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1n Aiebvng OAupniada NMAnpogopikng 1989

H npwTtn oAupmiada nAnpo@opikng €yive oTo MpdBetl Tng BouAyapiag, oTig 16-19 Maiou 1989. EE
NPOBANUATA NAPOUCIACTNKAV OTNV €NITponr Tou 1989.

MpoBAnua 1. MsraBsoeic KouTiov

(To npOBANUa auTto emIAEXONKE TEAIKA yia TOV dIAYWVIOHO)

AivovTal 2*N kouTid, BaApéva og oeipd To €va dinAa oto aAlo (N <= 5). AUo yeITovika KouTid ival adeia,
Kal Ta aAAa nepiexouv N-1 oUpBoAa “A” kai N-1 cUpuBoAa “B”. MNa napdadeiyua, yiaN =5 :

A B [BJA] | JalB A [B |

Kavovag avraAAayng :
To nepiexdpevo anod SUO YEITOVIKA WUN-KEVA KOUTIA pnopei va peTakivnBei ota dUo adeia KouTid, KpaTovTag
Tn O€1pa TOUC.

ZKkonog:
Na kataAn&oupe oe pia diata&€n, onou O0Aa Ta “A” eival apioTepd and OAa Ta “B”, aox&Twg pe Tn B£on Twv
dUo 4dEIwV KOUTIWV.

MpoBAnya:

MpawTe é€va nNpdypaupa To onoio :

1. MovTelonolsi TNV avraAAayn KouTiwv, Onou o apifudc TV KOUTI®V Kdl N dapxikn KATtaoraon Toug,
glodyovtal and To nNANKTpoAdylo. KaBe avraAAayn eicayetal and Tov apiBuo (ando 1 péxpl N-1) Tou
npwTOU and Ta dUO YEITOVIKA KOUTIA nou 6a £pBouv oTn B€on Twv Adsiwv KouTi®Vv. To npoypaupa
npenel va Bpiokel TNV KATAOTAGN TWV KOUTIWV PETA TNV avTaAAlayn kai va Tn deixvel.

2. AoBsiong MIaG apxIknG Kataoraong npénel va Bpiokel (av undpxel) TOUAAXIOTOV Hia oTpaTnyikn
avtaAAaywv, n onoia va kataAnyel grov okond Tou npoBANUaTog. Eva nAdavo nepiAAapBavel Tnv apyikn
KaTaoTaon Kai Ti¢ evOIdPeETES KATAOTACTEIG Yia KABe Brua.

3. Na Bpiokel To PIkpdTEPO duvVATO NAAVO MOU KATAARYEI OTOV OKOMO.

MpoBAnua 2. AVEAKUOTIPEG OE KTipIO

Ta natwpaTa og €va KTiplo gival aplBunuéva Pe Tn osipd and aképaioug apibuoug 0, 1, 2, ..., N (N <= 15).
Yndpxouv K (1 <= K <= 4) aveAKUOTHPEG OTO KTiplo. O €AEYXOGC TWV AVEAKUOTNPWV Eival KEVTPIKOG Kal
déxeTal dUo €idn kANOEwv, Nou e€lodyovTal NATWVTAg NARKTPA. Ta €5wTepika NARKTpa (€va yia gnTnon
avodou - £€va kaBbddou) undpyxouv o€ KABe Opo@O Kal €ival Koiva yid OAOUG TOUGC AVEAKUOTHPEC. Ta
€0WTEPIKA NANKTPA YIA YETAKIVNON OE CUYKEKPIPEVO OPOPO UNAPXOUV O KABE aveAKuoThpa.

MpaAwTe €va npoypaupa To onoio va HovTeAomnolel Tov EAeyX0 TWV AVEAKUCTHPWV HE TOUG AKOAOUBEG
npolnoBeosig :

1. Yndapxel évag govo aveAkuoTnpag OTo KTiplo Kal Hnopei va dExeTal pia povo KARON Tn @opd. Kabe aAAn
KANON viveTal 3ekTr) HOVO apou €xel OAOKANPpwOEi N NpwTN.

2. Yndpxouv noAAoi aveAkuoThpeg oTo KTiplo (K >= 1). Kdbe évag 0ExeTAl EOWTEPIKN KARON, HOVO av dev
ekTeAEl AAAN. H KevTpikr ouokeur) eAeyxou pnopei va OexBei MoAAEG kANoelg Tnv idla oTiypn. Ol
E0WTEPIKEC KANOEIG OAOKANPWVOVTAl and TOUC AVEKAUGTNPEG NOU €yIvav. H KEVTPIKN OUOKEUN €AEyxoU,
ENIAEYEI TOV KATAAANAO AVEAKUGTNPA YIA va EKNANPWOEl KAOE €EWTEPIKN KANON.

3. =Tnv idla nepinTwon Pe TN 2, ME TOV NEPIOPIOHO, OTI O MEPITTOI AVEAKUOTHPEG OTAPATOUV HOVO OTOUG
0pOPOUG HE NEPITTO (HOVO) apiBuo Kal ol dpTiol AVEAKUOTAPEG, OTOUG 0pOPOUG e apTio (Juyo) apibuo.
OMol ol aveAkuaTipec oTapaTouv atov 6pogo 0 (1odyelo).

4. Ztnv idla nepinTwon We Tnv 3, kal BswpnoTe OTI Pnopolv va yivovTal NOAAEG E0WTEPIKEG KANOEIG O€
Kabe aveAkuoTnpa, Oxl HOvo pia. OAEC 01 €0WTEPIKEG KANOEIC, YivovTal JEKTEC Kdl KaTaxwpouvTal,
AOXETWG PE TO AV O AVEAKUOTNPAG €ival eEAeUBepoG 1 OXI.

MpoocOeTEG 00NYiEG

MnopeiTe va dexBeiTe OTI OI AVEAKUOTNPEG €ival OUYXPOVIOHUEVOI, KAl O ioa Xpovika diactnuarta (ticks
poAoyioU) kABe aveAkuoTrnpac PBpPIOKETAl OE CUYKEKPIUEVO Opoo. XTn OIApKel Tou enopevou tick, o
aveAkuoTnpag Ba ndsl €évav 0poPo navw f KaTw, r 6a napapeivel arov idio 6po@o. O1 KARoeI§ (€ic0d0¢ aTO
npoypaupa) 6a pnopei va yiveral og kabe tick kai gival Twv akdoAoubwv TUNWV :

a. EEwTepikEg - <0po®og, dieubuvaon kivnong (Navw/katw)>
b. EowTepikég - <aplBPoOG aveAkuaTrnpa, apiBuog opogou>



MoAAEG 1 kapia kKARoeic pnopoUv va eigaxBolv og kabe tick.

Se KGBe tick To Npoypappa NpEnel va TUN®VEI Tn B€0n Tou KABs aveAKuaTnpa.

O1 aveAKuQOTNPEG €ival apkeTd Peyalol Kal dev YeUIlouv NoTE.

To npdypappa npenel va eAEyXEl TOUG AVEAKUOTNPEG £TOI WOTE N CUMMEPIPOPA TOUG va deixvel 600 TO
duvartov peyaAuTepn “supuia”.

+ ©a npEnel va unapxouVv oageiG EPUNVIEG Yia TN OTPATNYIKI EAEYXOU TWV AVEAKUCTNPWV.

MpoBAnua 3. To BiBAio nou 6a diaBdaoouv O0Aol

AiveTal pia opyada and N atopa. Kabe €vag sival giAog Pe 0x1 neplocoTepouc ano [N/2] (aképalo PHEPOG TNG

dlaipeong) and Toug undAoinoug kal dev £xel napanavw ano K exBpouc. Eva and Ta dtoua €xel €va BiBAio

nou 6Aol B€Aouv va To diaBAcouyV Kal HETA va To oulnTROOUV PE KAnoloug aAAouG.

MpawTe é€va npdypappa To onoio :

1. Bpiokel £vav Tpono va “nepdacel” To BIBAIo and 6Aoug, £Tol WOTE KABE €vag va To ndapel dia povo ¢popa
Kal va To dwael o€ KAanolov (iAo Tou, woTe TeAIKA To BIBAIO va kaTaAn&el oTov 13I0KTATN TOU.

2. Aiaipei Ta dtopa o S unoopddsc yia va oulntioouv yia To PBiIBAio. KaBe £vag dev npénel va E€xel
NePIGOOTEPOUG anod P exBpoug oTnv opada Nou avikel.

Evvoeital 0TI S*P >= K.

MpoBAnua 4. Kwdikonoinon yia EnNiKoIvwvieg

AG Bewpriooupe PnvUUATa Ta onoia ypagovTtdl XpnolhonoimvTag JOvo Ta KepaAldia ypaupaTta A..Z kal Ta
OKT®W OUMBOAA ., +-:/?!

Ta unvUpaTa autd oTEAVOVTAl HECW €VOG KavaAioU enikolvwviag oav oeipég ano bytes. O apiBuog and 1 oe
KaBe byte npénel va eival aptiog ({uyocg).

1. TMpoTeiveTe pia kwdikonoinon yia Toug Napandvw XapakTnpeg PeE duadikd CUHBOAIOHUO, £TOI WOTE va
yiveETal oapng anokwdIkonoinon Kal va oTEAVETAl 0 HIKPOTEPOG ApIBPOG and bits oTo kavaAl.
2. TpayTte €va npoypaupa 1o onoio:
a. Na Tou diveTtal €&va Keigevo Kal va TUNWVEl TNV KWJIKOMNOINKEVN HOP®N ToU, £TOIMN VA ANOCTAAEl O€
dekae&adikn Hopen.
b. Na Tou diveTal éva KwdIKONOINUEVO WAVUMA KAl va To anokwdikonolei, dgixvovTag To nNpwToTUNO
KeiJevo.

MpopBAnua 5. ApioTepog kai Ag&10¢ yeiTovag

Ag Bswpriooupe €va ninedo ypapnua PE N KOPUPEG.

MNapadeiypa:

EoTw o1 kopueg X,Y kal Z sival napakeipeveg Tng T. ©a Ague OTI n Y €ival aploTepog yeiTovag kai n Z degiog
yeiTovag Tou T, ouvapTtnosl Tou X, av n NpooavaTtoAlopévn ywvia XTZ eivalr PikpdTepn TNG ywviag XTY
(BeTikn €ival oTn Qopd TNV avTiBeTN TwV JEIKTWV TOU poAoyiol).
MNa napdadeypya, n E eivar 0g€6¢ kai n G apioTtepdg yeitovac Tng H ouvaptiosl ™G A viaTti n
npooavatoAiopévn ywvia AHE €ival pikpdTtepn and Tnv AHG.
MpayTe éva npoypaupa To onoio :
1. Eioayel TIC OUVTETAYHEVEC TWV KOPUPWV Kdl TwV akhwv kal {wypagilel To oxnua ornv odovn Tou
UNoAoyIaTH, XPNOIMONOIOVTAG KATAAANAN kKAigaka. (O1 akuEG nNpénel va ival euBeieg YpapMER).
2. Na dgxeral éva (elyoG KopupwV Xq Kal X; Kal Jia akoAouBia ano ypauuarta L kal R, kai va Bpiokel pia
d1adpopn XpX1X5...X, OTO ypA@pnua, TETOIA WOTE :
« Ta Xg kai X; va €ival o1 300 NpWTEG KOPUPEG
*  Xj41 va €ival o apioTepog n de&I0¢ yeiTovag Tou X; ouvapTnoel Tou X, avTioToixwg Tou av To (i-
2)oTo ypauua TnG akoAouBiag sival L i R.

MNa napadeiypa:
H Oiadpoun nou 6a napaxBei and To nNapandvw ypa@nua, XPNOIMONoI®VTAG TIG A kal H oav apxikég
KOPUQEG Kal Tnv akoAouBia LRRLLR ivai AHGFEDCB.



3. Zwypa®ilel To ypa®nua nou Bpédnke aTo unonpoBAnua 2 otnv o06ovn.

4. XpnoigonolwvTag Wia apxikn kar pia TeAIKn kopu®n, Bpiokel pia diadpour n onoia nepva and Tov
MIKpOTEPO duvaTto apiBud kopupwv, Tn Clwypagilel Kal Tunwvel TIG dUO aAPXIKEG KOPUPEG Kal TNV
akoAouBia anod L kai R, n onoia 8a Tn dnuioupyoloe, 6NwG aTo unonpoBAnua 2.

MpopBAnua 6. Eikoodedpo

Aivetal éva eikooagdpo. Eival éva kavovikd noAuedpo. O1 NAEUPEG Tou €ival apiBunuéveg ano 1 péxpr 20. To

€1kooGedpo npénel va “nepnatnBei” £€To1 WOTE va NEPACGOUNE anod kKabe NAsupd Tou akpIB®G Hia gopd.
20

To kbdoTOg Tng diadpoung C opiletal cav : C= Zi * fi onou f; eivar o apiBudC TNG NMAEUPAG nou
i=1

BpiokoduaoTe oTO | BrHa.

MnopoUue va NnepAcoupe ano Tn pia €dpa otnv aAAn, HOVO av ol €dPeG auTEG eival SINAAveg.

A. AUo €0peg cival dINAAveEG OTav €XouV Hia KoIvi) akun.

B. AUo £dpeg sival dinAavég 0Tav €xouv Wia Kolvh akun r €va Koivo anueio.

BpeiTe TIC 31adpONEG HE TO MIKPOTEPO KOOTOC Yia TIG SU0 Napandvw MNEPINTWUOEIG.

ZnHeEinon:

Av AOYO XpOvou 1 peyEBoug TNG NoAunAokOTNTag Tou aAyopiBuou, dev PBpeiTe TNV akpifry AUon, PNopeite
TOUAAXIOTOV VA NPOTEIVETE Yia ENAPKWG IKAVOMOINTIKN.



2n Alebvneg OAupniada MAnpogopikng 1990

H deUTepn oAupniada nAnpo@opikng £yive oTo Mivak Tng Asukopwaiac.

rupog 1og.

MpoBAnua 1. Puzzle pye apiuoug

Eva npdypappa To onoio npaypaTtonolei TNV PJETAPOPPWON ToUu oxnuUaTog A oto oxnua B. Evag apibudg os
KAnolo KeAi ynopei va PHeTapepBei g€ onolodNOTE anod YEITOVIKA ddeia KeAId. STNV NEPINTWON AUTH TO KEAI
nou kaTaAdpBave o apiBuoOg yiveral Kevo.

7 3 5|14 1 2 3 4
4 9113 5 6 7 8
1 2|10 9]110]11]12
11 8112 6 13 ] 14
A B

MpoBAnua 2. Maixvidi ue Koukideg

>T0 naixvidl Pe TIG “KOUKIOES”, 01 NAIKTEG EVWVOUV TEAEIEG 01 oNoieg eival axedlaouEveg opIfOVTIA Kal KABeTa
og ioeg anooTaocsic. O NaikTNG 0 onoio¢ oAokAnpwvel éva TeTpaywvo kepdilel Evav novTo kal Eavanailel. 1o
TEAOG TOU NaixVvIdioU oTav OAEC o1 YpAUMEC Exouv oXedIAaTel, VIKNTAG €ival 0 NaikTng YE TOUG NEPIGOOTEPOUC
novToug. O1 NaikTeg pnopouv va oxXedIaoouV HOVO opIfOVTIEG KAl KABETEG YPAUHEG HETAEU dUO KOUKIDWV.

To napakdtw napadeiypya deixvel €va naixvidl PeTa&l Kokkivwv (Red) kalr MnA€ (Blue) nou eivai
HICOTEAEIWHEVO :

0----0 0----0----0

I I I I I

0----0----0----0----0

I I

0 0 0 0----0

I

0----0 0----0 0
I I

0 0 0 0----0

To idlo oxnua pnopei va napaortaBei kai pe R & B, dsixvovTag TIC ypAUMEG Mou €xel oXediAoel 0 KABe
naikTng. Me O oUPBOAIZETAl Pia KEVR YPAMMN :
R O

B R

B R B B B
B B R R

R o R o} o
o o o B

B o} o} o} o}
B o R o

o} R o} o} R
o o o B

To napandavw pnopei va “oudnieoTel”, oav Tov nivaka :
ROBR

BRBBB
BBRR
ROROCO
0ooB
BOOOO
BORO
OROOR
000}

1. TpawTe éva npdypappa To onoio “waxvel” évav nivaka oav Tov napanavw (o onoiog ndvra avanapiora
€va naixvidl pe 5 x 5 TeAeieg) kar Bpiokel Tov apiBud TWV KOUTIWV HE TPeic nMAcupég (o kaABe
kaTeuBuvaon). Ta dedopéva diaBalovTtal and €va apxeio oav pia oeipd ano 9r ypappeG nou anoteAouyv r
naixvidla kair To onoio TeAsiwvel Pe TN A€EN END og pia EexwpioTh ypaupn. To npdypaupa npenel va

TUNWVEI dia ypauun yia kabe nivaka dedopevwy wé €ENG:
MATRI X r contai ned x 3-sided box(es).

Mou onuaivel 0TI 0 Nivakag r NEPIEXEl X KOUTIA HE TPEIG YPAUMEG.

2. ZuvexioTe kabe naixvidl yia TNV NEPINTWON TOU WNAE NAIKTN. ZUMNANPWOTE 60A Mo NOAAA TETpAywva
MnopeiTe pe pia kivnon (Bupndeite O6TI N oAoKAnpwaon evog TETpAywvou onuaivel gia akopn kivnon). H
TeAIKN Kivnon €ival aoxern, aAAd dev Ba npénel va KaTaAnyel o€ €va TETPAYWVO HE TPEIG NAEUPEG EKTOG
KI av €ival avanoQeukTo. To Npoypapa nNpEnel va TUNMVEI :

x boxes have been conpleted. Final nove = L,C



onou L kai C gival n ypapun kai n oTAAN TnG TEAeUTaiag Kivnong oTov nivaka kai X gival o apiOpog Twv
NEQN KouTI®V Nou oAOKANpwOnkav, 6xl 0 CUVOAIKOG apliBPOC TwV OAOKANPWHEVWY KOUTI®V TOU Mnivaka.

MpoBAnua 3. BiBAia yia dUo avayv@woTeg

Yndapxouv N BiBAia kai dUo avayvwoTeg, A kal B, nou B€Aouv va Ta diaBacouv. AivovTadl ol PUn dpvnTikoi
apiBuoi A[I] kail B[I] cav ol wpec nou xpeidlovTal avTioTolxa ol avayvwoTeg A kal B yia va diaBacouv To I
BIBAio, 1 <=1 <= N. Kal o1 dUo avayvwaTeg Egkivouv Tnv wpa 0.

Ka&be oTiyun, kabs avayvworng pnopei va diaBalel To noAU €va BiBAio kar dev pnopolv Kkail ol dUo va
diapalouv To id10 BIBAio. Aiveral o aképaiog K, 2 <= K <= N, kal Ta BiBAia ival apiBunueva kaTta TETOIOV
TpONo woTe dev Pnopei KANolog avayvwaoTtng va apxiosl va diaBalel To BIBAio J, 2 <= ] <= K, €wg 6Tou TO
BiBAio J-1 va éxel diaBaaTei kal anod Toug duo.

H oeipd nou diaBalouv Ta aAAa BiBAia, or dUo avayvwoTeg pag ival adiagopn Kal Pnopei va sival kal
auBaipeTn.

Ailakonég avayvwong. Eival duvatov n diadikacia avayvwong evog BiBAiou va diakonei ge KABe Xpovikn
aképaia OTIYMR Kal va OUVEXIOTEl apyoTepa and To OnNMEio Mou oTapdatnoe. Meta&U diakonng kal
gnavakivnong avayvwong evog BiBAiou, o avayvwoTtng pnopei va diaBaacel onolodnnote aAAo BIBAio nou dev
£XEl OANOKANPWOEl Kal £xel To dikaiwpa va To diapaocel.

Eival anapaitnTo :
1. Na opyavwoeTe TNV €i0000 TWV dEDOUEVWV OTN HOPON :
<ENTER N > >
<ENTER K > >
<ENTER: >
<Al1] > > <B[1] > >
<A[2] > > <B[2] > >

<AIN > > <B[N > >

2. Na Bpeite To peyaAUTepo duvaTod xpovo T nou dev pynopolv va €xouv diaBaotei Ta BIBAia kar and Toug
dU0 avayvwoTeG KAl va TO TUNWOETE.

3. Na OnuIoUpYAOETE éva MpOypdPpa avayvwong yia Kabe avayvwoTtn, To onoio va oupBadilel hge OAEG
TOUG napandvw nepIopioPoUg Kal KATw ano To onoio n diadikacia oTapata orov xpodvo T. To npdypappa
6a TunwveTal oTn HopYn :

<SCHEDULE FOR READER A (or B) >
<Book> <Start> <Fi ni sh>

ZTOUG Mapandavw nivakes, NpeENel va gaivovral oAa Ta diacThpaTa ora onoia o avayvworng A (f B)
dlaBader éva BiBAio kai o apiBuog Tou BiBAiou.

4. TunwoeTe Tov aApIiBUO Twv JIGKONTWHEVWYV AVAYVWOEWV Yid KaBe avayvworn. MpoonabroTte va Tov
MEIWOETE,

MpoBAnua 4. Maixvidi yia dUo NAiKTEG LIE OUVEXOHEVA KEAIG

Aivetal €vacg aképaiog K. Mia Awpida xapTi eivar diaipepévn o N kedid (K <= N <= 40). AUo naikTeg
emAgyouv kal diaypagouv K adesia ouvexopeva KeAld, o €vag YeTa Tov aAlov. NIKNTNG €ival auTog nou KAvel
TNV TeAeuTaia kivnon.

1. AiaBaocte 1o N KaI opioTe av o NAikTNG 1 €xel pia viknTApIa oTpaTnyikn, Nou onuaivel OTI Pnopei va
KEPDIOEI aKOPa Kal HE TIG KAAUTEPEG ENOUEVEG KIVAOEIG TOU naikTn 2). TunwaoTe To privupa “Player 1 has
winning strategy” n “Player 1 doesn’t have winning strategy”.

2. OpioTe yia éva dedopévo N, av o naikTng 1 €xel vIkNThApIa oTPATnyIkn, av n np®Tn Tou Kivnon €igdyeTai
OTOV UnoAoyioTr and To NANKTPOAOYIO.

3. omagre To naixvidl yia doopevo N (napdypagol 1 kair 2) kal Tnv npwtn kivnon Tou naiktn 1.
MpoypauuaTioTe KIVACEIC yia Tov naiktn 2. O1 KIVACEIG TOU NaikTn 1, eilcayovTal ano To NANKTpoAoyio. H
kivnon diveral and Tn B£on Tou keAloU L (1 <= L <= N-K+1). Ta kehid and 1o L pexpr L+K-1
diaypagovTal Kata Tnv Kivnon autr. MeTa and kdbe kivnon, n kardoraon Tou naixvidiol TUNMVETAI WG
€ENG :

12% 3 .... N
onou Ta dlaysypappéva KeAIG £XOUV apKapIoTel e évav aoTepioko (*).



Mpenel va TunwoeTe “Victory of Player 1(Player 2)” oTav TeAeiwael To naixvidl. Otav {ntare Ta N kai K,
TUNWOTE Ta PnvUuaTa “N>" kar “K>",

Otav {nTaTe TnVv Kivnon TunwaoTe “Move of Player 1>".

KavTe €AeyX0 TwV €10ayOUEVWV OEQONEVWV.

MpoBAnua 5. FTAwooa PROLAN/M

H eraipeia NePhihhan hardware éxel @Tiagel évav véo pikpo-enegepyaoTr RISC, 1kavo va eAEyxel évav
OUKEKPIPEVO TUMO DEDOUEVWY - String XApakTAPWV - KAl va €KTEAEI Jia OUYKEKPIPEVN AgIToupyia oTa strings,
va KAvel avTikataoTraon xapaktnpwv (Waiyo yia pia akoAouBia xapakTtrnpwv (substring) péoa oe €va string
Kdl avTIKaTaoTaon Twv PE Wia aAAn akoAouBia xapakTripwv). XpnaoigonoioUvTtal dUo MNEPIOXEG MVAMNG, Hia
nou nepiExel To Npodypappa (Mia AioTa anod neplypa®EG NiBavwv avTikataoTacewy), Kal gia aAAn (nou epeig
ovopaloupe R kal To PEyEBOC TNG €ival NMPAKTIKA XwPIC 0pld) n onoia XpnoidOMoIEiTAl yid va Kpatd Td
dedopéva €100d0uU, Ta evDIANEDA AnNOTEAEONATA Kal TO TEAIKO AMOTEAECHA.

Ta npoypdupaTa yia Tov JIKpo-gne€epyaoTn ypdgovTtal o€ yia yAwooa nou ovopdaletar PROLAN/M. Mpiv Tnv
neplypdyouue QopuaAioTikda, 6a dwWOooUNE Eva Napadelyha evog NpoypdpuaTog :

(aa,b) (ba,a) (bc,a) (c,start) (d,) (b,finish) (,)

OTav ekTeAeoTel oTO string “abcabcd”, To npdypaupa enioTpEPel oav anoTEAeopa To string “finish”, ev® Ta
nepieXoOMevVa TNG R NEPVOUV TIG EVOIAUEDEG TIMEG :

abcabcd, aaabcd, babced, abcd, aad, bd, b, finish cTadiaka.

Twpa, yia TNV akpiBn nepiypagn tng ouvra&ng Tng PROLAN/M (xpnoigonoloUpe “::=" yid va dNAWOOULE OTI
“opiCeTal oav” kai “:” yia va dnA®CoulEe To *n”) :

<" PROLAN M - pr ogr ane
<substitut.sequence>

<substi tut.sequence>(,)

<substitution>

1= <substitut.sequence><substitution>
<substitution> ::= (<left part> <right part>)

<l eft-hand part> L <string>

<right-hand part> <string>: <enpty>

<string> <string synbol >:<string><string synbol >
<enpty string> ::=
<string synbol >

<any ASClI| character except ‘,’ , )’ >

apou TO string e100dou “QopTwBei” ornv R, To npdypappa ekTeAeiTal PJe Tov akoOAouBo Tpono: O
ene€epyaoTng Waxvel yia To npwTo <substitution> oTo <substitut.sequence> yia To onoio To <left-hand
part> eival €va substring Tou string otnv nepioxn R. Av To wagiuo ival emiTuxeg, To <right-hand part> Tou
idlou <substitution> avTikaBioTa To avTioTolxo substring otnv R (To nio apioTepd av dev eival Povadiko). H
diadikaocia auTr enavaAduBaverar anod Tnv apxr ToU NpoypaupaTog ME Tn véa TIPA TNG R, PEXp! To <left-
hand part> oto <’PROLAN/M’-program> Bpebei oav n Tpéxouaa Tiun TnG R, n onoia TO0Te Bewpeital oav
TeAIKO ANOTEAEOHA KAl N €KTEAECN TOU NpoypduPaTog oTapaTa.

ZnToupevo 1. MpawTe kal Bydaite Ta AdGn and éva npoypappa Tng PROLAN/M To onoio HYETATPENEl £va
string Tng pop®ng <nat.nrl>+<nat.nr2>=? (<nat.nrl> kal <nat.nr2> ecival akoAouBieg and wneia
O0ekadikoU OUOTAMATOC MOU  MePIypagouv  QuoikoUg apiBuolc) oe  éva string TNG  HOPONG
<nat.nrl>+<nat.nr2>=<nat.nr3> nou nepiexel pia PadnuaTikwg owoTr npodéTacn (Ta <nat.nrl> kai
<nat.nr2> pévouv Ta idia). MNa napddeiypa, TO string 1990+123=? npénel va HETATPANEI OTO
1990+123=2113 oT0 TEAOG TNG €KTEAEONG. ANoOnKeUOTE TO NPOYPANNAG oag o€ €va apxeio nou Ba Aéyeral
SUM.PRM

ZnToupevo 2. MpaywTe £va dlopbwTn AaBwv yia Tnv PROLAN/M (debugger). ©a npénel va pynopei va kavel
Ta akdAouba :
« va {nTa TO OVOUA TOU apxEiou KEINEVOU MOU MEPIEXEI TO NpOypdupa o PROLAN/M.
va {nTa Ta apxikd nepiexopeva Tng R
Va €KTEAEI TOUG PJETAOXNMATIONOUG Tou string €10000u avaAoya Pe To NpOypaAPa oTo apxeio
va TUNWVEl TO anoTéAeopa aTnv 08o6vn
gival emBupnTo va Ynopei va emTpénel tracing mode, dnAadn eKTEAECN NPoypAPHATOC BrKa - BrAKa.

H BaBuoAoyia yia To ¢nTnua 1 Ba €&apTtnbei and Tov apiBud Twv <substitutions> oTo <substitution
sequence>, ONWG €Niong Kair aTnv TaxutTnTa Pe Tnv onoia Ta test mou Ba doBouv and Tnv emiTponn 6a
€KTEAEOTOUV. Enopévwe pnopei va BEAeTe va napadooeTe dU0 €kDOCEIC TOU NPOoYypPAPHAToG, KABe pia and Tig
onoiec Ba sival kKaAUTEpn OTO va IKavonolnoel kKal d1aPopeTIKO KPIThHplo agloAdynong. To npoypaupa Tou
{nTAuaToc 1, 6a BaBuoAoynBei xpnoigonoI®VTAG £€va NPOYPAPKATIOTIKO oUOTNKA nou oxedIdoTnKe ano Tnv
ENITPONM yI' AUTOV TOV OKOMO.



H BaBuoAoyia yia To {ATnua 2, B6a €€aptnBei ano To av “nepdoel” Tov EAeyXo TNG EMITPONAG Kal ano To av
£XETE OAOKANpwWOel OAa uno-dnTruara.

