Association for Computing Mac hinery
International Collegiate Programming Contest

Asia Regional Finals{Manila
2006 Octob er 27
hosted by Ateneo de Manila Univ ersity
sponsored by IBM

Instructions : You are given v e hoursto solwe the problemsin this contest. Inputs in
eah problem should be read from standard input. Outputs on the other hand should be

displayed to standad output.

Good luck!
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Pr oblem A
Nuevo-Romano

\The systemof Romannumeralsis a numeral systemoriginating from anciert Rome,and
was adapted from Etruscan numerals. The systemusedin classicalantiquity was slightly
modi ed in the Middle Agesto producethe systemwe usetoday. It is basedon certain
letters which are given valuesas numerals.” (From wikip edia.org)

Since ACM is where innovation starts, a new numeral system, called Neuvwo-Romano, is
derived from the Roman numeralswith one slight modi cation. The basic set of Roman
Numeral systemsare:

| ori for one

V orvfor ve

X or x for ten

L orlfor fty

C or c for one hundred

D or d for v e hundred
M or m for onethousand

Nuew-Romano extends it by adding 'O' or "0' to mean multiplied by one thousand.
Howewer, the new numeral is only applied to numeralsgreaterthan 3 or 111 or iii, e.g.

IVO or ivo for four thousand
VO or vo for v e thousand
XO or xo for ten thousand
MO or mo for one million

The samerules for multiple symbol conbinations to produce numbers between these
valuesare applied.

1. The number is written using the symbols with the synbol of highest value as the
rst numeral followed by a synbol of lower value exceptin special casesas de ned
below. Example: MMMDCCCLXXVI |l = 3,878.

2. Thel ori, X orx, C orcand M or m can be repeatedup to a maximum of three
times, e.g. I11 or iii for three, XXX or xxx for thirty, CC or cc for two hundred and
MM or mm for two thousand.

3.V, L and D canonly be usedonce.
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4. 1, X and C can appear before a larger symbol to indicate subtraction. Only the
following are allowed:
IV=5-1=4
IX =10-1=9
XL = 50-10= 40
XC = 100-10= 90
CD = 500- 100= 400

The task is to determine the sum of two Neuwo-Romanonumbers and output both the
Neuw-Romanonumber and the Latin alphabet-basedArabic number.

Input

Ead line in the input consistsof two Nuewo-Romanonumbers separatedby a "+' sign.
The input is in mixed case.If the given Nuevo-Romanonumber is not a valid one, print
\INV ALID" in the line.

Output
The sum expressedasa Nuewo-Romanonumber in uppercaseand its Arabic number form

separatedby an "=' sign.

Sample Input Sample Output
XLII+CC CCXLII=242
MODccXLIX+cxi MODCCCLX=1000860
COD+IC INVALID
LXIHOCCLXXXVII+IVOCXX LXVIOCDVIII=66408
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Pr oblem B
Connect the Dots

Givenarectangularregionof the planewhich hasbeendivided into polygons,decidewhat
the maximum number of edgesthat any of the polygonshas. For example,if the region
is divided into triangles, then the maximal number is 3. If the regionis divided into, say,
7 triangles and 2 squares,then the maximal number is 4.

There will be alist of pairs of (x; y) coordinates: Each (x;y) coordinatesrepresets a ver-
tex, and consequetly ead pair of coordinatesrepresets an edge. The edgescollectively
divide the rectangular region naturally into disjoint \ n-gons". (Explanation: A triangle
is a 3-gon, a squareis an exampleof a 4-gon, etc.) That is, the boundary of eat n-gon
is a union of edges

Figure 1 is a sketch of an example3x3 rectangularregiondivided into v e 3-gons,a 5-gon
and a 10-gon.

1 2 3 4
Figure 1: Samplesketch

The pairs of coordinatesrepreseting the edgesof the 5-gonwould be:

f((3:4);(4,4));((4:4);(4,3)):((3:4);(3;3):((3;3;(4,2); ((4;3); (4 2))a

The maximal number of edgesin this exampleis 10. That is, this examplehasa 10-gon.

