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Read all the problems carefully.
Each of the problems has a problem number (shown on top), a title, an
approximate "value rank" which gives an idea on how much points it can give, a
descriptive text and some examples of inputs/outputs.
You don't have to do all the problems and you don't have to follow any
specific order for submissions. This allows you to do some strategy play
deciding whether to go for the more valuable but more difficult problems first or
solve the easier ones, which may give lower point counts.
Should any of the problems have incomplete information or require more data
(e.g: if you are required to code a dot multiplication for vectors and you didn't
know what that is) please feel free to use resources like the Internet, books or
extrasensory perception to learn about ways of solving your problem or for extra
examples. The only thing the team can't use is the help of other human
beings (this includes, but is not limited to, your proctor, members of other teams
and your friends and family)
Please make sure your program receives input and shows output in EXACTLY
the format that is requested in the text and shown in the examples. This is
necessary for the automated judging system to work properly. Also, make sure
your solution complies with the procedures described in the "Submissions”
section (see below).
Updates and information will be sent to the teams via the proctor's email during
the competition. Also, important updates will be published in the contest blog
page

o http://ieeextreme.org
Should you have any issues or questions about general contest procedures
please feel free to contact our helpdesk team during the competition writing
email to ieeextreme@ieee.org. In case of issues, our backup mail address is
ieeextreme@gmail.com. Please note the helpdesk team will NOT answer
questions related to the programming problems nor provide extra examples or
any other information.
And most important... Have fun! :)
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Some problems have a very succinct description. This is deliberate. Filling in the gaps is
part of the work in devising a solution.

Some problems accept the input at the console, others accept the input from a file
whose name is given as an argument to the program in the command line.

Some problems give no hint of the dimension of the input data. This is deliberate: we
want to withhold that information from the contestants.

When we say that something is “provided”, it means that you should download that
piece of information from the contest site, where you will find it easily.

Most problems can be solved in any of the official languages, for any of the official
platforms. Some have specific requirements, having to be solved in a particular
language, or for a specific platform, or strictly observing a standard, so that in can be
run in Windows and in Linux.

Some problems do not require that contestants submit a program, although contestants
may wish to write a program that helps finding the solution.
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You must keep all files for the solution of each problem in a separate directory,
identified by the problem code. This means all files of the solution from problem 1
should be inside a directory called "problem1"

The programming languages allowed in the competition are C, C++ (using gcc),
Java (using Sun's JDK) and C# (using the Mono platform). For more details
about versions, check the section "Target machine setup" below.

Inside every problem directory there should be at least one special file called a
buildfile. This file will be used to build your program in the automated system.
After being executed, the file should create an executable file, named "program",
in the problem directory.

For each of the problems, your buildfile can be one of these 3 types:

o a bash shell script, in which case it should be named "build.sh" and will

be executed by the system

o a GNU make makefile, in which case it should be named "Makefile"

o an Apache Ant build file, in which case it should be named "build.xml"
Apart from the buildfile and the source code files (and libraries or other external
resources you want to use) we would advise NOT to include any other files (like
temporary files, object files or executables from previous compilations).

You are allowed to use external libraries or other freely available third-party
code in your solution as long as it can be used for your purpose under an open
source license, you include them in the solution directory.

Once you have all your source ready and your buildfile working properly to build
your executable (remember, named "program"), you should package the
directory in a .ZIP, .RAR, .TAR or .TAR.GZ file using any of the standard
utilities available (like 7-Zip for Windows or any of the command-line utilities in
Unix/Linux and MacOs X)

Name that package file using your team id and the problem number,
separated by dashes (-) and keeping the proper extension. For example, team 42
submission for problem 11, compressed with tar should be named 42-11 tar.
Send the package via e-mail to:

o solutions.ieeextreme@gmail.com

o or solutions.ieeextreme@googlemail.com
Send the submission package file as an attachment, and use your team id and
the problem number, separated by dashes (-), as the mail subject.

If you want to be sure we have received your solutions please request a delivery
report. Please do not send anything except solutions to this email address.

In case there are problems with that mail, send it to our backup mail address:
ieeextreme@gmail.com.
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All your programs will be automatically tested in a target system, therefore it is
very important that you follow the submission instructions above.

Specific versions of programs are available in the target system. Please DO NOT
use any extensions or features not available in these versions.

