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1 Railroads

Background

It' s Friday eveningandJill hatestwo thingswhich arecommonto all trains:
1. They arealwayslate.
2. Theschedulds alwayswrong.

Neverthelesstomorrow in the early morning hoursJill will have to travel from Hamlurg to
Darmstadin orderto getto the regional programmingcontest.Sincesheis afraid of arriving too
late andbeingexcludedfrom the contestsheis looking for the train which getsherto Darmstadt
asearly aspossible. However, shedislikesto getto the stationtoo early, soif thereare several
schedulesvith the samearrival time thenshewill choosethe onewith the latestdeparturgime.

Problem

Jill asksyou to help herwith herproblem. You aregivena setof railroadschedulegrom which
you must computethe train with the earliestarrival time and the fastestconnectionfrom one
locationto another Onegoodthing: Jill is very experiencedn changingtrains. Shecando this
instantaneously.e., in zerotime!!!

Input

Theveryfirstline of theinput givesthenumberof scenariosEachscenariconsistof threeparts.

Part onelists the namesof all cities connectedy the railroads. It startswith a numberl <
C <100, followedby C linescontainingcity names.Thesenamesconsistof letters.

Part two describesall the trains running during a day. It startswith a numberT < 1000
followedby T train descriptions Eachof themconsistf oneline with anumbert; < 100andt;
morelineswith atime anda city name meaningthatpassengersangeton or off thetrain atthat
time atthatcity.

Part threeconsistsof threelines: Line one containsthe earliestjourney’s startingtime, line
two the nameof the city whereshestarts,andline threethe destinationcity. The two citiesare
alwaysdifferent.

Output

For eachscenarioprint a line containing“Scenari o i ”, wherei is the numberof the scenario
startingat 1.

If aconnectiorexiststhenprint thetwo linescontainingzeropaddedimestampsndlocations
asshavn in thesample.Useblanksto achieve theindentation If no connectiorexistsonthesame
day (i.e.,arrival beforemidnight)thenprint aline containing‘No connecti on”.

After eachscenariqorint ablankline.

(Sampleinputandsampleoutputon next page)
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Samplelnput

2

3

Hanbur g
Frankfurt

Dar st adt

3

2

0949 Hanbur g
1006 Frankfurt
2

1325 Hanburg
1550 Dar nst adt
2

1205 Frankfurt
1411 Dar nst adt
0800

Hanbur g

Dar nst adt

2

Paris

Tokyo

1

2

0100 Paris
2300 Tokyo
0800

Paris

Tokyo

SampleOutput

Scenario 1
Departure 0949 Hanburg
Arrival 1411 Dar nst adt

Scenario 2
No connection
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2 OuroborosSnake

Background

Ouroborosvasamythicalsnalein AncientEgypt. It hasits tail insideits mouthandcontinuously
devoursitself.

Problem

Ouroborosnumbersarebinary numbersof 2" bits thathave the propertyof generatinghe whole
setof numbersfrom 0 to 2" — 1 asfollows: To produceall of themwe placethe 2" bits wrapped
in a circle sothatthe lastbit goesbeforethefirst one. Thenwe candenoteall 2" differentstrings
with n bits startingeachtime with the next bit in thecircle.

For example for n= 2thereareonly four OuroborosiumbersTheseare0011,0110,1100and
1001.For 0011,thefollowing diagramandtabledepictsthe procesf finding all the bitstrings:

N

[K]0011001L... [ o(n=2,K) |
000 0
1] o1
2| 11
3] 10

N| W|

Your programwill computethe functiono(n,k), wheren > 0 and0 < k < 2". This function
calculateghek-th numberinsidethe smallestOuroborosnumberof sizen-bits.
Input
The input startswith a line containingthe numberof testcases.For eachtestcaseyou will be

givenaline with two integersn (0 < n < 22)andk (0 < k < 2").

Output

For every testcaseyour outputmustevaluatethe functiono(n, k) andprint theresulton aline by
itself.

Samplelnput

DO B
w N O

SampleOutput

N W
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3 Vito’s Family

Background

The world-knowvn gangstetVito Deadstonds maoving to New York. He hasa very big family
there,all of themliving in LamafiaAvenue. Sincehewill visit all his relatvesvery often, heis
trying to find a housecloseto them.

Problem

Vito wantsto minimizethetotal distanceo all of themandhasblackmailedyouto write aprogram
thatsolveshis problem.

Input

Theinput consistof severaltestcasesThefirst line containghe numberof testcases.