MpoBAnua 6. Ywwon o€ duvaun

AivovTal aképaiol a kai n (n < 100). Ag unoB&ooupe OTI Yia @AvTACTIKA YAWOOA NpoypaupaTiogoU €xel pia
npdTACN AvTIKATAOTAoNG Kal €vav TeAeoTr] noAAanAaciacuou. MpawTe €va npoypaupa nou dnuioupyeil To
Keiyevo 0’ aut Tn YAWOOaA yid Tov UnoAoyiopd Tou b = a”n, Pe TO HIKPOTEPO JduvaTo apIBud
noAAanAaciacpwyv. Eva napadeiypa Tou Kelpgévou autoU yia n = 13, onou kabe leuyog and aykiotpa {3}
nepiéxel oxoAia sival To napakaTw :

X1: =a; {=a}

X2: =X1* X1; {=a"2}
X3: =X2* X2; {=ar4}
X4: =X3* X1; {=a~5}
X5: =X3* X3; {=an8}
X6: =X5* X4; {=an13}
b: =X6;

ropog 2o0¢

MpoBAnua 1. duAakeg o€ ykaAepi

KaBe @uUAakag os pia YKaAepi TEXVNG €XEl unnpeoia yia KANolo GUVEXOUEVO XpoVvikO diaotnua. H Bapdieg

divovTal oav éva Celyog [T1;,T2;] - n wpa apxng Kair TEAoug TNG Bapdiag Tou QUAaka i. MaipvovTag £va

npoypappa anod Bapdieg npenel va KAVETE Ta NAPAKATW :

a. Na eAéyEete av undpxouv TOUAAxIoTov dUO QUAAKEG TNG YKAAEPI yIa KABE XPOVIKN OTIYUN TNG NEPIOdOU
[0, EndTime]. Av n unoBeon a dev nNAnpeital :

b. Bpeite OAeC TIC NEPIODOUG NOU 01 PUAAKEG dev gival apkeToi (AlyoTepol ano dUo pUAAKeG os Bapdia) Kal

c. Bpeite Tov eAdxioTo apiBud and npooBeToug QUAAKEG Pe Bapdieg npokaboplouevng dIAPKEIAG Mou
anaiTouvTal WOTE va £XOUKE &va 0waoTO npoypaupa Bapdiwyv, dnAadn éva npoypaupa nou va nAnpei Tnv

unoBeon a.
EIZOAOZ: (0Asc ol wpec divovTal oav akepaia Aentd).
EndTime H wpa nou n Pdapdia TeAciwvel, dnAadr n ykaAepi npénel va
(ppoupsiTal yeoa otnv nepiodo [0, EndTime].
N 0 apIBPOC TWV PUAGKWV.
T1[i]. T2[i], i=1, ..., N n €vap&n kai n Anén Tnc Bapdiac Tou QUAAKA i.
Length n npokaBopiopévn didpkeia Bapdidc yid Toug NpOaBeTouC PUAAKEC.
EZOAOZ:

a. H anavtnon yia Tnv unoBeon (a) otn popon “Yes/No”.

b. Av n nponyoUpevn anavtnon eivar “No”, n Aiota pe T1a Zeuyapia (k,I) - n apxn kair To TEAOG Twv
nep1ddwvV Pe eAAEINn QUAAEN Kal o apiBuoG TwV QUAAKWV gKeivn TNV nepiodo (0 i 1).

c. O apiBuog Twv NpodoBeTwv QUAAGKWY Kal n Aiota pe Tnv évap&n kal AnEn Tng Bapdiag kabe npocbeTou
@UAaka.

MpoBAnua 2. EuBUypaupa TuNUAara Kai TéEgvouoa ubcia

Aidovtal N (N > 0)euBUypaupa TURUATA OTO €MiNedo HE TIG OUVTETAYMEVEG TWV AKPWV Toug oav duo (euyn
(x1;,y1), kar (x2;,y2i), 1 <=i <= N. Ta akpa TwV TUNUATWV AVAKOUV OTA TUAUATA.
ZnToUpeva:
1. OpyavwoTe TNV €i00d0 TwV Ge00UEVWV WG EENG:
<Enter N-the nunber of segnents :>
<Enter co-ordinates of i’'th segnent:>
x1[1] > y1[1] >
x2[1] > y2[1] >
x1[ 2] > y1[ 2] >

2. Bpeite pia guBeia ypauppn n onoia va €xel kolvd onueia e 00 MeEPICOOTEPA TUNAMATA yiveTal. Koivd
onueia BewpolvTal Kal Ta 4GKpa TwV TUNUATWV. TunwoTe Pe aufouca oegipd Toug apibuoug Twv
TUNHATWV MOU £XOUV KOIVA onueia PJe Tnv €uBsia.

MpoBAnua 3. H kivhon Twv pounor

N KouBor apibunuévol pe 1,2, ..., N (N <= 50) cival ouvdedeuevol PYe €va dikTuo ano dpdpoug, o kabévag
anod Toug onoioug €xel pAkog 1. O1 dpouol “kivouvTal” ge dlaQopeTikG UWn Kal evovovTdl JOVO OToUG
KOMBOUG. STNV apxIKf Xpovikn oTiyun 0, undpxouv M pounoT g€ kanoloug and Toug kOPBoug (M = 2 N 3).



Ta popndT KIvoUVTdl OUVEXEID ano Tov €va KOWBO aTov AAAO Kal unopouv va dAAd§ouv Tnv kaTteubuvon
TOUuG POVo OTav BpiokovTdl 0TOUG KOUBOUG. Asv eEMITPENETAI VA OTANATACOOUV. H TaxUTNTa TOU i-OTOU pounoT
IooUTal pe speed[i] (speed[i] = 1 i 2). Ta pounoOT eA&yxovTal UE TETOIOV TPOMO WOTE va gAayioTonoinbei o
XPOVOG Nou npénel va Bpebouv OAa Ta pounoT atny idia B€on.

Mpénel va BpeiTe Tov eAaxIoTo Xpovo T WYETA TOV OMOIO N oUVAVTNON TWV POMNOT MNOPEi va emTeuxBEi, Kal
Vva TOV TUMNWOETE, 1 JIAPOPETIKA va NeiTe OTI gival aduvaTto va Bpedolv OAa Ta pounoT ortnyv idia Béon pe t
>= 0.

H €icodog Twv dedopévwy Ba yivel ge Tov akoAouBo Tpono:
<l nput N >
<l nput nunber of roads K >
<Road 1 connects points: >

<Road K connects points: >

(Ta Ceuyapia divovTail oav I J)
<l nput nunber of robots M >
<l nput speed of robot 1:>

<l npui . épeed of robot M >
<Input initial position of robot 1:>

<l npui'i'ni tial position of robot M>
(OAoi o1 napanavw apiBuoi NpEnel va €ival gn-apvnTikoi apidyoi).

To anoTéAeopa Ba ypaei:
<Time = ...>

MpoBAnua 4. Avi(QpOPEGS, KaTnNPOPEG OE TETPAY®WVI NOAn

OAol o1 dpopol og hia opBoywviou GXNUATOG NOAN nMou BpiokeTal o yia avicoUwn neploxr, €XOUvV &iTe TNV
kateluBuvon Boppd-votou (N dpduol), eite avaToAng- duong (M Jdpodpol). Etol, n ndAn diaipesital oe
TETPAYWVA KOWHATIA HE NAEUpPEC ioeg Me 1. KABe KOWMATI dpOpou METAEU dUO dIaoTAUPWOEWV, E€ivail
avneodpa n katneopa n eninedog dpodpog. O nivakag K[y,x] pe diaoraceig MxN, nepiéxel Ta 0yn Twv
dlaoTaupwWoswv Navw anod To €ninedo Tng 8alacoac.
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Mpénel va ypaweTe €va npoypauua To onoio:

ZnTa TIg d1aoTACEIC ToU nivaka - M kai N.

ZnTa Ta otoixeia Tou nmivaka H[i,j]. i=1..M, j=1..N.

ZnNTa TIC GUVTETAYMEVEC dUO O1d0TAUPWOEWY - A Kal B.

Anavta oTtnv gpwtnon, av eivar duvaTtdév va WeTakivnBoupue and 1o A oto B rp and 1o B oTO A,

KaTngopilovrag ouvexwe. Av n andavrnon ival BTk, To NPOypaAuua Npenel niong

5. Na Bpiokel TouhdylioTov Wia TETola dIadpopr Kal va TUNWVEI TIG CUVTETAYHEVEG TwV 81A0TAUPWOEWY MOU
nepvael

6. Na Bpiokel 0Aeg TIG S1adpopég auToU Tou €idouc.

pPLuNE



3n Aiebvng OAupniada MAnpo@opikng 1991

H TpiTn oAupnidada nAnpo@opikng gyive atnv ABnva, oto didoTnua 19-25 Maiou 1991.

MpoBAnua 1. Naoiévroa pye Tpanouvia

Mia TpanouAa anoteAsiTal and 52 xapTid, nou £€xouv 13 dlaPOpPETIKEG TINEG 1, 2, 3,4, 5,6, 7,8,9, 10, ], Q,
K kal TEoogpa d1apopeTika “xpwpaTta”: MnaoTtouvia, Znabid, Kapw kal Kouna (Ta pnacTtouvia kai Ta onabia
gival yalpa, Ta Kapw Kai ol koUneg sival KOKkiva). Exoupe pia TpdnouAa kai Tnv avakateUoupe. “Tpapape”
£€Ew ano Tnv TpdnouAa 12 cuvexdpeva XapTid UE Ta onoia KAVOUME 3 YpauMPEG ano 4 XapTid n kabe yia, kai
Ta TonoBeToUPE NAVW O€ €va TPAneq.

3’ auTn Tn @aon, Byaloupe npwTa and Tnv TpdnouAa pia @iyoupa (J, Q f K) kai Tn Baloupe oTo TEAOG TNG
TpdnouAag, katoniv ouvexifoupe va Bydloups Ta 12 xapTid YEXP! VA OAOKANPWOOUME To 3x4 oxnua. MeTad,
eA&yXoUME av unapxouv {euydpia XapTi®v, ¢’ auTa nou avoifaue Ta onoia va pag divouv adpoiopa 10. (Av
undapyouv duo 10dpia To £€va BewpeiTal 0). Av Aoinov undapyouv TOTe Byaloupue yia kabe TETolo {euyapl,
aAAa dUo XapTid and TNV TPANouAd Kadl Ta TonoBeToUHE NAvVw OTa XapTid Tou leuyapioU (éva navw o€
kaBéva Tou Ceuyapiou). Av o’ autn Tn ¢don Bynkav ano Tnv TpdanouAd QIyoUpPEC, TIC APNVOUUE €KEI Mou
gival kal Ta XapTia auta dev naipvouv aAlo pépog oTn diadikaoia auTn.

H diadikacia ouvexileTal H€xpl OAQ Ta XapTId va OkKenaoToUv and @QlyoUpe, f va Pnv unapxouv “avoixta”
XapTIA nou kanoio {euydap! va €xel abpoiopa 10.

MpAyTe éva NpOypApKa To oMnoio NPoCoNoIWVEl TNV napanavw diadikacia Pe Ta akoAouba {nToUpeva:

1. O apiBudc N Twv enavaAn@ewv Tng napanavw diadikaciag, {nTeital and 1o NAnNKTpoAdylo. Av To N eival
ioo pe 1, TOTE KGBE €va anod Ta NApAkATw {NTAKATA 2, 3, Kal 4 ekTeAgiTal.

2. a. H Tpdnoulka dnuioupyeital kai yia kabs enavadAnyn npénel va avakaTteveTal.
b. H TpanouAa npénel va @aiverar aTnv 08ovn.

3. a. Ta dwdeka xapTid npénel va gaivovTtal otnv 00ovn oTn Hoper Nou NepIypapTNKE.
b. Ta undéAoina xapTid npénel va gpaivovTal oTnv obovn.

4. a. Ta xapTid nou sival okendadovTal kata Tnv napandavw diadikacia npenel va avtikadioTavral Pe Ta vea
XApTIA Nou Ta avTikadioToUv Kal auTo NpéEnel va Qaiveral atnv odovn.
b. Merd and kabe avTikaTdoTaon, TA XAPTIA MOU HEVOUV OTNV TPAMOUAA MpéEnel va gaivovtal atnv

o8ovn.

5. Metd ano 5 enavaAfyelg, npenel va deiXveTal Eva 1I0TOypappa nou 6a gaivovtal o apiBpdg Twv XapTiwv

nou €ueivav oTnv TpdnouAa PETA ano To TEAoG kaBe diadikaaiac.

BaBuoAoyia : 1 10 Babpoi
2 (a) 15 Babuoi

(b) 5 Babuoi

3 (a) 10 Baduoi

(b) 5 Baduoi

4 (a) 10 Babpoi

(b) 5 Babpuoi

5 15 Babuoi

Kwdikag 10 Babpoi

Enirponn 15 Babpoi

MpoBAnua 2. H nepippa&n Twv dEvrpwv

Evag aypoTtng BéAel va diatnproel éva onavio €idog ano apxaia kwvopopa devTpd. MNa va To kavel auTd Exel
KpATHOEl ONUEIWOEIC yia Tn B€on Tou kdBe devTpou Kal okonelel va nepippa&el T1a dévrpa Pe oUpua,
oxed1afovTag €va NoAUywvo €10l woTe Ta d&vTpa va BpiokovTal péoa atnv nepigppa&n. MNa va Peiwoel To
KOOTOG, MPEMNEl va €AAXIOTOMNOINCEl TO WNKOG Tou oUpuaTtog. O aypoTng eniong O€Ael va @TIAEEl kal &va
opBoywvio oniTl, pia NAeupd Tou onoiou va ival napdAAnAn oto agova Twv X, KAl Npenel va §Epel Tn B€on
TOU onITIOU :

1. To onim €ival €&§w and To NoAUywvo.

2. To onim €ival yéoa oTto noAUuywvo.

3. H nepippa&n diaipei To oniTi o€ dUo KouuaTia, pe eupadov d1apopeTiko Tou pndevog (0).

FpawTe é€va Npoypapua Nnou va Jnopei va Kavel Ta napakarw :

a. Na Bpei Ta dévTpa Ta onoia Ba €ival oI KOPUPEG TOU MOAUYDVOU.

b. Na unoAoyilel To prikog Tou cUpPUATOC Nou Ba Xpnoiponoinosi.

c. Na Bpiokel og noid ano TI¢ Tpeic Nnapandavw B£0eIG BPIOKETAl TO OMITI TOU AYPOTN.



EIZOAOZ

N: O apiBuog Twv JEVTPWV.

(Xi,Yi) 1 <=1i <= N, N <= 20, Xi, Yi > 0. OI OUVTETAYHEVEG TWV ONMEIWV MOU avTioToIXoUV OTO KABE
OEvTpo.

(a,b), (c,d), a,b,c,d > 0. H apxn kai To TEAOG TwV onueiwv TNG Kupiag diaywviou Tou oniTioU.

EE0A0Z

Mia akoAouBia and M onueia (1 <= M <= N) pe Tnv 1216TNTA, AV “NepnaTriooupe” HEOW TWV ONUEIWV PE TN
o€Ipa nou auTd gPgavifovTal, va BpiokOPaoTe NAvw oTNV NEPIPETPO TNG NOAUYWVIKNG NEPIPPAENG.

To PAKOG Tou cUpHATog nou Ba xpnaoigonoindei.

Tnv &vdeign “1”, “2” n “3” avaloya pe Tn B€on Tou onITIoU Og OXEON KE TNV NeEPiPpagn.

Ba@poAoynon: Eicodog 10 novTol, A 40 noévtol, B 10 novrol, C 30 ndvTol kal 10 novTol oTnV Kpion TNG ENITPONAG.

MpoBAnua 3. TeTpaywvo (eniAéxOnke yia Tov 10 yupo)

©¢Aoupe va apibunooupe kabe Beon evog 5x5 mivaka, pe Tov akdAouBo Tpono: Av o apiBpogi (1 <=i <=
25) BpiokeTal atn B€on Tou nivaka PE OUVTETAYUEVEG (X,Y), TOTE 0 apiBudG i+1 npénel va BpiokeTal o€ pia
and TIg c(lev)\\l)ouesq B<osic (z,w) :

z

, = (x+-3,y)
(z,w) = (x,y+-3)
(z,wW) = (x+-2,y+-2)

To npoBAnua sivai :

MpayTe €va npoypaupa 1o onoio va anapiBuei TiI¢ B€oci¢ Tou 5x5 nivaka, dedopevng piag apxIkng B€ong
oTtnv onoia Baloupe Tov apiBuod 1.

YnoAoyioTe Tov apiBuo o0AwvV Twv duvaTwVv anapiBunoswy yia Kabe apyikr 6éon oTto navw dOe€id PHEPOG TOU
nivaka, oupnepiAauBavouEvng Tng Kupiag diaywviou.

MNapadeiypa:
Av n B£on (2,2) eniAexBei oav apxikn, TOTE 0 apIiBUOG 2 NNopei va Wnei oTig BECEIC He CUVTETAYMEVEG (2,5) i
(5,2) ) (4,4). AuTEg o1 B£0€IC €ival HapKAPIOPEVEG OTO NAPAKATW OXNUA WE &vav aoTepPioko (*).

1 2 3 4 5

e
1 : : : : :

e
2 1 : or
e

3 : : : : :
e
4 : : R :
e
5 : or : : :

domm e e oo

ZnHeinon: Oa ekTIUNBEI apKETA av TO ANOTEAECNA TOU NPoypAppaTog deixvel oav Tnv ikova 1.
Ba@poAoynon: A 50 novTol, B 25 novTol, EEodog 15 novTol kal 10 ndvTol oTnv Kpion TNG ENITPonng.

MpoBAnua 4. O1 EEveg yAwWOOEeG

Aivetal éva ASCII apxeio KEIJEVOU TO OMoio MePIEXEl KAMOIO KEIMEVO YPAUMHEVO OE HId QUOIOAOYIKN YA®OOA
(n.x. AyyAikd, FaAAikd, Feppavikd k.A.n.). H yAwooa €ival ayvwaTn, aAAd To xapakTnpioTikd Tng €ival ot
Xpnoigonolgi To AaTivikd aApdpnTo.

To npoBAnua civar:
AvaAUoTe Ta NepIEXOUEVA TOU APXEIOU yia va KaTaAdBeTe Og Nold yYAWooa gival ypauuevo.

(A) MpayTe éva npdypapua To onoio Ba diaBalel Ta NepIEXOUEVA Tou dpxeiou kal Ba PeTpdasl nodool
XAPAaKTNPEC nepiExovTal o’ auto. TUNWOTE TO ANOTEAECHA.
(B) MeTaTpéwTe TO NpoOypappa (A) yia va MeTpdel €niong kal Tov apiBud Twv eNAvaANWewv Kabe

ypAaupaTog TG aA@aBnTag, YETATPENOVTAG TOUG XAPAKTAPES OTIENG oTov XapakTrnpa space (‘') kai
MeTaTpénovTag Ta neld o ke@aAaia. ETol pdvo ol XapakThpeg nou avrnkouv ato aguvoAo [*Y,'A’.."Z’]
0a npénel va YetpnBouv. Ta&IVOUNOTE TOUG XaPAKTNPEG TOU OUVOAOU KaTd apibud enavaAnWewv, He
TOV Mo ouxvod XapakTnpa npwTo oTn AioTa. TunwaoTe Tn AioTa.

(©) TpononoinoTe To Npoypauua (B) nou PETpAEl TN oUXVOTNTA TWV XAPAKTAPWV. KAvoviKonoInoTe TIg
METPNOEIC. AnAadr|, OIAIpECTE TIC ENAVAARWEIG TOU KABE XApaKTNPA HE TOV OUVOAIKO apifud Twv
XapakTnpwv nou diaBdornkav. Auto Ba oag dwoel Pia OXETIKN ouxvoTnTa n onoia €ival aveEapTnTn
TWV OUVOAIK®V XAPAKTHPWV TOU KEIMEVOU. MpAQTE TIG OXETIKEG OUXVOTNTEG O £va apxeio.

(D) Enekteivete To npoypappa (C) €rol wote va diapadel éva Keipgevo KAl va To OUuykpivel Pe kdanoia
Keiyeva ano yvwoTeg yAwooes. H diadikaoia Tng ouykpiong va yivel pe dIKA 0ag enivonon. Zav



anoTéAeopa npénel va divel TN yAwooa Tnv onoia vopilel To npdypaupa OTI €ival ypaupévo To
AyvwoTo KEIPEVO.

Znpeiwon: Ta yvword keipeva divovtalr pe Ta ovopata ITA, FRA, k.A.n. yia ItaAikd, FaAAikd k.A.n. avTioTtoixa. To
AyvwoTo KEIPEVO €xel To Ovopa TEXT.

Ba@uoAoynon: (A) 10 novTol, (B) 20 ndvTol, (C) 20 ndvrol, (D) 40 ndvTol kal 10 novTOol yia TNV ENITPONN.

Acgiypa keigévou:
Morire in consequenza di anabolizzanti intrapresa per
migliorare le proprie prestazioni atletihce ‘e poi molto
diverso dal morire al volante di un‘auto di formula uno
mentre si tentra di battere un record affrontando i
rischi legati a quelle prove, o dal perire vittime di una
scarica di sassi mentre si tenta una prima salita su una
parete Nord di qualche colosso alpino? Che ci sia o no di
mezzo la farmacologia, I'artificiale,il chimico, conta
relativamente poco,sul piano essenziale, anche se sembra
molto rilevante dal punto di vista dellimmaginario
cillettivo, il quale ancora considera spesso un eroe il
pilota di auto da corsa o il grande alpinista, e ha
invece un atteggiamento molto diverso nel caso di chi
perisca vittima di un doping incauto. Naturalmente , qui
entrano in gioco altri elementi,solo indirettamente
morali. Fare uso di stimolanti chimici ‘e in genere
vietato nello sport, chi viola questa norma commette una
grace slealta: ma qui |’ esecrazione morale non ‘e
motivata anzitutto dal fatto che viene messa a
repentaglio l'integrita fisica dell’atleta, bensi dal
mancato rispetto per regole del gioco. Le quali, per
altro,vietano il doping anche e soprattutto per il danno
fisico che esso alla lunga provoca; ma in base allo
stesso principio, forse, dovrebbero vietare anche
pratiche sportive “leali” e tuttavia non memo pericolose
per chi le pratica..

MpoBAnua 5. S-TERMS (eniAéxOnKe yia Tov 20 yupo)

Eva s-term €ival pia akoAouBia ano S kal napevBeoeic, n onoia opileTal avadpouikda, we €ENG:
To S €ival éva s-term, kai av M kai N €ival s-terms, Tote (MN) €ival eniong s-term.

Mapadeiypa evog s-term:
((((Ss)(S9))9)(Ss))
O1 de€iéc napevBéoelg dev divouv kapia véa nAnpogopia, onoTe pnopouv va napaiAn@Boulv, dnAadn (MN

avTi Tou (MN), €101 WOTE TO NPONYOUHEVO s-term ypaQeTal:
((((SS(SSS(SS

1. TpayrTe pia diadikacia 'gensterm' n onoia 6a dnuioupyei s-terms: n diadikacia Ba npenel va dnUIOUPYEI
n (N=PNKoG=apIBuOC Twv S) apxeia KEIJEVOU NMOU MePIEXOUV OAa s-terms pnkoug 1,...,n avTioToixa. Ta
S-terms npénel va Xxwpilovrar ano éva ";". To TéAog kaBe s-term oe kABe apyeio Ba npénel va
onuelnveTal Ye €va ".". FpawTe €va npdypaupa To onoia dEXeTAl €vav akepaio n (<=10), xpnoIdonolEi
Tnv napandvw diadikacia kai dgixvel 6Aa Ta dnuioupynuéva s-terms oTnv 00ovn.

OewpeioTe pia dAyeBpa pe s-terms. O povog aAyeBpikdg kavovag (s-rule) o onoiog upnopsi va
xpnoigonoindei gival o akdAoubog: kabe uno-term evog s-term To onoio €xel Tn pop®n (((SA)B)C) (6nou

A,B kai C gival s-terms) pnopei va EavaypagTei oav: ((AC)(BC)) dnAadn:
Cont ext 1( (( SA) B) C) Cont ext 2 -> Cont ext 1( (AC) ( BC) ) Cont ext 2

H epappoyn autoU Tou kavova oc €va s-term A€yeral "anAonoinon" evog s-term. Ynapyouv dIaQOpPETIKOI
Tponol (oTpaTnyikeg) yia va eniAexBei éva uno-term oTo onoio Ba epapudooups Tov s-rule (Tov kavova). H
OUVEXNG €QApuoyr Tou s-rule ndvw oe éva s-term PEXPIGC OTOU Kapia AAAn s@appoyn Tou kavova desv Ba
gival epIkTn, AéyeTal "kavovikonoinon" Tou s-term.

Mapadeiypa piag ahucidag anAonoinoewy eivat:
((((s ))S) (SS)) -> (((SS)((S9)9))(Ss)) ->
((S(8S)) (((S9)9)(S9))) -> ((S(S9))((S(S9))(S(Ss))))



2. EmiA€ETe pia kaTdAANAN dopn dedouEvwy yia va avanapacThoEeTe Ta s-terms n onoia unopei va dexeral
TNV €papuoyn Tou s-rule. MpayTe dUo diadikaoieg 'readterm' kar 'printterm' o1 onoieg YeTATPENOUV S-
terms oTtn (kar ano) ik oag avanapdacTtacn and (kai orn) dikr oag avanapdoracn Tn Hop@r nou
dnuioupyndnke anoé Tnv 'gensterm’'. To NpoOypaupa oag Npenel va Unopei va deiel auTEG TIC YETATPONMEG.

3. Tpayrte pia diadikacia 'reduce' yia va npaypaTonolei €va BrAua anAonoinong, ocUNQ®va PE Tov s-rule og
£€va opifopevo uno-term evdg s-term nou diveral otn dikA oag avanapdoTacn. To Npoypaupa npenel va
Mnopei va To dei&el auTo.

4. TpdayTe pia diadikacia 'normalize': dedouévou evog s-term, Ba npenel va eniAéyel €va uno-term kai va
Tou £Qapuolel Tov s-rule, HEXPI va PNV WNOPEI va TO KAVEI nia 1 YEXP! 0 aplBPOC Twv anAomnolrfoewyv
Eenepdoel kdnolo maximum, n.x. 30. To npoypauud oag npenel va pnopei va Oeixvel Tnv OAn
AgIToupyia.

5. TEAog, evowpaTwoTe OAa Ta napandvw o€ £va npoypapud, To onoio:

a) {nTdel To PAKOG N ano Tov XpRoTn.

b) xpnoigonoiei s-terms prikoug n, nou dnuioupyndnkav ano Tnv 'gensterm’

C) MeTaTpénel s-terms oTn 8IKR 0ag avanapaoTaocn

d) kavovikonoiei (av €ival duvaTov)

e) Tunwvel Ta TeAIKA (kavovikonoinueva) s-terms

f) Tunwvel Tov apiBuo Twv BnudTwv anAonoinong nou £yivav oe Kabe s-term, f €va pnvupa 'not
normalized' aTnv nepinTwon nou dev pnopei va yivel kavovikonoinon og 30 BrAuara, kai

g) TUunNWVeEl Tov apiBuO TWV HNA-KAVOVIKOMOINKEVWV KAl TOV OUVOAIKO apiBud Twv s-terms yia To
OedOHEVO PRKOG N.

Ba@uoAoynon: (1) 20 novTol, (2) 25 novrol, (3) 15 ndvrol, (4) 20 novrol, (5) 10 novrol kai 10 novTol yia TV
eniITponn.

MpoBAnua 6. H uéyiorn ouuuopia

A Police captain knows well all the outlaw persons of his city, as well as, every possible collaboration
among them. He would like to find the maximum gang of the city.

In this case, a gang is a subset of outlaw persons so that any person in it collaborates with all others in the
subset. Maximum gang means that there does not exist another gang with greater cardinality.

Create a program capable of carrying out the following tasks:

(A) Accept the police captain’s data with a total humber of outlaw persons less than 41. Use as input
data file an ASCII one with the following structure:
a(1,1)

a(2,1l)a(2,2)
a(3,1)a(3,2)a(3,3)

where a(i,j)=1, if person i is collaborating with person j or i=j, and a(i,j)=0, otherwise. For instance (in the
case of 6 persons):
1

01

101
1011
01101
101111

In this example an output can be the following one:
A. Maximum Gang is :
1 3 4 6
cardinality = 4
B. Extend the input part of the program, so that to generate data in a random way under a given
propability 0 < d < 1 of collaboration of outlaw persons.
C. Using random data or input file, find the maximum gang of the city. Use the same output format as in
the example above ( see task A ).

EVALUATION: (A) 5 points, (B) 15 points, (C) 50 points, Total Machine Time 20 points, Jury 10 points.

MpoBAnua 7. Ta pavreBou Tou Iartpikou EniokénTn

A medical visitor would like to have a program which would schedule all his medical appointments and help
him meet as many doctors as possible in one day in order to advertise the medical products of the
company he represents.

You are asked to write the program which would do this task for him. The input file consists of lines, each
of which contains the name of a doctor, the beginning and the end of the interval when the doctor is ready
to meet the medical visitor, as well as the name of his medical institute.



The rules for scheduling the appointments are as follows:

1. An appointment has at least 70 minutes duration; furthermore the medical visitor needs at least 30
minutes between any two appointments to travel to the next medical institute.

2. All the times in the input file belong to the same day, and the medical visitor does not want to meet

any doctor twice on the same day.

Also, two consequtive appointments cannot be held at the same institute.

Among several doctors the medical visitor always prefers the one whom he can meet earlier.

If there is more than one doctor whom the medical visitor would be able to meet at the same time

(either because by the time he finishes from the previous appointment there are doctors already

waiting or because their proposed appointment would begin later but at the same time during the day)

he prefers the one who has less remaining time for the given day ( but of course this time at the
beginning of the appointment must be enough for the required 70 minutes).

6. To visit as many doctors as possible, the medical visitor always ( even during an appointment ) keeps
in mind the next appointment’s starting time, therefore if it is necessary he can terminate the on-
going appointment after the minimal 70 minutes expire, take his 30 minutes for traveling and begin
the next appointment according to rule 5.

7. If he is not in a hurry for a new appointment (according to rule 6 ), the medical visitor stays with a
doctor as long as he can.

nkw

Input file:

consists of lines each of which contains a name ( with the English alphabet ), a blank space , a time ( in
hh.mm form ) indicating the possible beginning of an appointment, a dash (*-'), a time again indicating the
last possible moment of the appointment, a blank space, and a name (with the English alphabet) of the
medical institute.

The input file does not contain empty lines, nor is the end of it marked with special characters.

A possible input file is as follows:
Bob 16.00-17.25 Cross
John 09. 30-11.50 Heal th
Charl es 11.00-20.00 Chest
Don 08. 00-13. 20 Cross
Nor man 22.00-23.05 Brain
Jerry 10.00-17.00 Health
Charl es 09.20-10.40 Othopedic
Evel yn 19. 15-20.40 Ot hopedic
Peter 09.35-11.55 Brain
Don 18. 00-20. 00 Eye

Output file:

should contain a table in which all the possible appointments appear in their proposed chronological order.
The appointments which are ruled out by any of the rules above should not appear in the table.

The table should consist of lines containing the realizable beginning and end time of the possible
appointments, their place, and the proposing doctor’s name. The exact spacing of the output table is not
important, but should look similar to the one below. The output for the previous input file is as follows:

08. 00- 09. 10 Cross Don

09. 40-10. 50 Heal th John
11.20-12. 30 Chest Charl es
13. 00- 15. 30 Heal t h Jerry
16. 00-17. 25 Cross Bob

19. 15- 20. 40 Ot hopedi ¢ Evel yn

8. Solve the above problem for two medical visitors A and B preserving the same scheduling rules and
the additional restriction that they are not allowed to visit the same doctor. Each time an appointment
is available, it is taken by that medical visitor who has been free for the longest period. If both have
been free for the same time period, Mr. A takes the appointment. The output consists of two
appointment lists.