All these programs are freely available for download on the Internet for diverse
platforms (including Linux, MacOs X and Windows)

For the buildfiles, our automated testing system uses ant 1.6.5, make 3.8 and
bash 3.1-2

For C/C++ submissions, the system uses gcc/g++ compilers version 4.0.3-1
(available from http://gcc.gnu.org/)

For Java submissions, the system uses Sun's JDK for the Java 2 Platform
Standard edition 5.0 (available from
http://java.sun.com/j2se/1.5.0/systemconfigurations.

html)

For C# submissions, the system uses Mono SDK version 1.2.1 (available from
http://www.mono-project.com/Downloads)

All executables are included in the system path, and the usual environment
variables pointing to the installation directories will also be set (e.g: ANT_HOME,
JAVA_HOME or MONO_HOME)

The target machine system is based on a Linux distribution and will be tested for
portability, therefore be careful not to include any platform-specific code.
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List of Problems

Problem 11: NASA Ducks

Problem 12: Cynical Times
Problem 13: The hard life of a mole
Problem 14: Code Breaking
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Problem 11 — NASA ducks

Cathy is writing code for NASA project. Since she doesn’t want the spaceship to Mars to hit any
flying ducks on its way, she added a lot of asserts to her code.

Dan is now code-reviewing part of the code. Help Dan debug Cathy's code by finding an input
for which her program will trigger one of the assert statements.

Cathy’s code is provided.

Task

Your task is to find and submit an input for which the provided program will trigger one of the
assert statements.

Problem 12 — Cynical Times

It is the year 2073, and the Eurasian Coalition is planning (again...) to free the world. However,
since around 2007 (Bali Conference) there has been extreme care in doing whatever possible not
to harm the environment during warfare.

A new, ecologically efficient, bomber is being developed, the B-73-ECO. It is lightweight, it has
a hybrid engine, solar panels on the wings, etc. Of course, it is a bomber, and so the bombs
themselves produce less CO2 in the explosion. There is a lot to do in order to make each
bombing more efficient, and this brings us to you.

After signing a highly constrained confidentiality document, you are asked to develop the main
bomb-routing algorithm. You should be happy; after all you’ll be helping to save the planet!

Each bomber has extremely accurate Differential GPS receivers as well as all of the geographical
maps available at the moment. It also has powerful computers, but each decision has to be made
as quickly as possible. With the speed of the plane, a millisecond can make a big difference.

Task

Please, write a program to find the sequence of points on the map that the bomber is expected to
travel such that it hits all vital links. A link from A to B is vital when its absence isolates
completely A from B. In other words, the only way to go from A to B (or vice versa) is via that
link. In Figure 1, we show an example of three vital links in a road map.
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Wital Links

Figure 1 - The Vital Links

Notice that if we destroy for example link (d,e), it becomes impossible to go from d to e,m,l or n
in any way.

A vital link can be hit at any point that lies in its segment (e.g. a hit close to d is as valid as a hit
close to e). Of course, only one hit is enough to neutralize a vital link. Moreover, each bomb

affects an exact circle of radius R, i.e., every segment that intersects that circle is considered hit
(figure 2).

Figure 2 - Range R of a bomb — (h,k), (f,k) and (f.j) are hit

Due to enemy counter-attack, the plane may have to retreat at any moment, so the plane should
follow, at each moment, to the closest vital link possible, even if the total distance grows larger
in the end.
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Given all coordinates (the initial position of the plane and the nodes in the map) and the range R,
you have to determine the sequence of positions in which the plane has to drop bombs.

This sequence should start (takeoff) and finish (landing) at the initial position. Except for the
start and finish, all the other positions have to fall exactly in a segment of the map (i.e. it should
correspond to a point in a non-hit vital link segment). In figure 3, we show an example of a
possible trajectory that eliminates the vital links shown in figure 1.

Figure 3 - Sequence of bomb drops: the plane drops a bomb in d (hitting (d.f) and (d,e)),
then in m (hitting (m,n)) and returns to base.

The coordinate system used will be UTM (Universal Transverse Mercator) northing and easting,
which basically corresponds to a Euclidian perspective of the world (X=Easting; Y=Northing).

Input

Each input file will start with three floating point numbers indicating the X0 and YO coordinates
of the airport and the range R.

The second line contains an integer, N, indicating the number of nodes in the road network
graph. Then, the next N (<10000) lines will each contain a pair of floating point numbers
indicating the Xi and Yi coordinates (1<i<=N). Notice that the index i becomes the identifier of
each node.

Finally, the last block starts with an integer M, indicating the number of links. Then the next M
(<10000) lines will each have two integers, Ak and Bk (1<Ak,Bk<=N; 0<k<M) that correspond
to the identifiers of the points that are linked together. No two links will ever cross each other.
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Output

The program will print the sequence of coordinates (pairs of floating point numbers with exactly
one decimal place), each one at a line, in the order that the plane should visit (starting and ending
in the airport).

