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1 Railr oads

Background

It’ sFridayeveningandJill hatestwo thingswhich arecommonto all trains:

1. They arealwayslate.

2. Thescheduleis alwayswrong.

Nevertheless,tomorrow in the early morninghoursJill will have to travel from Hamburg to
Darmstadtin orderto get to theregionalprogrammingcontest.Sincesheis afraidof arriving too
lateandbeingexcludedfrom thecontestsheis looking for thetrain which getsher to Darmstadt
asearly aspossible.However, shedislikesto get to the stationtoo early, so if thereareseveral
scheduleswith thesamearrival time thenshewill choosetheonewith thelatestdeparturetime.

Problem

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

Input

Theveryfirst line of theinputgivesthenumberof scenarios.Eachscenarioconsistsof threeparts.
Part onelists the namesof all cities connectedby the railroads. It startswith a number1 �

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 themconsistsof oneline with a numberti � 100andti
morelineswith a time anda city name,meaningthatpassengerscangeton or off thetrain at that
timeat thatcity.

Part threeconsistsof threelines: Line onecontainsthe earliestjourney’s startingtime, line
two the nameof the city whereshestarts,andline threethe destinationcity. The two cities are
alwaysdifferent.

Output

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

If aconnectionexiststhenprint thetwo linescontainingzeropaddedtimestampsandlocations
asshown in thesample.Useblanksto achievetheindentation.If noconnectionexistsonthesame
day(i.e.,arrival beforemidnight)thenprint a line containing“No connection”.

After eachscenarioprint a blankline.

(Sampleinputandsampleoutputonnext page)
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SampleInput

2
3
Hamburg
Frankfurt
Darmstadt
3
2
0949 Hamburg
1006 Frankfurt
2
1325 Hamburg
1550 Darmstadt
2
1205 Frankfurt
1411 Darmstadt
0800
Hamburg
Darmstadt
2
Paris
Tokyo
1
2
0100 Paris
2300 Tokyo
0800
Paris
Tokyo

SampleOutput

Scenario 1
Departure 0949 Hamburg
Arrival 1411 Darmstadt

Scenario 2
No connection
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2 OuroborosSnake

Background

Ouroboroswasamythicalsnakein AncientEgypt. It hasits tail insideits mouthandcontinuously
devoursitself.

Problem

Ouroborosnumbersarebinarynumbersof 2n bits thathave thepropertyof generatingthewhole
setof numbersfrom 0 to 2n � 1 asfollows: To produceall of themwe placethe2n bits wrapped
in a circle sothatthelastbit goesbeforethefirst one.Thenwe candenoteall 2n differentstrings
with n bitsstartingeachtimewith thenext bit in thecircle.

Forexample,for n � 2 thereareonly four Ouroborosnumbers.Theseare0011,0110,1100and
1001.For 0011,thefollowing diagramandtabledepictstheprocessof findingall thebitstrings:

0

1 0

1

k 0011 0011. . . o � n � 2 � k �
0 00 0
1 01 1
2 11 3
3 10 2

Your programwill computethe functiono � n � k� , wheren � 0 and0 � k
� 2n. This function

calculatesthek-th numberinsidethesmallestOuroborosnumberof sizen-bits.

Input

The input startswith a line containingthe numberof testcases.For eachtestcaseyou will be
givena line with two integersn (0 �

n
� 22)andk (0 � k

� 2n).

Output

For every testcaseyour outputmustevaluatethefunctiono � n � k� andprint theresulton a line by
itself.

SampleInput

4
2 0
2 1
2 2
2 3

SampleOutput

0
1
3
2
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3 Vito’ sFamily

Background

The world-known gangsterVito Deadstoneis moving to New York. He hasa very big family
there,all of themliving in LamafiaAvenue.Sincehewill visit all his relativesvery often,he is
trying to find a housecloseto them.

Problem

Vito wantsto minimizethetotaldistanceto all of themandhasblackmailedyouto write aprogram
thatsolveshis problem.

Input

Theinputconsistsof severaltestcases.Thefirst line containsthenumberof testcases.
For eachtestcaseyou will be given the integernumberof relativesr (0 �

r
� 500) andthe

streetnumbers(also integers)s1 � s2 �	�
�	��� si �	�
�	��� sr wherethey live (0 �
si
� 30000). Note that

severalrelativescouldlive in thesamestreetnumber. It couldalsohappenthattheoptimalstreet
numberfor Vito coincideswith thenumberof someotherrelative.

Output

For eachtestcaseyourprogrammustwrite theminimal sumof distancesfrom theoptimalVito’s
houseto eachoneof his relatives. The distancebetweentwo streetnumberssi andsj is di j ��
si
� sj

�
.