Evaluation: One medical visitor 45 points, Two medical visitors 45 points, Jury 10 points (elegance, clarity, progr.
style)



4n Aiebvng OAupniada NMAnpopopikng 1992

H TéTapTn oAupniada nAnpo@opikng €yive atn Bovvn Tng Mepuaviag, Tov IoUAI0 Tou 1992.

MpoBAnua 4.1.1. MuoTnpiwdeig HNeipol

Evag xaptng €ival éva opBoywvio 48x16 Pe GUVTETAYUEVEG. AUO OUVTETAYHEVEG €ival OUVOEDEUEVEG av €ival
YEITOVIKEC €iTE OTnNV KaTeUBUvon Boppd - NOTOU, €iTe oTnVv KaTelBuvon AvaToAng - Along. Apxika Kale
ouvTETaypévn gival yvwaotr oav NEPO (Water - W) rj EAA®OZ (Ground - G).

Yndapyxouv Téooepa €idn EAADOYZ (Ground Types - GT): G, M, P kar C. Eniong undpxouv Kdl TEGOEpA €idn
NEPOY (Water Types - WT): W, O, B kai L. YnoTiBeTal OTI oTo €EwTeEPIKO TOU XAPTNn undpxel OKEANOZ
(OCEAN - 0).

YNApyXouVv CUYKEKPIPEVOI YEWYPAPIKOI KAVOVEG yia va aAhaxBouv ol TUNoI TwV CUVTETAYMEVWY ToU XApTn.
Etol Ta G ka1 W, gnopouv va yivouyv :

(M): Av kanoio GT ival ouvdedepuévo Pe 4 aAAa GT.

(P): Av kanolo GT gival ouvdedepevo pe 3 WT, ) e 2 WT kal Touhaxiotov 1 P, | ye 1 WT kai TouAdyxioTov 2
P.

(C): Av kanolio GT dev eival M kai dev €ival P.

(0): Av kdanolo WT eival ouvdedeuevo Pe TouldxioTov £va O.

(B): Av €va O €ival ouvdedepevo e TouldayiaTov 2 B kal To noAu €va O, ) pe 1 B kai TouAaxioTtov 2 GT, i
TouAdxioTov 2 GT kal TouAdayioTtov &va O.

(L): Av éva W napapével avalAoiwTo HEXPI va PNV JNopouv va yivouv dAAeg aAAayeg.

Mnopei va oupBei, JETA ano kanold aAAayrn CUVTETaypévng va pnopel va §avaAlaxbei apyotepa, yiaTi ol
TUMNOI AnNo OPICHEVOUG YEITOVOUG £XOUV OTO WETAEU aAAda&el. O xaptng Bswpeital EEEPEYNHMENOZX oTtav dev
MnopoUV va yivouv aAAeg aAAayeg.

TO NPOBAHMA
Na ypawTe éva npoypaupa 1o onoio KAvel Ta napakdTtw oTn O€ipd:

1. Read a map of an unknown continent from an ASCII input file and display it on the screen, together
with the initial coordinate type statistics, as shown in Example-1.

2. Explore the map and relabel the coordinates correctly with M, P, C, O, B, or L according to the
geographic rules.

3. Display the explored map on the screen, with the final coordinate type statistics, as shown in Example-
2.

4. Write a screen copy showing the explored map and the final coordinate type statistics to an ASCII
output file.

Examples

Example-1: The screen display, including initial statistics, of the
unknown map in file "C:\IOI\DAY-1\411-MAP.IN” should look like:

MYSTERI QUS: G=61 W-707 ALL=768

Example-2: The screen display of the explored map, including final
statistics and the f|Ie “C \IOI\DAY 1\411 MAP OU” should look like:
O 000




EXPLORED: P=8 C=47 MF6 O=685 B=17 L=5 ALL=768

CREDITS

Read froma file and display unknown map correctly ......... 5 points
Al Muntains correctly relabeled with M................... 10 points
Al'l Peninsulas correctly relabeled with P .................. 20 points
Al Coastlines correctly relabeled with C.................. 5 points
Al Ccean correctly relabeled with O ....................... 10 points
Al Bays correctly relabeled with B ........................ 20 points
Al'l Lakes correctly relabeled with M....................... 5 points
Initial Statistics correct ............. . ... 5 points
Final Statistics correct ........... ... .. 10 points
Structure of output file correct ......... ... ... ... ... ... ... 5 points
Techni cal constraints conpletely obeyed .................... 5 points

maxi mal 100 points

MpoBAnua 4.1.2. Epyaornpi AaBupivbwv (A mazing workshop)

A MAZE completely covers an AREA of N times M squares. It consists of many WALL squares and of many
SPACE squares, the latter of which include one ENTRY square and one TREASURE square.

A PATH is a sequence of adjacent space squares (bounded by walls) from the entry to a dead end, we refer
to as an ENDPOINT. The LENGTH of a path is the number of squares it covers, including entry and
endpoint.

The maze must be such that paths may fork but do not join, so for example no two paths can have the
same endpoint. The entry is located somewhere at the top of the maze. The treasure is positioned at the
endpoint of a path with maximal length.

The N times M area should be covered with paths as much as possible. It is nice to watch a maze growing
over an area while it is computed. Because the algorithm is too fast for the eye, a DELAY TIME after each
drawn square is necessary.

PROBLEM STATEMENT
Implement the following set of TOOLS dealing with mazes. The tools should be executable in any order
and repetition through a main menue:

 Tool-1: Set the main maze parameters N and M interactively.

e Tool-2: Set a DELAY TIME interactively.

« Tool-3: Compute a new correct maze basically using a random generator and display the maze while it
is growing.

« Tool-4: Write a generated maze and its size parameters to an ASCII text file, exactly as it is shown in
Example-2.

e Tool-5: Read an unknown maze from an ASCII text file and highlight the path from entry to treasure.

TECHNICAL CONSTRAINTS

« Constraint-1: Represent each square by a two-character string: walls by two times ASCII character
#219 ...... “[[” paths and entry by two blanks ................ “ “treasure by T and blank ......................
“T ™ highlighted paths by full-stop and blank ..... "

+ Constraint-2: N and M must be greater than 2 and not larger than 20.

Napadeiypara
Example-1: A screen display of sample file “"C:\IOI\DAY-1\412-MAZ1.10"

by Tool-5 should look like:
10, M= 8, DELAY TIME = 100

[OOCOOCD- COOLL
[l -

—_—————Z
—_!



COOCOrroooooooeeeeee

LENGTH = 13

Example-2: The same maze’s file output by Tool-4 should look like:
0 8

COOOOOoooer  [oeeee
(LI [0 [l
[[I [
[ [l [0 [l
[ [
[ [ [l [l
[ [
[ [l

[
[([r
COCOCOOrreereeee

CREDITS
Main nenue with all tools available ........................ 5 points
Tools available in any order and repetition ................ 10 points
Tool -1 enables setting Nand M......... ... .. .. ... .. ........ 5 points
Tool -2 enables setting DELAY TIME .. ... ... ... 5 points
Tool -3 conputes structurally correct mazes ................. 30 points
Tool -3 displays the maze while it is growing ............... 10 points
Tool -4 wites nmaze to a file exactly as in exanple-2 ....... 5 points
Tool -5 reads unknown maze and highlights |ongest path ...... 20 points
Techni cal constraints conpletely obeyed .................... 10 points

maxi mal 100 points
Problem Chosen for the first session ( 5 hours )

MpoBAnua 4.1.3 Nnoia oTn 6dAacoa

The SEA is represented by an N times N grid. Each ISLAND is a “*” on that grid. The task is to reconstruct
a MAP of islands only from some CODED INFORMATION about the horizontal and vertical distribution of the
islands. To illustrate this code, consider the following map:

* * % 12
* *x % * 31

* * * 111
* *x % * 5

* % * 211

* 1

114221

12 3 2

1

The numbers on the right of each row represent the order and size of the groups of islands in that rows.
For example, "1 2” in the first row means that this row contains a group of one island followed by a group
of two islands; with sea of arbitrary length to the left and right of each island group. Similarly, the
sequence "1 1 1” below the first column means that this column contains three groups with one island
each, etc.

To npoBAnua
Implement a program which repeats the following steps until a given input file containing several
information blocks has been read completely:

1. Read the next information block from an ASCII input file (for the data structure of that file see also the
examples below) and display it on the screen. Each information block consists of the size of the square
grid, followed by the row constraints and the column constraints. Each constraint for a single row or
column appears on a single line as a sequence of numbers separated by spaces and terminated by 0.

2. Reconstruct the map (or all of the maps, if more then one solution is possible, see Example-4) and
display it/them on the screen.

3. Write the map(s) to the end of an ASCII output file. Each blank must be represented by a pair of
spaces. Each island should be represented by a ‘*’ followed by a space. Different maps satisfying the
same constraints should be separated by a blank line. If there is no map satisfying the constraints,
indicate it by a line saying “no map”. The solutions to the different information blocks must be
separated by a line saying “next problem”.

Texvikoi Meplopioyoi
e Constraint-1: N must be not less than 1 and not larger than 8.

Mapadeiyyara
6 Exanpl e-1 (the problem above): 6 is the size of the grid
120 <-- The start of the first line constraint



310

1110

50

2110

10

1110 <-- The start of the first columm constraint

120

40

230

20

120

4 Exanpl e-2. Solution: colums: 1 2 3 4

0 row 1:

10 row 2: *

20 row 3: * o

0 row 4:

0

10

20

0

2 Exanpl e-3. Note that there is no nap

0 satisfying the constraints

0

20

20

2 Exanpl e-4. Note that there are two different naps

10 satisfying the constraints

10

10

10

CREDITS

Read an information bl ock from

the input file and display it ......... .. . . ... 5 points
Process all information bl ocks one by one

until the input file is read conpletely .................... 10 points
Reconstruct one map for each information

block (if it has a solution) and display it ................ 35 points
Wite the solution map to the output file .................. 5 points
Reconstruct all possible maps (if there

are several solutions) and display them.................... 20 points
Wite all solution maps correctly

separated to the output file ..... ... ... .. . . . . . ... .. 10 points
Identify informati on bl ocks having no solution ............. 5 points
Techni cal constraints conpletely obeyed .................... 10 points

maxi mal 100 points

Huépa 2n

MpoBAnua 4.2.1. To poundor tou Hamilton

270 eninedo divovTtal N Béoeig P1, P2, ..., PN ue aképaleg ouvTeTaypeveg (X1,Y1), (X2,Y2), ..., (XN,YN).

Eva poundT npénel va perakivnBei oe OAec auTeG TIG BEoeig EekivovTag and Tnv P1. Mpénel va nepacel anod
KaBe B€on povo pia popad pe eEaipeon TNV P1 n onoia npénel va eival kai n TeAeutaia 8€on Tng "BoOATag" Tou.

Ynapxouv OUwG NEPIOPICUOI OTIG KIVAOEIG TOU poundT. Mnopei povo va kivnbei oe eubeieg ypauueg. And Tn
Bcon P1 pnopei va E&skiviiosl npog¢ onoladnnote karteuBuvon. OTav @TAcsl O kdnola B&on Pi, npiv
METakivnBei og kanola aAAn, npénel va oTpiwel 90 Poipeg ite de€iq, site aploTepd.

To npoypappa Tou PounoT anapTileTal anod NEVTE €idn NPOTACEWV:
1. “ORIENTATION Xk Yk”: xpnoigetUel govo oav npwtn npoTacn. To pounoT oTpiBel Npog TNV KaTeuduvon
TnG 8¢ong Pk (k peta&u 2 kai N).

2. “MOVE-TO Xj Yj” : av To pounoT unopei va ¢tacel oto Pj Xwpic va aAAagsl Tov npooavaTtoAioud Tou,
TOTE KiveiTal oTn B€on Pj (j peTa&u 1 kai N). Z€ aAAn nepinTwaon n NpoTacn dev ekTeEAEITal.

3. “TURN-LEFT” : To poundT oTpiBel 90 Poipeg apioTepd.

4. “TURN-RIGHT” : To pounoT oTpiBel 90 poipeg dekia.

5. “STOP” . danevepyornolei To pounoT. AuTn €ival n avaykaia TeAeutaia npdTacn Tou
npoypdupaTog.

To npo6BAnua
MpAyTe éva NpOypdupa Nou va KAavel Ta akoAouba:



1. AiaBaoTte TNV TIPA Tou N Kal TIG ouvTeTaypeves Twv N doopévwv Beoewv ano eva ASCII apyeio (deiTe To
napdadelypa) kal TunwoTe Ta dedopeéva atnv 08ovn.

2. OTIAETe €va npdypaupa yia To pounodT, WOTE va KAvel pia owoTtn "BOATA" nepvwvTag and OAEC TIG
B<osgic, av undapyel TETola "BOATa".

3. Av dev unopei va yivel pia T€Tola "BOATA", TOTE To NPOYPANKA TOU POUNOT NPEMEl va ANOTEAEITAI HOVO
and Tnv npoétaon “STOP”.

4. TunwoTe oTnv 000vn, To av Pnopei va yivel pia "BOATA" i dxl, kai av Pnopei TOTE TUNWOTE TO PAKOG TNG
(oTpoyyUAeuon oe 2 dekadika wnoia). To pnkog Tng "BOATAg" eival To ABpPOIoHA TWV HNKOV TWV
KOMMATIOV TNG TEBAAOHPEVNG YPAHKNAG.

5. [payTe TO NPOYpaAPHaA Tou polnoT o< éva ASCII apxeio OnNw¢ (paiveral oTo napdadelyua.

Texvikoi MNeplopiopoi
e Program must reject inputs where N is less than 4 or greater than 16, without trying to find a tour!

Napadeiypara

I nput : An input file contains in the first line the value for
N and in the following Nlines the X and Y coordi nates
of the selected positions, for exanple:

4
2 -2
02

1-1

31

Qut put : For these 4 positions one shortest robot programwith

length = 12.65 is:
ORI ENTATION 3 1

MOVE-TO 3 1

TURN- LEFT

MOVE-TO O 2

TURN- LEFT

MOVE-TO -1 -1

TURN- LEFT

MOVE-TO 2 -2

STOP

CREDITS

Read input data correctly fromevery file and display it................ 5 points
Algorithmfor computing a valid tour ok ............ .. . . ... 30 points
Gener at ed robot program syntactically correct, if tour does not exist .. 10 points
Generated robot program syntactically correct,if tour does exist ....... 15 points
Screen display gives all required information .......................... 5 points
Di spl ayed I ength of conputed tour correct .............................. 10 points
Robot programcorrectly witten to a file ....... ... ... .. ... ... ... .... 10 points
Techni cal constraints obeyed . ......... ... 15 points

maxi mal 100 points
Problem Chosen for the second session ( 5 hours )

MpoBAnua 4.2.2. Sxappaiwvovrag 1o Bouvo.

A mountain climbers club has P members, humbered from 1 to P. Every member climbs at the same speed
and there is no difference in speed between climbing up and down. Climber number i consumes C(i) units
of SUPPLIES per day and can carry at most S(i) such units. All C(i) and S(i) are integer numbers.

Assume that a climber with a sufficient amount of supplies would need N days to reach the top of the
mountain. The mountain may be too high, so that a single climber cannot carry all the necessary supplies.
Therefore a GROUP of climbers starts at the same place and at the same time. A climber who descends
prematurely before reaching the top gives his unneeded supplies to other climbers. The climbers do not
rest during the expedition.

The PROBLEM is to plan a schedule for the climbing club. At least one climber must reach the top of the
mountain and all climbers of the selected group return to the starting point.

PROBLEM STATEMENT

Implement a program which does the following:

1. Read from the keyboard the integer number N of days needed to arrive at the top, the number P of
climbers in the club, and (for all i from 1 to P) the numbers S(i) and C(i). You may assume that the
inputs are integers. Reject inputs that make no sense.

2. Try to find a schedule for climbing the mountain. Determine a possible group a(1), ..., a(k) of climbers
who should participate in the party and (for all j from 1 to k) the number M(j) of supplies which



climber a(j) carries at the start. Note that there may not exist a schedule for all combinations of N and
the S(i) and C(i).
3. Output the following information on the screen:
a) the number k of climbers actually participating in the party,
b) the total amount of supplies needed,
c) the climber numbers a(1), .., a(k),
d) for all a(j), j between 1 and k, the initial amount M(j) of supplies to carry for climber a(j),
e) the day D(j) when climber a(j) starts descending.
4. A schedule is OPTIMAL if
a) the number of participating climbers is minimal and
b) among all groups satisfying condition a) the total of consumed supplies is minimal.
Try to find a nearly optimal schedule.

TECHNICAL CONSTRAINTS

Constraint-1: Programs must reject inputs where N is less than 1 or
greater than 100. P must be not less than 1 and not

greater than 20.

Napadeiypara

Ta napakdTtw 68a pnopouaav va eival éva didAoyog Je To Npoypappud oag:
Days to arrive to top:

Nunber of club nenbers: 5

Maxi mal supply for clinber 1 : 7
Daily consunption for clinber 1 : 1
Maxi mal supply for clinber 2 : 8
Daily consunption for clinber 2 : 2
Maxi mal supply for clinber 3 : 12
Daily consunption for clinber 3 : 2
Maxi mal supply for clinber 4 : 15
Daily consunption for clinber 4 : 3
Maxi mal supply for clinber 5 : 7
Daily consunption for clinber 5 : 1

2 clinbers needed, total amount of supplies is 10
Clinber(s) 1, 5 will go.

Clinber 1 carries 7 and descends after 4 day(s)
Clinber 5 carries 3 and descends after 1 day(s)

Pl an another party (YN Y

Days to arrive to top: 2

Nurmber of club nmenbers: 1

Maxi mal supply for clinmber 1 : 3
Daily consunption for clinber 1 : 1
Clinbing party inpossible.

Pl an another party (YN N

Good bye

CREDITS

User dialogue as illustrated above.......................... 10 points
Find a solution for the special case where all C(i)=1 and

all S(i) are equal ....... ... 20 points
Find a solution for general case ........................... 20 points
Find a nearly optinal solution for general case ............ 30 points
Detect unsolvable situations ............. ... ... ... ... ...... 10 points
Technical constraints obeyed ......... ... .. .. ... ... ... .. ... 10 points

maxi mal 100 points

MpoBAnua 4.2.3. H epyaAeioBnkn Tou Rubik

This problem is based on the puzzle game “Rubik’s cube”. If you already know Rubik’s cube you may skip
this paragraph and the next one. Rubik’s cube is a cube that consists of 3 x 3 x 3 smaller cubes. Initially
each of the six faces of Rubik’s cube is coloured uniformly in a different colour; we call this the initial cube.
Every face of Rubik’s cube consists of 3 x 3 faces of a layer of nine smaller cubes.

Imagine you are looking at any of the six faces of Rubik’s cube. The layer of 3 x 3 smaller cubes you see
can be rotated by a multiple of 90 degrees, where the axis of rotation is orthogonal to the face and goes
through its centre. The result is another 3 x 3 x 3 cube where the colour pattern of the face you are
looking at has been rotated and the colour patterns of the four neighbouring faces have changed.

In our problem the faces of the cube are given names instead of colours: U=Up, R=Right, F=Front,
B=Back, L=Left and D=Down. Any move sequence to turn the cube may be described as a string of the
letters {U, R, F, B, L, D} where each letter stands for a basic rotation: the 90 degrees clockwise rotation
of the corresponding face.



PROBLEM STATEMENT with EXAMPLE(S)
Write a program that allows the user to repeatedly solve any of the given three subproblems in any order.
You may assume that the length of each input string is at most 35.

1. This subproblem is the translation of a given move sequence into a move sequence where no primitive
rotation is applied more than 3 times in sequence. Your algorithm should reject non-legal input
sequences. Some examples are provided for clearness:

I nput Qut put

L --> L

LL --> LL

LLL --> LLL

LLLL --> “the enpty sequence”
LLLLL --> L

LLRRRFFFFRLB ~ --> LLLB

HELLO --> “error”

2. The second subproblem is to find out whether two given move sequences yield the same result when
applied to the initial cube. The examples may illustrate this:

I nput, I nput, Qut put
1°' sequence 2"% sequence

RL LR yes
RU UR no
RRFFRRFFRRFFRRFF FFRRFFRR yes
RRFFRRFFRRFFRRFF RRFFRRFF no

3. The third subproblem is to determine how many times a given move sequence has to be applied to the
initial cube until the cube is in its initial state again. The smallest such number greater zero is sought.

We provide some examples:
I nput Qut put
4

L

DD 2

BLUB 36

RUF 80

BLUFF 180
CREDITS
Main nenu and user dialogue o. k. ........... ... .. ... ... .. ... 15 points
Subproblem 1: Transformation o. k. ........ ... ... ... ... ...... 20 points
Rejects Wrong i NPUES . ... 10 points
Subproblem 2: Correctness ........ ... 25 points
Subproblem 3: Correctness ............. ... 25 points
Technical constraints obeyed ......... ... .. .. ... ... .. ... ... 5 points

maxi mal 100 points
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H népnTn oAupniada nAnNpoeopIKNG EYIVE...

Mpwrog r'upog

MpoBAnua 1. To nepidépaio

You have a necklace of n beads (n <100) some of which are red, others blue and others white, arranged at
random. Let’s see two examples for n = 29:

12 12
0 X X 0 X 0 0 X
o X X X
o} o X o}
0] 0] @ 0]
X 0 @ @
X X o o
X X X X
X X o X
o} o} X o}
X o o o
X o o} o}

o o o X
0Xo0 o0 @
Figure a Figure b

o red bead
X bl ue bead
@whi te bead

(The beads considered first and second in the text that follows have been marked in the picture). The
configuration in Fig. a) may be represented as a string of b’s and r’s, where b represents a blue bead and r
a red one, as follows:brbrrrbbbrrrrrbrrbbrbbbbrrrrb

Suppose you are to break the necklace, lay it out straight, and then collect beads of the same colour from
one end until you reach a bead of a different colour, and do the same for the other end (which may not be
of the same colour as the beads collected before this).

Determine the point where the necklace should be broken so that the most number of beads can be
collected.

For example, for the necklace in Fig. a), 8 beads can be collected, with the breaking point either between
bead 9 and bead 10, or between bead 24 and bead 25.

In some necklaces, white beads had been included as shown in Figure b) above. When collecting beads, a
white bead that is encountered may be treated as either red or blue, and painted with the desired colour.
The string that represents this configuration will include the symbols: r, b and w.

Write a program to do the following:
1. Read a configuration from an ASCII input file, NECKLACE.DAT, with each configuration on one line.

Write this data into an ASCII output file, NECKLACE.SOL. An example of an input file would be:
brbrrrbbbrrrrrbrrbbrbbbbrrrrb
bbwbrrrwbrbrrrrrb

2. For each configuration, determine the maximum number, M, of beads collectable, along with a
breaking point.
3. Write to the outfile, NECKLACE.SOL, the humber M and the breaking point. The solutions for different

configurations should be separated with a blank record. Example of a possible solution:
brbrrrbbbrrrrrbrrbbrbbbbrrrrb
8 between 9 and 10

bbwbrrrwbrbrrrrrb
10 between 16 and 17

MpoBAnua 2. O1 eTaipeieg

Some companies are partial owners of other companies because they have acquired part of their total
shares. For example, Ford owns 12% of Mazda. It is said that a company A controls company B if, at
least, one of the following conditions is satisfied:

A=B
A owns nore than 50% of B
A controls k (k > 1) conpanies, C(1), ..., Ck), so that: C(i) owns x(i)%of B for 1 <i < k and

x(1) +.... + x(k) > 50



The problem to solve is:
Given a list of triples (i,j,p) which means that the company i owns p% of company j, calculate all the pairs
(h,s) so that company h controls company s. There are at most 100 companies.

Write a program to:

1. Read from an ASCII input file, COMPANY.DAT, the list of triples, (i,j,p), to be considered for each case
(that is, each data set), where i, j and p are positive integers. Different cases (data sets) will be
separated with a blank record.

2. Find all the pairs (h,s) so that company h controls company s.

3. Write to an ASCII output file, COMPANY.SOL, all the pairs (h,s) found, with h different from s. The
pairs (h,s) must be written in consecutive records and in increasing order of h. The solutions for
different cases must be separated with a blank record.

Mapadeiypa:

COVPANY. DAT COVPANY. SOL

2 3 25 4 2
1 4 36 4 3
4 5 63 4 5
2 1 48

3 4 30

4 2 52

5 3 30

1 2 30 2 3
2 3 52 2 4
3 4 51 2 5
4 5 70 3 4
5 4 20 3 5
4 3 20 4 5

MpoBAnua 3. NMapaAAnAoypapua oro xapri

N rectangles of different colours are superposed on a white sheet of paper. The sheet’s sizes are: a cm
wide and b cm long. The rectangles are put with their sides parallel to the sheet’s borders. All rectangles
fall within the borders of the sheet. As result, different figures of different colours will be seen. Two
regionsof the same colour are considered to be part of the same figure if they have at least one point in
common; otherwise, they are considered different figures. The problem is to calculate the area of each of
these figures. a, b are even positive integers not greater than 30.

The coordinate system considered has origin at the sheet’s center and the axes parallel to the sheet’s
borders:

Different data sets are written in an ASCII input file, RECTANG.DAT:

a, b and N will be in the first line of each data set, separated by a blank space.

In each of the next N lines you will find:

the integer coord inates of the position where the left lower vertex of the rectangle was put, followed by
the integer coordinates of the position where the upper right vertex of the rectangle was put and, then,
the rectangle’s colour represented by an integer between 1 and 64. White colour will be represented by 1.
The order of the records corresponds to the order used to put the rectangles on the sheet. Different data
sets will be separated with a blank record.

Write a program to:

1. Read the next data set from RECTANG.DAT

2. Calculate the area of each coloured figure

3. Write in an ASCII output file, RECTANG.SOL, the colour and the area of each coloured figure as shown
in the example below. These records will be written in increasing order of colour. The solutions to
different data sets will be separated by a blank record.

Example:

RECTANG. DAT RECTANG. SOL

20 12 5 1172

7-5-3-14 2 47

5-3532 4 12

4 -2-224 482-23-112 12131751
30 30 2 1 630

005142 2 70

10 -7 0 13 15 15 200

MpoBAnua 4. AiIaywviouOG agporiopiKnG eraipeiag




You have won a contest sponsored by an airline. The prize is a ticket to travel around Canada, beginning in
the most western point served by this airline, then traveling only from west to east until you reach the
most eastern point served, and then coming back only from east to west until you reach the starting city.
No city may be visited more than once, except for the starting city, which must be visited exactly twice (at
the beginning and the end of the trip). You are not allowed to use any other airline or any other means of
transportation. Given a list of cities served by the airline, and a list of direct flights between pairs of cities,
find an itinerary which visits as many cities as possible and satisfies the above conditions beginning with
the first city and visiting the last city on the list and returning to the first city.

Different data sets are written in an ASCII input file, C:\IOI\ITIN.DAT. Each data

set consists of:

e in the first line: the number N of cities served by the airline and the number V of direct flights that will
be listed. N will be a positive integer not larger than 100. V is any positive integer.

* in each of the next N lines: a name of a city served by the airline. The names are ordered from west to
east in the input file. That is, the i-th city is west of the j-th city if and only if i < j (There are no two
cities in the same meridian). The name of each city is a string of, at most, 15 digits and/or characters
of the Latin alphabet, for example: AGR34 or BEL4 (There are no spaces in the name of a city)

« in each of the next V lines: two names of cities, taken from the list of cities, separated by a blank
space. If the pair cityl city2 appears in a line, it indicates that there exists a direct flight from city1
to city2 and also a direct flight from city2 to city1.

Different data sets will be separated by an empty record (that is, a line containing only the end of line
character). There will be no empty record after the last data set. The following example is stored in file
C:\IOI\ITIN.DAT.

8 9

Vancouver

Yel | owkni fe

Ednont on

Cal gary (07!
W nni peg
Toronto
Mont r ea
Hal i f ax C3 C1
Vancouver Ednonton

Vancouver Cal gary

Cal gary W nni peg

W nni peg Toronto

Toronto Halifax

Mont real Halifax

Ednont on Montr eal

Ednont on Yel | owkni f e
Ednont on Cal gary

2
Q

fR 8 & gRe”

2 8

The input may be assumed correct. No checking is necessary.

The solution found for each data set must be written to an ASCII output file, C:\IOI\ITIN.SOL: in the first
line, the total number of cities in the input data set; in the next line, the number M of different cities
visited in the itinerary, and in the next M+1 lines the names of the cities, one per line, in the order in
which they are visited. Note the first city visited must be the same as the last. Only one solution is
required. If no solution is found for a data set, only two records for this data set must be written in
ITIN.SOL, the first one giving the total number of cities, and the second one saying: “NO SOLUTION".

A possible solution for the above example:

ITIN.SOL

8 5
7 NO SOLUTI ON
Vancouver

Ednont on

Mont r ea

Hal i f ax

Toronto

W nni peg

Cal gary

Vancouver



6n AleBvnc OAupniada MAnpogopikng 1994

H éktn oAupmdda nAnpo@opIkng gyive oTo XAvivyke Tng Zoundiag.

Huépa 1n

MpoBAnua 1.

>Tnv eikova 1 gaiveral éva Tpiywvo. MpaywTe €va npdypapua To onoio va unoloyilel To 7

MeEYaAUTepo dBpoiopa aplBpwv nou undapxel Navw o pia diadpopn ano Tnv Kopupn 83180

Tou O€vTpou WEXP! Tn Bdon Tou. 2744
45265

+ 3 kdBe Briua peTakivoUpaoTe diaywvia Npog Ta KATw €iTe Oe&id €iTe aploTepd. ixova 1

« O aplBuog Twv ypaupwy oTo Tpiywvo eival > 1 kal <= 100.

+ O1 apiBuoi aTo Tpiywvo eival 6Aol akEpaiol and 0..99.

>To napandavw napddeiypa n diadpopn péow Twv 7,3,8,7,5 napayel To heyaAlTepo abpoioua nou eivai 30.

AEAOMENA EIZOAOY

Ta Oedopéva diaBalovral and T1o apxeio INPUT.TXT. ZTnv apxn undpxel o apiBuoc TwV YPAUH®V TOU
TPIYWVOU Kal YeTd Ta dedopéva KABE ypauunc.

370 napdadeiyua pag, To INPUT.TXT eival To napakdtw :

ANOW~NO
U1 N - 00
N O

4
6 5
AEAOMENA EZOAOY

To peyaAuTepo dBpoloua ypdgeTal oav aképalog aTo apxeio OUTPUT.TXT. ZTo napddsiyud pag To apxeio
auTo Ba €npene va nepiexel Tov apioud 30.

