.1‘:‘\““\“H\“‘““\‘H‘.“\‘ﬂv‘\‘\‘“‘\“\‘\”\ K A RN RS A NP e A A Bt R I L T LA AT R R

iy I ‘ i | [
Wi, AT oy Lt R A R R VAR A
| A B L R R G P

R e R It by e R R R R R A

N L R TP Ol R R A S A R I R e T LT L L R
bl HLD VR AT TR RRIERI RRtR S,  EBR EDA SRR , St MR O AT A A
L L A ek L e b L R SR A IR A ek R N A it bR, R,

il “ﬂ“WWNWMWNW“"WMWWWWWMW”””W“W” L S ane b bbb st b i bR R g R

F R T N T T W R RV S R T AR AL TR IR uuuM\‘\ IR e b P Ll L G Pyt ity R b bl i A e I N \“1“‘\““\“‘\”1‘\‘\"\‘“\““\“‘\““““ bl “\"\‘\‘“‘\“‘\“\“"\“\‘:\J\‘\H“\\‘J e Wl Y
LRI P "R A it RN M et I, " bR UL
e N R R R SR U AR AL A L A ST R T RGN RN IR MR At B KRV RS

B S TR S L S R Bl wmwmwuwmmwwmmumﬂhﬁmm‘“MﬂwhmwNWNWW
MmmwmmwmmwwwmmeWMwmmmmwmwmeMWMMMWHuuwWWWNﬂWNHMNM”NWNWﬁWNWWWWMMWNWN%N“MWWMWMWMW L S WWNWWNHWWHMWWWMW i
O onp LU st ien it ie sl spht s B R L Wb LT L G R A
T TR SR R e T BRI i ) s,

L b G R R L R b e o) A T b A b et Fh L N L N U A
| sl TRy el el :“j\““‘}\“‘j“‘:“j“:“‘\‘\“\“”“\‘\\\ Y o AR Bt R S R e A e T S R AT AN AN “‘M BB A “‘1\'\““1\““1“:”h“: b i TH A ““”“1“‘M:““.“‘\\”u i EH
| i ) B LA R R T TR R IR Y Wi e mhin ey I AR ‘ i

i) \h u\‘u\“‘““‘u‘wm‘M N T P A PR N N I R T A A O O A R e RPN Bl AR SR T R fy i

LI i MWMMMWMWWWWNNWHW‘TﬂTmM“ﬂMﬂMWWW“ﬂNWMWMMWMWMWHWMwmmwmwmwmwwmwwwMWMMWWWMMMWMWWMMwmumwwwwmww e R e s SR

it L B L bt g R
RN e T R RO A

I il By b L “H\Mu!‘ (TR NN ‘me‘ NG Nwm‘um i T B R T O AR WWw“;,w“”\“u““ |
gty ! D O A Y R S N U LR

i A i i) \

bt b f e

ALl

e O Y Ty DL ot P o o ) o Rt .t I i b RS A s oS A I BALEBRINE it o Ay Rl
Pl R | W\W R S N L R R CAT L, T L e e A R R i R Y gl b b TR L L AL A
. b TSN it bt P TR O TSR i e gpwwm“wmmmﬁ¢wwwwm ‘Mﬂmwmmhmkwﬂwwww%mm\WWWWW%‘MMNWWW

FI—. S VAN PR LA R O L A TR MR A e it A S T AN R A DR i b AR R

RN STt DRt PG L RS A T Dy L, S i, o R T A A et o A AR T R R R KR A R Y A AT

ik o . PN R e TR At R G S LAt R e A AR T (L R e R v s R
P A A h R AR R h {) T i R P A LAY i ik I

Sy, Whit LR N TR 8 e A N AR R S e A A L, P IR SR SRR R sl ittt T “\“H‘\"g.f‘.“‘iu“l“w“‘g”‘“l\l\]‘““\]“‘\m‘ﬂu\‘ﬂ“‘g\“ﬂ‘e]u“]‘:““‘“‘e‘ R N R

IR I i A R B AT A T A IR TR Ve eyl S O 0 e LT e e “UH u\“\m‘ “f‘\“f‘u“““mwm‘ DLt i e At el

L A L S B P T AR, Vit et A g S A

Pt 1Ly I A A R O O L A A e A A AR L A A fif P | ]
IEAACTI I A o) w‘\‘mmm’w‘\“\‘ewu‘\u“"\g“mw‘\‘\ue WH‘V;‘\m‘\‘m”;W:\ BB bty eue}“gmJM‘NWM“‘MMMW\J‘\‘ug‘gw‘e WDy R T o g P A Mmu\\\‘\u‘w‘\em‘g‘\““ﬂMw“\w\‘\‘w:ﬂ;“‘M‘:\"w‘h\‘\w‘wﬂ‘l“}u“‘:\w”iw“h‘w‘”‘\uw “‘“““‘C‘:“\“;\\“ﬂ“‘g“\“i:"J::‘;f::“\“lll‘f““t‘:“ ok “‘:““.M\“:‘Ju;\]ﬂ““\‘]\i;“le“‘]w‘;“\\“\e]‘;“‘\“\“1““‘\“‘:{““”} u‘u“\e'u“‘“wlu‘\]u‘;}‘\‘“g‘l‘ﬁ;\\““o\“;‘““g\‘]‘\ At

il meo I \‘u\““h‘“u‘\“““““‘u“w‘h“‘u““‘u‘ﬁ‘\“‘\“lﬁ‘.“‘1\““‘“‘“1‘3‘\‘e“““u\‘\“““\]‘w N T R N R R T N e O A R A A R T R RN R R R R

