
CALIFORNIA STATE UNIVERSITY, LOS ANGELES

PROGFEST 2012

Problem 1

Image Segmentation using Clustering

It is the year 2112. The earth has run out of natural resources, and the fate of humanity depends
on finding a suitable earth-like replacement.

Years ago, NASA had predicted this would occur, and had sent several probes to investigate
potential candidates. For the past 50 years, the probes have been returning imagery of each planet
they encountered. To aid scientists in their search, you have been chosen to narrow down the list
of potential candidates. One simple criteria would be to identify planets that have an appropriate
amount of water, land, and vegetation. For example, the earth is about 70% water, 20% land, and
10% vegetation.

For this problem, you will implement the k-means algorithm to partition the image pixels into 3
groups (a.k.a. clusters). Each pixel is represented by a vector of its red, green, and blue components
(collectively referred to as RGB values). The algorithm works by assigning pixels to a group, and
iteratively refining those groups until they best represent their constituent pixels. More specifically,
it can be described as follows:

1. Initialize the cluster centers to a random vector of pixels

2. Using euclidean distance, assign each pixel to a group based on its closest cluster. The
euclidean distance between the cluster center vector c and pixel vector p is defined as:

d(c,p) =
�
(cred − pred)2 + (cgreen − pgreen)2 + (cblue − pblue)2

3. Compute a new cluster center by computing the average of all pixels in a group

4. Repeat from (2) until convergence (the pixels do not change groups)

The input to your program will be given in a text file, to be specified as a command line
argument. To facilitate testing, we will provide you the initialization vector in the input text file.
Thus, the format for the input will be as follows:

• Line 1: Initial vector of cluster centers given as comma-separated RGB values.
Eg. cluster1red, cluster1green, cluster1blue, . . . , cluster3red, cluster3green, cluster3blue

• Lines 2 to EOF: A pixel of satellite imagery, represented by a comma-separated RGB values

Your program must output the fraction of pixels that belong to each of the 3 classes, each on a
new line, rounded to 3 decimal digits. Ideally, these would correspond to the fraction of the planet
consisting of water, land, and forest.

SAMPLE INPUT:

255.0, 0.0, 0.0, 0.0, 255.0, 0.0, 0.0, 0.0, 255.0

183.0, 180.0, 81.0

46.0, 108.0, 147.0

67.0, 71.0, 207.0

1



152.0, 96.0, 99.0

41.0, 200.0, 183.0

173.0, 33.0, 215.0

16.0, 57.0, 87.0

69.0, 187.0, 40.0

159.0, 84.0, 154.0

224.0, 250.0, 125.0

SAMPLE OUTPUT:

0.300

0.300

0.400
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CALIFORNIA STATE UNIVERSITY, LOS ANGELES

PROGFEST 2012

Problem 2

Nautical Navigation

The Navy of Vectorville is looking to change the way it handles navigation. Due to recent treaties
with their neighbor Polarpolis, new waterways have opened up that could significantly reduce the
time it takes to move from one point to another. For example, to reach Tiny Town, Vectorville’s
Navy previously had to use Route �A followed by Route �B. Now, they can directly use Route �C
(see below).
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Each route is represented as a series of vectors, specified by its x and y components of shift.
For example, Route �A above is < 1, 1 > and Route �B is < 1,−3 >. Vectorville is interested in
determining the new, shorter Route �C and the amount of distance saved for using this new route.

However, in return for access to the waterways, Polarpolis has demanded Vectorville to use their
standard of navigation. Thus, instead of representing Route �C and other new routes through their
x and y components, they must now be specified by angle (from the positive x-axis) and magnitude.

Your input to the program will come from a text file specified as a command line argument.
Each line will consist of a vector (whitespace separated x, y pair) representing part of the path. A
“0” will be used to separate one path from another, and the EOF will signify the end of input.

For each path given, your program must output the shortest route to the final coordinate, using
the Polarpolis convention, as well as the distance saved on a new line. These values must be sepa-
rated by a single whitespace, with the angle in radians from 0 to 2π coming first, followed by the
magnitude, and finally the distance saved. Each value must be rounded to 4 decimal digits. The
sample input below is for the path above, as well as one more.

SAMPLE INPUT:

1 1

1 -3

0

-3 4
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6 0

SAMPLE OUTPUT:

5.4978 2.8284 1.7481

0.9273 5.0000 6.0000
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Board 1: 6 moves required. 
 