For eachtestcaseyou will be giventhe integer numberof relatvesr (0 < r < 500) andthe
streetnumbers(also integers)s;, s, - .., S,---,5 Wherethey live (0 < 5 < 30000). Note that
severalrelativescouldlive in the samestreetnumber It could alsohappernthatthe optimal street
numberfor Vito coincideswith the numberof someotherrelative.

Output

For eachtestcaseyour programmustwrite the minimal sumof distancesrom the optimal Vito’s
houseto eachone of his relatives. The distancebetweentwo streetnumberss ands; is dij =
s —sjl.

Samplelnput

w NN
NN
~ b

SampleOutput
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4 Smith Numbers

Background

While skimminghis phonedirectoryin 1982,Albert Wilansky, amathematiciawf LehighUniver
sity, noticedthatthe telephonenumberof his brotherin-law H. Smith hadthefollowing peculiar
property: The sumof the digits of thatnumberwas equalto the sum of the digits of the prime
factorsof that number Gotit? Smith’s telephonenumberwas 493-7775. This numbercanbe
written asthe productof its primefactorsin thefollowing way:

4937775=3-5-5-65837

Thesumof all digits of thetelephonezaumberis 4+ 9+ 3+ 7+ 747+ 5= 42*, andthesumof the
digits of its primefactorsis equally3+ 5+ 5+ 6+ 5+ 8+ 3+ 7= 42. Wilansky wassoamazed
by his discovery thathe namedhis type of numbersafter his brotherin-law: Smithnumbers.

As this obsenationis alsotruefor every prime number Wilansky decidedaterthata (simple
andunsophisticated)rimenumberis notworth beinga Smithnumberandheexcludedthemfrom
thedefinition.

Problem

Wilansky publishedanarticleaboutSmithnumbersn the Two Year College Mathematicslournal
andwasableto presenta whole collection of different Smith numbers:For example,9985is a
Smith numberandsois 6036. However, Wilansky wasnot ableto give a Smith numberwhich
waslargerthanthetelephonenumberof his brotherin-law. It is your taskto find Smith numbers
which arelargerthan4937775.

Input
Theinput consistof severaltestcasesthe numberof which you aregivenin thefirst line of the
input.

Eachtestcaseconsistof oneline containinga singlepositive integersmallerthan10°.

Output

For every inputvaluen, you areto computethe smallestSmithnumberwhichis largerthann and
print eachnumberon asingleline. You canassumehatsucha numberexists.

Samplelnput

1
4937774

SampleOutput
4937775

*Whatelsedid you expect?
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5 ChainsawMassacre

Background

As every yearthe CanadiarLumberjackSocietyhasjust heldits annualwoodcuttingcompetition
andthe nationalforestsbetweerMontrealandVancouwer aredevastatedNow for the socialpart!
In orderto lay out an adequatedancefloor for the evening party the organizingcommitteeis
looking for alargerectangulaareawithouttrees.Naturally, all lumberjacksarealreadydrunkand
nobodywantsto take therisk of having ary of themoperatea chainsav.

The Problem

Theorganizingcommitteehasaskedyouto find thelargestyet freerectanglevhich couldsene as
thedancefloor. Theareain which you shouldsearchs alsorectangulaandthe dancefloor must
beentirelylocatedin thatarea.lts sidesshouldbe parallelto the bordersof thearea.lt is allowed
thatthe dancefloor is locatedat the bordersof the areaandalsothattreesgrow on the bordersof
thedancefloor. Whatis the maximumsizeof the dancefloor?

The Input

Thefirst line of theinput specifieshe numberof scenarios.

For eachscenariothefirst line providesthe lengthl andwidth w of the areain meters(0 <
[,w < 10000,bothintegers).Eachof thefollowing linesdescribeitherasingletree,or aline of
treesaccordingto oneof thefollowing formats:

e 1 x y, wherethe “one” characterizea singletree,andx andy provide its coordinatesn
meterswith respecto the upperleft corner

e k x y dx dy,wherek> 1providesthenumberof treesin aline with coordinategx,y), (x+
dx,y+dy),...,(x+ (k= 1)dx,y+ (k— 1)dy).

e 0 denotegsheendof thescenario.

Thecoordinatex, y, dx, anddy aregivenasintegers.lt is guaranteethatall thetreesaresituated
in thearea,.e. have coordinatesn [0,1] x [0,w]. Therewill beatmost1000trees.

The Output

For eachscenarigorint aline containingthe maximumsizeof thedancefloor measuredn square
meters.