Sample Input 1
102.3 553.9 0.2
14

342.2 832.5
596.2 638.5
479.7 991.3
720.4 874.8

744 .3 1284.1
1294.6 924.2
1467.5 659.6
1802.6 659.6
1686.2 860.7
1548.6 1111.2
1834.4 1054.8

564.4 1442.8
850.1 1460.5
1294.6 1485.1
17
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Sample Output 1

102.3 553.9
720.4 874.8
850.1 1460.5
102.3 553.9

Sample Input 2

102.3 553.9 5
14

342.2 832.5
596.2 638.5
479.7 991.3
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720.4 874.8

744.3 1284.1
1294.6 924.2
1467.5 659.6
1802.6 659.6
1686.2 860.7
1548.6 1111.2
1834.4 1054.8

564.4 1442.8
850.1 1460.5
1294.6 1490.1
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Sample Output 2

102.3 553.9
720.4 874.8
683.1 1450.5
102.3 553.9

Problem 13 — The hard life of a mole

Moles live underground and burrow holes. When travelling underground from point A to point
B, any clever mole takes advantage of existing tunnels and minimizes the amount of digging
through the soil. Of course, any rock must be circumvented because it is impossible to dig
through a rock. Furthermore, any spot tainted with castor oil repellent should also be avoided
because moles hate castor oil so badly that they are willing to dig longer tunnels to circumvent it.
Unfortunately, sometimes there is no clear path available and the mole has no other option than,
at some point, dig through the castor oil - Yuck! Disgusting!

A map of the underground is available in the form of a grid of cells. The map can be traversed in
the horizontal direction, vertical direction and both diagonal directions. The points A and B are
marked in the map. It is assumed that the start point A is a cell of an existing tunnel and the end
point B is a cell of uncontaminated soil.
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Task

Please, write a program that, given a map of the underground, computes the minimum amount of
digging necessary to travel from A to B, circumventing the contaminated cells as most as
possible.

Input
The program gets its input from the standard input stream. The first input line contains two
integers, n and m, separated by a single space:

e 7 (2 <=n<=300) is the number of lines in the map;

e m (2 <=m <=300) is the number of characters per line in the map.

The following n lines, each with m characters, contain the following valid character values:

o # uncontaminated soil cell, a section of clean compact underground soil;
o open cell, a section of an existing tunnel;
e @ rock cell, a rock;
o ~ contaminated soil cell, a section of soil tainted with castor oil repellent;
e A the point from where the Mole starts digging;
e B the point the Mole intends to reach.

Output

The program writes its output to the standard output stream. The output is a line with a single
positive integer, representing the final result.

Sample Input

30 70

HHEFAFE A A AR A AR A A R A R A R R
#OAL LRSS A R A R A R R R R R R
FHEFH A AR AR R A R R A R R A R R R A R R R R R R R
SRR
G i

FHEFAEES B A AR AR A A A R A R R R R R R
FHEFHHEES L H AR AR R R R R R R R A R R R A R R R A R R R R A
SRR R O
g s aa s sassddddddsssdsddddddddddddddagddadadddadUyaaeE s Eassasi
g i s aa A iasssds s dCINCICICHNP @e..... @e..... #HHFHHHHHHEH#H
FHASHH A A H AR H A HQ . CRR.CRRRCR. CRRRRC.CRCRRHAHHH S HHH#H
FHEFHFAE A AR H A AR A A HHCQ . CRC.CRRRRL . CRCRRER. CRCRRHH#HHH A HHHH#H
FHEFHFE A L H A A HQ . QRQ.CRRRRR . CRRRRR . CRCRRHHH#HHHHH###
FHASHF A H AR A F A H AR AHHQ.QRR. .. L QQRQR. .. .QRQ. .. . CRHH#HHHAHHHAHAH
FHASHH A H A H A HQ . CRR.CRRRCR. CRRRRQ.CRCRRHAHHH S HHH#H
#QRRRRQACRRACRRACRR . HH#HHAHHHHHH#HH#R.CRR.CRRLACR.CRCRRC.CRCRRHAHHHHHHH I
#RRECECQRRRRRECCCARRR . #HH##########Q.CRC.CRRRREE.CRRRA. CARRRHHH#HHHAHHHHHH
#RRECECCRRRRECCCRRRHE . ###########Q.RRC. .. .. @@..... @@..... ####HHHH####
#REECCECCERRRECRRARRHHC . #####H##H#H#CERRECCECCERREECRARRRRRCCARAHFHHHHfH#H
#RRECECACRRRRCCCACARRHH#Q. it ##HHH#HHHHHHHH R HHFIS SR HHAS SR HH A SRS HHS
#RRECCACCRRRRCCCCARRHHHHQ. . ##H#HHHHHHHHHHHH R HHHFHA R HHHH SRR I HHH SRS HHS
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FHEF A A A A AR A AAHQ . H A F AR H A F SR H A SR A A F SRS A
FHEH A AR AR Q . H A H A R A A R R A R R R R A