MpoBAnua 2. Katowyn Kaorpou

1 2 3 4 5 6 7

N EEEE RS SR SRR EEEREEEEEEEEREESEESES]
W+ E 1* * * *
S * %k % % * k ok k x * * %k % % *
2* * * * * * *

. R N N N . . * * k ok k x * k ok k x * %k % % *

2Tnv €iIkova 1 @aiveral o XxapTng €vog KAoTpou. pawTe eva 3% P x ok x
npéypqppa nou Unvoina : * kkkkkkkkkk KkkkkK* K *
+ Tov apibud Twv dwUATi®wV ToUu KAOTPOoU. 4x  * oo

EEEEEEEEEEEEEEEEEEEEEEEEEEEESE]

+ To péyebog (o€ KOPNATIA) TOou PeyaAUTepou dwpaTiou.

+ [oiov Toixo (Mou evwvel dUo dwWMATIA) va APAIPECOUNE
and To KAOTPO, WOTE VA KAVOUHUE €éva JdwudTio 600
MeyaAUTepo yiveTal.

Eitxéva 1. (Eva string omd (*) eivat
to0ix0Q)

To kdoTpo diaipeiTal g€ Evav nivaka and TETpAywva KOUUATIA
M YPAMH®V Kal n oTnAwv (m<= 50, n<=50). Kdbe kopudaT €xel and 1 péxpl 4 Toixouc.

AEAOMENA EIZOAOY

O xapTng BpiokeTal ato apxeio INPUT.TXT oTn pop®n aplbpwy, evav yia kabe KouuaTi.

« To apxeio &Kkiva Pe TOV apPIBUO TWV KOUMATI®V OTnV KateuBuvon Boppd - vOTOU KAl Tov apifud Twv
KOMMATIWV aTnV KaTeuBuvaon avaToAng - duong.

e 3TIC €NOMEVEG YPAMMEG TOU aApXEiou KABe KOMUATI neplypd®eTal ano &vav apibud (0<=p<=15). O
apiBuog auTog ival To abpoioua Twv : 1 (= undpxel TPoixog Npog Tn duaon), 2 (= undpyel Toixog NPog
To Boppd), 4 (= Toixog Npo¢ TNV avaTtoAn), 8 (= Toixog npog 1o voTo). OI E0WTEPIKOI Toixol opilovTal
dUo Qopég. Evag Toixog npog Tov vOTO yia To KOUUATI 1,1 undpxel €niong Kai gav Toixog npog Tov Boppd
yia TO KOMMATI 2,1. To KOMPATI oTn B€on 1,1 €xel évav Toixo dUTIKA, BOppela Kal vOTIA NOU anuaiver oTl
€xel abpoiopa 1+2+8 = 11.

« To KAoTpo €xel Navra TouAdaxioTov dUo dwudaTia.

To INPUT.TXT yia To napddeiyya pag:
4
7

11 6 11 6 3 10 6
7 9 6 13 5 15 5



1 10 12 7 13 7 5
13 11 10 8 10 12 13

AEAOMENA EZOAOY

370 apxeio OUTP UT.TXT, ypa@ovTal Ta NnapakaTw o€ TPEIG YPAUHEG:

« O aplBuog Twv dwuaTiov.

+ To gupadov Tou peyaAUTepou dwHATIOU OE KOWUATIA.

« Mia npoTaon yia Tov ToiXo nou npénel va apaipebei kal 6a evwoel dUo dWHATIA, £€TOI WOTE va QTIAEEl TO
MeyaAUTepo duvaTto dwpdaTio (MpWTA TN ypauun Kai HETAG Tn oTNAN and To KOUWATI dinAa oTov Toixo Kal
OTO TEAOG TNV KATeUBUVON NPOG TNV onoia €ival o ToixoG. MNopei va unapyxouv MePICOOTEPA KOMMATIA,
aAAd OIaAEETE €va yia va To TUNWOETE.

(«4 1 BE» gival m x. pla oand moddéc mibavég AUoeLQ)
5
9
4 1E

H TeAeuTaia ypapun ava@EpeTal oTnv a@aipeon Tou ToiXOU Mou QaiveTal NapakdaTw :

1 2 3 4 5 6 7

khkhkhkhkhkhkkhkhkhkhkhhkhkhkhkhkhkhkkkkkkkkkxkx

1* * * *
* ok k ok *kk ok ok * * ok k ok *
2% * * * * * *
*  kkkkx *kk ok Kk * ok k ok *
3* * * * * *
*  kkkkkkkkkk kxkkkkk K *
4% - >* * *
kkkkhkkhkkhkhkhkhkhkhkkhkhkkkkk k%

Fig 2.(apaipeoe Tov Toixo Npog Ta avaToAikd Tou KOPHaTiou 4 1)

MpoBAnua 3. Mayikd TETpAaywva He 5Wn@Iioug Nnp@wTOoUG

>Tnv eikova 1 @aiveral éva TeTpdywvo. Kabe ypaupn, kaBe oTnAn kai ol dUo JlaywvVIEG
Mnopei va diaBacTtei oav évag 5yWn@iog npwTto¢ aplbpoc. Or ypauueég diapalovral anod
aploTepd npog Ta de&id, ol OTAAEG ano NAvw Npog Td KATW Kal ol dUo diaywvieg and aploTepd
npog Ta defia.

XpnoigonoiwvTtag Ta dedopeéva oto apxeio INPUT.TXT, ypdwTte éva npoypdPpa mnou vda
PTIAXVEl TETOIA TETPAYWVA.

W WWH
wWhower
WO WNW
H WNOWU
HWwWWwWwek

gikova 1

A

« O1 npwToIl apiBuoi npénel va €xouv To idlo dbpoiopa ynoiwv (11 ornv eikova 1).

To wneio oTnV NAvw - apioTEPR ywvia Tou TETpaywvou ival npokabopiouévo (1 oTnv €ikova 1).

Evac npwTog apiBuoc pnopei va xpnoigonoinBei NOAANEC popEC oTO D10 TETPAYWVO.

Av UNAapxouv Ki AAAeg AUoeIG, TOTE OAec npenel va deixBoulv.

Evac nevrawneiog npwTog apiBuodg dev pnopei va &kiva pe Pndeviko, dnAadn To 00003 dev cival
NEVTAWN®IOG NPWTOG ApIBUOG.

AEAOMENA EIZOAOY

To npoypappa diapadlel Ta dedopéva and 1o apxeio INPUT.TXT. MpwTa €ival To aBpoiopa Twv Yynopinv Twv
NPWTWV apIBPWV Kal HETA TO YnPio oTNV €NAVW ApIOTEPN Ywvia Tou TeETpaywvou. To apxeio nepiexel dUo
ypappéql.lﬂc'lvm unapxel Auon pe Ta dedopéva nou didovTal. ZTo Napddelyud pag sivai :

1

AEAOMENA EZOAOY

>To apxeio OUTPUT.TXT, ypawTe nEVTe ypaupéG yia kaBe AUon nou Bpnkate, ot KABe ypauun €vav
nevrayneio npwTo. To napandvw napddeiyya €xel Tpeic AUoEIC nou onuaivel 6T To OUTPUT.TXT nepiéxel Ta
aKé)\oueal(n KEV]I:'] YPauun HETa&l Twv AUCEWV €ival NpoaipeTikn) :

R OIWER e
WWo
WN WO W

RPONWO
WkFE WwWww

WFRrWWE
WhOoOWerk
WO wWNW
PWNhOO
PWOWWwweEk

13313
13043
32303
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Huépa 2n

MpoBAnua 1.

NN O
@
N+ O
=

dials where each dial has one of four positions North or 12
o’clock (0) , East or 3 o’clock (1), South or 6 o’clock (2) and Figure
West or 9 o’clock (3).

The nine numbers in figure 1 represent the position of 9 2 2
2 1
1 (D

(

al Positions)

There are 9 different ways to turn the dials on the clocks. Each way
is called a move. Each move is selected by a number from 1 to 9.
That number will turn the dials marked by a 1 90 degrees clockwise.
Those marked with a 0 have no affect. The nine moves are displayed
in figure 2 below.

1 1 0 1 1 1 0 1 1
1 1 0 0O 0 O 0 1 1
0O 0 O 0O 0 O 0O 0 O
Move 1 Move 2 Move 3

1 0 0 0 1 0 0 0 1
1 0 O 1 1 1 0O 0 1
1 0 0 0 1 0 0 0 1
Move 4 Move 5 Move 6

0 0 O 0O 0 O 0O 0 O
1 1 0 0O 0 O 0 1 1
1 1 0 1 1 1 0 1 1
Move 7 Move 8 Move 9

For example the following sequence of moves has the corresponding affect on the dials (they all end up at
12 o’clock (0).

Move 5 -> Move 8 ->

PN W

Move 4 -> Move 9 ->

ooo wWwww NN W
ooo wWwwo NN O
ooo Nww
wwo NWO
wwo NWO

ooo wwo

The problem is write a program that will take any starting position for the clock and find the shortest
sequence of moves which puts all the dials in the 12 o’clock (0) position.

INPUT DATA
Read nine numbers from the INPUT.TXT file. The example above will have the input data
file:

NN W
PN W
NN O

OUTPUT DATA
Write to the OUTPUT.TXT file the shortest sequence of moves (numbers), which turns all the dials to the 0

or 12 o’clock position. In our example the OUTPUT.TXT file could look as follows:
5849

Only one solution is required.

MpopBAnua 2. 21abuog Aswpopeiwv

A man arrives at a bus stop at 12:00. He remains there during 12:00 12:59. The bus stop is used by a
number of bus routes. The man notes the times of arriving buses. The times when buses arrive are given
with the following rules:

1) Buses on the same route arrive at regular intervals from 12:00 to 12:59.
2) Times are given in whole minutes from 1 to 59.
3) Each bus route has at least 2 buses arriving at the station between 12 and 12:59.



4) The number of bus routes in the test example will be <= 17.

5) Buses from different routes may arrive at the same time.

6) Several bus routes can have the same time of first arrival and/or time interval. If two bus routes have
the same starting time and interval, they are distinct and are both to be presented.

Find the fewest number of bus routes that must stop at the bus stop to satisfy the input data. For each bus
route, output the starting time and the interval.

INPUT DATA

The input file, INPUT.TXT, contains a humber n (n<= 300) telling how many arriving buses have been
noted, followed by the arrival times in ascending order.

Out example:

17

0 3513 13 15 21 26 27 29 37 39 39 45 51 52 53
If two buses arrive at the same time, that time is listed twice.

OUTPUT DATA

Write a table to the OUTPUT.TXT file with one line for each bus route. Each line in the file give the time of
arrival for the first bus and the time interval in minutes. The order of the bus routes does not matter. If
there are several solutions, only one is required.

Our example gives:
0 13
312
58

MpoBAnua 3.

Consider the magic list of 5 numbers
131025

Any two number that are next to each other are considered neighbors. Also the two end numbers 1 and 5
as neighbors as if the list formed a circle of numbers. Starting with 2, we can form an unbroken sequence
of integers from 2 to 21 using a single number in the list or by adding neighbors. Here is how the
sequence is formed:

2, 3, 1+3=4, 5, 5+1=6, 2+5=7, 2+5+1=8, 5+1+3=9, 10, 2+5+1+3=11
10+2=12, 3+10=13, 1+3+10=14

3+10+2=15, 1+43+10+2=16, 10+5+2=17, 10+2+5+1=18

5+1+3+10=19, 3+10+2+5=20, 1+3+10+2+5=21

You were given three number (n, m, and k) where
n= the length of the list of numbers

m= the starting number

k= (smallest possible value for a member of the
list, i.e. all numbers must be greater or

equal to k).

Your task is to choose n integers for the magic list where an unbroken sequence of all integers m, m+1,
m+2,....max can be generated where max is as large as possible.

INPUT DATA

The INPUT.TXT file contains three integers (n,m,k). For the example the file would be:
5
2
1

OUTPUT DATA

The file OUTPUT.TXT must contain:

1) The highest number (max) that can be generated with the list of numbers.

2) All arrangements of numbers in a circle that produce a sequence from m to max. (One per line.) Each
arrangement is a list of humbers starting with the smallest number (which is not necessarily unique.)

Note: 2 10 3 1 5 is not a valid solution, since it does not start with the smallest number.
(131025)and (15210 3) must both be included in the output.
Notethat (1123),(1321),(1231)and (11 32)should all be output.

The output for our example would be:
21
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MpoBAnua 1. Packing Rectangles

Figure 1: The six basic layouts of four rectangles

Four rectangles are given. Find the smallest enclosing (new) rectangle into which these four may be fitted
without overlapping. By smallest rectangle we mean the one with the smallest area.

All four rectangles should have their sides parallel to the corresponding sides of the enclosing rectangle.
Figure 1 shows six ways to fit four rectangles together. These six are the only possible basic layouts, since
any other layout can be obtained from a basic layout by rotation or reflection.

There may exist several different enclosing rectangles fulfilling the requirements, all with the same area.
You have to produce all such enclosing rectangles.

Input Data
The input file INPUT.TXT consists of four lines. Each line describes one given rectangle by two positive
integers: the lengths of the sides of the rectangle. Each side of a rectangle is at least 1 and at most 50.

Output Data

The output file OUTPUT.TXT should contain one line more than the number of solutions. The first line
contains a single integer: the minimum area of the enclosing rectangles (Subtask A). Each of the following
lines contains one solution described by two numbers p and q with p<=q (Subtask B). These lines must be
sorted in ascending order of p, and must all be different.

Example Input and Output

I NPUT. TXT OQUTPUT. TXT
12 40

23 4 10

34 58

45

MpoBAnua 2. Shopping Offers

=2, =5, ++=5, ++ =10, + + + + =?

In a shop each kind of product has a price. For example, the price of a flower is 2 ICU (Informatics
Currency Units) and the price of a vase is 5 ICU. In order to attract more customers, the shop introduces
some special offers.

A special offer consists of one or more product items for a reduced price. Examples: three flowers for 5
ICU instead of 6, or two vases together with one flower for 10 ICU instead of 12.

Write a program that calculates the price a customer has to pay for certain items, making optimal use of
the special offers. That is, the price should be as low as possible. You are not allowed to add items, even if
that would lower the price.

For the prices and offers given above, the (lowest) price for three flowers and two vases is 14 ICU: two
vases and one flower for the reduced price of 10 ICU and two flowers for the regular price of 4 ICU.

Input Data

The input data appears in two files: INPUT.TXT and OFFER.TXT. The first file describes the purchases (in
the ‘shopping basket’). The second file describes the special offers. In both files, only integers are used.
The first line of INPUT.TXT contains the number b of different kinds of products in the basket (0<=b<=5).
Each of the next b lines contains three values c, k, and p. The value c is the (unique) product code
(1<=c<=999). The value k indicates how many items of this product are in the basket (1<=k<=5). The
value p is the regular price per item (1<=p<=999). Notice that all together at most 5*5=25 items can be
in the basket.



The first line of OFFER.TXT contains the number s of special offers (0<=s<=99). Each of the next s lines
describes one offer by giving its structure and its reduced price. The first number n on such a line is the
number of different kinds of products that are part of the offer (1<=n<=5). The next n pairs of humbers
(c,k) indicate that k items (1<=k<=5) with product code c (1<=c<=999) are involved in the offer. The
last nhumber p on the line stands for the reduced price (1<=p<=9999). The reduced price of an offer is
less than

the sum of the regular prices.

Output Data
Write to the output file OUTPUT.TXT one line with the lowest possible price to be paid for the purchases in
the input file.

Example Input and Output
The product code of a flower is 7 and that of a vase is 8.

I NPUT. TXT OFFER. TXT OUTPUT. TXT
2 2 14

732 1735

825 2718210

MpopAnua 3. Printing

Note: This page is converted with a scanner, so it mght contain small errors.

Cient and Server

There are two users, each having a conputer. The conmputers are identified by their names: CLIENT(1)
and CLIENT(2). The two conputers share one or nore printers naned SERVER(1), SERVER(2) and so on. The
print jobs from both conputers can only be executed in succession. To coordinate the comunication
bet ween both conputers with a printer we will use a special object: a semaphore.

Semaphor e

Each printer has one related semaphore. A semaphore is in one of two states: Sl or S2. Wen the
printer is free to receive a print job, the semaphore is in state S1. As long as the printer is busy
with executing a print job the senaphore is in state S2. A senmphore can make two kinds of state
transitions: ‘S1->S2' and ‘S2->S1'. Wen a user sends a print job to the conputer, the conmputer will
send a nessage “Are_you_open?’ to the semaphore. If the state of the semaphore is Sl1, then the state
of the semaphore will change to S2 and the semaphore will send a message “Qpen” to the conputer that
sent the message “Are_you_open?”. |If the state of the senmphore is S2 then the semaphore will send
back a nmessage: “C osed”. After finishing a print job, the printer will send a

message “Ready” to the semaphore. Upon receiving a nessage “Ready”, the senaphore will change its
state to SI.

Obj ect type SEMAPHORE

In Docunentation 1 you will find the specification of the object type SEMAPHORE. The specification
includes the possible identifiers and the states of an object of the type SEMAPHORE, the ‘Priority
List’, the *Communication Diagram, the ‘State Transition D agram, and the ‘Receive Procedures’ for
t he nmessages:

“Ready” and “Are_you_open?”. The ‘Receive Procedures’ describe how a semaphore responds to a nmessage.
The ‘Priority List’ is necessary because nessages that are received at the sanme tinme by a senaphore
can only be handled in succession. The ‘Priority List’ in Documentation 1 indicates that each nmessage
of a SERVER has a higher priority than a nessage of a CLIENT and that for instance a nessage of
SERVER(2) has a higher priority than a message of SERVER(3).

Obj ect type CLI ENT

In Docunentation 2 you will find the specification of the object type CLIENT. An object of the type
CLIENT is in one of three states: SA, SB or SC. Aclient is in state SA when this client did not send
a print job to a server and the servers are not busy with a print job of this client. A client which
is in state SB, wants to have access to a server. The client can only get access to a server via a
semaphore. A client is in state SC when a server is executing a print job of this client. A client

can neke three kinds of state transitions: ‘SA->SB', ‘SB->SC, ‘SC->SA’. Wen a client is in state
SB, the client can receive a nessage “C osed” from the semaphore. After receiving this nmessage the
client waits during a period, the ‘Waiting_Period , before the client will again send a nessage

“Are_you_open?” to the semaphore. Wien the semaphore sends a nessage “Open” to the client, this
client changes its state to SC and sends the print job with a nessage “S_Job” to the server related
to the sending semaphore. This server then executes the print job. After finishing the print job, the

server will send two nmessages at the sanme tinme, a message “Ready” to its semaphore and a nessage
“C_Ready” to the client. This client then changes its state from SC to SA. You can assume that the
printers are ideal printers. They will finish each received print job. For instance there is never

the situation ‘out of paper’.

Conmmuni cat i on

In Documentation 3 you find in the ‘Comrunication Structure Diagrami all the nessage types that can
be sent between the different object types. In the ‘Message List’ you find the specification of each
message type. Each nessage has an identifier, a sender, a receiver, and sonetinmes a content. \Wen a
sender sends a nmessage with the identifier A at time t, then the receiver will at tine t+1 process
the message by executing the ‘Receive Procedure’ A If several senders send nmessages to the sane
receiver at time t, then the receiver will process all those nessages at time t+1, in the sane order
in which the senders of these nessages appear in the receiver's ‘Priority List’.

Subt ask A
A Local Area Network (LAN) includes the followi ng objects at tinme O:



Object: CLIENT(1), Client.State
oj ect: CLIENT(2), Client.State
Obj ect: SERVER(1)

bj ect: SEMAPHORE( 1), Senmaphore.State = Sl

In this LAN there have been sent, anobng others, the follow ng nessages:
At tinme 1:

CLI ENT(1) sends a nessage with the identifier “Are_you_open?”

At tinme 2:

CLI ENT(2) sends a nessage with the identifier “Are_you_open?”

At tinme 4:

SERVER(1) sends a nessage with the identifier “Ready”

At tinme 5:

CLI ENT(1) sends a nessage with the identifier “Are_you_open?”

SA, Wi ting_Period
SA, Wi ting_Period

2, Nunber_of Servers= 1
1, Nunber_of _Servers= 1

Docunentation 4 indicates for SEMAPHORE(1), CLIENT(1) and CLIENT(2) in a time table up to time 6,
whi ch nessages these objects receive, which nessages they send, and in which state they are or to
whi ch state they change.

Question A1l
What woul d have happened if CLIENT(1l) receives a nessage “C Job” at tine 4? Wite your answer in
Docunent ati on 5.

Question A 2

VWhat woul d have happened if CLIENT(2) receives a nmessage “C Job” at time 4? Wite your answer in
Docunent ation 5.

Question A 3

Conplete the tinmetable in Docunmentation 4 up to tinme 13 if the follow ng happens:

At tinme 8:

SERVER(1) sends a nessage with the identifier “Ready”.

At tine |0:

CLI ENT(1) receives a nessage with the identifier “C_Job".
At tine 12:

SERVER(1) sends a nessage with the identifier “Ready”.
Subt ask B

The LAN is extended. It now includes two semaphore-server pairs: (SEMAPHORE(1), SEMAPHORE(2),

SERVER (1), SERVER(2)). For each CLIENT the Number_of _Servers equals 2.

To use both printers a change of the definition of the object type CLIENT described in Docunentation
2is

necessary.

I'n Docunentation 6 you find the changed ‘ Receive Procedures’: C Job and Wait.

I'n Docunentation 6 you also find a description of the situation at tine O.

At the following tines the foll owi ng nessages are received:

At time O:
CLI ENT(1) receives a nessage “C_Job” of a user.
At time O:
CLI ENT(2) receives a nessage “C_Job” of a user.
At time 4:

SEMAPHORE( 1) receives a nessage “Ready”.

What happens in the extended LAN according to the changed object type CLI ENT?

Mark the correct answer in Docunentation 6.

Subtask C

The definition change of the object type CLIENT in subtask B was not efficient for an extended LAN
with

nmore than one senaphore-server pair.

Subtask C. 1

Change the definition of the object type CLIENT (see Docunentation 2) so that the LAN with nore than
one semaphore-server pair can function as follows:

An obj ect CLIENT(1) may use any of the servers in the LAN, but CLIENT(i) can only have one print job
executed at a time by the servers. Each print job of a client is printed only once.

An object CLIENT(i) sends a nmessage “Are_you_open?” successively to the several semaphores until a
certain threshold val ue of received nessages “C osed” has been reached or until the object CLIENT(i)
recei ves one nessage “QOpen”.

Wien the object CLIENT(i) reaches the threshold value, the object CLIENT(i) waits during a certain
Waiting_Period before it again sends a series of messages “Are_you_open?”.

Wite your solution in Docunentation 7.

Subt ask C.2

Change the object type CLIENT in such a way, that object CLIENT(i) now may have several print jobs
executed at a time by several servers, too. However, the nunber of print jobs of each CLIENT(i)
shoul d be

limted to CLIENT(i).Job_Maxi num

Wite your solution in Docunentation 8.

Docunentation 1

Obj ect type: SEMAPHORE

Possi bl e lIdentifiers: (SEMAPHORE(1), SEMAPHORE(2), SEMAPHORE(3), ...)
State: (S1,S2); initial state is Si.

Priority List: SERVER(1), SERVER(2),...,CLIENT(1), CLIENT(2),...
Communi cati on Di agram



T Are_you_open?(CLIENT(i),SEMAPHORE())

Open(SEMAPHORE(),CLIENT(j)) Closed(SEMAPHORE(),CLIENT(j)
1 1

State Transition Diagram

GY (D

*

Ready(SERVER(),SEMAPHORE())

Recei ve Procedures

procedure Are_you_open?(d i ent, Semaphore)
begin
if State = S1

then State <- S2

Send(“ Open( Semaphore, dient)”)

el se

if State = S2

then Send(“d osed(Semaphore,Client)”)
end

procedure Ready(Server, Semaphore)
begin

State <- Sl

end

Docunent ati on 2

Obj ect type: CLIENT

Possi bl e Identifiers: (CLIENT(1), CLIENT(2), CLIENT(3),...)

State: (SA ' SB,SC); initial state is SA

Priority List: CLIENT, SERVER(1), SERVER(2), ..., SEMAPHORE(1), SEMAPHORE(2),...,USER(1), USER(2),...
Countdown: { t | t in N}; initial value is 0.

Waiting_Period: { t | t in Nandt >0}

Semaphore_lIndex: { i | i =1,2,...,Nunber_of_Servers }

Number-of-Servers : { i | i in Nandi > 0}

Communi cati on Di agram

C_Job(USER(i),CLIENT(),DOCUMENT(k)) Try_later{CLIENT{i),USER{j),EXPLANATION)
v I

State Transition Diagram

&_Job(CLIENT(i),SERVER(), @

DOCUMENT((k)) Wait{CLIENTI{i),

CLIENT{i))
aJo i

C_Ready(SERVER(i), CLIENT))

I
T Are_you_open?{CLIENT(),SEMAPHORE())

Open(SEMAPHORE() CLIENT() J' Closed(SEMAPH?RE(i),CLIENT(i))
Y I

Recei ve Procedures

procedure C_Job(User, dient, Docunent)
begin

if State = SA

then State <- SB
Send(“Are_you_open?(Cient,
SEMAPHORE( Senmaphor e_| ndex) ) ")

el se

if State = SB

then Send(“Try_later(dient, User,
Client_is_busy)”)

el se

if State = SC

then Send(“Try_later(dient, User,
Al _Servers_are_busy)”)

end

procedure Open(Semaphore, Cient)
begin

if State = SB

then State <- SC
Send(“S_Job(dient, Server,



Docunent)”)

end

procedure Cl osed(Semaphore, Cient)
begin

Count down <- Wi ting_Period
Send(“Wait(Cient,Cient)”)

end

procedure Wait(Client,Cient)
begin

Count down <- Countdown - 1

if Count down > 0

then Send(“Wiit(Cient,dient)”)
el se Send(“Are_you_open?(Cient,
SEMAPHORE( Senmaphor e_| ndex) ) ")

end

procedure C _Ready(Server,dient)
begin

State <- SA

end

Docunentati on 3
Communi cation Structure Di agram

USER

C_Job  Trylater

Are you_open?

Open Closed

SEMAPHORE

C_Ready Ready

Message Li st
(i,j,kinN
identifier sender receiver cont ent
Are_you_open? CLI ENT(i) SEVAPHORE( | ) -
C Job USER(i ) CLI ENT(j) DOCUNMENT ( k)
C_Ready SERVER(i ) CLI ENT(j) -
Cl osed SEMAPHORE( i ) CLI ENT(j) -
Open SEMAPHORE( i ) CLI ENT(j) -

Ready SERVER( i) SEMAPHORE( ) ) -
S Job CLI ENT(i) SERVER(j ) DOCUMENT( k)
Try_later CLI ENT(i) USER(j ) EXPLANATI ON
Wai t CLI ENT(i) CLI ENT(i) -

Docunent ation 4
Answer Subtask A 3
Note: This table should be printed in portrait node.

SEMAPHORE( 1) CLI ENT(1) CLI ENT( 2)
| recei ved | St at e/ |  sent | | received| State/ | Count - | sent [ | recei ved|
State/ | Count-| sent
| messages | Transi ti on| messages| | messages| Transition| down | messages |
| nessages| Transition| down | nessages |
| | | I | | | |
I I I | |
time
0 | | S1 [ | SA |0 I | SA

|0 I I



I | | | | | | | |
| | | | |
1 | | S1 | | | C_Job | SA->SB |0 | Are_you_open?| | | SA
|0 | |
I | | | | | | | |
| | | | |
2 | Are_you_open?| S1->S2 | Open | | | SB |0 | | | C_Job | SA-
>SB |0 | Are_you_open?|
| I I | I | | | | | | |
3 | Are_you_open?| S2 | O osed | | Open | SB->SC |0 | S_Job | | | SB
|0 | |
I | | | | | | | |
| | | | |
4 | | S2 | | | | sC |0 | | | Closed |SB
|0->1 |wait |
| I I | I I | | | | | | |
5 | Ready | S2->S1 | | | C_Ready | SC->SA |0 | | | Wai t | SB
|1->0 | Are_you_open?|
| | | | C_Job | SA->SB |0 | Are_you_open?| | |
| | |
I | | | | | | | |
| | | | |
6 | Are_you_open?| S1->S2 | Open | | | | | | | |
| Are_you_open?| S2 | O osed | | | | | | | |
| | |
I | | | | | | |
| | | | |
7 I I I I I I I I I I
| | |
I | I I I I I I I I I
| | |
I | | | | | |
| | | | |
8 | I I I I I I I I I I
| | |
I | I I I I I I I I I
| | |
I | | | | | |
| | | | |
9 | I I I I I I I I I I
| | |
I | I I I I I I I I I
| | |
I | | | | | |
| | | | |
10 | I I I I I I I I I I
| | |
I | I I I I I I I I I
| | |
I | | | | | |
| | | | |
11 | I I I I I I I I I I
| | |
I | I I I I I I I I I
| | |
I | | | | | |
| | | | |
12| I I I I I I I I I I
| | |
I | I I I I I I I I I
| | |
I | | | | | |
| | | | |
13 | I I I I I I I I I I
| | |
I | I I I I I I I I I
| | |
I | | | | | |
| | | | |

Docunentation 5
Question A1l

What woul d have happened if CLIENT(1)

receives a nessage “C_Job”

at tine 4 ?



Question A 2

What woul d have happened if CLIENT(2) receives a nmessage “C Job” at tine 4 ?

Docunent ati on 6
Subt ask B
The changed ‘ Receive Procedures’: C Job and Wait.

Not e: The changed code is nade italic in this page.

procedure C Job(User,dient)
begin
if State = SA
t hen State <- SB
for Semaphore_Index <- 1 step 1 until Nunber_of _Servers
Send(“Are_you_open?(C ient, SEMAPHORE( Semaphor e_| ndex))")

el se

if State = SB

t hen Send(“Try_later(dient,User,dient_is_busy)”)
el se

if State = SC

t hen Send(, Try_later(dient,User, All _Servers_are_busy)’)
end
procedure Wait(Client,Cient)

begin
if State = SB
t hen Count down <- Countdown -1
if Count down > 0
t hen Send(“Wait(dient,Cdient)”)
el se
if Count down < 0O
t hen Countdown <- 0
el se for Semaphore_Index <- 1 step 1 until Nunber_of_Servers
Send(“Are_you_open?(C i ent, SEMAPHORE( Semaphor e_| ndex))")
end

At time O the situation in the LANis as follows:
oj ect: CLIENT(1), Cient.State SA, Waiting_Period
oj ect: CLIENT(2), Cient.State SA, Waiting_Period
bj ect: SEMAPHORE( 1), Senmmaphore.State = Sl

Obj ect: SEMAPHORE(2), Semaphore. State = S1

At the following tines the foll owi ng nessages are received:

At time O: CLIENT(1) receives a nessage “C _Job” of a user.

At time 0: CLIENT(2) receives a nessage “C Job” of a user.