[ TR A ! e N e S R L I TR L LTt R L R R I B " AR BT R TN T RETI N PR T T A PR A ! A A S I, i S i e T A B T I e A A TR AR ALK ol
Ihiliin il et e R R AR R R R R i AR A R A A R

e o R T R | h |l N [ i (I L

e R A e A O A S
i cule R A o g il SRR S,

wwwﬂwmwwwMWWWWmWwwwwwwwwwwmmsqwmwmwmw‘w L A A e O IR R

oy N TR A N T A TR wHm\\\ul"\“\‘\”J‘\J“\‘\J“‘”“\H‘l R R R | ! R R R WA
IR T AR I il " LT e g P e e N T N T B R R T AN R SR T
o R o by et B By b DA AR R TR u\uumwmmumwum\phwwhhwwmﬂwwww;wmu&wwwmwmWWMNmhyﬁmmwwxwuﬁwﬁﬂwwwwﬂwWNMw«mwwwh&ﬂkmmeWWM finlid

SRR A I KA A A e I

et T T e R e L AR
‘WNMMMMNW“WMNWWWWWWWWMMMWWWMMM B G L AN TR R A e A o st Al i R AL E D
T o R e e g A A A o L S A it s AR IR CRLH i
ATl A R T R RO RO A R s R Tt e b AR R A S A 11 1y L M R T Bt

““M\ e “““IM‘ LTy A A g Ay L P I S T e R T '1\‘\‘\\‘\” T A U et o K e A T A R AV P R A W S0 e o AT R TR Uy i W R P A T VR UL A Cave e L




The images I included above had to be shrunk in order to fit on the page (you can hardly see the distinct black & white pixels).  However, if you have a printer that prints fine enough you could print the shares onto transparencies and overlay them with identical results.

Part 3: Q&A

Part 4: Learning and Development Process

A. Strategies:  My initial strategy was to focus on understanding the concepts of Visual Cryptography and to take a bottom-up approach to developing the program.  Dr. Prankratz helped me with this by giving me an article to read by Doug Stinson in DDJ that briefly explained how threshold schemes work.  He also pointed me towards Stinson’s web site which contained papers (over 100 pages of information) describing VCS algorithms and theories in depth.  After I felt I had a good summary knowledge of the theories and I was able to work out the algorithms by hand I began implementing the algorithms in console mode (this was Dr. Prankratz’ idea).  At first my program encoded text files because it was a lot easier than working with image files.  Once all of the algorithms worked correctly, I modified the program to encrypt bitmap files instead.  Finally, I needed to create a nice user-interface for the program.  I had not done any Windows programming previously so I went to Dr. McVey for help a lot.  She got me started with a couple of sample programs to use as starting points for mine and she gave me a book with examples of how to make some useful features, such as menus and pop-up boxes, in MFC.
B. Knowledge:  Set theory was an essential subject for understanding the definitions and proofs that supported the VCS construction algorithms.  The notation used to describe the theories in the papers I read was complicated and took time to digest but was not entirely unfamiliar thanks to Theory of Computation and the Algebra classes I took.  Also, the studying I did on error-correcting codes last summer taught me about information retrieval so I was already familiar with the use of equivalence relations in determining original data when Doug Stinson explained how simple threshold secret-sharing schemes work.
C. Extensions:  Implementing a color VCS is an obvious extension (I should have done it myself but I didn’t read about it early enough).  If you have many colors in your scheme it produces a very large pixel expansion, severely reducing the contrast of the reconstructed image.  However, if you don’t have too many colors or participants in your scheme, it is fairly simple to create a color VCS.  It is an uncomplicated extension of the algorithms for black and white images.  Another improvement that could be made is to modify the extended schemes so that any size image works as an ‘innocent’ image.  As of now the ‘innocent’ images must have the exact same dimensions as the ‘secret’ image.  A major extension to this project would be to implement Audio Cryptography schemes.  These would be quite different from Visual Cryptography Schemes.  Rather than dealing with a transparent and dark element elements they would be based on interference of wave patterns.  Optical Cryptography Schemes also exist that are based on the interference of light waves and the random behavior of photons passing through a beamsplitter.  These could be another extension of my project although they are also really quite different from VCS’s.
D. Advice:  My advice to next year’s seniors would be the advice Dr. Pankratz and Dr. McVey gave me: start early, develop a schedule, plan a strategy/schedule for completing the project and plan to encounter setbacks.  I would also recommend that they try to enjoy their project as much as possible and pursue specific aspects that interest them with greater diligence.
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