Input

The rst line of an input will consistof an integern represeting the number of edgesper
test case. Ead test casewill then cortain n pairs of (x;y) coordinates wherex;y 2 Z
which represemh edgesdividing a rectangular region into n-gons. Ead integer will be
separatedby a white space. Overlapping edgeswill not be speci ed in the input. The
input will terminate for n = 0.

Output
The output should be an integer describingthe maximal number of edgesthat any of
thosen-gon has. Separateead test casewith a newline.
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Sample Input Sample Output
21 10

OCWRWNWWNNNRARMRMWNRWNRRRPR
NFNFRPOOWWWWWNRARMRANRRRE®WNPR
DRWOWWRNRWWWONRAMIMNINRNWONAMWNERE PP
NNFRFNMNNVNAWWAMRAMRMWONRARARARRREPAWON
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Pr oblem C
Boundary Points

The corvex hull of a setof points Q on a planeis the smallestcorvex polygonP for which
ead point in Q is in the boundary or inside P.

\The problemof nding corvexhulls nds its practical applicationsin pattern recognition,
image processing statistics and geographicinformation systemsor GIS. It alsosenesas
a tool, a building block for a number of other computational-geometricalgorithms. For
example,considerthe problem of nding the diameter of a setof points, which is the pair
of points a maximum distance apart. The diameter will always be the distance between
two points on the convex hull.

For planar objects, i.e., lying in the plane, the cornvex hull may be easily visualized by

imagining an elastic band stretched open to encompasghe given objects; when released,
it will assumethe shape of the required corvex hull. It may seemnatural to generalise
this picture to higher dimensionsby imagining the objects enveloped in a sort of ideal-

ized unpressurizedelastic membrane or balloon under tension. However, the equilibrium

(minimum-energy) surfacein this casemay not be the convex hull|parts of the result-

ing surfacemay have negative curvature, like a saddlesurface. For the caseof points in

3-dimensionalspace,if a rigid wire is rst placed betweenead pair of points, then the

balloon will spring badk under tensionto take the form of the corvex hull of the points.”

(from Wikipedia)

Write a program that outputs the corvex polygon P for a set of points Q.

Input

The set of points in Q are given in oneline and the program should be able to read any
number of lines where ead line is one set of points in Q. Eacd point is of the format
(x;y) wherex;y 2 R.

Output
Ead test casewill be displayed in oneline of output. Casesare then separatedwith a
carriagereturn

Sample Input

(-2,1) (-1,-2 (-1,1) (1,20 (-1,3) (0,00 (1,-1) (11 (2,2 (2,1) 3,2
Sample Output

-1,-2) (2,-2) (3,2) (-1,3) (-2, 1)
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Pr oblem D
AGTC

Let x and y be two strings over some nite alphabet A. We would like to transform x
into y allowing only operations given below:

Deletion: aletter in x is missingin y at a correspnding
position.

Insertion: aletter in y ismissingin x at a correspnding
position.

Change: letters at correspnding positions are distinct

Certainly, we would like to minimize the number of all possibleoperations.

[llustration

A G T A A G T * A G G C
[ I I |
A G T * c * T G A C G C

Deletion: * in the bottom line
Insertion: * in the top line

Change: when the letters at the top and bottom are
distinct

This tells usthat to transformx = AGTCTGACGC intoy = AGTAAGTAGGC we would
be required to perform at least5 operations (2 changes,2 deletionsand 1 insertion).

In this problem we would always considerstrings x and y to be xed, sud that the
number of letters in x is m and the number of letters in y is n wheren m.

Assign1l asthe costof an operation performed. Otherwise,assign0 if there is no operation
performed.

Write a programthat would minimize the number of possibleoperationsto transform any
string x into a string y.

Input
The input consistsof the strings x and y pre xed by their respective lengths.

Output
An integer represeting the minimum number of possible operations to transform any
string x into a string y.
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Sample Input Sample Output
10 AGTCTGACGC 5
11 AGTAAGTAGGC

Problem D
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Pr oblem E
Oreon

In the 25th certury, civilization is struck by a seriesof calamities that eventually led
mankind to build walled cities interconnectedby tunnel bridgesto facilitate transporta-
tion. Each walled city possesses uniqueorerequiredto build and repair all infrastructure
including the tunnels. This material which whencombined with other oresfrom all others
cities form an almost indestructible material called\oreon".