At time 4. SEMAPHORE(1) receives a nessage “Ready”.

What happens in the extended LAN according to the changed object type CLI ENT?

2, Nunber _of _Servers=2
1, Nunber_of Servers=2

Mark the correct answer.

(a) The print job of CLIENT(1) will be printed on SERVER(1) and SERVER(2).
The print job of CLIENT(2) will not be printed.

(b) The print job of CLIENT(1) will be printed once on SERVER(1).
The print job of CLIENT(2) will be printed once on SERVER(2).

© The print job of CLIENT(1) will be printed once on SERVER(1).

The print job of CLIENT(2) will be printed once on SERVER(1).

(d) The print job of CLIENT(1) will be printed once on SERVER(2).
The print job of CLIENT(2) will be printed once on SERVER(2).

(e) The print job of CLIENT(1) will not be printed.

The printjob of CLIENT(2) will be printed on SERVER(1) and SERVER(2).

Docunentation 7
Subtask C. 1




Docunent ati on 8
Subtask C.2
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Figure 1:Each of the 26 lowercase letters and its value

n

Letter games are popular at home and on television. In one version of the game, every letter has a value,
and you collect letters to form one or more words giving the highest possible score. Unless you have ‘a
way with words’, you will try all the words you know, sometimes looking up the spelling, and then compute
the scores. Obviously, this can be done more accurately by computer.

Given the values in Figure 1, a list of English words, and the letters collected: find the highest scoring
words or pairs of words that can be formed.

Input Data

The input file INPUT.TXT contains one line with a string of lowercase letters (from ‘a’ to ‘z’): the letters
collected. The string consists of at least 3 and at most 7 letters in arbitrary order. The ‘dictionary’ file
WORDS.TXT consists of at most 40,000 lines. At the end of this file is a line with a single period (*."). Each
of the other lines contains a string of at least 3 and at most 7 lowercase letters. The file WORDS.TXT is
sorted alphabetically and contains no duplicates.

Output Data

On the first line of file OUTPUT.TXT, your program should write the highest score (Subtask A), and on
eachof the following lines, all the words and/or word pairs from file WORDS.TXT with this score (Subtask
B). Aletter must not occur more often in an output line than in the input line. Use the letter values given in
Figure 1.

When a combination of two words can be formed with the given letters, the words should be printed on
the same line separated by a space. Do not duplicate pairs; for example, ‘rag prom’ and ‘prom rag’ are the
same pair, therefore only one of them should be written. A pair in an output line may consist of two
identical words.

Example Input and Output

WORDS. TXT I NPUT. TXT OUTPUT. TXT
profile pr nmgr oa 24
program program
prom promrag
rag

ram

rom

MpoBAnua 2. Aywvag Apouou

Figure 1 gives an example of a course for a street race. You see some points, labeled from 0 to N (here
N=9), and some arrows connecting them. Point O is the start of the race; point N is the finish. The arrows
represent one-way streets. The participants of the race move from point to point via the streets, in the
direction of the arrows only. At each point, a participant may choose any outgoing arrow.
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Figure 1: A street course with 10 points

A well-formed course has the following properties:

1. Every point in the course can be reached from the start.
2. The finish can be reached from each point in the course.
3. The finish has no outgoing arrows.

A participant does not have to visit every point of the course to reach the finish. Some points, however,
are unavoidable. In the example, these are points 0, 3, 6, and 9. Given a well-formed course, your
program has to determine the set of unavoidable points that all participants have to visit, excluding start
and finish (Subtask A).

Suppose the race has to be held on two consecutive days. For that purpose the course has to be split into
two courses, one for each day. On the first day, the start is at point 0, and the finish at some ‘splitting
point’. On the second day, the start is at this splitting point and the finish is at point N. Given a well-
formed course, your program has to determine the set of splitting points (Subtask B). A point S is a
splitting point for the well-formed course C if S differs from the start and the finish of C, and the course
can be split into two well-formed courses that have no common arrows and that have S as only common
point. In the example, only point 3 is a splitting point.

Input Data

The file INPUT.TXT describes a well-formed course with at most 50 points and at most 100 arrows. There
are N+1 lines in the file. The first N lines contain the endpoints of the arrows that leave from the points 0
through N-1 respectively. Each of these lines ends with the number -2. The last line contains the number -
1.

Output Data

Your program should write two lines to the file OUTPUT.TXT. The first line should contain the number of
unavoidable points in the input course, followed by the labels of these points, in any order (Subtask A).
The second line should contain the number of splitting points of the input course, followed by the labels of
all these points, in any order (Subtask B).

Example Input and Output

I NPUT. TXT OQUTPUT. TXT
12-2 236
3 -2 13
3 -2

54 -2

6 4 -2

6 -2

78 -2

9 -2

59 -2

-1

MpoBAnua 3. KaAwdia kai AiakonTeg
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Figure 1: Cable with three wires and three switches

In Figure 1, a cable with three wires connects side A to side B. On side A, the three wires are labeled 1, 2,
and 3. On side B, wires 1 and 3 are connected to switch 3, and wire 2 is connected to switch 1.

In general, the cable contains m wires (1<=m<=90), labeled 1 through m on side A, and there are m
switches on side B, labeled 1 through m. Each wire is connected to exactly one of the switches. Each
switch can be connected to zero or more wires.



Measurements

Your program has to determine how the wires are connected to the switches by doing some
measurements.

Each switch can be made either conducting or non-conducting. Initially all switches are non-conducting. A
wire can be tested on side A with probe P: Lamp L will light up if and only if the sensed wire is connected
to a conducting switch.

Your program begins by reading one line with the nhumber m from standard input. It then can give three
kinds of commands by writing a line to \emph{standard output}. Each command starts with a single
uppercase letter: T (Test a wire), C (Change a switch), and D (Done). Command T is followed by a wire
label, C by a switch label, and D by a list whose i-th element is the label of the switch to which wire i is
connected.

After commands T and C, your program should read one line from \emph{standard input}. Command T
returns Y (Yes) when the wire’s switch is conducting (the lamp lights up), otherwise it returns N (No).
Command C returns Y if the new switch state is conducting, and N otherwise. The effect of command C is
to change the state of the switch (if it was conducting then it will be non-conducting afterwards and vice
versa); the result is returned just for feedback.

Your program may give commands T and C mixed in any order. Finally, it gives command D and
terminates.

Your program should give no more than nine hundred (900) commands in total.

Example

Figure 2 presents an example conversation involving 8 commands relating to Figure 1.
| Standard Qutput | Standard |nput |
3

[ C3 %
| T1 Y
| T2 N
| T3 Y
| C3 N
| C2 Y
| T2 N
| D313

Figure 2: Example conversation
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MpopBAnua 1. To naixvidi

Consider the following two-player game. The game board consists of a sequence of positive integers. The
two players move alternately. When a player moves, he selects a humber from either the left or the right
end of the sequence. The selected number is deleted from the board. The game is over when all numbers
have been selected. The first player wins if the sum of the nhumbers he has selected is at least as much as
selected by the second player. The second player plays his best.

The first player starts the game.

If the board initially contains an even number of elements, then the first player has a winning strategy.
You are to write a program that implements the strategy of the first player to win the game. The second
player’'s response is provided by a given computer program. The two players communicate with three
procedures of the module Play that is made available to you. These procedures are StartGame, MyMove
and YourMove. The first player should initiate the game by executing the parameterless procedure
StartGame. If the first player selects a number from the left end, he executes the procedure MyMove('L").
Similarly, executing the instruction MyMove(‘R") sends a message to the second player indicating that the
first player has selected a number from the right end. The second player, i.e. the machine moves
immediately, and the first player can learn this move by executing the instruction YourMove®©, where C is
a character type variable(in C/C++ you write this as YourMove(&C)). The value of C is 'L’ or ‘R’ depending
on whether the selection has been made either from the left or the right end.

Input Data

The first line of file INPUT.TXT contains the size N of the initial board. N is even and 2<=N<=100. The
remaining N lines contain one number in each line, the contents of the initial board in left to right order.
Each number is at most 200.

Output Data

When the game is over, your program should write the final result of the game to the file OUTPUT.TXT.
The file contains two numbers in the first line. The first number is the sum of the numbers selected by the
first player and the second number is the sum of the numbers selected by the second player. Your
program must play a game and the output must correspond to the game played.

Example Input and Output
I NPUT. TXT

6472952

QUTPUT. TXT

15 14

MpoBAnua 2. Job Processing

Figure 1

A factory is running a production line. Two operations have to be performed on each job: first operation
«A», then operation «B». There is a certain number of machines capable of performing each operation.
Figure 1 shows the organisation of the production line that works as follows. A type «A» machine takes a
job from the input container, performs operation «A» and puts the job into the intermediate container. A
type «B» machine takes a job from the intermediate container, performs operation «B» and puts the job
into the output container.

All machines can work in parallel and independently of each other, and the size of each container is
unlimited. The machines have different performance characteristics, a given machine works with a given
processing time.

Give the earliest time operation «A» can be completed for all N jobs provided that the jobs are available at
time 0. (Subtask A). Also compute the minimal amount of time that is necessary to perform both
operations on N jobs (Subtask B).

Input Data

The file INPUT.TXT contains positive integers in five lines. The first line contains N, the number of jobs
(1<=N<=1000). On the second line, the number M1 of type «A» machines (1<=M1<=30) is given. In the
third line there are M1 integers, the job processing times of each type «A» machine. The fourth and the
fifth line contain the number M2 of type «B» machines (1<=M2<=30) and the job processing times of



each type «B» machine, respectively. The job processing time is measured in units of time, which includes
the time needed for taking a job from a container before processing and putting it into a container after
processing. Each processing time is at least 1 and at most 20.

Output Data
Your program should write two lines to file OUTPUT.TXT. The first line should contain one positive integer:
the solution of subtask A. The second line should contain the solution of subtask B.

Example Input and Output
I NPUT. TXT

1

WwWwkENO

14
PUT. TXT

-

MpoBAnua 3. To dikTuo TWV OXOAciwV

A number of schools are connected to a computer network. Agreements have been developed among
those schools: each school maintains a list of schools to which it distributes software (the «receiving
schools»). Note that if B is in the distribution list of school A, then A does not necessarily appear in the list
of school B.

You are to write a program that computes the minimal number of schools that must receive a copy of the
new software in order for the software to reach all schools in the network according to the agreement
(Subtask A). As a further task, we want to ensure that by sending the copy of new software to an arbitrary
school, this software will reach all schools in the network. To achieve this goal we may have to extend the
lists of receivers by new members. Compute the minimal humber of extensions that have to be made so
that whatever school we send the new software to, it will reach all other schools (Subtask B). One
extension means introducing one new member into the list of receivers of one school.

Input Data

The first line of file INPUT.TXT contains an integer N: the number of schools in the network (2<=N<=100).
The schools are identified by the first N positive integers. Each of the next N lines describes a list of
receivers. The line i+1 contains the identifiers of the receivers of school i. Each list ends with a 0. An
empty list contains a 0 alone in the line.

Output Data
Your program should write two lines to the file OUTPUT.TXT. The first line should contain one positive
integer: the solution of subtask A. The second line should contain the solution of subtask B.

Example Input and Output
I NPUT. TXT

RrOOBMNO
o b
o w
o

o

PUT. TXT

"TE
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MpoBAnua 1. Ta&ivouwvrag pia TpinAéra

Sorting is one of the most frequently done computational tasks. Consider the special sorting problem,
where the records to be sorted have at most three different key values. This happens for instance when
we sort medalists of a competition according to medal value, that is, gold medalists come first, followed by
silver , and bronze medalists come last.

In this task the possible key values are the integers 1, 2 and 3. The required sorting order is non-
decreasing. Sorting has to be accomplished by a sequence of exchange operations.

An exchange operation, defined by two position numbers p and g, exchanges the elements in positions p
and q.



You are given a sequence of key values. Write a program that computes the minimal number of exchange
operations that are necessary to make the sequence sorted. (Subtask A).

Moreover, construct a sequence of exchange operations for the respective sorting (Subtask B).

Input Data
The first line of file INPUT.TXT contains the number of records N(1<=N<=1000). Each of the following N
lines contains a key value.

Output Data

Write on the first line of file OUTPUT.TXT the minimal number L of exchange operations needed to make
the sequence sorted (Subtask A). The following L lines give the respective sequence of the exchange
operations in the order performed. Each line contains one exchange operation described by two numbers p
and q, the positions of the two elements to be exchanged (Subtask B). Positions are denoted by the
numbers from 1 to N.

Example Input and Output

NPUT. TXT OQUTPUT. TXT

GO bhpERh
ON~NW

|

9
2
2
1
3
3
3
2
3
1

MpoBAnua 2. Longest Prefix

The structure of some biological objects is represented by the sequence of their constituents. These
constituents are denoted by uppercase letters. Biologists are interested in decomposing a long sequence
into shorter ones. These short sequences are called primitives. We say that a sequence S can be
composed from a given set of primitives P, if there are n primitives p1,...,pn in P such that the
concatenation pl...pn of the primitives equals S. By the concatenation of primitives p1,...,pn we mean
putting them together in that order without blanks. The same primitive can occur more than once in the
concatenation and not necessarily all primitives are present. For instance the sequence ABABACABAAB can
be composed from the set of primitives

{A, AB, BA, CA, BBC}.

The first K characters of S are the prefix of S with length K. Write a program which accepts as input a set
of primitives P and a sequence of constituents T. The program must compute the length of the longest
prefix, that can be composed from primitives in P.

Input Data

The input data appear in two files. The file INPUT.TXT describes the set of primitives P, while the file
DATA.TXT contains the sequence T to be examined. The first line of INPUT.TXT contains N, the number of
primitives in P (1<=N<=100). Each primitive is given in two consecutive lines. The first line contains the
length L of the primitive (1<=L<=20). In the second line there is a string of uppercase letters (from ‘A’ to
‘Z") of length L. The N primitives are all different. Each line of the file DATA.TXT contains one uppercase
letter in the first position. This file ends with a line containing a single period (*."). The length of the
sequence is at least 1 and at most 500,000.

Output Data
Write into the first line of file OUTPUT.TXT the length of the longest prefix of T that can be composed from
the set P.

Example Input and Output
I NPUT. TXT DATA. TXT QUTPUT. TXT

11

[og]
(@]
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MpoBAnua 3. Mayika TeTpaywva

Following the success of the magic cube, Mr. Rubik invented its planar version, called magic squares. This
is a sheet composed of 8 equal-sized squares:

1 2 3 4
8 7 6 5

In this task we consider the version where each square has a different A 1234
colour. Colours are denoted by the first 8 positive integers (see Figure 8765
3). A sheet configuration is given by the sequence of colours obtained by 8765
reading the colours of the squares starting at the upper left corner and 1234
going in clockwise direction. For instance, the configuration of Figure 3 is B 1234
given by the sequence (1,2,3,4,5,6,7,8). This configuration is the initial 8765
configuration.

4123
Three basic transformations, identified by the letters ‘A’, ‘B’ and ‘C’, can 5876
be applied to a sheet: C 1234
‘A’: exchange the top and bottom row, 8765
‘B’: single right circular shifting of the rectangle, 1724
'C": single clockwise rotation of the middle four squares. 8635

Figure 4:

All configurations are available using the three basic transformations. Basic transformations
The effects of the basic transformations are described in Figure 4.
Numbers outside the squares denote square positions. If a square in
position p contains number i, it means that after applying the
transformation, the square whose position was i before the
transformation moves to position p.

You are to write a program that computes a sequence of basic transformations that transforms the initial
configuration of Figure 3 to a specific target configuration (Subtask A). Two extra points will be given for
the solution if the length of the transformation sequence does not exceed 300 (Subtask B).

Input Data
The file INPUT.TXT contains 8 positive integers in the first line, the description of the target configuration.

Output Data

On the first line of file OUTPUT.TXT your program must write the length L of the transformation sequence.
On the following L lines it must write the sequence of identifiers of basic transformations, one letter in the
first position of each line.

Tool

MTOOL.EXE is a program in the task directory that lets you play with the magic squares. By executing
«mtool input.txt output.txt» you can experiment with the target configuration and the sequence of
transformations.

Example Input and Output
I NPUT. TXT QUTPUT. TXT
26845731

TOOW>OWN
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MpoBAnua 1. The Game of Hex

The aim of the game is for the first player to connect a hex counter
owned by her on column 1 to a hex counter owned by her on column
N.

Rules of Hex:
Hex is a two player strategy game played on a NxN rhombus of
hexagons, as illustrated here for N=6.

1. The two players of the game are your program and the

evaluation library.

Your program always has the first move.

Players alternately place hex counters on the board.

A hex counter may be placed at any open position on the board.

Two hexagons are adjacent if they share an edge.

Hex counters on adjacent hexagons of the same player (contestant next to contestant, or evaluator

next to evaluator) are connected.

7. Connectivity is transitive (and commutative): if hexl is connected to hex2 and hex2 is connected to
hex3 then hex3 is connected to hex1 and hexl is connected to hex3.

ounkwnN

Task:

* You are required to write a program which plays the game of Hex.

« The goal of the first player (your program) is to connect a hex counter of yours on column 1 to a hex
counter of yours on column N.

e The other player (evaluator’'s program) attempts to connect an evaluator’s hex counter on row 1 to an
evaluator’s hex counter on row N.

e If your program plays optimally, it will always win.

Input and Output:

Your program must not read from or write to any files. Your program must not receive keyboard input,
and must not produce output on the screen. It will receive all its input from the functions in the hex
library. The library will produce an output file named HEX.OUT; you should ignore its contents.

At the start of the game your program will be presented with a board that may have hex counters already
placed, representing a state of a game such that the first player may still win. Your program must use the
functions GetMax and LookAtBoard to determine the state of the board.

At the start of the game, an equal number of hexes belongs to the evaluation program and your program.

Constraints:

1. The size of the board will always be in the range 1 to 20 inclusive.

2. Your program may have to make up to 200 moves to complete a game. The entire game must be
finished within 40 seconds. It is guaranteed that the evaluation library will complete its processing
within 20 seconds.

Library:

A library called HexLib is provided which you must link to your code. An example file, for each
programming language, showing how this is done is included in the task directory. These files are
TESTHEX.CPP, TESTHEX.C, TESTHEX.PAS, and TESTHEX.BAS. If you are using QuickBasic you must include
the library by typing

B /L HEXLIB

The functions in HexLib are:

(in order of Pascal, C/C++ and Basic respectively)

function LookAtBoard (row, columm: integer): integer;

int LookAtBoard (int row, int colum);

decl are functi on LookAtBoard cdecl (byval x as integer, byval y as integer)
Returns



-1 if row<1 or row>N or column<1 or column>N
0 if there is no hex counter at the position
1 if the hex counter at the specified position belongs to
your program (player 1)
2 if the hex counter at the specified position belongs to the
evaluation library (player 2)

procedure PutHex (row, colum: integer);
void PutHex (int row, int colum);
decl are sub PutHex cdecl (byval x as integer, byval y as integer)

Places a contestant’s hex counter at the specified row and column if the position is not occupied.

functi on Ganel sOver: integer;
int Ganmel sOver (void);
decl are functi on Ganel sOver cdecl ()
Returns one of the following integers
0 the game is not over.
1 every position on the board is occupied by a hex counter.
2 your program has won.
3 the evaluation library has won.

procedure MakelLi bMove;
voi d MakelLi bMove(void);
decl are sub MakeLi bMove cdecl ()

Allows the evaluation library to calculate its next move and places its hex counter on the board. The
change to the board will be indicated by LookAtBoard and the other functions.

function Get Row. i nteger;

int GetRow (void);

decl are function Get Row cdecl ()

Returns the row of the hex counter placed by the evaluation library, or -1 if no hex counter has been
placed yet. This function always returns the same value until your program calls MakeLibMove again.
function Get Col um: i nteger;

int GetColum (void);
decl are function Get Col um cdecl ()

Returns the column of the last hex counter placed by the evaluation library, or -1 if no hex counter has
been placed yet. This function always returns the same value until your program calls MakeLibMove again.
function Get Max: integer;

int GetMax (void);
decl are function Get Max cdecl ()

Returns the size of the board, N.

Scoring:

« If your program wins a game, it will score full marks for that data set.

« If your program loses a game, it will score 20% for that data set.

« If your program terminates before the end of a game or runs out of time, it will score 0 for that data
set.

MpoBAnua 2. Mars explorer

In a future mission to Mars, a pod, containing a number of Row
Mars exploration vehicles (MEVs), will be landing on the
surface of Mars. All the MEVs will be released the pod’s
landing site, from which they will move towards a
transmitter that has landed a short distance away. While N
the vehicles move towards the transmitter, they are %
required to gather rock samples. A rock may only be w E i
) . . = Row
sampled once, by the first MEV to visit the rock. After that 5 -
the rock may not be sampled again, but other MEVs may |T1’“1151“1t|
pass the same position. The vehicles cannot move onto
rough terrain. The design of the vehicle is such that it can only move south or east in a path that follows
the grid pattern from the pod to the transmitter. More than one MEV may occupy the same position at the
same time.
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Warning: If a MEV gets stuck, its samples are lost and the sites sampled cannot be resampled.

Task:

Calculate the individual movement of the vehicles to maximise the number of rock samples collected and
the number of MEVs that reach the transmitter, using the vehicles that landed with the pod.

Input:



The surface of the planet between the pod and the transmitter is represented by a grid P, Q with the pod
position always at position (1,1) and the transmitter located at (P, Q). The definitions of the different types
of terrain are as follows:

* Clear terrain: 0

¢ Rough terrain:1

* Rock sample: 2

The input file consists of:
Nunber O Vehi cl es

P

Q

(X1Y1) (X2Y1) (X3Y1) ... (Xp-1Y1) ( XpY1)
(X1Y2) (X2Y2) (XsY2) . . . (Xp-1Y2) (XpY2)
(X1Y3) (X2Y3) (X3Y3) ... (Xp-1Y3) ( XpY3)
(X1Yo 1) (%Yo 1) (XeYo1). .. (XeaYor)  (XeYou)
(X1YQ (X2Yq (X3YQ) . .. (Xp-1YQ (XpYQ)

P and Q are the size of the grid, and NumberOfVehicles is an integer less than 1000, representing the
number of vehicles released by the pod. Q lines each represent a row in the surface representation. P and
Q will not exceed 255.

Sample input:

MARS. DAT Expl anat i on:
2 Nunber of vehicles
10 Size of P
8 Size of Q
000000OO0O0O0O Row 1
0000011000 Row 2
0001020000 Row 3
1101200001 Row 4
0100201100 Row 5
0101001100 Row 6
0120000100 Row 7
00000000O00OC Row 8
Output:

A sequence of lines representing the movements of the MEVs towards the transmitter. Each line contains a
vehicle number and a digit 0 or 1, where 0 is a move South and 1 a move East.
Sample output:

MARS. OUT Expl anat i on:

vehicle 1 noves east
vehicle 1 noves south
vehicle 2 noves east
vehicle 2 noves south

NNONNNNNRRPRPRPRNNRRPRPRRRENNNNNNRRNNRE
RPRRPRPRPRRRPRPRPRPRPROO0OO0OO0OO0OO0OOROO0OOORORRFRPOROR

Scoring:
The calculation of the score will be based on the number of samples collected, as a proportion of the total
possible samples, with adjustments made for the arrival or non-arrival of MEVs at the transmitter.



« An illegal move invalidates a solution set. An illegal move occurs when a MEV is moved over rough
terrain, or outside the grid.
e Score = (number of samples collected and taken to the transmitter
+ number of MEVs reaching the transmitter
- number of MEVs not reaching the transmitter) as a % of the maximum possible score for the
solution set.
A maximum of 100% and a minimum of 0% can be scored.

MpoBAnua 3. The Toxic iIShongololo

“iShongololo” is the Zulu name for a millipede. They are long,
shiny, black arthropods with many legs.

The iShongololo eats through an edible “fruit” which for the sake
of this problem can be considered a rectangular solid with integer
dimensions of L (length), W (width) and H (height).

Task:

You are required to write a program that maximizes the number of
blocks eaten by the iShongololo without violating the constraints given. The program must output the
actions that the iShongololo makes as it eats its way through the fruit.

The iShongololo starts outside the fruit. The first block the iShongololo must eat is 1, 1, 1 and it must then
move to this block. It stops when no more blocks can be legally eaten and it can no longer move.

Constraints:

1. The iShongololo occupies exactly one empty block.

2. The iShongololo can only eat one complete block at a time.

3. The iShongololo cannot move to a position where it has previously moved to (that is, move backwards
or cross its path).

4. The iShongololo cannot move to a solid (uneaten) block, or outside the fruit.

5. The iShongololo may only move to or eat blocks with whom it shares a face. It may only eat blocks
which have no other faces exposed to empty eaten blocks.

Input:

As input your program will receive three numbers (integers) which are the length (L), width (W) and
height (H) of the solid.

The three integers L, W, H, are each on a separate line. The three integers will be between 1 and 32
(inclusive).

Sample input:

TOXI C. DAT Expl anati on

2 Length of solid is 2
3 Wdth of solid is 3.
2 Hei ght of solid is 2.
Output:

The output consists of lines that begin with “E” (eat) or "M” (move) followed by 3 integers that represent
the block eaten or moved to on the axes corresponding to L, W, H. For example the following is a valid
solution for the input example.

Sample output (this may not be optimal):

TOXI C. QUT Expl anat i on:

m
=

Eat the block 1 1
Move to the bl ock
Eat the block 2 1
Eat the block 1 1
Eat the block 1 2
Move to the bl ock
Eat the block 1 3
Move to the bl ock
Eat the block 2 3
Eat the block 1 3
Move to the bl ock

SmmZZmZEmmmZ
RPRNRRRRRENRE
WWWWWNNR R R
NNRRRRRNR R
RPNRRPRRRRNRRER
N
[

Scoring:

« If the iShongololo violates the constraints, then your solution receives 0 points.

e The total score is the percentage of blocks eaten as a proportion of our best known solution.
» A solution cannot score more than 100%.
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MpoBAnua 1. Character Recognition
This problem requires you to write a program that performs character recognition.

Details:
Each ideal character image has 20 lines of 20 digits. Each digit is a ‘0’ or a *1’. See Figure 1a for the layout
of character images in the file.

The file FONT.DAT contains representations of 27 ideal character images in this order:
Oabcdefghijkimnopgrstuvwxyz
where O represents the space character.

The file IMAGE.DAT contains one or more potentially corrupted character images. A character image might
be corrupted in these ways:

« at most one line might be duplicated (and the duplicate immediately follows)

« at most one line might be missing

« some '0’s might be changed to '1’s

e some ‘1’s might be changed to '0’s.

No character image will have both a duplicated line and a missing line. No more than 30% of the ‘0’s and
*1’s will be changed in any character image in the evaluation datasets.

In the case of a duplicated line, one or both of the resulting lines may have corruptions, and the
corruptions may be different.

Task:
Write a program to recognise the sequence of one or more characters in the image provided in file
IMAGE.DAT using the font provided in file FONT.DAT.

Recognise a character image by choosing the font character images that require the smallest number of
overall changed ‘1’s and ‘'0’s to be corrupted to the given font image, given the most favourable
assumptions about duplicated or omitted lines. Count corruptions in only the least corrupted line in the
case of a duplicated line. All characters in the sample and evaluation images used are recognisable one-
by-one by a well-written program. There is a unique best solution for each evaluation dataset.

A correct solution will use precisely all of the data supplied in the IMAGE.DAT input file.

Input:
Both input files begin with an integer N (19 < N < 1200) that specifies the number of lines that follow:
N

(digitl)(digit2)(digit3) ..(digit20)
(digit1)(digit2)(digit3) .. (digit20)

Each line of data is 20 digits wide. There are no spaces separating the zeros and ones.

The file FONT.DAT describes the font. FONT.DAT will always contain 541 lines. FONT.DAT may differ for
each evaluation dataset.

Output:

Your program must produce a file IMAGE.OUT, which contains a single string of the characters recognised.
Its format is a single line of ASCII text. The output should not contain any separator characters. If your
program does not recognise a particular character, it must output a *?’ in the appropriate position.

Caution: the output format specified above overrides the standard output requirements specified in the
rules, which require separator spaces in output.

Scoring:
The score will be given as the percentage of characters correctly recognised.

Sample files:

Incomplete sample showing the Sample IMAGE.DAT, showing an ‘a’
beginning of FONT.DAT (space and corrupted
‘a’).

[[FONT. DAT [ TVAGE. DAT




540 19
00000000000000000000 00000000000000000000
00000000000000000000 00000000000000000000
00000000000000000000 00000000000000000000
00000000000000000000 00000011100000000000
00000000000000000000 00100111011011000000
00000000000000000000 00001111111001100000
00000000000000000000 00001110001100100000
00000000000000000000 00001100001100010000
00000000000000000000 00001100000100010000
00000000000000000000 00000100000100010000
00000000000000000000 00000010000000110000
00000000000000000000 00001111011111110000
00000000000000000000 00001111111111110000
00000000000000000000 00001111111111000000
00000000000000000000 00001000010000000000
00000000000000000000 00000000000000000000
00000000000000000000 00000000000001000000
00000000000000000000 00000000000000000000
00000000000000000000 00000000000000000000
00000000000000000000

00000000000000000000

00000000000000000000

00000000000000000000

00000011100000000000

00000111111011000000

00001111111001100000

00001110001100100000

00001100001100010000

00001100000100010000

00000100000100010000

00000010000000110000

00000001000001110000

00001111111111110000

00001111111111110000

00001111111111000000

00001000000000000000

00000000000000000000

00000000000000000000

00000000000000000000

00000000000000000000

Figure la Fi gure 1b

Sample output:

I MAGE. OUT

Expl anati on

a Recogni sed the single character ‘a




MpopBAnua 2. Map labelling
You are a cartographer's assistant, and have been given the difficult task of writing the names of cities
onto a new map.

The map is a grid of 1000 x 1000 cells. Each city occupies a single cell on the map. City names are to be
placed on the map in rectangular boxes of cells. Such boxes are called labels.

Fig. 1: A city with the four possible positions of its label

The placement of labels must satisfy the following constraints:

1. A city’s label must appear in one of four positions with respect to the city as illustrated in figure 1.
2. Labels must not overlap each other.

3. Labels must not overlap cities.

4. Labels must completely fit on the map.

Each label contains all the letters in a city name plus a single space. For each city name the width and height of its
letters will be given; the single space has the same size.

4 Lla|n|gla|Od
3| m ]
2
1 «Paar|l"
oj{O[Cle]|r|els |
01 2 3 45 6 7 8 91011121314

O represents a space
B represents the position of a city
Fig. 2: Section of a map

The leftmost column of the map has horizontal index 0 and the bottom row has vertical index 0. Figure 2
shows the bottom left section of a map for the cities Langa at (0,3), Ceres at (6,1) and Paarl at (7,3). All
the labels are validly placed, but this is not the only valid placement.