Board 2: 0 moves required. 
 
Board 3: 1 moves required. 
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5*%&7!$:%=:+9!0-#$!&+6:$&!&8:4!-/&$*6:-+;!>&!.#%6!5&!%6-//&,!5&3-$&!)&!&%2*/&%'!
!
?-$6#+*6&407!0-#!*$&!1*62):+9!6)&!%/0@%!/$-9$&%%!3$-.!0-#$!%&2$&6!2-+6$-4!$--.7!*+,!0-#!)*8&!/4*++&,!
3-$! A#%6! %#2)!*+!&8&+6#*4:60;!B-#$!5*%&! 2-+%:%6%!-3! *! 2-./4:2*6&,!+&61-$=!-3! $--.%! 2-++&26&,!50!+-+C
:+6&$%&26:+9!6#++&4%;!D8&$0!$--.!)*%!*!24-%&,C2:$2#:6!2*.&$*!:+!:6!E*44-1:+9!0-#!6-!6$*2=!6)&!%/0!1)&$&8&$!
)&!9-&%F7!*+,!&8&$0!6#++&4!)*%!*!%.*44!&G/4-%:8&!2)*$9&!:+!:67!/-1&$3#4!&+-#9)!6-!/&$.*+&+640!2-44*/%&!:6;!
H)&!%/0!:%!6--!I#:2=!6-!5&!2*#9)6!:+!*!2-44*/%&7!%-!0-#@44!)*8&!6-!%6$*6&9:2*440!2-44*/%&!6#++&4%!6-!/$&8&+6!
):.!3$-.!6$*8&4:+9!3$-.!):%!:+:6:*4!$--.!6-!6)&!-#6%:,&!-3!0-#$!5*%&;!
!
J*.*9&!6-!0-#$!5*%&!1:44!5&!&G/&+%:8&!6-!$&/*:$7!%-!0-#@,!4:=&!6-!$#:+!*%!3&1!6#++&4%!*%!/-%%:54&;!?:+,!*!
%6$*6&90!6)*6!.:+:.:K&%!6)&!+#.5&$!-3!6#++&4%!0-#@44!+&&,!6-!2-44*/%&7!+-!.*66&$!)-1!24&8&$!6)&!%/0!:%;!H-!
5&!%*3&7!0-#L44!)*8&!6-!*%%#.&!6)*6!6)&!%/0!=+-1%!*44!*5-#6!0-#$!6#++&4!%0%6&.;!B-#$!.*:+!*,8*+6*9&!:%!
6)&!3*26!6)*6!0-#!2*+!2-44*/%&!6#++&4%!1)&+&8&$!0-#!4:=&7!5*%&,!-+!0-#$!-5%&$8*6:-+%!*%!6)&!%/0!.-8&%!
6)$-#9)!6)&!6#++&4%;!
)
$>C=DB)H)&!:+/#6!2-+%:%6%!-3!%&8&$*4!6&%6!2*%&%;!D*2)!6&%6!2*%&!5&9:+%!1:6)!*!4:+&!2-+6*:+:+9!:+6&9&$%!! !
! !"EM!!!!"!!NOF!*+,!#"EM!!!#"!!MOOOF7!1):2)!*$&!6)&!+#.5&$!-3!$--.%!*+,!6#++&4%!:+!0-#$!!! !
! 5*%&!$&%/&26:8&40;!P--.%!*$&!+#.5&$&,!3$-.!M!6-!!;!#"4:+&%!3-44-17!&*2)!1:6)!61-!:+6&9&$%!!
! ! ! $7!%"EO!!!$7%"!!!F7!1):2)!*$&!6)&!$--.!+#.5&$%!-+!&:6)&$!&+,!-3!*!6#++&4Q!*!O!:+,:2*6&%!6)*6!!
! ! ! 6)&!6#++&4!2-++&26%!6-!6)&!-#6%:,&;!R-$&!6)*+!-+&!6#++&4!.*0!2-++&26!*!/*:$!-3!$--.%;!H)&!! !
! %/0!*41*0%!%6*$6%!-#6!:+!$--.!M;!S+/#6!:%!6&$.:+*6&,!50!*!4:+&!2-+6*:+:+9!61-!K&$-%;!
)
&=DC=DB)?-$!&*2)!6&%6!2*%&7!/$:+6!*!4:+&!2-+6*:+:+9!6)&!6&%6!2*%&!+#.5&$!E5&9:++:+9!1:6)!MF!3-44-1&,!! !
! ! 50!6)&!.:+:.#.!+#.5&$!-3!6#++&4%!6)*6!.#%6!5&!2-44*/%&,7!:+!6)&!1-$%6!2*%&;!T%&!6)&!! ! ! !
! %*./4&!-#6/#6!3-$.*6!*+,!/$:+6!*!54*+=!4:+&!*36&$!&*2)!6&%6!2*%&;!
!