Samplelnput
2

23

0

10 10
81110
81910

0
SampleOutput
6

80
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6 ErdosNumbers

Background

The HungarianPaul Erdds (1913-1996 speakas “Ar-dish”) not only was one of the strangest
mathematiciansf the 20th century hewasalsooneof the mostfamous.He kepton publishing
widely circulatedpapersupto avery highageandevery mathematiciamaving the honorof being
aco-authorto Erdosis well respected.

Not everybodygotthechanceo co-authora papemwith Erdds,somary peoplewerecontentf
they managedo publisha paperwith somebodwho hadpublisheda scientificpaperwith Erdos.
This gave rise to the so-calledErdds numbes. An authorwho hasjointly publishedwith Erdos
hadErddosnumberl. An authorwho hadnot publishedwith Erddosbut with somebodywith Erdos
numberl obtainedErddsnumber2, andsoon.

Problem

Today nearlyeverybodywantsto know which Erddsnumberhe or shehas. Your taskis to write
a programwhich compute€rddsnumberdor a givensetof scientists.

Input

Thefirst line of theinput containghe numberof scenarios.

Theinputfor eachscenaricconsistof a paperdatabasandalist of nameslt beginswith the
line
PN
whereP > 0andN > 0 arenaturalnumbers Following thisline areP linescontainingdescriptions
of paperd(this is the paperdatabase)A paperappearn aline by itself andis specifiedin the
following way:

Smith, MN., Martin, G, Erdos, P.: Newonian forms of prime factors matrices

Notethatumlautslike ‘6’ aresimply writtenas‘'o’. After the P paperdollow N lineswith names.
Suchanameline hasthefollowing format:

Martin, G

You canassumehatnot morethan20 authorscontributeto a singlepaperandthata complete
paperdescriptionis alwaysshorterthan2000characters.

Output

For every scenarig/ou areto printaline containinga string“Scenari o i ” (wherei isthenumber
of thescenarioandthe authornamegogethemith their Erdds numberof all authorsin thelist of

names.Theauthorsshouldappeain thesameorderasthey appeain thelist of namesThe Erdds
numberis basedon the paperdn the paperdatabasef this scenario.Authorswhich do not have

ary relationto Erdosvia the paperdan thedatabaséave Erdosnumber‘i nfi ni ty”.

(Sampleinputandsampleoutputon next page)
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Samplelnput

2

11

Hahn, P.M: M hat is the best
Hahn, P.M

43

Smith, MN., Mrtin, G, Erdos, P.: Newtonian forms of prime factor matrices
Erdos, P., Reisig, W: Stuttering in petri nets

Smith, MN, Chen, X : First oder derivates in structured programm ng
Jablonski, T., Hsueh, Z.: Selfstabilizing data structures

Smth, MN

Hsueh, Z.

Chen, X

SampleOutput

Scenario 1

Hahn, P.M infinity
Scenario 2

Smith, MN 1
Hsueh, Z. infinity
Chen, X. 2
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7 Echo
Background

In the AncientCavesof Mystery (ACM), scientistdhave foundanotherold computer Surprisingly
it still worked. The scientistsstartedtyping text at the keyboardwhich was shavn immediately
on the computerscreen. But every now and againsomecharactersvere inserted— apparently
out of nowhere. After a while they noticedthat only charactersvere insertedwhich they had
typedbefore. Andrew C. Matthiews, a youngandvery ambitioustheoretician,conjecturedhat
the computemwasconnectedo aninterstellarcomputemetwork andtheinsertedcharactersvere
in factan echogeneratedy somemysteriousalien Echo Race The scientistsverevery excited
andimmediatelystartedchattingwith whoever wassitting (or whatever was convenientto them)
atthe othersideof the network.

They alsosuspectedhat sucha systemmusthave somefinite buffer, soto avoid overloading
the systemthey werecarefulto wait for a reply whenten charactersvereenteredwvithout remote
echo.

Unfortunately after severalhoursof work, oneof thetired scientistsspilled his cup of coffee
all over the keyboard. Thatwastoo muchfor the old computerandit just blew up andcouldnot
berevived.

All thatthe scientistscando now to verify their theory— andsuchprove the aliens’ existence
—is looking at their notesof the displaycontents.

Problem

You arehiredto checkwhetherthe scientists’notesareconsistentvith theirtheory i.e.,if agiven
stringis an“echo string with buffer sizeten”. Here,an“echostring” e is a memgedversionof a
strings; andits identicalechos,. Notethatthe orderin which the character®f s ands, appear
in e is not changed.The “buffer sizeten” meansthata charactetin s; is not separatedby more
thanninecharacterdérom its echoin s;.