Task:

Your program must read the locations of the cities on the map, followed by their letter dimensions and
names. The program must then place as many labels on the map as it can without violating the
constraints above, and output the locations of the labels that have been placed.

Input:

The input file starts with a line containing an integer (N) giving the number of cities on the map. For each
city there is an input line with

» the city’s horizontal index (X) ,

« the city’s vertical index (Y),

+ the integer width (W) for each character in the city name,

« the integer height (H) for each character in the city name, and

+ the city name itself.

City names are all single words. The number of cities is at most 1000.
No city name will be longer than 200 letters.

Sample input:

MAPS. DAT Expl anati on

3 N=3

0 311 Langa X=0, Y=3, W1, H=1
6 111 Ceres

7 3 1 2 Paarl




Output:

Your program is required to output N lines. Each line must contain the horizontal index followed by the
vertical index of the top left cell of the city’s label. If your program is unable to place a label for a city, it
must output -1 -1. These lines should be output in the same order as the cities are given in the input file.
You must put a single space between the two numbers.

Sample output:

MAPS. OUT Expl anat i on:

14 Langa’'s label is at (1,4)
00 Ceres’s |label is at (0, 0)
8 2 Paarl's label is at (8, 2)
Scoring:

For each set of the test data:

e The score will be given as the percentage of city nhames placed by your program with respect to an
excellent solution of the organisers.

e The minimum score is 0% and the maximum score is 100%.

« If any label violates the constraints, your program will score 0.

- If labels do not match the cities given, your program will score 0.

Problem 3. Stacking containers

The Neptune Cargo Company operates a container storage depot. Its container storage depot accepts
containers for storage and subsequent removal.

Containers arrive at the depot for storage every hour on the hour. They stay at the depot for a positive
integer number of hours. When a container arrives, its documentation contains the expected time when it
will be removed. The first container arrives at time 1. The actual time a container is requested to be
removed may ultimately be before or after the expected time by no more than 5 hours.

In this problem, the time in hours is expressed as an increasing positive integer which will not exceed 150.
A crane (lifting and moving apparatus) operates above the storage space, moves containers in and out of

the storage space, and sometimes rearranges them inside the storage space. The crane may operate in
space above the defined storage space.

Task:

You are required to write a program which has a good strategy for
accepting, storing and removing containers. A good strategy is one that
minimizes the total number of moves that the crane makes.

The depot is a rectangular space. The length (X), width (Y) and height (Z)
of the space are made available to the program.

Each container is a 1 x 1 x 1 cube. Containers are stacked on top of other
containers or the floor. The crane can only move the top container of a
stack.

Moving a container from one location to any other location is always one crane move. All crane moves take
place between container arrivals and removals. Crane moves are instantaneous.

When the depot becomes full, your program must refuse to accept any more containers. Your program
may become less efficient or unable to continue when the depot is nearly full. Your program may refuse to
accept new containers at any time.

Input:
Your program is required to interact with a simulation module which will provide data, and to which your
program must submit actions and messages. The depot will be empty when your program starts.

During your program testing, the library will return meaningful values for a small fixed set of test data.
Each container is identified by a unique positive integer.

Your program may call the following functions at any time:

int GetX();
function Get X integer;
DECLARE FUNCTI ON Get X CDECL ()

Returns length of storage space (integer).

int GetY();



function GetY: integer;
DECLARE FUNCTI ON GetY CDECL ()

Returns width of storage space (integer).

int Getz();
function GetZ: integer;
DECLARE FUNCTI ON GetZ CDECL ()

Returns height of storage space (integer).
X,Y,Z will not exceed 32.

The following functions provide information on the action sequence (container arrivals and removals). The
arrivals take place on the hour, and removal requests are received between hours. Thus, for time-keeping
purposes, each arrival marks the passing of one hour.

int Get Next Container();

function Get Next Contai ner: integer;

DECLARE FUNCTI ON Cet Next Cont ai ner CDECL ()
Returns a positive integer container number of the next container to be stored or retrieved. If
there are no more containers to be stored or retrieved, returns 0, indicating your program should
terminate, even if containers are still in the warehouse.

int GetNextAction();
functi on Get Next Action: integer;
DECLARE FUNCTI ON Get Next Action CDECL ()

Returns an integer representing the action to take: 1 to store a new container, 2 to remove a
container.

int GetNextStorageTi me();
function Get Next St orageTi me: i nteger;
DECLARE FUNCTI ON Cet Next St or ageTi me CDECL ()

Returns time in hours (since the start) when the container is expected to be removed. This value is
for planning purposes for your program; the actual removal request might come at a slightly
different time, which will differ by not more than 5 hours. This function only returns a meaningful
value when GetNextAction returns 1.

The order in which the above three functions is called does not matter.

Consecutive calls to GetNextContainer, GetNextAction and GetNextStorageTime will always return
information about the same container until the container is refused, stored or removed, at which point the
above functions will return information about the next container.

Output:
Once your program has found out the information it needs about the next container, use the following
functions to manipulate the storage depot:

int MoveContainer(int x1, int yl, int x2, int y2);

functi on MoveContainer(x1, yl, x2, y2: integer): integer;

DECLARE FUNCTI ON MoveCont ai ner CDECL (BYVAL x1 AS | NTEGER, BYVAL yl1 AS | NTEGER, BYVAL x2 AS | NTECER,
BYVAL y2 AS | NTEGER)

Move the container on the top of the stack at x1, y1 to the top of the stack at x2, y2.
Returns 1 if the action is valid, 0 if the action is illegal (i.e. impossible).

voi d RefuseContainer();
procedur e RefuseCont ai ner;
DECLARE SUB Ref useCont ai ner CDECL ()

Refuse to accept the incoming container.

void StoreArrivingContainer(int x, int y);
procedure StoreArrivingContainer(x, y: integer);
DECLARE SUB StoreArrivingContai ner COECL (BYVAL x AS | NTEGER, BYVAL y AS | NTEGER)

Store the incoming container at the top of the stack at position x, vy.
voi d RenpbveContainer(int x, int y);

procedure RenoveContainer(x, y: integer);
DECLARE SUB RenpveCont ai ner CDECL (BYVAL x AS | NTEGER, BYVAL y AS | NTEGER)

Remove the container on the top of the stack at x, y from the depot.
If your program cannot carry out the required action, it should terminate.

Illegal moves are ignored by the library, and have no effect on the simulation state or scoring.



Your program is NOT required to write any output to a file. The library with which your program interacts
will write a log file of actions. This file is used for evaluation.

Sequencing:
Your program should get information about the next container request. It should then move containers
with the crane if desired and subsequently store, remove or refuse the action request.

Library:

A library called StackLib is provided which you must link to your code.

The standard C and C++ libraries contain this library and will automatically be linked to your program
when you include the appropriate header file.

If you are using QuickBasic you must include the library by typing
@B /L STACKLI B

Sample source code files are present in the task directory named TESTSTK.BAS, TESTSTK.PAS,
TESTSTK.CPP, and TESTSTK.C.

Scoring:

The program will be tested with several data sets and for each data set, its performance will be scored against the

most efficient solution known to us, using the following indicators:

e  Total number of crane moves by your program.

. A penalty of 5 moves is imposed for every container refused.

. A penalty of 5 moves is imposed for each container not stored and removed (i.e. if the program terminates
normally before the entire operation is complete).

*  The total score will be calculated relative to the best known solution.

. If the program makes more than twice the number of operations necessary, it scores 0.

¢ The minimum score is 0%, and the maximum score is 100%.
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MpoBAnua 1. Zxédia oro xaprti (40 novroi)

AG Bswpnrooupe évav dIdIACTATO MNivaka A JE M YPAUMEC KAl N OTAAEG, TOU onoiou Ta oToixeia €ival pnd&v
(0) A éva (1), To undév (0) yia va napioTavel To povTo (xapTi), kal To €va (1) yia va naploTavel To Xpwua
evoc oxediou (deAavi). To oxedio yiverar ano diagopda 0000000110
avTikeigeva. Me Tov Opo “avTikeipgevo” evvooupe éva oUvVoAo
and oroixeia Tou idlou TUMOU MeAavng (1), o6nou To KaABEe
oToIXEio €xel TouAdyxioTov €vav ‘“yeitova” oTig JleuBlvoelg
€Navw, KATw, apioTepd, Oe€&ld n oc kanoia diaywvia disubuvon.
Onoiadnnote dUo avTikeipyeva, diaxwpilovTal and oToixeia Tou
TUNou “xapTi” (0).

o
=

a) Bpeite To opBoywvio napaAAnAoypappo TNG €AAXIoTng
NEPIOXNG MOU MEPIEXEI TO HEYAAUTEPO avTikeipgevo (dnAadn,
auTO TOU onoiou 0 apiBuoG Twv oToIXEiwv JeAavng (1) sival
HEYIOTOG).

b) TonoBeteiote TO avTikeigyevo nou Bpnkarte oTto (a) OTIC
Béoeig nou dev kaAunTovTal and AAAG avTiKeEipeva, £T0l
®OoTe va TonoBeTnBei og O0EC NePIOOOTEPEG BEOEIC YiveTal,
XwpiGg va kataoTpewel AAAa avTikeipeva. (25 Babuoi)

olollofeolellolololelNolles
COCOOCOCORRPRPRPROCOOR
COCOOCORRPRPRPRLORRER

MpoBAnua 2. Master Mind (30 noévroi)

AUO NaikTeg - 0 UMOAOYIOTAG Kal €0V - Nailouv w¢ €ENC. ZKEPTEOE £vav ouvOUAOWO TECOAPWV XPWHATWV
(O0x1 avaykaoTika d1apopeTika) ano €& mibavda xpwpaTta. O unoloyioTng (To Npoypappd oag dnAadn) npenel
va Bpel TN osipd auTh XpnoihonoimvTacg NANPOoPOpPIeC Nou NpogpxovTal and TIC anavThnoei gou. ©a anavTag
OTIC EPWTNOEIG TOU UMOAOYICTH, HETA ano kabe véo dnuioupynuévo ouvduaouo. O1 HOVEG MIBAVEG EPWTNOEIG
gival :

Nooa xpwuata sival owoTtd, aAAa dev BpiokovTal oTn owaTn 6€on;

MNooa xpwuaTa gival cwoTda Kal BpiokovTal aTn owoTr 6€on;

Mapadeiyya

EoTw o ouvduaopog oou €ival 4655. Evag niBavog Tpdnog va Bpei Tov ouvduaouo ivai :
YnoAoyioTng H andavrnon ocou

1234 a)l b)o

5156 a)2 b1

6165 ayl b)1

5625 a)l b)2

5653 a)l b)2

4655 a)0 b)4

BpeiTe pia owoTr akoAouBia and ouvduaopoUs €Tl WOTE va AUCETE To NpdBAnua. (15 Babuoi).
BpeiTe, av €ival duvaTtov, pia Auon o€ €& To NoAU npoonabeieg (15 Babuoi).

MpoBAnua 3. MNMpooBeTikn akoAouBia (30 novroi)

Mia akoAouBia ano BeTikoUG akepaioug al, a2, ..., an ovoudleral “npooBeTikn aAucida” PAKoOUG n, av yid
KaBe k, 1 < k <= n , undpyouv deikTeg i kal j (1 <= i <= j <= n), TEToloI WOTE ax=a;+a;. FPAYTE €va
npoypauua To onoio yia al=1 kal Ye Tov TeAeuTaio apiBuod va diaBalstal and To input, va Bpiokel pia
npogoBeTIkn aAucida pe eAAYIOTO PNKOG.

Mapadeiyya
H akoAou®Bia 1,2,4 sival pia npooBeTikn akoAouBia pnkoug 3.

Huépa 2n




MpoBAnua 1.

Imagine you are at the social get-together with at most 500 guests. The host invites you all to have
dinner. There are several tables in the dining room. The way the guests sit down at the tables is the
following: each one sitting not alone at a certain table must know at least one person sitting at the same
table and no one else sitting at other tables.

It is supposed that if a person knows a second person, the second one knows the first person too. No one
introduces himself to the other persons sitting at the same table. That means that if two persons are
sitting at the same table, but initially they do not know each other, they will not know each other
afterwards either.

<Picture>(a) Determine how many tables are necessary and the persons sitting at each table. (20 points)
At each table there is only one person who will talk to the waiter; he/she is called the leader of the table.
Each person relays his wishes concerning the menu to the persons he knows. The time allocated to each
person to relay his wishes to each person he knows is supposed to be the same for each person.
<Picture>(b) Determine the most suitable person as leader of the table in order to receive information
from all the persons sitting at the table in the shortest possible period of time; produce at output the
leader of each table and the corresponding period of time. (20 points)

Afterwards, the host wishes to unify tables. For this purpose, he calls some friends. Each of them, when
coming, is introduced to the leaders of two tables, links the tables, sits down at the new formed table and
becomes the leader of this table.

<Picture>© What is the order of linking the tables in this way, so that at last all tables are unified into a
single one and the conditions of point b) are satisfied? Specify the minimum necessary period of time for
the leader to get information from all the other persons. (30 points)

After the complete linking, the friends of the host are leaving and the tables get their initial structure until
the end of the dinner. When the dinner is over, the persons start leaving the tables.

<Picture>(d) Determine, for each table, the minimum number of persons and the order in which they are
leaving the table, until the persons who are still at the table do not know each other. (30 points)

<Picture>Example

Suppose the number of persons is 8 and
person 1 knows persons 2 and 3;
person 2 knows persons 1 and 4;
person 3 knows persons 1 and 4;
person 4 knows persons 2 and 3;
person 5 knows person 6;

person 6 knows persons 5 and 7;
person 7 knows person 6;

person 8 does not know other persons;

A valid input is: 8

OCUTPANNRERE
ooowohrWwWN

A valid output is:

a) There are 3 tables.
Table1: 1234

Table 2: 56 7

Table 3: 8

b) Leaders.

Table 1: 2

Table 2: 6

Table 3: 8

c)

6 8 New leader: 9

2 9 New leader: 10
Period of time: 3

d) Persons leaving.
Table 1: 2 3

Table 2: 6

Table 3:
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MpoBAnua 1. (25 points)

We wish to find all the numbers x (where 10 <=x <= 65535) which:

a) are prime numbers, and
b) are Fibonacci numbers of order two (see the hint), and
c) at least one different prime number is produced by permuting the digits of x.

The output should consist of a number of lines equal to the number of elements in the desired list. Each
line should contain the number x and the prime number produced from x by permuting the digits of x,
separated by a space.

<Picture>Example
The output should start as follows:
1331

<Picture>Hint A prime number x may be divided only by 1 and x (1 is not a prime).
The sequence of order two Fibonacci numbers is defined as follows:

FO=0

F1=1

Fi=Fi-1+Fi-2, foralli > 1

MpopBAnua 2. (40 novroi)

Computer networking requires that the computers in the network be linked. This problem considers a
linear network in which the computers are chained together so that each one is connected to exactly two
others except for the two computers on the ends of the chain which are connected to only one computer.
In the picture shown below, the computers are the black dots and their locations in the network are
identified by planar coordinates (relative to a coordinate system not shown in the picture).

For various reasons it is desirable to minimize the length of the ~ (8/16)g e (12,16)

cable used. The problem is to determine how the computers

should be connected in such a chain to minimize the total

length of cable needed. In the installation being constructed, (8,11) ® °

the cable will run beneath the floor, so that the amount of ® (24,10)
cable used to join 2 successive computers will be equal to the (13,8) !
distance between the computers plus 10 additional meters of

cable to connect from the floor to the computers and provide some slack for ease of installation.

Example

Input

The input file will represent a data set beginning with a line consisting of a single number indicating the
number of computers in the network (at least 2 and at most 10 computers). Then, in successive lines the
coordinates are given as pairs of integer numbers (in the range [0..100]) separated by one or more space,

e.g.
5

8 11
8 16
12 16
13 8
24 10

The picture shows the optimal way of connecting the
computers shown above.

Output

The output should consist of n lines, where n is the number of computers. The first line should give the
total length of cable needed. Subsequent lines should comprise of three numbers, I, s, e (from: length,
start, end). The first number, |, should depict the length of the cable to be cut to connect the two



computers, s and e. The values of s and e should represent the order of computers in the input. Any

direction for traversing the network from the one end to the other is valid. For example,
66. 01

14 3 2
15 2 1
15.83 1 4
21.58 4 5

MpopBAnua 3. (35 novroi)

Recycling glass requires that the glass be separated by color into one of three categories: brown, green,
and clear glass. You are given three recycling bins, each containing a specified number of brown, green
and clear bottles. In order to be recycled, the bottles will need to be moved so that each bin contains
unicolored bottles. The problem is to minimize the number of bottle movements assuming that the bin
capacity is infinite.

The first line of the input is a single integer denoting the number of successive lines. Each successive line
consists of 9 integers separated by space. The first three integers on a line represent the number of
brown, green and clear bottles respectively in the bin #1, the second three integers represent the number
of brown, green and clear bottles respectively in the bin #2, whereas the third three integers represent
the number of brown, green and clear bottles respectively in the bin #3.

For each line of input there will be one line of output containing:

a) a string consisting of three characters: B, G, and C (standing for the three colors), representing the
content of three numbered bins, and

b) an integer denoting the minimum number of bottle movements. If more than one order of B, G, and C
yields the minimum number of movements, then you should give the first string in alphabetical order.

MNapadeiyya

Eicodog

2

1 2 3 456 7 89
510 5 20 10 5 10 20 10

EE0d0¢
BCG 30
CBG 50

Huépa 2n

MpoBAnua 1.

Assume an nxn table (where n<=10) containing positive integer humbers 1 < x <= 40.

a) (30 points)

Replace each number x with a number y, where y is the maximum number of prime numbers which sum to
X, so that any prime number appears once in the sum with at most one and only one exception of a prime
number which may appear twice. Have, also, in mind that 1 is not prime. For example:

2=2 f(2)=1
3=4 f(3)=1
4=2+2 f(4)=2
5=3+2 f(5)=2
6=3+3 f(6)=2
7=3+2+2 f(7)=3

Give the resulting table in the output.

b) (10 points)

After each element x has been replaced with y, determine the maximal number of y elements which are
connected horizontally, vertically or diagonally forming a concrete area, and give this y value. Also,
determine, the smallest enclosing rectangle which can be defined by giving the coordinates (i.e. row and
column) of the upper leftmost and lower rightmost corners of the enclosing rectangle.

c) (25 points)

In general, the area found in (b) is not a square or even a rectangle. Determine the minimum number of
non-overlapping squares of any size (e.g. 1x1, 2x2, 3x3, etc.) it consists of.

d) (20 points)

Try to maximize the area determined in (b) with the minimum number of element swappings of the table
produce in question (a). Give, also, the coordinates of the elements which are swapped. Show in the
output the new form of the table obtained.

e) (15 points)



Determine the y element that appears most often in the table produced in question (a). In case of a tie
(e.g. two or more y elements with the same value) choose the y element with the smallest value. Try to
collect all its instances nearby (i.e. so that the are connected horizontally, vertically or diagonally) and
give the minimum number of swappings performed. Give, also, the coordinates of the elements which are
swapped. Illustrate the new form of the table obtained. Beware that the swappings should be applied on
the table produced in question (a).

Example

Input

The first line consists of a single integer number denoting n, the length of the table side. Then, is
successive lines the rows are given containing the integer numbers separated by one space, e.g.
6

19 19 12 12 12 19

19 12 7 12 12 7

24771219

19 12 12 12 12 19

19 19 19 19 5 19

30 6 30 5 12 19

Output
a) After replacing x with y, the output should be as follows:

4
4
4
4
2
4

NOaOBR_NRMO
OO wWwwWwh

4 45
4 43
3 5
445
5 5
2 5
e out

o oumk O

=

)T
1

output should be given in three separate lines as follows:

[N

4
(1,2),(4,5)

where the first line gives the maximal number of y connected elements, the second line contains the y
value, and the third line contains the coordinates of the enclosing rectangle.

Hint: you may avoid the parentheses and give the coordinates separated by commas. The same hint holds
for the output of question (d) and (e).

g) The output consists of a single number:

which stands for the minimum number of non-overlapping square in the area of (b).
d) The output should be as follows:
1

[N NN N N

where the first line gives the minimum number of swappings, and the second line gives the coordinates of
the swapped element(s). The next n lines contain the new form of the table.
e) The output should be as follows:

where the first line stands for the most often appearing element, the second line for the minimum number
of swappings, the next lines give the coordinates of the two swappings. Finally, the last n lines illustrate
the new form of the table

Attention: Your program will begin with a question:

«Do you wish to solve part (a) ?»

If the answer is YES the the program will start assuming an input file with the name INPUT1.TXT.
Otherwise, part (b) will start assuming an input file under the name INPUT2.TXT.
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Day 1 - Problem 1 (Reservoirs)

A system for fuel oil supply consists of n (n<=200) numbered reservoirs with given volumes (<=100) and
n-1 tubes, assumed with zero volumes, that join pairs of reservoirs. The system is connected and it is
filled up through one of the reservoirs s called source in the following manner. The sources s stay empty
and pumps fuel oil so that per unit of time a unit
of fuel goes through each of the tubes t1, t2, ...,
tk joined to s, unit all reservoirs except the source
are filled up. Therefore the process of filling takes
time equal the maximum of V1, V2, ..., Vk, where
Vi, for i=1,2,...,k is the sum of the volumes of the
reservoirs that are filled up through tube t_i.

Given the system of the described type, write a
program that finds one optimal reservoir (source)
from which the process of filling takes minimum
time.

Input

The program input will be given in an ASCII file name INPUT.1 with the following format:
line 1 : n - an integer denoting the nunber of the reservoirs
line i for i=2,..., n+tl : vi_1 - an integer denoting the volune of the

reservoir i-1

linei for i=n+l,..,2n: r q - pair of integers denoting that there is a tube

between reservoir r and reservoir g. The nunbers r g are separated by one space

Output

The output should be one standard output (screen) and should contain two lines as follows:
The number of the optimal source is: ...

The optimal time is: ...

Example
The input data for the example are:
11

POO~NOURAWW

1
1
1
1
1
1
1
1
1
1
1
1
2
3
4
5
5
4
8
4 10

10 11

Kai n €€0d0¢ npénel va sivai:

The number of the optinmal source is: 4
The optimal time is: 2

MpoBAnua 2. MeyaAog ApiBuog

O BeTIKOG aképalog apiBuoc n napioTtaveral ano k (40 <= k <= 80) wnoia oTo dekadikd ouoTNa, Kal €ival
€vag PJeyalog apiBuog. To npoBAnua gival va ypayweTe €va npoypaupa To onoio, yia evav dedopévo apiBuo
n, va Bpeiokel Tov HeyaAUTEPO aképalo TETOI0 WOTE p +p?+3p<=n.



Eicodog
H eicodog diveral og éva apyeio ASCII nou ovopdaleral INPUT.2. H npwTn ypauun nepiExel Tov apibOPo n pe
Ta k ynoia Tou.

E§od0g
H £€000¢ 6a doBei oTo standard output (086vn) kal Ba nepiéxel Tov akEpaio p.

Mapadeiyya
Input
1000000000000001000000000000003000000000000001

Output
1000000000000000

Huépa 2n

MpoBAnua 1. Ailavouég

A firm occupies a 10-floors building. After finishing the work day, clerk John has to carry identical
packages between floors. He starts and ends this job on floor 1 and can carry only one package.

Write a program that finds the minimum number m of the climbed floors and with the corresponding way
of traveling.

Input
The required deliveries are in the text file INPUT.TXT as follows:
first line: nunber of deliveries k<=50;
next |ines: 2 nunbers that determ ne a delivery, i.e. the floor sending
and the floor receiving a package, for exanple:
7
110
32
4 3
6 7
89
34
4 3
Output

The deliveries are numbered in order they appear in the file: 1,2,...,k.
Output is in the file in the following format:

first line: nunber m

next |ines: description of John’s novenents, which are described by
triples: bi, ei, di, where,
bi - nunber of sending floor
ei - nunber of receiving floor;

di - nunber of delivery, which package John has to carry
fromfloor bi to floor ei. Nunmber O (zero) means
that John carries no package at this step.

Here is one possible answer for the given example. The output OUTPUT.TXT consists of:
2
1

z T wo- -
oON~NO OO - OD
or

RPNWORAWOWDNOT PONO

MpoBAnua 2. MpwrabAnua Baseball

One of the tasks of the Ministry of Sports of a Balkan country is to organize a baseball championship of n
teams (numbered form 1 to n). The championship must consist of no more than n rounds and each two
teams must play against each other exactly once. Write a program that produces a schedule for the
championship.

Input
The number of teams n (1<=n<=24) will be entered from the console.



Output
The output is a table of integers with n rows. The j-th integer in the i-th row is the number of the team
which plays against team i in the j-th round. If team i is idle in the j-th round then this number is 0.

Sample input

3 4
Sample output
230 234
103 143
012 412
321

MpoBAnua 3. MepioTpepouevol KuAivdpol

A connected transmission is constructed by n (n<=30) cylindrical units, labeled by 1,2,...,n in such a way
that some pairs of units come to contact. If the units i and j
contact and one of them is made going round in one of the
two possible directions (Clockwise or Opposite), then the
other begins to go round in the opposite direction. If a unit
going round in one direction then the transmission blocks

up.

You have to write a program which for a given transmission determines its behavior when a given unit i is
made to go round in a given direction: blocks up or works normally. If the transmission works normally the
program prints a list of units going round with the corresponding directions. Else the program has to
determine the minimum number of units different from i to be removed from the blocked transmission so
that all remaining units are going round when the unit i is made to go round.

Eicodog

Input will be in ASCII file with the following format. The first line contains the number n of units and the
number m of contacting pairs of units. Each of the next m lines contains two labels of pairs of contacting
units. In the last line is given the number i of a unit and one of the characters C or O defining the direction
in which that unit has to be made to go round. Fosr the transmission of the two figures the input will be:

RPWWN R PO
o bwN O
RPNR R

OwWwWwN W

EE0d0¢
The output will be on the standard output (screen) and consist of 3 or 4 lines. The first line describes the
behavior of the system in one letter: W (for «Works») or B (for «Blocks»). If the system works then the
second line is a list of units rotating Clockwise, whereas the third line is a list of units rotating Opposite
direction after the removing is done and an additional line of output is a list of Removed units. For the
above example the output shouw be:
Cl145
023

DOOW
wPRN



4n BaAkaviada MAnpogopikng 1996

H TéTaptn BaAkaviada MNAnpo@opIkng yive oTnv Asukwaia Tng Kunpou, ano 19 éwg 25 OkTwBpiou 1997.

Huépa 1n

MpopBAnua 1. To evudpeio

Av Béloupe va @TIGEoupe €va evudpeio ano €EwTIKA Wdapia, npénel va cudBouAeuToUpE Kanolov €i181KO, yia
va ano@UYOUME TIC MePINTWOEIC nou dUo €idn wapimv dev pnopoUv va {noouv paldi. O Aoyog €ival n
“acupBaToTNTa” METAEU TWV EI0WV TWV WapIwV.

AiveTal o apiBpoc Twv €IdWV TWV Yapiwv Kal éva diab&oigo XpnuaTikd nooo yia va E0dEWoupue. Bpeite Tov
MEYIOTO aplBuo and JIaPopeTIKA €idnN Yapiwv nou PnopoUle va Baloupe aTo evudpeio. MNa Tov apiBuo auto
BpeiTe Ta Nogd nou PnopoUpe va EodEWoupe, dedopévou OTI ayopaloupe HOvo éva wapl anod Kabe €idog.

Eiooﬁoq (apxeio INPUT. TXT)

To npoypaupa diapadel ypaupeq ano To apxslo INPUT.TXT wg €Engc:
STNV NpwTN ypAPun undapxouv dUo aKspa|0| XWPIOPEVOI pE Kevd. O nNpwTog €ival To 5IGG€0I|JO noco
XpnuaTtwv M (M <= 1000) kal o 3eUTepog ival o apiBudg Twv dIaPopeTIKWV €1dwV anod ywapia F (F <=
30).

e 3TIG enopeveg F ypappeg, undapxel o apiBuog osipdg kabe €idoug wapiol kal To avTioTolxo KOOTOG Tou
€id0UG, XwpIoPEVA HE €va KEVO.

e 3TIG ENOMEVEG YPAMMEG KAl HEXPI TO TEAOG TOU ApyEiou, TO apxeio nepiéxel (euyn ano €idn wapiwv, nou
dev unopouUv va GUupBIwoouv oTo evudpeio. To TEAOG Tou apxeiou opileTal gav pia ypapur nou nepiEXEl
dUo pndevikd Xwplopeva and éva kevo (0 0).

EE0d0¢ (apxeio OUTPUT.TXT)

H €€000¢ ypageTal oto OUTPUT.TXT WG €ENG:

e 3TNV NpWTN ypapun, dUo aképalol XWPIOHEVOI UE €va Kevo, ol onoiol SeiXvouv To [EYIOTO apiBuo ano
wapla nou Pnopouv vd MNOUV OTo €VUDPEIO KAl TO MEYIOTO NooO XPNHATWV MOU anaiTeital yia va
ayopaoTouv, auTd Ta €idn yapiwv.

e 3TIC €NOPEVEG YPAMMEG, YPAWTE Toug apiBuolc ocipdc TwV 10wV TwV Yapliwv nou 6a BAAoOupe OTO
gvudpeio.

Mapadeiyya
Input

170 7
70
50
30
40
40
30
20
4

COUTWWRFEPNOUMAWNE

oN~NO AN

Output
160

OO ND

Mapartipnon
TNV NepinTwaon nou undapxouv NoAAEG AUceIG, YOVo pia npénel va dobei. To XpovIKO OpIo yia KABe €Aeyxo
gival 5 deutepdAenTa. Apiora : 30 novrol.

MpoBAnua 2. O AaBupivlog 1-2-3-4

Exoupe €vav opBoywvio napaAAnAoypappo AaBupivBo pe diaoTdceig n x m (n <= 20, m <= 20). H endvw
aploTepn ywvia kai n Katw 0€&Ia gival JapkapioPEVEG Me €va 0, evw OAEC ol AAAeG Béoeic €xouv peoa 1, 2, 3
n 4. O okonog Tou naixvidioU €ival va “pnoupe” atov AaBUpivBo and Tnv NAvw apioTepn ywvia kai va
Byoupe and Tnv KATW Oeg€ld, aKOAOUBWVTAC TOV GUVTOUOTEPO OPOMO Kal KIVOUPEvol JOVo npog Ta de&id,



aploTepd, Navw Kal Katw. O kavovag nou npénel va akoAouBoUue eival 0TI Npénel va PeTakivoUUacoTe ano
gvav doo (1), oe 2, og 3, 0 4 kal NAAl og 1, K.A.N. PE €vav “KUKAIKO” Tpoéno. Ano Tnv apyxikn 6éon
MNopoUME va HPETaKIVNBoUPE JOVO Ot €va KOUTAKI PE ago. STnv €€0d0 pnopoupe va BpeBoupe €iTe ano Tn
YEITOVIKN apioTepr B€on, 11 ano Tn YEITOVIKA enavw B6€on.