Outside the walled cities are uncivilized barbariansarmedwith antiquated but destructive
weaponry which can e ectively shoot down any air transport, but only damageand not
penetratetunnel bridges. Thus ead city is interconnectedto more than onecity in order
to have accesgedundancyin caseone of its interconnectingtunnels is damaged.

If atunnel is damaged,it becomesimpassableand would require a substartial amourt

of \oreon" to repair the damage. When a single city is madeisolated, meaningall of its

interconnectionsare damaged,\oreon” cannot be manufactured which may lead to the

ewvertual destruction of the wall fortifying the city. You, being the head of the homeland
defenseunit, aretaskedto ensurethat all cities remain accessibleeven by at leasta single
interconnectingtunnel at all times. Facedwith only a limited manpower in the defense
unit, you have to determinewhich tunnel to protect usingthe leastnumber of peopleand

ensurethat no city will be isolated.

Figure 2 shovs a map of the walled cities, their interconnectingtunnels and the number
of security personnel.

Figure 2: Map of six cities and its interconnectingtunnels
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Input

The input will cortain seweral test cases.The rst line will indicate the number of test
cases.Ead test casebeginswith a number represeting the number of walled cities. Cities
are labeledalphabetically usingthe letters in the English alphabet. The subsequenlines
cortain the number of security personnelneededto protect the tunnel connectingead
city to all other cities. A value of zeroimplies no security personnelneededsinceno tunnel
exists. You are to output which tunnel should be protected and how many personnelare
neededfor ead tunnel.

Output
The output shows the tunnel connectionwhich is named after the cities that it connects
and the number of personelneededto protect the tunnel.

Sample Input Sample Output
1 Case 1.
6 B-D 3
0, 8 12, 0, 0, 7 D-F 4
8, 0, 0 3,0 0 E-F 5

12, 0, 0, O, 6, O C-EG6
0, 30,0 0, 4 A-F 7
0, 0, 6,0 0,5
7, 0, 0, 4, 5 O
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Pr oblem F
Period of an In nite Binary Expansion

Let fxg = O:ayayaz::: be the binary represemation of the fractional part of a rational
number z. Supposethat fxg is periodic then, we can write

fxg= O:ayaz:i:a (ar1ar2 1118+s)

for someintegersr and s with r Oands > 0. Also, (a,+18+2 :::a+s) denotesa
nonterminating and repeating binary subsequencef f xg.

The subsequence; = a;a,:::a, is calledthe preperiod of fxgand X, = a;+1 @42 i 8+s
is the period of f xg.

Supposethat jx;j and jx,j are chosenas small as possiblethen x; is called the least
preperiod and x; is called the least period of f xg.

1 .
For example,x = 10 = 0:0001100110011(00110011and 0001100110011s a preperiod

and 00110011s a period of 1—10

1 1 . ,
Howewer, we can write 10 alsoas 10 = 0:0(0011) and O is the least preperiod and 0011

1
is the least period of —.
is the least period of -

The least period of li starts at the 2nd bit to the right of the binary point and the the
length of the least period is 4.

Write a programthat nds the position of the rst bit of the least period and the length
of the least period wherethe preperiod is alsothe minimum of a positive rational number
lessthan 1.

Input
Eadh line is test case. It represets a rational number p=qwhere p and q are integers,
p Oandqg> 0.

Output

Ead line correspndsto a singletest case.lIt represeis a pair wherethe rst number is
the position of the rst bit of the least period and the the secondnumber is the length of
the least period of the rational number.
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Site

Sample Input

Sample Output

1/10 Case#l: 24
1/5 Case#2: 14
101/120 Case#3: 44
121/1472 Case#4: 7,11
ProblemF
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Pr oblem G
Word sh

You have beentasked to in ltrate a tight-lipp ed scciety for fun and prot: the ACM
ICPC regionaljudges. Through the PC? \submission" software, you know that classi ed
information is accessibleéhrough the log-ins of the judgestasked to a particular \regional
site". Howewer, you are not certain that any particular judge hasaccesgo all the relevant
information, so seeral log-ins will be required. You have beenhanded down a list of
usernamesand the passwords usedcan be derived from theseusernamesas follows:

Input

The input will only have capital letters (denoting the usernames)and carriage returns.
Ead line (thus ead username)will not be longerthan twenty characters,and there will
not be more than 12 \judges" whoselog-ins you will needto in ltrate. Strangely no
usernameusesany letter more than once.