HhAEFHFFE AR AFFER IR~ s HhAAHFA A AR ARSI
FhAFHFF AR AF SRR~ s HhAFHFH A AR ARSI
8 SRR ikl
igssasdsdssaasddisasaddiiasaaadddatadad i iR it aaaaadd s s A ##

FHEHAH AR AR A A A R R L L QRB
HhEFHFEF A A AR A AA SRR SRS RS FCQQRQRQRRRRRE

Sample Output
10

Problem 14 — Codebreaking

The president of Damogran asks you for help with a serious situation. He has evidence that his
neighboring country Qvarne is supporting smugglers operating in Damogran. The Damogranian
intelligence service tracked down a woman named Alice Beeblebrox and it suspects that she
belongs to the smuggler’s organization. However, all attempts to monitor Alice’s
communications have failed so far, because Alice is using some sort of encryption to hide her
messages from eavesdroppers.

Some weeks ago a crack team of spies swung into action to search for information about how the
smugglers are communicating with each other and how they encrypt their messages for
transmission.

They were able to take possession of an algorithm Alice seems to use to encrypt the messages
she sends to other people. The encryption algorithm is encrypting data in blocks of 32 bits using
a key length of 30 bits. An interesting aspect the spies noted is that Alice seems to use the same
algorithm for encryption as well as for decryption. Since the smugglers are probably operating
all over the world they are most likely communicating using English text messages which are
represented by standard ASCII characters for compatibility.

For your convenience, we translated the algorithm the spies found into the official competition
languages. Use one of the following code snippets as cipher function to encrypt or decrypt a
single data block with a given key. The key needs to be located in the lower 30 bits of the key
argument, the upper bits are ignored.

C/C++

unsigned int xCrypt (unsigned int block, unsigned int key) {
unsigned int skeyl, skey2;
key &= Ox3FFFFFFF;

skeyl = (key >> 16) | (key << 16);
skey2 = (key << 2) | (key >> 28);
return ((block + skeyl) »~ skey2) - skeyl;

C#
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static public uint xCrypt (uint block, uint key) {
uint skeyl, skey2;
key &= Ox3FFFFFFF;

skeyl = (key >> 16) | (key << 16);
skey2 = (key << 2) | (key >> 28);
return ((block + skeyl) * skey2) - skeyl;

Java

static public long xCrypt (long block, int key) {
long lkey = key < 0 ? ((long) (key)) + 0x80000000 : key;
lkey &= Ox3FFFFFFE;

long skeyl = (lkey >> 16) | (lkey << 16);
long skey2 = (lkey << 2) | (lkey >> 28);
long rblock = (((block + skeyl) ~ skey2) & OxFFFFFFFF) - skeyl;

return rblock < 0 ? rblock + 0x80000000 : rblock;

These functions are provided.

One of the Damogranian listening posts was recently able to intercept a message send from Alice
to a person only known as the “Almighty Bob”. The encrypted message consists of 32 bit words
that have been recorded in a text file containing the hexadecimal representation of an encrypted
word in each line. The hexadecimal numbers are in big-endian digit order, so you can use
standard conversion functions to convert them without reordering the digits.

The intercepted message you have to analyze is provided.

Task

Please, write a program to find the key used to encrypt the message as well as the decrypted text.
It should be able to decrypt this message and other similar messages that will be intercepted in
the future, of course. However, in those cases where it is unable to break the code and to decrypt
the given message, it should output the words UNABLE TO BREAK THE CODE.

The input to your program is the name of a single text file containing the encrypted message as
described above. The output should be formatted as in the examples below, where “program”
represents the name of your program.

Examples

> codebreak encoded.txt
Key found: 0x1234ABCD

This is the decrypted message!

(Of course, this is not the correct key and message... ;-))

> codebreak shortmsg.txt
UNABLE TO BREAK THE CODE
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All the brands, names and registered trademarks that may appear on this document are
marks (trademarks, service marks, registered trademarks, or registered service marks)
of their respective owners in the USA and/or other territories.

Some of the materials contained in this document are included from articles in the
Wikipedia project (http://wikipedia.org) or other sources covered by open licenses (like
Creative Commons) and are used here for non-profit purposes. Other legal terms may
apply to this document. Before using the content in the booklet for any other purpose
than participating in the 2008 edition of IEEEXtreme contest, please contact the team at
ieeextreme@ieee.org to request permission.

No computers were harmed during the creation of this booklet.