Eicodog (apxeio INPUT.TXT)
H npwTn ypappn nepIEXel Toug akepaioug n kai m. OI eNOPEVEG N YPAUMEG MEPIEXOUV M AKEPAIOUG Mou
napioTavouv 1o AaBupivoo.

EEo0d0¢ (apxeio OUTPUT.TXT)

To apxeio Ba nepigxel dUO ypappEG, N NPWTN HE Tov aplBPo Twv BnudTwv Kai n deuTepn We éva string and
XOApakTnpes. To string nepiAauBdavel Toug xapaktipec D (yia katw - down), U (yia endvw - up), L (yia
aploTtepa - left) kar R (yia d€€id - right), nou avTioToixoUv OTa BrpaTa nNou KAVOUWE OTn CUVTOHOTEPN
diadpopr npog Tnv £€£0d0 Tou AaBupivBou.

Mapadeiyya

Input
4

NFErhwoO

WhFEPNPEF
A WOWNEDN
ONEFRA~W

Output
7
RRRDDDD
MapaTtipnon
MnopeiTe va unoBeosTe OTI NAVTA UNAPXE! Mia AUon oTo NpoBAnua.

To Xpoviko nepIBwplo yia Kabe éAeyxo €ival 5 deutepOAenTa.
ApioTa : 30 novTol.

MpoBAnua 3. Kopwva - Frpauuara

Aivetal évag NxN nivakag (6nou N <= 10) and képuarta. Kanoia and autd sival yupiogéva “kopwva”,
kanoia “ypduparta”. Evag naiktng BEAel va yupicel Ta KEPUATA €TOI WOTE va Ta QEPEI OAA YUPIOUEVA OTA
“ypauuaTta”. OhwG, KABe @opd mou o NaikTng yupvdel €va Képuda, TOTE KABe KABETO KEPPA-yeiTOVAG
(dnAadn, o navw, o KATw, 0 AploTEPOG Kal o 310G, av uNnAapyouv) Yupvdaesl Kal auTo.

To npoBAnua sival, apou oag dobei hia apxikr KATAOTAON, VA KATAPEPETE va BE0eTE OAOV TOV Mivaka o€
“ypappaTa” kavovTag TIG AYOTEPEG KIVAOEIG. Zav Kivnon BewpoUpe, OTI “deixvoupe” éva KEpUA Kal To
aAAaloupe, kal auTd kal 6AoUG Toug “yeiTovecg” Tou.

Eicodog (apxeio INPUT.TXT)
H npwTn ypapun nepiexel Tov aképaio N. Kabe pia ano Tig enopeveg N ypappég nepiexouv N xapaktnpeg, H
N T nou avTioToixoUv os kopwva(heads) / ypduuara(tails) avTioToixa.

EEo0d0¢ (apxeio OUTPUT.TXT)

H npwTn ypapun npenel va MePIEXEl TOV HIKPOTEPO aApiBUO anod yupiopata. O1 endopeveg N ypaupég Oa
ouvBETouV £vav nivaka ano N akepaioug o€ kKaBe ypapun. AuToi ol aképaiol 8a exouv TigN 1 /A 0. H mipn 1
onuaiver 0TI To avTioToIXo KEpUa “yuploe” TouAdxioTov pia @opd. H Tiun 0 onuaivel 0TI To avTioToIX0 KEpUA
dev yUpios kaBdAou.

Mapadeiyya
Input

4ITw
———
———

Output

ROR O
R RO
R OO

Napatiipnon

Mnopeite va unoBeoeTe OTI NAVTA UNAPXE! Mia AUon oTo NpoBAnua.
To xpoviko neplBwplo yia KAbe eleyxo ival 20 deuTtepoAenTa.
ApioTa : 40 novTol.

Huépa 2n




MpoBAnua 1. Mepipévovrag yia €ionTnpio

The U2 rock group will give a concert in Nicosia during November 96. A queue of n<=200 U2-fans waiting
to buy a ticket from a single cashier has been formed. Each person wants to buy only one ticket, whereas
the cashier can sell at most two tickets to a person.

Suppose that the cashier spends ti time units to serve the i-th fan (where 1 <= i <= n). However, two
consecutive fans in the queue (e.g. the j-th and the (j+1)-th one (1 <= j <= n-1) may agree so that one
of them remains in the queue and the other leaves the queue, if the time rj required by the cashier to
serve the j-th and the (j+1)-th fan is smaller than tj + tj+1. Thus, in order to minimize the cashier’s time
and prevent the U2-fans from being squeezed, each person in the queue tries to negotiate with his
predecessor and his successor, and finally speed up the process.

Given positive integer values for n, ti and rj, minimize the total cashier’s time. This is achieved by making
pairs of consecutive persons in an optimal way. Note, however, that it is not necessary for a specific fan to
be paired with a predecessor or a successor.

Input

Your program should read the input file named INPUT.TXT. Input data consists of three lines:
e The first line contains the integer n,

« The second line contains n integers, the ti values separated by spaces, and

e The third line contains n-1 values standing for the rj values separated by spaces.

Output

The first line of the file named OUTPUT.TXT contains an integer which represents the total cashier’s time.
Each one of the next lines contains either 1 number or 2 numbers separated by the character +. More
specifically, each line contains the number i, if the i-th fan is served alone, or i+(i+1) if these two fans are
served as a pair.

Example
I nput

7
5432
7342
CQut put
14

1

2+3
4+5

6+7

144
2 4

Time Limit: 15 sec
Maximum Score : 35

MpoBAnua 2. (Satellite configuration)

We want to launch a set of satellites in the sky in orbit around earth. Two satellites may transmit data to
each other in a direct way, or in indirect way (i.e. via one or more intermediate satellites), or finally may
have no connection at all. We say that two satellites are neighbors if they can send data to each other in a
direct way.

Given a number n of satellites and a set of n integers, find out:

if there exists a configuration of n satellites such that the given set of n integers correspond to the
neighbors of the satellites, if the answer in part (a) is positive, then describe such a setting, egiven the
setting of part (b), conclude if we can send data from any satellite to any other one.

<Picture>Input

The input file INPUT.TXT consists of a line containing a sequence of integers separated by spaces. The first
integer, a number n <= 20, gives the number of satellites in orbit. The following n integers represent the
required number of neighbors for each one of the satellites. Note that the order of these n numbers (which
represent the number of neighbors for each satellite) is not important.

<Picture>Output

The first line of the output file OUTPUT.TXT contains the answer to part (a): a YES or a NO.

In case of a NO in part (a), then no more output is required.

In case of a YES in part (a), then a number of n lines follow containing n integers 1 or 0 separated by
spaces, forming an nxn matrix. If the (i,j)-th element of this matrix is 1, then the satellites i and j are
neighbors, whereas if this element is 0 then these satellites are not neighbors. The (n+2)-th line of the
output file corresponds to part (c) and is a YES or a NO.



<Picture>Example 1
Input 6 4 314 2 0 «Output NO

<Picture>Example 2

Input
74315421 «Output
YES
0111110
1010000
1101010
1010010
1000000
1011001
0000010
YES
Example 3
Input
6231121 «Output
YES
010100
101100
010000
110000
000001
000010
NO

Time Limit : 20
Maximum Score : 35

MpoBAnua 3. NMapabupa o€ éva ypapiko nepifdailov epyaoiag

A common operation in graphical environments is the handling of overlapping windows. Only the exposed
portions of a window are displayed, with special routines written to determine what portions of a window
are exposed, and should be dealt with. Your task is to take a list of windows, do the appropriate
manipulations, and, upon request, indicate the exposed area of a given window.

Input
The program reads the input file INPUT.TXT as a series of one instruction per line in the following format:
wl, XY, x,y)
t(l)
b(1)
e(l)
s(1)
In the above input ‘w’, 't’, 'b’, ‘e’, 's’ are the commands manipulating the windows. The rest of the
information represent the following data:

I is a windows id. The windows identifiers will be single characters in the range:
abcdefghijkimnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789-+ As the identifiers are
unique, it will not be possible to have two windows with the same id, open at the same moment. There will
be no more than 64 windows opened at any one time. eX and Y are the upper left-hand coordinates of the
window. ex and y are the lower right-hand coordinates of the window. It is assumed that in order to
perform an operation on a given window, this specific window must have been created before with the ‘w’
command.

Explanation of window-commands :

‘w’: creates a window with the appropriate id, size and location. A newly created window is created on top
of all existing windows.

‘t’: brings the indicated window on the top of all other windows.



‘e’: erases the indicated window from the screen.

‘b’: puts the indicated window below all other windows.

‘'s”: shows the percentage of indicated window’s exposed area, printed as a real number followed by a new
line.

Output

The output file of the program OUTPUT.TXT will simply be responses to the ‘s’ commands. For each 's’
command found and processed in the input file, one output line is generated that shows in a percentage
the exposed area of the indicated window.

Example
Input
w a, 10, 132, 20, 12)
wc, 12, 120, 22, 16)
w( b, 8, 16, 124, 15)
t(a)
w(d, 18, 93, 102, 20)
b( b)
b(a)
s(a)
s(b)
s©
s(d)
e(d)
e©
s(a)
s(b)

Output
29.83%
100. 00%
71.92%
100. 00%
99.17%
100. 00%

Limits
The screen that all windows will be displayed on will not exceed 250x250. The thickness of windows
boundaries is negligible (i.e. w(a,0,4,4,0) is a window of area 16).

Note :

Correct output values will be considered those with f10.02% deviation from the indicate value in the output
(i.e. for 29.83% the percentages 29.81%, 29.82%, 29.84% and 29.85% will be consider correct).

Time limit per test : 5 seconds

Maximum Score : 30



Central European Olympiads in Informatics

1st CEOI 1994

Huépa 2n

MpoBAnua 1. Maupo - aonpo

FpawTe €va npodypappa 1o onoio diaBalel Tpeig BeTIkoUG akepaioug n, p, q. AnogaacioTs av

undapxel kanola akoAouBia anodé n akepaioug TnG onoiag To ABpoicua and onolouadnNoTE P CUVEXOMEVOUG
apiBuoug kal To abpoiopa and onolougdnNoTe q CUVEXOHEVOUG aplBpoug va €ival apvnTikog apifpuog. Av n
andvrtnon eivar NAI dnuioupynoTe pia TETola akoAouBia.

O1 TIYEG n, p, q diaBalovTtal and To NANKTPOAdOYIo. H €£000G ToU nNpoypduuaTog anoTeAgiTal and n apibpoug
nou ypagovTal otnv o8dvn.

NAPAAEITMATA

yia Ta dedopéva:
n=4
p=2
q=3

TO anoTeEAEONa sival:

a Ta dedopeva:

|

=6
=5
=3

TO anoTeAEoNa sival:
YES
-35-3-35-3

MpopBAnua 2. Movo - Juyo dikTuo

Ac Beswpriooupe pia xwpa pe N noAeig. Aiveral €éva ouoTnua and SpOHOUG MOU UMNAPXOUvV HETAEU Twv
noAewv. O OpoOuoc nou evwvel an' eubeiagc dUo nNOAelG BewpeiTal OTI €xel punko¢ 1. To ouoTnua auTto
ovopaleTtar povo-Zuyo, av undpxouv dUo NOAEIG Nou cuvdEovTal Pe €vav SpOpo NePITToU (HovoU) HRKoug
Kal e €vav dpopo aptiou (CuyoU) WRKOUG.

a) Bpeite av To oloTnUa €ivar govo-Juyo

B) av n anavrtnon oTo a) sival apvnTikn BpeiTe €&va unooUVoAo X Twv NOAEwV Nou €XEl TO PEYIOTO ApIBUO
NOAEWV KAl IKAvVoMolgi TNV akoAouBn ouvlnkn: yia kabs dUo NOAEIC aTO X, av UNApxel dIadpopn Mou TIG
EVWVEI TOTE TO MNKOG TNG €ival Jovo.

EIZOAOZ

3710 INPUT.TXT undpxel o apiBuog Twv noAewv N, kal oTi¢ enopevec N ypaupeg duo apiBuoi I,J nou
onuaivouv o1l N nNoAn I kar n noAn J cuvdeovTal an' eubeiag. To N eival To noAU 300. H TeAeuTaia ypappun
Twv {euyapiwv Ba sival dUo undevika.

E=OA0Z
TunwoTe Ta anoTeAégpaTa oTnv 08dvn o€ Wia npopavn gikova.

MNAPAAEIIMA

av n €icodog eivai:
5

OrRrUOA~WN

£€000¢ Ba sival:

<3 OO~ WNPEF
m

E

wn

av n €icodog eivai:
3



12
00

TOTE N €€0d0¢ Ba sivai:
NO

X has 2 el enents
X 23

MpoBAnua 3. Api1BunTikég Napaoraocsic

Mia api@unTIkn napdoracn nepiEXel NPooBETelC kal noAAanAaciacpous. O xpovog nou xpeldleTal yia va
unoloyiooupe pia npdoBeon (+) €ival p kal o XpoOvog nou xpeldleTal yia va unoAoyiooupe €vav
noAAanAaociacpo (*) eivar gq. O xpovog nou XpelaleTal yia va unoAoyiooupe Tnv napdortacn AoB eival ioog
ME TOV XpOVo Mnou XpelaleTal yia va unoAoyiocoupe Tnv Npdén o, ouv Tov HEYIOTO XPOVO amnd TOUuG XpOVOUG
nou xpelalovTal yia va UnoAoyiooUpE TIG unonapacTacelg A kai B.

STIC NAPACTACEIS NAipvouv MHEPOG METABANTEC mou amoTeholUvTal anod €vav XApakTripd Kal 0 XpOvog
unoAoyliopou Twv eival ioog pe 0.

FpawTe €va npoypappa 1o onoio diapalel dedopéva ano £va apxeio Nou NEPIEXEI TOUC apiBuoUg p Kal g Kal
napaoraocslg, kadbe napdoraon oc EEXxWPIOTN YPAHUMN.Ol NapevOETeI XpnoigonoloUvTadl yid vd opioouv Tn
ocIpa Twv npa&ewv. MNa kabs napacraon gnreitai:

a) va BpeiTe Kal va TUNWOETE TO XPOVO MOU XPEIAZETAl YIA va UNOAOYIOTEI.
B) va BpeiTe KAl va TUNWOETE Wia ion apiBunTiKn NapaoTacn PeE To MIKpOTEPo duvaTtd Xpodvo unoAoyiopou,
Kal To XpOVO auTO OTNV ENOHEVN YPAMKN.

O1 100dUvapec napacTAoelg nou gival duvaTov va yivouv eivai:

X+y=y+x, X*y=y*Xx (oavtipet&beon)
X+(y+z) =(x+y) +z, x*(y*z)=(x*y)*z (mpooetalploTLkOTNTX)

Ta anoTteAéopaTta Ba TunwBolv oTo apxeio OUTPUT.TXT pe pia kevn ypauun va Eexwpilel Ta anoTeAéouaTta
dUo0 NapacTacewy.

MAPAAEITMA
av 1o INPUT.TXT nepiéxel:

11
((a+(b+(c+d)))*e)*f

((((a*b)*c)*d)+e) +(f*g)

T6TE TOo OUTPUT.TXT Oa npenel va nepiExel:
5

((atb) +(c+d))*(e*f)

3

5
g((a*b)*(c*d))+6)+(f*g)
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Huépa 1n

Problem 1. Idle machine

A computer records the starting and finishing time of each application program in the measure of 1/100
seconds. A daily statistic is a set of pairs (a, b) of non negative integers such that 0<a<=b<8640000. The
pair (a, b) means that a program started at time a and finished at time b. The time points a and b belong
to busy time. Arbitrary number of programs can run in parallel.

Write a program that computes

a) the length (b-a+1) of the largest closed time interval [a, b] when the machine was idle and

b) the length (d-c+1) of the largest closed time interval [c, d] when the machine executed at least one
program. A time point t belongs to the idle time if there is no program running at time t.

Input data
The first line of text file DAY1A.DAT contains N, the number of the intervals (1<=N<=1000). Each of the
rest N lines of the file contains two non negative integers, the starting and finishing time of a program.

Output Data

The text file DAY1A.SOL has to contain the following two integers in this order:

a) The length (b-a+1) of the largest interval of time [a, b] when the machine was idle.

b) The length (d-c+1) of the largest closed time interval [c, d] when the machine executed at least one
program.

Maximum number of points: 25.
Exanpl e i nput:
9

30000 35000
10000 20000
15000 16000
40000 44000
77000 220000
13000 41000
60000 67000
50000 55000
65000 70000

Exanpl e out put :

In our exanple input the DAY1A SOL file contains the following two |ines:
8419999

143001

Problem 2. Alarm chain

The students of a class have decided to form an alarm chain. Every student chooses a unique successor, to
whom he directly delivers received messages. Whenever a student receives a message forwards it to his or
her successor.

Such an assignment is called an alarm chain if the following holds. Suppose somebody sends a message to
his or her successor who in turns transmits the message to his or her successor, etc. The message
eventually arrives to every student, including the starting student.

Clearly, not every assignment is alarm chain. Write a program which for an arbitrary input assignment,
computes the number of necessary modifications that transforms the input assignment to an alarm chain.

Input data

The first line of the text file DAY1B.DAT contains N, the number of the students (1<=N<256). Each of the
following N lines contains two names (strings) separated by the character '>'. The second name
terminated by end-of-line character. Names are at most 20 characters long. A line of the form A>B means
that the successor of student A is B, i.e. A directly delivers messages to B.

Output Data
Write the minimal number of necessary modifications to the text file DAY1B.SOL as an integer.

Maximum number of points: 35.



Exanpl e i nput
10

Ani t a>Pet er
Andrew>Jul i a

Davi d>Andr ew

Nat al i e>Gabriell a
Edi t h>Davi d
Peter>Anita

Gabri el l a>Jul i us
AdanerDavi d
Julia>Gabriella
Julius>Julia

Exanpl e out put :
4

Problem 3. Fair sharing

Two brothers, Alan and Bob want to share a set of gifts. Each of the gifts should be given to either Alan or
Bob, and none of the gifts can be split. Each gift has a positive integer value. Let A and B denote the total
value of gifts received by Alan and Bob, respectively. The aim is to minimise the absolute value of the
difference A-B. Write a program which computes the values A and B.

Input data
The first line of the text file DAY1C.DAT contains N, the number of the gifts (1<=N<= 100). The rest of
the input contains N positive integers, the values of the gifts. Each value is <=200.

Output Data
Write the two integers A and B to the text file DAY1C.SOL.

Maximum number of points: 40.
Exanpl e i nput:

7

28 711897 27

Exanpl e out put:
48 49

Huépa 2n

MpoBAnua 1. O KHIMNO=

Ynapyouv N d€vTpa og €vav knno. To oxnKa Tou KNAMNou gival TETpAYWVOo HE UNKog NAsupdag 1000m. ©&Aoupe
va Bpoupe éva opBoywvio NapaAAnAdypappo Pe To PeyaAuTepo €uPBadd To onoio dev nepiéxel dévrpa. Ol
NAEUPEG ToUu NapaAAnAoypdappou Npenel va gival NapalAnAeg He TIG NAEUPEG TOU TETPAYWVOU Tou Krnou. Ol
NAEUPEC Tou napaAAnAoypdupou pnopoUV va NEPIEXOUV dEVTPA KAl WMOpouv va £PANTOVTdl OTIC NAEUPEC
Tou knnou. Ta dévTpa divovTal JE CUVTETAYHEVEG (X,Y) TwV BECEWV TOug Ot PETPA. Ta dévTpa BewpouvTal
onueia Xxwpic diaoTdoeic.

To (0,0) TOU OUOTAMATOG CUVTETAYMEVWV €ival n KATW apioTEPR MAEUPA TOU KAMou Kai ol dEoveg eivai
napaAAnAol Twv NAEUPWV TOU.

INPUT DATA

H npwTn ypauun Tou apxeiou INPUT.TXT nepigxel To N, Tov apiBud dnAadn Twv dévtpwy (1 <= N <= 600).
e kG6e pia and T enopeveg N ypauuég Tou apxeiou Ba BpiokovTal dUo apiBuoi x kal y nou eival ol
OUVTATAYMEVEG TwV devTpwy (0<x<1000,0<y<1000).

OUTPUT
MpawTe oTo apxeio OUTPUT.TXT To €uBado Tou peyaAuTepo napaAAnAoypdupou.

NMAPAAEII'MA
7

280 100
200 600
400 200
135 800
800 400
600 800
900 210

out put



360000

MpoBAnua 2. TO NMAPTY

O npoedpoG HIAg €TAIpEiag opyavwvel €va NAapTu yia Toug epyalopuevolcg Tou. H eTaipeia €xel pia 1epapyxikn
doun. O1 oxéon npoicTapevwy diadopPwVel &va OEVTPO Tou onoiou n "pila" sival o idiog o Npoedpod. MNa va
KAVElI TO NAPTU XapoUMEVO yia 0Aoug, o Npoedpog B€Ael va ano@uyel va kaBicouv padi oo idio Tpanél, vag
epyaldpevog Kal 0 NpoioTAPEVOC TOU.

To npdBAnua sival va unoAoyioete Tov eAdxioTo apiBuod Tpanefiwv nou xpeialovTal yia va yivel éva nAdvo
To onoio va Ikavonolsi Tnv napandvw ouvenkn. H eicodog oTo npdypappa eivar n apeon oxéon
npoioTapyévou. O P e€ival npoioTtduevog Tou Q, av o P eival daueoca npoioTdauyevog Tou Q 1 undpxouv
P1,P2,...,Pk (1 < k) atopa €tol wote P=P1 ka1 Q=Pk kai Pi €ival o dpeoa npoioTduevog Tou Pi+1 (i=1, ...,
k-1).

O apiBuog Twv npookekAnuévwy eivar N (1 <= N <= 200) kai undpxouv T B€coeig ( 2<= T <= 10) ot kabe
Tpand.

EIZOAOZz

>Tnv NpwTn ypauurn Tou INPUT.TXT undpxel o apiBuog Twv Béocwv avd Tpanedl. Xtn OeUTEPN YPAMMKN O
apiBPog Twv NpookekANKEVWY N. TNV enopevn ypappn, 6a Bpeite N apiBpouc. O i apiBuog pavepwvel Noiog
gival 0 AUUECA NPOIOTAMEVOG TOU i MpookekANWEVou. O npoedpog €xel Tov apiBud 1 kal Oev Exel
NpoioTAMEVO.

I.x.

4

13
01999221178810

EE0AO0Zz
5

MpéBAnua 3. TA MOTHPIA METPHEHE

Zag divovtal Tpia noTrpla. O dykog Tou kdBe noTnplou eival 100cm3 (kuBika ekaTtooTd). Ta dUo npwTa
noTnpla €xouv onuddia, Ta idia o€ KABs NoTnpI, KAl KABs onudadl ypaPel ToV OYKO TOU UYypoU Mou MeEPIEXETAI
MECa OTO MOTRPI MEXP! EKEIVO TO OnUEio. TNV apxn To Np®To NoTnpl Nepigxel 100cm3 and kdanoio uypo Kai
Ta aAAa duo noTnpia sival adsia. FpaywTe £va nNpoypapua To onoio anopacilel av PnopoUHE va eEAYOUE OTO
TpiTO NoTrpl NogoTNTa (0YyKo) uypou ion Pe 1cm3, kal av PnopoUlE TOTE va dnuioupyei Ta BApaTa yia va 1o
KAVOUME. =€ KABe PBria, YETA Tn AsIToupyia Tou, Npénel TOUAAXIOTOV €va anod Ta Xpnoidonoinyéva noTtnpia
va €xel uypod PEXPI Kanolo onuadl f va sival evreAwg adeio. Kad' oAn Tn didpkeia Tng diadikaoiag unopoupe
va Kpatdpe TNV akpipry NnoocoTNTA Tou KABe noTnpiou.

EIZOAOZ

H npwtn ypapun Tou INPUT.TXT nepiéxel To N, Tov apiBud Twv onuadiov ota dUo npwTta notnpia (1 <= N
<= 20). To unoAoino apxéio nepiexel N akepaiou¢ oe du€ouoa oeipd nou eival Ta voUuepa dinAa oTa
onuadia (ol oykol dnAadr nou pnopouyv va PeTpnBoulv). MNa kabe onuadi V ioxlel 1 <=V <= 100.

EZ0AOZ

MpayTe oto OUTPUT.TXT To string YES, av pnopoupe va Eexwpioouphe Oyko evog 1cm3 oTo TPiTO NoThpl, i
NO av dev pnopoUpE. TNV NPT NEPINTWON ypawTe oTn OeUTEPN YPAMMN TOU dpxEIou Tov dapifud Twv
BNuATWV Nou anairoUvTal yid va To KAVOULE,

NMAPAAEIMMA
4
13 37 71 100

n ££0d0¢ €ivai:
YES
8



3rd CEOI 1996

Day 1

Problem 1. ENCODING GRID (40 pts)

A kind of grid is sometimes used for encoding messages. Our naval fleet officials decide to use this kind of
encoding for communication with their ship captains. The encoding grid is a square sheet of paper divided
into 2N x 2N little squares. N of little squares are cut out (see figure 1).

Let us briefly describe the encoding process. Take text of message of length 4N~2. Then put an encoding
grid onto a sheet of paper and begin to write first N~2 letters of message into the cut little squares (one
letter per square, write letters all cut squares in the first line from left to right, then in the second line
etc.). See example on figure 2 for "HELLOYELLOWWORLD". After finishing the first step rotate the
encoding grid 90 degrees clockwise and continue similarly letters. After two more steps all letters should
be written (see example on figure 3).

O## H#H# HOOY
##O# H#HHEHR LREO
O##0 L##L LVEL
HitH# HitH# LLDW

(fig. 1) (fig. 2) (fig. 3)

It is necessary to have a correctly constructed grid. It means that when it is used in the way described
above after each rotation new N~ 2 blank squares will appear under cut squares of the grid.

The naval fleet officials encoded thousands of messages with their grid and then they wanted to send them
to ships. Unfortunately they lost the grid. Fortunately the naval admiral remembered the original text of
one of the messages.

Your task is to get this original message text and encoded text and find one possible correctly constructed
encoding grid with which the message text could have been encoded.

Input Data

The first line of input file contains an integer N (1<=N<=10). The second line contains 4N~2 capital letters
representing the original message. The next 2N lines contain the encoded text (each line 2N capital
letters).

Output Data

The output file contains a correctly constructed grid with which given message could have been encoded.
In each of 2N lines one line of grid (2N characters) will be displayed where "O" (capital letter 'O’
represents cut square and "#" uncut square.

Example
GRID.IN

2
HELLOYELLOWAORLD
HooY

LREO

LWEL

LLDW

GRI D. QUT
O##
##O#
O##0
#itHH

Problem 2. SHIPS (30 pts)

The Palmia country is divided by a river into the north and south bank. There are N towns on both the
north and south bank. Each town on the north bank has its unique friend town on the south bank. No two
towns have the same friend.

Each pair of friend towns would like to have a ship line connecting them. They applied for permission to
the government. Because it is often foggy on the river the government decided to prohibit intersection of
ship lines (if two lines intersect there is a high probability of ship crash).



Your task is to write a program to help government officials decide to which ship lines they should grant
permission to get maximum number of non intersecting ship lines.

Input data

The input file consists of several blocks. In the first line of each there are 2 integers X,Y separated with
exactly one space, X represents the length of the Palmia river bank (10 <= X <= 6000), Y represents the
width of the river (10 <=Y <= 100). The second line contains the integer N, the number of towns situated
on both south and north riverbanks (1 <= N <= 5000). On each of the next N lines there are two non-
negative integers C,D separated with space (C,D <= X), representing distances of the pair of friend towns
from the western border of Palmia measured along the riverbanks (C for the town on the north bank, D for
the town on the south bank). There are no two towns on the same position on the same riverbank. After
the last block there is a single line with two numbers 0 separated by a space.

Output Data
For each block of the input file the output file has to contain in consecutive lines the maximum possible
number of ship lines satisfying the conditions above.

Example
SH PS.IN
30 4

7

22 4

26

10 3

15 12
98

17 17

4 2

00

SHI PS. QUT
4

Problem 3. HIGHWAY TOLLS (30 pts)

In Palmia country they have N cities connected by highways (each highway connects exactly two cities in
both directions). It is possible to reach every city from any other city using one or several highways. Till
this year the highway tolls were collected on highways. In the middle of each highway there was a toll
collector who collected 1 Palmia Coin (1 PC) from each car passing by.

Government officials decided to reduce the number of toll collectors and introduce highway stamps. If a
car will want to enter a highway it must have this higway stamp placed on the window.

Officials decided that the highway stamp for one year will cost the same as 100 travels between two
farthest cities. The distance between two cities is the minimum number of highways you need to use to
get from the first city to the second one.

Your task is to write a program which computes the cost of the highway stamp.
Input Data

The input file consists of several blocks of data. Each block at the first line contains the integers N and M
separated by a space where N is the number of cities and M the number of highways in Palmia country (1
<= N <= 1000, 1 <= M <= 2000). Cities are numbered by integers from 1 to N. The next M lines contain
each one pair of integers A,B (1 <= A,B <= N) separated by a space representing that there is a highway
between the cities A and B. After the last block there is a single line with two numbers 0 separated by a
space.

Output Data
For each block of input file the output file contains a single line with the cost of the highway stamp.

Example
TOLLS. IN

OWhANE D
ORhNWN A

TOLLS. QUT
200



Day 2

Problem 1. BIN PACKING (40 points)

A factory has a bin packing robot at the end of an assembly line. There are exactly two bins open, and the
robot packs items into any one of the open bins, one by one sequentially. The bins are identical, and one
bin can accommodate a set of items up to a given weight limit. More precisely, the robot can perform the
following four instructions:

1.Pack the current item into bin 1.
2.Pack the current item into bin 2.
3.Close bin 1 and open a new empty bin in place of the closed bin.
4.Close bin 2 and open a new empty bin in place of the closed bin.

A pack instruction can only be executed if the weight of the current item plus the sum of the weights of the
items already in the bin does not exceed the limit. You are given the sequence of weights of items and a
weight limit that is constant for all the bins. Write a program that computes the minimal number of bins
needed by the robot to pack all items into them.

Input Data

The input file contains integer numbers. The first line of input file contains the weight limit L (1 <=L <=
100). This limit applies to all bins. The second line contains the number of items N (1 <= N <= 5000).
Each of the following N lines contains the weight of an item. Each weight is at least 1 and at most L.

Output Data
Write on the first line of output file the minimum number of bins needed to pack all items.

Example
Bl NPACK. | N

AOTWOINDO®

BI NPACK. QUT
3

Problem 2. CUTTING RECTANGLES (40 points)

You are given a rectangle whose side lengths are integer numbers. You want to cut the rectangle into the
smallest number of squares, whose side lengths are also integer numbers. Cutting can be performed with
a cutting machine that can cut only from side to side across, parallel with one side of the rectangle.
Obtained rectangles are cut separately.