SampleInput

2
2 2 4
3 2 4 6

SampleOutput

2
4
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4 Smith Numbers

Background

While skimminghisphonedirectoryin 1982,Albert Wilansky, amathematicianof LehighUniver-
sity, noticedthat thetelephonenumberof his brother-in-law H. Smithhadthefollowing peculiar
property: The sumof the digits of that numberwasequalto the sumof the digits of the prime
factorsof that number. Got it? Smith’s telephonenumberwas493-7775. This numbercanbe
writtenastheproductof its primefactorsin thefollowing way:

4937775� 3 
 5 
 5 
 65837

Thesumof all digitsof thetelephonenumberis 4 � 9 � 3 � 7 � 7 � 7 � 5 � 42� , andthesumof the
digits of its primefactorsis equally3 � 5 � 5 � 6 � 5 � 8 � 3 � 7 � 42. Wilansky wassoamazed
by hisdiscovery thathenamedthis typeof numbersafterhisbrother-in-law: Smithnumbers.

As this observationis alsotruefor every primenumber, Wilansky decidedlaterthata (simple
andunsophisticated)primenumberis notworthbeingaSmithnumberandheexcludedthemfrom
thedefinition.

Problem

Wilansky publishedanarticleaboutSmithnumbersin theTwoYearCollegeMathematicsJournal
andwasableto presenta whole collectionof differentSmith numbers:For example,9985is a
Smith numberandso is 6036. However, Wilansky wasnot ableto give a Smith numberwhich
waslargerthanthetelephonenumberof his brother-in-law. It is your taskto find Smithnumbers
which arelargerthan4937775.

Input

Theinput consistsof severaltestcases,thenumberof which you aregivenin thefirst line of the
input.

Eachtestcaseconsistsof oneline containingasinglepositive integersmallerthan109.

Output

For every inputvaluen, youareto computethesmallestSmithnumberwhich is largerthann and
print eachnumberon asingleline. You canassumethatsucha numberexists.

SampleInput

1
4937774

SampleOutput

4937775

�
Whatelsedid you expect?
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5 ChainsawMassacre

Background

As everyyeartheCanadianLumberjackSocietyhasjustheldits annualwoodcuttingcompetition
andthenationalforestsbetweenMontrealandVancouveraredevastated.Now for thesocialpart!
In order to lay out an adequatedancefloor for the evening party the organizingcommitteeis
lookingfor a largerectangularareawithout trees.Naturally, all lumberjacksarealreadydrunkand
nobodywantsto take therisk of having any of themoperateachainsaw.

The Problem

Theorganizingcommitteehasaskedyouto find thelargestyet freerectanglewhichcouldserveas
thedancefloor. Theareain which you shouldsearchis alsorectangularandthedancefloor must
beentirelylocatedin thatarea.Its sidesshouldbeparallelto thebordersof thearea.It is allowed
that thedancefloor is locatedat thebordersof theareaandalsothattreesgrow on thebordersof
thedancefloor. Whatis themaximumsizeof thedancefloor?

The Input

Thefirst line of theinput specifiesthenumberof scenarios.
For eachscenario,the first line providesthe length l andwidth w of the areain meters(0 �

l � w � 10000,bothintegers).Eachof thefollowing linesdescribeseithera singletree,or a line of
treesaccordingto oneof thefollowing formats:

� 1 x y, wherethe “one” characterizesa singletree,andx andy provide its coordinatesin
meterswith respectto theupperleft corner.

� k x y dx dy, wherek � 1providesthenumberof treesin alinewith coordinates� x � y����� x �
dx � y � dy���	�
�	����� x ��� k � 1� dx � y ��� k � 1� dy� .

� 0 denotestheendof thescenario.

Thecoordinatesx, y, dx, anddy aregivenasintegers.It is guaranteedthatall thetreesaresituated
in thearea,i.e. havecoordinatesin � 0 � l ����� 0 � w� . Therewill beatmost1000trees.

The Output

For eachscenarioprint a line containingthemaximumsizeof thedancefloor measuredin square
meters.

SampleInput

2
2 3
0
10 10
8 1 1 1 0
8 1 9 1 0
0

SampleOutput

6
80
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6 ErdösNumbers

Background

The HungarianPaul Erdös (1913–1996,speakas “Ar-dish”) not only was oneof the strangest
mathematiciansof the20thcentury, hewasalsooneof themostfamous.He kepton publishing
widely circulatedpapersupto averyhighageandeverymathematicianhaving thehonorof being
a co-authorto Erdösis well respected.