*E;C9:)$>C=D! *E;C9:)&=DC=D!
4 6     
1 2 
1 3     
2 4 
3 4 
4 0 
4 0 
4 6     
1 2 
1 3 
1 4 
2 0 
3 0 
4 0 
0 0 

Case 1: 2 
 
Case 2: 2!
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!"#$%&'($")*+"+,)-($.,'*$+/0)#&*)"(1,#,*)
2'&1%,*+)3453)

)
26789:;)<)

2=9>6=;?>:)26789:;@)
)

26789:;A)!"#$%&'%("$&)*%"%+,)*%-&'.")#/%0"+$%0&.1%',(/%23&/)-'%"+,)*%.1/%,+-%4&+*3&(%3,"-%23,(%567/+"8%
.,% 9").&"*,% -/% :,(4,'./+";% !"#$% "-(&)&'./3'%(,)/8% 2,3% .1/% *3,<4;% =&'% "-(&)&'.3".&,)% &'% ><&./% '&(4+/;%

?1/)/@/3% ")% "(,<).% AB%CDE% '"8F% 1"'% .,% G/%4"&-% 2,3% .1/% #,((,)%*,,-%1/%0&++% 4"8% &.E% ")-%03&./% &)% 1&'%

G,,$+/.H PAY 60. 
%

?1/)%)//-/-E%!"#$%0&++%"'$%/@/38%(/(G/3%,2%.1/%*3,<4E%&)#+<-&)*%1&('/+2E%.,%4"8%")%"(,<).%AB%IDE%'"8F%.,%

.1/%#,++/#.&@/%4<3'/E%")-%03&./% &)%1&'%G,,$+/.H%COLLECT 50. J2% .1/%*3,<4%'&7/% &'%KE%1/%#,++/#.'%B%LID% &)%

.,."+;%

%

M)2,3.<)"./+8%',(/%,2% .1/%*3,<4%(/(G/3'%#")),.%4"3.&#&4"./% &)% .1/% 2<++%0"+$;%9,%',(/.&(/'% .1/%*3,<4%

0&++%*3,0E%',(/.&(/'%&.%0&++%'13&)$;%=,0%-,/'%!"#$%1")-+/%.1/'/%#,(&)*'%")-%*,&)*'%,2%*3,<4%(/(G/3'%&)%

./3('%,2% #,++/#.&@/%(,)/8N% 9<44,'/E% 2,3% /O"(4+/E% .1/% *3,<4% '&7/% &'%KE% ")-% .1".% !"#$%1"'%B%PQD% &)% #"'1E%

01&#1%&'%B%RD%2,3%/@/38%*3,<4%(/(G/3;%J2%.0,%*3,<4%(/(G/3'%+/"@/E%/"#1%0&++%3/#/&@/%B%RDE%")-%!"#$%0&++%

03&./% &)%1&'%G,,$+/.H%OUT 2. J2%<)-/3% .1/%'"(/%#&3#<('.")#/'% .13//%)/0%*3,<4%(/(G/3'%"33&@/E% .1/8%
0&++%/"#1%1"@/%.,%4"8%B%RDE%")-%!"#$%0&++%03&./H%IN 3. 
 
J)%.1/'/%#"'/'%.1/%"(,<).%&)%#"'1%#,<+-%/"'&+8%G/%-&@&-/-E%0&.1,<.%23"#.&,)';%S'%"%'.3")*/%#,&)#&-/)#/E%.1&'%

1"44/)/-%-<3&)*%.1/%01,+/%.3&4;%!"#$%)/@/3%1"-%.,%("$/%#"+#<+".&,)'%0&.1%23"#.&,)"+%)<(G/3'%,2%/<3,';%

%

T/"3% .1/% /)-% ,2% .1/% .3&4E% !"#$% 0"'% U,&)/-% G8% "++% 1&'% 2/++,0% .3"@/+/3';% T,G,-8% 0"'% 0&++&)*% .,% (&''% .1/%