Output

For ead username you must producea line cortaining the passvord which that username
uses.The passvord for a given usernameis determinedfrom the twernty-one lexicograph-
ically consecutie permutations of the username,the eleverth (middle) of which is the

usernameitself. For example,if the usernameis WORDFISH, the lexicographicpermuta-

tions of WORDFISH cortain, in order:

oo,  WOISHRFDIVOISRDFHNVOISRDHRVOISRFDHVOISRFHDVOISRHDRVOISRHFD,
WORDFHISVORDFHSWORDFIHSVORDFISHVORDFSHWORDFSIHVORDHFISNVORDHFSI,
WORDHIFSVORDHISRYORDHSFIWORDHSIRVORDIFHSVORDIFSH,.

The passverd is then the permutation amongthe twenty-onelexicographicallyconsecutive
permutations of the usernamewhich hasthe largest minimum absolutedistance between
consecutie letters (and the rst amongstthe lexicographicallyordered,if seweral permu-
tations have the largestminimum absolutedistance), followed by that minimum absolute
distance. For the usernameWORDFISthe passvord is WORDHSFI3 .

Sample Input Sample Output
WORDFISH WORDHSFI3

1Disclaimer: The above story is completely ctional, and in no way represers any fact, regarding
ACM regional judges, their passwords or world domination.
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Pr oblem H
Take a Walk

A walk W in a graph G is a nite sequence

Vo€1V1€Vo o 11 Vi 16Vk
whoseterms are alternately vertices and edgessud that, for 1 i Kk, the edgee has

calleda trail. A trail with v, 6 v, is an open trail.

If vo = Vi, then W is a closedwalk. A tour of G is a closedwalk of G that includesewery
edgeof G at leastonce.

Write a program that determineswhether for a graph G:

1. there existsan open trail that includesewery edgeof G, or not; and
2. there existsa tour that includesewery edgeof G exactly once,or not

where graph G is undirected, has at least 2 edges,has no self-loops (i.e., edges(v;i; vi)),
but may corntain parallel edges(i.e., 2 or more edgeshaving the sameend vertices).

Input

The input le consistsof se\eral test casesgad with a casenumber, the set of verticesin
a graph, and the set of edgesin the graph, asshown in the samples.Assumethe vertices
are singleletters only.

Output

For eat of the test cases,output "Yes" if the graph has at least one open trail that
includesewery edgeof the graph, and "No", if not; and output "Y es" if the graph hasat
leastonetour that includesewery edgeof the graph exactly once,and "No" if not.

Sample Input

Casel: f a, b, c d, e
Case2: f a, b, c, d, e
(de), (de), (ec) g
Case3: f A, B, c, dgf (AB), (cd) g

f (ab), (bc), (cd), (da), (be), (ce) g
f (a,b), (ac), (be), (bd), (b,c), (dc),

((o}(e]

Sample Output
Yes No

No Yes

No No
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Pr oblem |
Gaussian Prime Factors

Let a;b;c;d be integers. The complexnumber a+ bj, wherej? = 1, is afactor of c+ g,
if there exist integerse and f sud that

c+d = (a+ bj)(e+fj)

. A complexnumber a+ bj wherea and b are integersis a Gaussianprime if the factors
arel; 1, a bjanda+ bjonly.

The following are Gaussianprimes: 1+ j; 1 j,1+2; 1 2j,3and7.

The Gaussianprime factors of 5 are:

1+ 2 andl 2}, or
2+jand2 |, or

1 2jand 1+ 2j,o0r
2 jand 2+].

Write a programthat nds all the Gaussianprime factors of a positive integer.