Not everybodygot thechanceto co-authorapaperwith Erdös,somany peoplewerecontentif
they managedto publisha paperwith somebodywho hadpublisheda scientificpaperwith Erdös.
This gave rise to the so-calledErdösnumbers. An authorwho hasjointly publishedwith Erdös
hadErdösnumber1. An authorwhohadnotpublishedwith Erdösbut with somebodywith Erdös
number1 obtainedErdösnumber2, andsoon.

Problem

Today, nearlyeverybodywantsto know which Erdösnumberheor shehas.Your taskis to write
a programwhichcomputesErdösnumbersfor a givensetof scientists.

Input

Thefirst line of theinput containsthenumberof scenarios.
Theinput for eachscenarioconsistsof a paperdatabaseanda list of names.It beginswith the

line
P N
whereP � 0 andN � 0 arenaturalnumbers.Following thisline areP linescontainingdescriptions
of papers(this is the paperdatabase).A paperappearson a line by itself andis specifiedin the
following way:

Smith, M.N., Martin, G., Erdos, P.: Newtonian forms of prime factors matrices

Notethatumlautslike ‘ ö’ aresimplywrittenas‘o’. After theP papersfollow N lineswith names.
Suchanameline hasthefollowing format:

Martin, G.

Youcanassumethatnotmorethan20authorscontributeto asinglepaperandthatacomplete
paperdescriptionis alwaysshorterthan2000characters.

Output

For everyscenarioyouareto print a line containingastring“Scenario i” (wherei is thenumber
of thescenario)andtheauthornamestogetherwith theirErdösnumberof all authorsin thelist of
names.Theauthorsshouldappearin thesameorderasthey appearin thelist of names.TheErdös
numberis basedon thepapersin thepaperdatabaseof this scenario.Authorswhich do not have
any relationto Erdösvia thepapersin thedatabasehaveErdösnumber“infinity”.

(Sampleinputandsampleoutputonnext page)
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SampleInput

2
1 1
Hahn, P.M.: My hat is the best
Hahn, P.M.
4 3
Smith, M.N., Martin, G., Erdos, P.: Newtonian forms of prime factor matrices
Erdos, P., Reisig, W.: Stuttering in petri nets
Smith, M.N., Chen, X.: First oder derivates in structured programming
Jablonski, T., Hsueh, Z.: Selfstabilizing data structures
Smith, M.N.
Hsueh, Z.
Chen, X.

SampleOutput

Scenario 1
Hahn, P.M. infinity
Scenario 2
Smith, M.N. 1
Hsueh, Z. infinity
Chen, X. 2
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7 Echo

Background

In theAncientCavesof Mystery(ACM), scientistshavefoundanotherold computer. Surprisingly
it still worked. The scientistsstartedtyping text at the keyboardwhich wasshown immediately
on the computerscreen. But every now andagainsomecharacterswere inserted– apparently
out of nowhere. After a while they noticedthat only characterswere insertedwhich they had
typedbefore. Andrew C. Matthiews, a youngandvery ambitioustheoretician,conjecturedthat
thecomputerwasconnectedto aninterstellarcomputernetwork andtheinsertedcharacterswere
in factanechogeneratedby somemysteriousalienEcho Race. Thescientistswerevery excited
andimmediatelystartedchattingwith whoeverwassitting (or whatever wasconvenientto them)
at theothersideof thenetwork.

They alsosuspectedthatsucha systemmusthave somefinite buffer, soto avoid overloading
thesystemthey werecarefulto wait for a reply whentencharacterswereenteredwithout remote
echo.

Unfortunately, afterseveralhoursof work, oneof thetired scientistsspilledhis cupof coffee
all over thekeyboard.Thatwastoo muchfor theold computer, andit just blew up andcouldnot
berevived.

All that thescientistscando now to verify their theory– andsuchprove thealiens’existence
– is looking at theirnotesof thedisplaycontents.

Problem

Youarehiredto checkwhetherthescientists’notesareconsistentwith their theory, i.e., if agiven
string is an“echostringwith buffer sizeten”. Here,an “echostring” e is a mergedversionof a
strings1 andits identicalechos2. Notethat theorderin which thecharactersof s1 ands2 appear
in e is not changed.The “buffer sizeten” means,thata characterin s1 is not separatedby more
thanninecharactersfrom its echoin s2.

Dueto thesuddenendof theexperiment,therearethreecases:

� Thesystemhadechoedall characterswhenit blew up,sothestringreally is anechostring
with buffer sizeten.

� Thesystemblew upbeforeit couldechoall charactersthatwereentered,but upto thatpoint
its behaviour wasconsistentwith thetheory.