*+,3&,<'%2&)"+/%,2%.1/%.3&4;%J.%0"'%.1/)%.1".%!"#$%.3&/-%.,%3/(/(G/3%01".%.1/%*3,<4%'&7/%1"-%G//)%-<3&)*%

/"#1%4"3.%,2%.1/%.3&4;%=/%#,<+-%),.%3/(/(G/3;%

%

V&@/)%"%4"*/%,2%!"#$W'%G,,$+/.E%#,<+-%8,<%2&*<3/%,<.%.1/%'&7/%,2%.1/%*3,<4%".%.1/%G/*&))&)*%,2%.1".%4"*/N%

)
$BCDEA)X1/%&)4<.%2&+/%#,)."&)'%'/@/3"+%./'.%#"'/';%Y"#1%./'.%#"'/%&'%"%'/></)#/%,2%+&)/'%&)%!"#$Z'%%
% % % G,,$+/.;%X1/%2&3'.%+&)/%,2%/"#1%./'.%#"'/%0&++%*&@/%.1/%)<(G/3%!"AD%[%!"\%IDF%,2%+&)/'%.,%%
% % % 2,++,0;%X1/%)/O.%!"+&)/'%1"@/%.1/%2,3(".H%
    <keyword> <num>, 01/3/%<keyword> = PAY | COLLECT | IN | OUT 
% % % % ")-%<num>"&'%"%4,'&.&@/%&)./*/3E%0&.1%.1/%2,++,0&)*%3/'.3&#.&,)'H%
     IN k k ! 20 
     OUT k k ! 20 
     COLLECT k k ! 200 
     PAY k k ! 2000 
   X1/%+"'.%#"'/%&'%2,++,0/-%G8%"%+&)/%#,)."&)&)*%"%'&)*+/%7/3,;%

)
)
)
)
)
)
&DECDEA) ],3%/"#1%./'.%#"'/E%43&).%"%'&)*+/%+&)/%-/'#3&G&)*%.1/%'&7/%,2%.1/%*3,<4%".%.1/%G/*&))&)*%,2%.1/%

4"3.%,2%.1/%.3&4%-/'#3&G/-%&)%.1/%./'.%#"'/;%X1&'%+&)/%#,)."&)'H%

% ^%% X1/%0,3-%IMPOSSIBLE, &2%.1/%-"."%"3/%&)#,)'&'./).;%



! "#!

! "!! #!$%&'()!&*+,)-!'%.%&'!/0)!$%1)!23!/0)!'-2*4!5*$/!4-%2-!/2!/0)!$)6*)&7)!23!(%&)$!%&!897:;$!! ! ! !
! ,22:()/<!%3!/0%$!$%1)!%$!*&%6*)(=!>)/)-+%&)>!,=!/0)!>9/9?!
! "!! @).)-9(!&*+,)-$<!%&!%&7-)9$%&'!2->)-<!$)49-9/)>!,=!$497)$<!'%.%&'!/0)!42$$%,()!$%1)$!23!/0)!! ! !
! '-2*4<!%&!79$)!/0)!&*+,)-!23!$2(*/%2&$!%$!3%&%/)<!,*/!/0)!$2(*/%2&!%$!&2/!*&%6*)?!
! "!! #!$/9/)+)&/!%&!/0)!32-+9/A!SIZE >= N, '%.%&'!9!(2B)-!,2*&>!32-!/0)!$%1)!23!/0)!'-2*4<!%&!79$)!! !
! /0)!&*+,)-!23!$2(*/%2&$!%$!%&3%&%/)?!C,$)-.)!/09/!/0)!%&)6*9(%/= SIZE >= 1 9(B9=$!944(%)$<!! ! !
! $%&7)!9/!()9$/!897:!0%+$)(3!>%>!/0)!B02()!/-%4?!
 

"#$%&'!()%*+! "#$%&'!,*+%*+!
5 
IN 1 
PAY 7 
IN 1 
PAY 7 
IN 1 
7 
IN 1 
COLLECT 20 
PAY 30 
PAY 12 
IN 2 
PAY 30 
OUT 3 
3 
IN 1 
PAY 8 
OUT 3 
1 
OUT 5 
0 

IMPOSSIBLE 
2 
3 7 
SIZE >= 6!

!