Input
Oneline of input per case.The line represets a positive integer n.

Output

One line of output per test case. The line represets the Gaussianprime factors of n. If
a+ bj is a Gaussianprime factor of n, thena> 0,jg > a, if b6 0. If b= 0, the output
must be a.

Sample Input Sample Output

2 Case#1: 14}, 1-

5 Case#2: 1+2j, 1-2j

6 Case#3: 1+, 1-, 3

700 Case#4: 1+, 14, 1+2], 1-2j,
7
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Pr oblem J
20{F our

The following scenariotakes place between8:00AM and 9:00AM. In the headquartersof
the Counter Terrorist Agency (CTA), you are tasked to aid Jadk prevert the next terror
attack. The CTA has beentracking the terrorists for over a week. It was discovered
that the terrorists operate in separateindependen groups. Each group carriesa speci ¢
chemicalwhich is harmlessby itself. Thoughiit is not readily available, possessiomf sud
chemical even in huge quartity is not illegal. Thus thesegroupscannot be apprehended
ewven if they are spotted in possessiorof the chemical. Howeer, if the groups meet in
the samecity, they can mix the chemicalthat they have at hand and form a nerve agen,
which they can releasewithin the next hour.

To track down and prevert the next attack, it was determined that all groups move
independerly of ead other using forward then left protocol in 16 cities as shown in
Figure 3. The protocol meansforward to the next city followed by the city on the left.
In the casewhenthere is no city in front, the group headsto the next city to the left. If
there is no city to the left, the group badtracks to the previouscity. In both casesthe
move in the protocol is skipped, asit is replacedby the alternate movemen. If there are
no cities to badtrack into, (e.g. if there is no information on its previous location) the
group stay put in the city and simply wait it out.

The attack is carried out only whenall groupsmeetin the samecity. Figure 3 illustrates
a map of the cities, where eat city is labelled using x; y coordinates. Moving forward
implies maintaining the samedirection from previous to current. For example, if the
groupis currerntly at city 3,3 and previously at 4,3 moving forward meansgoingto 2,3, if
the group is previously at 3,4, then the group movesto 3,2; if the group is previously at
2,3,then it proceedsto 4,3 and if previously at 2,3, the group goesto 4,3.

A left implies moving courterclockwise basedon the current and previouslocation. For
example, if the group is currertly at city 3,3 and previously at 4,3 moving left means
going to 3,4; if the group is previously at 3,4 then the group goesto 2,3; if the group
is previously at 3,2, the group movesto 4,3; and if the groupsis previously at 2,3, it
proceedsto 3, 2.

It was also learned that all groups can move from one city to the next city in exactly
20 minutes. Sincethe group cannot be apprehendedif they are carrying only the single
chemical, they have to be apprehendedn the act of preparing the nerve agen. Sinceyou
lack man power to track all groupssimultaneously you are tasked to determinethe time
and placeall groupswill meetto preparethe nerve agert.

Satellite tracking can only shov the whereatouts of ead group at the start of the hour.
Time is running out fast. When and whereshouldyou sendJadk to take down theseterror
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groups? Howewer, if all groupswere not able to meet within 24 hours, the threat alert
level is dropped, as the terrorist will disband and decideon the next attack sometimein
the future.

Input

The input will contain seweral test cases.The rst line will indicate the number of test
cases.Eadh test casestarts with the number of terror groupsmoving about the 16 cities.
Then it is followed by the coordinate valuesx and y of eat group taken at the start of
the hour followed by the next direction either forward (F) or left (L) that they will be
initially moving. For the initial movemen, we will assumethat a forward is a decrease
in the y coordinate and a left is a decreasan the x coordinate value.

Output

The output must show in which city all the groupswill meetand the time (24-hour time
format) in which Jadk must be situated to take down the terrorist. Otherwise,it outputs
a plain text stating "no terror threat" if the groupsdo not corvergewithin 24 hours.

Sample Input
1

2

2, 3, F

3, 4, F

Sample Output
Casel: 1, 3, 900

Figure 3: Map of 16 cities that all terror groups move about and a group starting at 4,3
with a left
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