� Thestringcannotbecompletedby moreoutputto form anechostringof buffer sizeten,so
thescientistsmusthaveenteredtoo many charactersat a time or their theoryis wrong.

The Input

Thefirst line containsthenumbern of scenarios.
In eachof the following n lines you will find onenon-emptystring to be examined,and it

consistsof lettersanddigitsonly. No line will containmorethan1000characters.

The Output

For eachscenario,print oneof thefollowing, correspondingto thethreecasesdescribedabove:

� An echo string with buffer size ten

� Not an echo string, but still consistent with the theory

� Not consistent with the theory
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SampleInput

3
ACABCB
ABCAB
aa0123456789b

SampleOutput

An echo string with buffer size ten
Not an echo string, but still consistent with the theory
Not consistent with the theory
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8 Fold-up Patterns

Background

Fold-up patternsfor solids like cubesor octahedronscanbe found in many books,but without
actuallyfolding themit is hardto tell whetherthey will reallywork. We will restrictour attention
to a specialclassof patterns.

0 1

10 11

3 4 5 6 7 8 92

1 3

0

2

fold forward

fold back

donot fold

0

1 2 3

4

5

The Problem

Givenafold-uppatternbuilt from unit squaresin theplane,togetherwith adescriptionalongwhat
edgesit shouldbe folded in whatdirection,decidewhetherit will resultin a closedsurfaceof a
solid in threedimensions.If it does,find thevolumeof thesolid.

More precisely, the patternconsistsof a connectedsetof unit squaresin the plane. For any
edgebetweenconnectedsidesyou aretold whetherto fold forward,back,or not at all alongthat
edge,alwaysat right angles.If an edgeof two adjacentsquaresin the patternis not mentioned
in the input, you may assumethat the squaresarenot connectedandcanbe rippedapartwhen
folding. However, connectededgesmustalwaysbefoldedaccordingto thedescription.

For ourpurposesaclosedsurfaceis onesothateverysquarein thepatternseparatestheinside
from theoutside.Whenfolded,thesquaresof thepatternlie onarectangular, 3-dimensionalgrid,
andeachseparatesacell (cubesof sidelengthoneunit) on theinsidefrom oneontheoutside.For
everycell it mustbeclearwhetherit is insideor outside.Thefollowing sketchillustratesthis rule
in two dimensions(the“insides”areshaded).

? ?

closedsurface closedsurface not aclosedsurface

Notethataccordingto ourdefinitionthesecondpatternin thesketchat thetopof thepageis a
closedsurface,althoughit ratherlookslike two separatecubesattachedalonganedge.

Two differentsquaresmustnot occupy exactly the samepositionin space,thoughthey may
(andshouldfor a closedsurface)touchat edgesandvertices.Make surethat thepatterndoesnot
interpenetrateitself throughconnectededges.Apart from that,do not worry abouttheprocessof
folding, e.g.whatedgesarefoldedfirst or whetherpartof thestructureis in theway for therest.

The Input

Thefirst line of theinput specifiesthenumberof scenarios.
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For eachscenario,thefirst line providesthenumber1 � n � 1000of squaresin thepatternand
thenumber0 � e � 4000of edges.Squaresarelabelledby theintegers0 to � n � 1� . Thefollowing
e linesdescribeoneedgeeachusingthefollowing four numbers:

� Thetwo numberss1 ands2 (with 0 � s1
�

s2
�

n) of thesquaresthatarejoinedby theedge.

� Thepositionp of thesquares2 with respectto thesquares1 in thepattern.Herep � 0 � 1 � 2,
or 3 meanabove,to theleft, below, or to theright, respectively (seesketch).

� Thenumberf � 0 � 1 � 2 tells you to fold alongtheedgeeithernot atall, or forward,or back,
respectively.

It is guaranteedthatthefoldedpatternfits in acubewith asidelengthof 40. Youcanalsoassume
thatthepatternis connectedandcanbedrawn in theplanewithout overlapping.

The Output

For eachscenarioprint a line containingeither“Not a closed surface” if thepatterndoesnot
form a closedsurfaceor “Closed surface, volume=” andthevolumeasanintegerif it does.

SampleInput

2
6 5
0 2 2 1
1 2 3 1
2 3 3 1
2 4 2 1
4 5 2 0
12 11
0 3 2 1
1 5 2 1
2 3 3 1
3 4 3 1
4 5 3 2
5 6 3 1
6 7 3 1
7 8 3 1
8 9 3 2
3 10 2 1
5 11 2 1

SampleOutput

Not a closed surface
Closed surface, volume=2
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