Dueto the sudderendof theexperiment therearethreecases:

e Thesystemhadechoedall charactersvhenit blew up, sothe stringreally is anechostring
with buffer sizeten.

e Thesystenmblew upbeforeit couldechoall charactershatwereenteredput upto thatpoint
its behaviour wasconsistentvith thetheory

e Thestringcannotbe completedoy moreoutputto form anechostring of buffer sizeten,so
the scientistanusthave enteredoo mary characterstatime or theirtheoryis wrong.

The Input

Thefirst line containsghe numbem of scenarios.
In eachof the following n lines you will find one non-emptystring to be examined,and it
consistf lettersanddigits only. No line will containmorethan1000characters.

The Output

For eachscenarioprint oneof thefollowing, correspondingo thethreecaseslescribedabove:
e An echo string with buffer size ten
e Not an echo string, but still consistent with the theory

e Not consistent with the theory

10
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Samplelnput

3

ACABCB

ABCAB
2a0123456789b

SampleOutput

An echo string with buffer size ten
Not an echo string, but still consistent with the theory
Not consistent with the theory

11
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8 Fold-up Patterns

Background

Fold-up patternsfor solidslike cubesor octahedrongan be found in mary books,but without
actuallyfolding themit is hardto tell whetherthey will really work. We will restrictour attention
to a specialclassof patterns.

0
0 1‘1’_3 0 1
1 2% 3 2 2 3i 4! 5i6:i7: 8:9

~~~~~~~~~~~ fold forward
****** fold back '
—— donotfold

The Problem

Givenafold-up patternbuilt from unit squaresn theplane togethemwith adescriptioralongwhat
edgest shouldbe foldedin whatdirection,decidewhetherit will resultin a closedsurfaceof a
solidin threedimensionslf it does find the volumeof the solid.

More precisely the patternconsistsof a connectedsetof unit squaresn the plane. For ary
edgebetweerconnectedidesyou aretold whetherto fold forward,back,or not at all alongthat
edge,alwaysat right angles.If anedgeof two adjacentsquaresn the patternis not mentioned
in the input, you may assumethat the squaresare not connectedand can be ripped apartwhen
folding. However, connecteddgesnustalwaysbefoldedaccordingto thedescription.

For our purposes closedsurfaceis onesothatevery squaren the patternseparatetheinside
from the outside.Whenfolded,the square®f the patternlie on arectangular3-dimensionadrid,
andeachseparatea cell (cubesof sidelengthoneunit) ontheinsidefrom oneontheoutside.For
every cell it mustbe clearwhetherit is insideor outside.Thefollowing sketchillustratesthis rule
in two dimensiongthe“insides” areshaded).

closedsurface closedsurface notaclosedsurface

Notethataccordingo our definitionthe secondpatternin the sketchatthetop of thepageis a
closedsurface althoughit ratherlookslik e two separateubesattachedalonganedge.

Two differentsquaresmustnot occupy exactly the samepositionin spacethoughthey may
(andshouldfor a closedsurface)touchat edgesandvertices.Make surethatthe patterndoesnot
interpenetratéself throughconnectededges.Apart from that, do not worry aboutthe procesf
folding, e.g.whatedgesarefoldedfirst or whethermpartof thestructureis in theway for therest.

The Input

Thefirst line of theinput specifieshe numberof scenarios.

12
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For eachscenariothefirst line providesthenumberl < n < 10000f squaresn thepatternand
thenumber0 < e < 40000f edges.Squaresirelabelledby theintegers0 to (n— 1). Thefollowing
e linesdescribeoneedgeeachusingthefollowing four numbers:

e Thetwo numberss; ands; (with 0 < 5 < s < n) of thesquareshatarejoinedby theedge.

e Thepositionp of the squares, with respecto the squares; in the pattern.Herep =0, 1,2,
or 3 meanabove, to theleft, below, or to theright, respectiely (seesketch).

e Thenumberf = 0,1, 2 tellsyouto fold alongthe edgeeithernotatall, or forward,or back,
respectiely.

It is guaranteethatthefolded patternfits in a cubewith asidelengthof 40. You canalsoassume
thatthe patternis connectecindcanbedrawn in the planewithout overlapping.

The Output

For eachscenarigorint aline containingeither“Not a cl osed surface” if thepatterndoesnot
form aclosedsurfaceor “Cl osed surface, vol ume=" andthevolumeasanintegerif it does.

Samplelnput

OO wND NN o

WWWWWWWRNRNERENNDW®WN
e A

N
[

WO NOURAWNRPORANNEREL,OORN
NFRPRPRRPNR R R

P PO ~NOo olh wo w

[ =]
NN
=

SampleOutput

Not a closed surface
Cl osed surface, vol une=2
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