Input Data
The input file contains two positive integers in the first line: the lengths of the sides of the rectangle. Each
side of the rectangle is at least 1 and at most 100.

Output Data
The output file consist of one line on which your program should write the number of squares resulting
from an optimal cutting.

Example
CUTS. IN
56

CUTS. AUt
5

Problem 3. ELECTRICIAN (20 points)

The electrician Fero has just finished the installation of the new cable in the building of the CEOI
secretariat. The cable consists of N wires and connects the computer room and CEOQI secretary office. In
the computer room Fero labeled the wires with numbers from 1 to N from left to right. Because the cable



was long, sometimes some of wires crossed between the computer room and the office (each pair of wires
crosses at most once; at each moment only neighbouring wires may cross). So in the office the wires were
not ordered the same way (see figure 1).

To know how these wires are crossed Fero drew the graph on the wall near the cable end in the computer
room. The vertices represented wires and edges represented wire crosses. There is an edge between
vertices a and b if and only if the wires a and b are crossed somewhere on the way (see figure 2 for graph
representing situation in figure 1).

1 2 3 4 5

e
(&3
IS
th

The cable does not function properly now. Unfortunately Fero broke his leg yesterday. We have another
electrician but he is not so experienced in graph theory. He needs to know the order of wires at the end of
the cable in the CEOQI secretary office to correct this fault.

Input Data

In the input file there are several blocks of data. The first line of each block contains two numbers N and M
separated by a space, where N (1 <= N <= 100) is the number of wires in the cable and M is the number
of wire crosses. This is followed by M lines each containing pair of integers A, B separated by a space (1
<= A,B <= N) representing the cross of cable wires A and B somewhere on the way. After the last block
there is a line with two numbers 0.

Output Data

For each block of the input file the output file contains a single line with the list of wire numbers in order
as they appear at the second end of the cable (N numbers separated by space) or the message
"IMPOSSIBLE" if no order is represented by given graph.

Example
ELECTRIC. I N

WM OFRNRRLO
NT ORhWWND



4th CEOI

Problem 1. The Cave

There is a lot of caves in Byteland. This is the map of one of them:

All caves in Byteland have the following properties:

« All the chambers and passages are on the same level.

 No two passages cross each other.

« Some of the chambers are situated on the outer circle. They are called outer chambers.

« All the other chambers lie inside the outer circle and are called inner chambers.

e There is an entrance to the cave leading to one of the outer chambers.

« There are exactly three passages leading from every chamber to three different other chambers. If a
chamber is an outer chamber then two of the passages lead to two neighbouring outer chambers on
the circle and exactly one leads to an inner chamber. Passages connecting outer chambers are called
outer passages and the remaining ones are called inner passages.

« Itis possible to walk from one chamber to another using only inner passages but there is only one way
to do that if we allow to walk through every inner passage at most once.

* Not all passages are equally hard to go through. They are divided into two groups: easy and hard.

It has been decided to open all the caves to the public. To assure a "smooth" and safe flow through a
cave, visitors should follow a route marked in advance and visit every chamber of this cave exactly once.
An exception from this rule is the entrance chamber where every tour begins and ends, you are allowed to
visit this chamber exactly twice. The tour route should be fit for an average visitor and contain as few hard
passages to walk through as possible.

Example

Consider the cave showed in the figure. The entrance chamber is 1. The dashed passages are hard to walk
through. Route 1, 5, 4, 6, 8, 7, 2, 3 contains no hard passages at all. The final chamber, number 1, is
implied and not listed.

Task

Write a program that:

* reads the description of a cave from the text file CAV.IN;

- finds a route through the cave that begins and ends in the entrance chamber, lets the visitors see all
the other chambers only once and contains as few hard passages as possible;

« writes the result to the text file CAV.OUT

Input

There are two integers n, k (separated by a single space) in the first line of the text file CAV.IN

The integer n, 3<n<=500, is the number of all chambers in a cave and k is the number of all its outer
chambers, k>3. The chambers are numbered from 1 to n. Chamber 1 is the entrance chamber. Chambers
1, 2, ..., k are outer chambers. They do not have to appear on the outer circle in this order.

The next 3n / 2 lines contain descriptions of the passages. Each description consists of three integers a,b,c
separated by single spaces. The integers a and b are numbers of chambers at the ends of a passage. The
integer c equals 0 or 1, where 0 means that the passage is easy to walk through and 1 that it is hard.

Output

Your program should write a sequence of n integers separated by single spaces to the first line of the text
file CAV.OUT; the sequence has to begin with 1 (the entrance chamber).
The following n - 1 integers should be consecutive chambers on the computed route.

Example
For the text file CAV.IN
85

DO ONNWEF

OO ~NNWNW
POOOOORrOO



anN o
PN
ooo

one of the correct solutions is the text file CAV. QUT:
15468723

Time: 2 sec per each test

Problem 2. Hexadecimal Numbers

The base of the hexadecimal system is 16. In order to write down numbers in this system one uses 16
digits 0,1,...,9,A,B,C,D,E,F. The capital letters A,..,F stands for 10,..,15, respectively. For instance the
value of the hexadecimal number CF2 is 12 * 167”2 + 15 * 16 + 2 = 3314 in the decimal system.

Let X be the set of all positive integers whose hexadecimal representations have at most 8 digits and do
not contain repetitions of any digit.

The most significant digit in such a representation is not zero.

The largest element in X is the number with the hexadecimal representation FEDCBA98, the second largest
is the number FEDCBA97, the third is FEDCBA96 and so forth.

Task

Write a program that:

- reads positive integer n from the text file HEX.IN, n does not exceed the number of elements of X;
- finds the n-th largest element of X;

- writes the result to the text file HEX.OUT.

Input
The first line of the file HEX.IN contains integer n in the decimal representation.

Output
Your program should write the n-th largest element in X in the hexadecimal representation to the first line
of the text file HEX.OUT

Example

For the text file HEX I N

11

the correct solution is the text file HEX QUT:
FEDCBA87

Note: 2 sec for each test

Problem 3. Integer Intervals

An integer interval [a,b], a < b, is a set of all consecutive integers beginning with a and ending with b.

Task

Write a program that:

- reads the number of intervals and their descriptions from the text file INT.IN;

- finds the minimal number of elements in a set containing at least two different integers from each
interval;

- writes the result to the text file INT.OUT

Input

The first line of the text file INT.IN contains the number of intervals n, 1<=n<=10000. Each of the
following n lines contains two integers a, b separated by a single space, 0<=a<b<=10000. They are the
beginning and the end of an interval.

Output
Your program should write one integer to the first line of the text file INT.OUT; this should be the minimal
number of elements in a set containing at least two different integers from each interval.

Example

For the text file INT.IN:
4

36

4
2
7
e

he correct solution is the text file I NT. QUT:

AT hON



Note: 2 sec for each test.

Problem 4. River Crossing

Citizens of Byteland adore all sports in which logical thinking is as important as physical skills. One of
these sports is crossing the Hex River - the widest river in Byteland. There are n poles numbered 1..n
(from left to right) stretching across the river. The citizens have to cross the river by going from the left
bank to one pole perhaps to another and so on and then to the right bank.

The left bank is located one pole to the left of pole 1; the right bank is located one pole to the right of pole
n.
At time 0, the citizen is on the left bank of the Hex River with the goal of reaching the right bank of the
river as quickly as possible. At any given time, each pole is either up or down and the citizen is standing
on a pole or standing on a bank of the river. A citizen can stand on a pole only if it is up; such a pole is
available.

Each pole is down at time 0 and then spends a time units up, b time units down, a time units up, b time
units down, etc. The constants a and b are defined separately for each pole. For example the pole with
a=2 and b=3 will be down at time 0, up at time 1 and 2, down at time 3, 4, 5 and so on.

At time t+1, a citizen can choose to be on any available pole or river bank within 5 poles of his location at
time t or even to stay on his current pole (if available) or bank. For example from pole 5 you can reach
any of the poles 1, 2, 3, 4, 5,6, 7, 8,9, 10 or the left bank.

Task

Write a program that:

- reads the number of data blocks from the text file RIV.IN (each block contains a complete set of data
for the problem);

- for each block
- reads the number of poles and descriptions of their behaviour;
- computes the first possible time the citizen can stand on the right bank, if it is reachable;

- writes the result to the text file RIV.OUT.

Input

The first line of the input file RIV.IN contains the number of data blocks x, 1<=x<=5. The following lines
comprise the x blocks. The first block starts on the second line of the input file; each subsequent block
starts directly after the previous one.

The first line of each block contains an integer n, 5<n<=1000, the number of poles.
Each of the following n lines in the block contains two integers a, b separated by a single space,
l1<=a,b<=5. The integers in line i + 1 (in the block), 1<=i<=n, describe the behaviour of the pole i.

Output
For the k-th block, 1<=k<=Xx, write to the k-th line of the text file RIV.OUT one integer - the first time the
citizen can reach the right bank or the word NO, when such a crossing is impossible.

Example

For the text file RIV.IN:
2

10

I—‘I—‘I—‘I—‘I—‘I\)I—‘I—‘I—‘I—‘BI—‘I—‘I—‘I—‘I—‘I—‘I—‘I—‘I—‘I—‘
RRRPRRRRRRRERE

RPRRERRRRRRRER

the correct solution is the text file R V. QUT:
NO



4
Note: 2 sec for each test.

Problem 5. Shooting Contest

Welcome to the Annual Byteland Shooting Contest. Each competitor will shoot to a target which is a
rectangular grid. The target consists of r x ¢ squares located in r rows and c columns. The squares are
coloured white or black. There are exactly two white squares and r - 2 black squares in each column.
Rows are consecutively labelled 1,..,r from top to bottom and columns are labelled 1,..,c from left to right.
The shooter has c shots.

A volley of ¢ shots is correct if exactly one white square is hit in each column and there is no row without
white square being hit. Help the shooter to find a correct volley of hits if such a volley exists.

Example
Consider the following target:
Volley of hits at white squares in rows 2, 3, 1, 4 in consecutive columns 1, 2, 3, 4 is correct.

Task
Write a program that:
- reads the number of data blocks from the text file SHO.IN; each block contains a complete set of data
for the problem;
- for each block
- reads the target size and the layout of white squares
- verifies whether any correct volley of hits exists and if so, finds one of them
- writes the result to the text file SHO.OUT;

Input

The first line of the input file SHO.IN contains the number of data blocks x, 1<=x<=5. The following lines
constitute x blocks. The first block starts in the second line of the input file; each next block starts directly
after the previous one.

The first line of each block contains two integers r and c separated by a single space, 2<=r<=c<=1000.
These are the numbers of rows and columns, respectively.

Each of the next c lines in the block contains two integers separated by a single space. The integers in the
input line i + 1 in the block, 1<=i<=c, are labels of rows with white squares in the i-th column.

Output

For the i-th block, 1<=i<=x, your program should write to the i-th line of the file SHO.OUT either a
sequence of ¢ row labels (separated by single spaces) forming a correct volley of hits at white squares in
consecutive columns 1, 2, ..., ¢, or one word NO if such a volley does not exists.

Example

For the text file SHO I N
2

4 4

2 4

34

13

14

55

15

2 4

34

2 4

2 3

one of the correct solutions is the text file SHO QUT:
2314

NO

Note; 2 sec for each test.

Problem 6. Dominoes

A domino is a flat, thumbsized tile, the face of which is divided into two squares, each left blank or bearing
from one to six dots. There is a row of dominoes laid out on a table:

6 [1 |1 ]1
1 |5 [3 ]2

The number of dots in the top line is 6+1+1+1=9 and the number of dots in the bottom line is
145+43+2=11. The gap between the top line and the bottom line is 2. The gap is the absolute value of
difference between two sums. Each domino can be turned by 180 degrees keeping its face always



upwards. What is the smallest number of turns needed to minimise the gap between the top line and the
bottom line?

For the figure above it is sufficient to turn the last domino in the row in order to decrease the gap to 0. In
this case the answer is 1.

Task

Write a program that:

- reads the number of dominoes and their descriptions from the text file DOM.IN,

- computes the smallest number of turns needed to minimise the gap between the top line and the
bottom line,

- writes the result to the text file DOM.OUT.

Input

The first line of the text file DOM.IN contains an integer n, 1<=n<=1000. This is the number of dominoes
laid out on the table.

Each of the next n lines contains two integers a, b separated by a single space, 0<=a,b<=6. The integers
a and b written in the line i+1 of the input file, 1<=i<=1000, are the numbers of dots on the i-th domino
in the row, respectively, in the top line and in the bottom one.

Output

Your program should write exactly one integer to the first line of the text

file DOM.OUT; this integer should be the smallest number of turns needed to
minimise the gap between the top line and the bottom line.

Example

For the text file DOM.IN:

4

6 1

15

13

12

the correct solution is the text file DOM QUT:
1

Note: 2 sec per test



American Computer Science League

'97 All-Star Contest Programming Problems
May 24, 1997
East HS, Salt Lake City, Utah

This page contains the programming problems that were given at the 1997 ACSL All-Star Contest. Test
data and sample solutions (from those who competed) will be posted on June
30th.

Program 1: Time Card (Junior Division, 5 points)

Jenny just started work as a programmer for Justine's Java Workshop. She is paid $10 an hour, with a few
exceptions. She earns an extra $1.50 an hour for any part of a day where she works more than 8 hours,
and an extra $2.50 an hour for hours beyond 40 in any one week. Also, she earns a 125% bonus for
working on Saturday, and a 50% bonus for working on Sunday. The bonuses for Saturday and Sunday are
computed based on the hours worked those days; they are not used to calculate any bonus for working
more than 40 hours in a week.

You'll be given the number of hours Jenny worked each day in a week (Sunday, Monday, ..., Saturday),
and you need to compute her salary for the week. The input will be positive integers, less than or equal to
24. The output must be formatted with a dollar sign and rounded to the nearest penny. For example, "$2"
and "$2.136666" are wrong answers; the correct versions are "$2.00" and "$2.14", respectively. There
may not be any embedded spaces in your answers. There will be 5 sets of data.

Sample Input:
Line 1. 0, 8§,

8, 8, 1
Line 2: 4, 0, 0, O

0, 6, 0
0, 6, 0

Sample Output:
Qut put 1: $403.00
Qutput 2: $120.00

Program 2: Botchagaloop (Junior Division, 5 points)

The botchagaloop value of a number x is found as follows. First, convert x to base 8. Call this p. Next, sort
the digits of p in increasing order. Call this q. Subtract q from p (in base 8, of course). Repeat the "sort-
subtract" sequence 4 more times, or until the digits in the result are in sorted order (whichever come
first). Finally, convert the number back to base 10.

For example, 3418 has a botchagaloop value of 1008. It is computed as follows: 3418 = 6532 (base 8);
6532 - 2356 = 4154; 4154 - 1445 = 2507; 2507 - 257 = 2230; 2230 - 223 = 2005; 2005 - 25 = 1760;
and finally, 1760 = 1008 (base 10). Note that there is at least one subtraction and at most 5 subtractions.

There will be 5 inputs. Each is a positive integer less than 1,000,000. Print the botchagaloop value of each
input.

Sample Input:
Line 1: 3418
Line 2: 123

Sample Output:
CQut put 1: 1008
Qut put 2: 28

Program 3: Digit Count (Juionr and Intermediate Divisions, 10 points)

Consider those 5 digit numbers (i.e., between 10,000 and 99,999 inclusive) that can be written in the form
(a**n)(b**m) where a and b are distinct prime numbers, and n, and m are non-negative integers. How
many times does the digit k appear?

For example, there are four 5-digit numbers whose only prime factors are 13 and 19: 28561, 41743,
61009, and 89167. The digit zero appears twice, the digit one appears 4 times, and so on.

There will be 10 inputs, each consisting of three positive integers, a, b, and k, in that order.

Sample Input:
Line 1: 5, 13, 6



Line 2: 11, 37, 2

Sample Output:
Qutput 1: 3
Qutput 2: 1

Program 4: You Are El (Junior, Intermediate, Senior Divisions, 10 pts)

Pages on the World Wide Web are accessed by a unique identifier called a URL (Uniform Resource
Locator). For example, the URL of the file that you are reading right now is

http://www.acsl.org/contests/96/ALLSTAR/prog4.ps

There are three primary parts to a URL: protocol, host, and path. The protocol, http in this case, specifies
how the file will be transfered from one computer to another. Other common protocols are ftp, gopher,
and file. The host is the name of the computer on which the Web page resides. The ACSL Web pages all
reside on the machine called www.acsl.org.

Finally, the path (contests/96/ALLSTAR/prog4.ps) indicates where on the host computer the file is located.

The syntax of a URL is as follows: The protocol is the part of the URL up to the colon. The host is the part
of the URL following the colon-slash-slash. It ends at a slash. The path starts after the slash ending the
host. The path is optional; if it's missing, assume the path is default.htm. Also, if the path ends with a
slash, append default.htm to it.

Links on a Web page p can be specified in one of three ways: in absolute terms, relative to the server
hosting p, or relative to page p.

An absolute URL starts with a protocol (e.g., http://www.cnn/). This is used to jump to any arbitrary page
on the Web. For example, if this page (the one you are reading right now!)

contained the link http://www.microsoft.com/, clicking on it would cause you to jump to the Microsoft
home page.

A relative-to-the-server URL starts with a slash (e.g., /contests/95/SR/shorts3.ps). This says to look for
the page on the same server as p.

Finally, all other URLs are assumed to be relative to the page on which they reside. For example, the link
prog5.ps on this page refers to the URL

http://www.acsl.org/contests/96/ALLSTAR/prog5.ps

The link ../INT/short2.ps refers to http://www.acsl.org/contests/96/INT/short2.ps. That is, two dots
indicates to go up a directory in the path. To make you life easy (see,

we're nice guys!), the two dots will only appear at the start of a path. Of course, it might appear a few
times (e.qg., ../../94/IR/shortl.ps).

In this program, you'll be given the URL of a Web page and a link on the page, and you need to find the
URL that the link will jump you to.

Sample Input:
Line 1: http://www.acsl.org/contests/96/ALLSTAR/shorts.ps, programs.ps
Line 2: http://www.acsl.org:8000/SampleContests/95/ALLSTAR/shorts.ps, /flyer.ps
Line 3: http://www.acsl.org/SampleContests/95/ALLSTAR/shorts.ps, http://www.cnn/

Sample Output:
Output 1: http://www.acsl.org/contests/96/ALLSTAR/programs.ps
Output 2: http://www.acsl.org:8000/flyer.ps
Output 3: http://www.cnn/default.htm

Program 5: A Balancing Act, Revisited (Intermediate and Senior Divisions, 10 points)

In the last contest, you explored an approach to balancing a binary search tree: you maintained multiple
binary search trees and as each new key was inserted, you inserted it into the

tree where it would be closer to the tree's root. This problem tries a different approach at maintaining
multiple trees.



The idea here is to consider the trees from left to right, and insert the new key into the first tree where it
will be less than or equal to a specified depth k. If no such trees exist, start a new leftmost tree.

For example, inserting the string AMERICANA into trees of depth 1 or less will cause 3 trees to be created,

whose roots are I, E, and A (in that order):

The input will be 10 sets of data. Each set will consist of a number k and a string s (up to 128 characters
long). In the string s, ignore everything but the letters A through Z; uppercase and lowercase are the
same. For each input pair, build the trees to depth k with the letters in s as described above. Print the root
nodes of the trees in order from left to right.

Sample Input:
Line 1: 3, AMERICAN COMPUTER SCIENCE
Line 2: 4, SALT LAKE CITY, UTAH

Sample Output:
Output 1: ERCA
Output 2: ES

Program 6: The Biggest, Revisited (Intermediate and Senior Divisions, 10 points)

You'd have thought that after Contest #1, you'd never hear from the Mighty Modulas again. But you'd be
wrong. The Mighty Modulas have been at it again: They've been given index cards printed with numbers
on both sides, and they've torn each card between the digits. Your job, as virtual leader of the Mighty
Modulas, is to teach your charges how to tear each card so that the numbers on all the scraps add up as
close as possible to some given target number without going over. You are free, of course, to turn over
any scrap.

Consider, for example, a card with the number 534 on one side and 197 on the other side. There are 3
ways that you could tear the card: between the 5 and the 3; between the 3 and the 4; and after the 5 and
after the 3. In the first case, you have two strips: one with 5 on one side and 7 on the other, and the other
strip with 34 on one side and 19 on the other. In the second case, you'd also have two strips: one with 53
on one side and 97 on the other, and the second strip with 4 on one side and 1 on the other. Finally, in the
third case, you'd have 3 strips. You must make at least one tear. If the numbers are different lengths, pad
the shorter one with leading zeros so that they are of the same length.

You'll be given 10 sets of data. Each set consists of three numbers: the number on one side of the card,
the number on other side of the card, and a target humber. You are to figure out how to tear the card such
that the numbers on one side or the other of the torn scraps add up as close as possible to the target
number without going over. Print out the sum. The number on the cards will be positive integers less than
1,000,000,000.

Sample Input:
Line 1: 534, 197, 50
Line 2: 534, 197, 100
Line 2: 251, 8, 60

Sample Output:

Output 1: 41
Output 2: 98
Output 3: 59

Program 7: Squarepoint (Intermediate and Senior Divisions, 10 points)

Given a rectangle and a point, report the distance from the point to the nearest point on the perimeter of
the rectangle.

There will be ten sets of data. Each set of data consists of the two corners of a rectangle, followed by
coordinates (x,y) of a point p. To make input easy on the proctor, the corners of the rectangle will be a
character that refers to one of the following 9 points:

A (2,3) B(l11,6) C(7,11)



D (1,10) E(5,16) F (5, 6)
G (0,40) H(9,9) I(7,0)

For each input, print the distance from p to the closest spot on the perimeter of the rectangle. Your
answers must be within 0.01 of our answers.

Sample Input:
Line 1: FH 7,8
Line 2: CB 5,9

Sample Output:
Output 1: 1
Output 2: 2

Program 8: Alphaddition (Senior Division, 10 points)

Remember those "brain puzzlers" of the form:
ABCD + BDC = EAEA

In case you don't remember them, the problem is pretty straightforward: find humbers to replace the A,
B, C, ... that make the equation true. The replacements must be consistent; that is, replace all A's by one
digit, all B's by a different digit, and so on. For example, the equation 1538 + 583 = 2121 solves the
equation above. The equation has 5 more solutions: 1547 + 574 = 2121, 1574 + 547 = 2121, 1583 +
538 = 2121, 3658 + 685 = 4343, and 3685 + 658 = 4343. The second sample problem below has three
solutions: 546+54=600, 576+57=633, and 586+58=644.

There will be 10 inputs. Each input consists of three strings, p, g, and r. The strings are composed of the
letters A through Z and numbers. You need to report the number of solutions there are to the problem
p+q=r. The leading digit in each term cannot be a 0. Also, to keep the running time of this program
reasonable, we promise that there won't be more than 4 different letters in the original data.

Sample Input:
Line 1: AA + BC = 100
Line 2: XYZ + XY = 6QQ

Sample Output:
Output 1: 7
Output 2: 3



All Ireland School Programming Competion 1994

Round 1

Problem 1. Horizontal Histogram

Write a program that accepts a set of digits (0 to 9) as input and prints a horizontal histogram
representing the occurrences of
each digit.

Test your program with the set of 13 digits:
1,7,2,9,6,7,1,3,7,5,7,9,0

Example
Enter a Number : 12

Enter 12 digits:
1,7,2,9,6,7,1,3,7,5,7,9

*
*

* %

XKk >k

OCoONOOTUPA~,WNHFHO
* X

*
*

Problem 2. Vertical Histogram

Write a program that accepts a set of digits (0 to 9) as input and prints a vertical histogram
representing the occurrences of
each digit.

Test your program with the set of 13 digits:
1,7,2,9,6,7,1,3,7,5,7,9,0

Example

Enter a Number : 12
Enter 12 digits:
1,7,2,9,6,7,1,3,7,5,7,9

*
*

b3 X %

kkk kXX X

0123456789

Problem 3. Well Ordered Numbers

The number 138 is called well-ordered because the digits in the number (1,3,8) increase from
left to right (1 < 3 < 8). The
number 365 is not well-ordered because 6 is larger than 5.

Write a program that will find and display all possible three digit well-ordered numbers. Report
the total number of three digit
well-ordered numbers.

Example

The three digit well ordered numbers are:
123 124 125 126 127 128 129 134



135136 137 138 139 145 146 147
148 149 156 157 158 159 167 168

678 679 689 789
The total number is ??

Problem 4. Roman Numerals

Write a program that reads in a roman numeral and converts the number to normal decimal.
The roman characters are :

M = 1000, b = 500, C=100,L=50,X=10,V=5,1=1

Test your program with the following values : V (5), IV (4), VIII (8), MM (2000), MCM (1900),
MCMXCIV (1994).

Example

Enter a roman numeral : VIII
VIII is 8.

Problem 5. Hotel Keys

The logo hotel gives out cards instead of keys. Each card contains a unique combination of
holes, and can open one door in the hotel. The lock works by shining a beam of light
through the card and detecting the pattern made by the holes. If the pattern is correct
then the door opens. Each guest will be given a card, that opens only his or her door. An
example card is shown here :

I Y
I o
oooooQoo
[

Each card has 4 x 6 (24) locations where a hole could go. This example has six holes. The

holes of a card are not allowed to form a complete row, column or diagonal as otherwise, “~———

the card would easily bend or tear. (A diagonal can have two, three or four holes.) There

must be at least five holes in each card.

No card should be able to open any door other than its own, no matter which way it is A#BCD

turned. 1 (oo
. . 2lo00og

Write a program that will work out patterns for a number of cards. You don't have todraw 3 {gopnomo

the card, simply print out the locations of the holes for each card. For example : 4ioo0oo

SOooOao
The holes on this card are at B2, C2, C3, B4, D4, and B5. Note that another hole at A1 &

0 O 0
would not be allowed as then a diagonal is formed across the card. (A diagonal can consist e
of two holes, so holes at D5 and C6 would also be disallowed.)

Get your program to produce 20 cards.

Example

Enter the nunber of cards required : 2
Card 1 : Holes at Al, Bl, Cl, B2, C2.
Card 2 : Holes at B1, Cl1, Di, B2, B3, B4.



All Ireland Schools Programming Competition 1994

Final Round

There are three problems contained in this document. Attempt as many as you can.

With each problem there will be a number of examples. The first two of these examples will be used (in
addition to other unseen tests) to test your program. The example files and

solutions will be on the D: drive. The names of these files will be as given in the problem. There is also a
batch file test.bat that will mark your program. (This program is also on the D:

drive.) If you type ‘test 1 a 1’, then it will run dayla.exe or dayla.bas (if it exists) using the file testlal as
input, and check that you produced the correct output file, dayla.sol.

So when you have written dayla, you can test it using the two example files that you are given using the
commands

testlal

and

test1az2

You can similarly test your programs, daylb and daylc.

When you are finished, ensure that you have saved your files onto the root directory of the D: drive. (That
is, a BASIC program for problem A should be saved as D:\dayla.bas.) You will also be given a floppy disk
at the end, and you must also save your files to this disk and give it to a supervisor.

Best of luck

Day 1

Problem 1. String Compression

Consider the string ‘AAAABCCCCCDDDD’ consisting of alphabetic characters only. This string is of length
14. Since the string consists of alphabetic characters only, duplicate characters can be removed and
replaced with a duplication factor n. With this technique the string can be compressed and represented by
‘4AB5C4D’. The compressed string is of length 7. Write a program which takes a string in compressed form
and recreates the original uncompressed string.

Input

The string will be of the format ‘nA...” where n, the duplication factor, is an integer between 2 and 99 and
A is an uppercase alphabetic character. A string may contain single characters not prefixed with a
duplication factor. If this were not the case, for instance, the string ‘AABCDE’ would be compressed to
‘2A1B1C1D1E'. To avoid this, single characters will not be prefixed with a duplication factor. The string
‘AABCDE’ would be compressed to ‘2ABCDE’.

The maximum length of an input string is 80 characters.

Output
The uncompressed string, 40 characters per line (it may be necessary to break an uncompressed string
over multiple lines).

Example 1

I nput

3A4B7D

CQut put
AAABBBBDDDDDDD

Example 2

I nput

22D7AC18FGD

CQut put
DDDDDDDDDDDDDDDDDDDDDDAAAAAAACFFFFFFFFFFFFFFFFFFGD

Instructions
Your program should be called dayla.bas if it is a BASIC program, dayla.pas if it is a Pascal program,
dayla.cif it is a C program, dayla.cpp if it is a C++ program and dayla.lg if it is a logo program.



It should read its input from a file called dayla.dat, and write its output to a file called dayla.sol. The two
example input files and the solutions are on the D: drive. The names of the input files are testlal and
testla2. The solution files are called testlal.sol and testla2.sol.

Note that if your program generates correct results for these files, it does not mean that your program is
correct.

N.B. If you are writing a BASIC program ensure that it terminates with a system command, so that it exits
to DOS. This is essential if it is to be processed automatically. You will get zero marks for the program if
you neglect to do this.

Problem 2. Factorials

The factorial of an integer n, written n!, is the product of all the integers from 1 to n inclusive. The
factorial quickly becomes very large; 13! is too large to store as an integer on most computers, and 35! is
too large for a floating-point variable. Your task is to find the rightmost non-zero digit of n!. For example,
51=1*2*3*4*5 =120, so the rightmost non-zero digit of 5! is 2. Also, 7! =1 * 2 * 3 * 4 *§5 * g *
7 = 5040, so the rightmost non-zero digit of 7! is 4.

Mike Scott provided some more information about factorials

Input
An integer n, between 1 and 100 inclusive.

Output
The rightmost non-zero digit of n!.

Example 1
I nput

3

CQut put

6

Example 2
I nput

10

CQut put

8

Instructions
Your program should be called daylb.bas if it is a BASIC program, daylb.pas if it is a Pascal program,
daylb.cif it is a C program, daylb.cpp if it is a C++ program and daylb.lg if it is a logo program.

It should read its input from a file called daylb.dat, and write its output to a file called daylb.sol. The two
example input files and the solutions are on the D: drive. The names of the input files are testlbl and
testlb2. The solution files are called testlbl.sol and test1b2.sol.

Note that if your program generates correct results for these files, it does not mean that your program is
correct.

N.B. If you are writing a BASIC program ensure that it terminates with a system command, so that it exits
to DOS. This is essential if it is to be processed automatically. You will get zero marks for the program if
you neglect to do this.

Problem 3. Transformations

A square pattern of black and white tiles is transformed into another square. Write a program that will
recognise the minimum transformation that has been applied to the original pattern given the following list
of possible transformations:

90 Degree Rotation: The pattern was rotated to the right 90 degrees.

180 Degree Rotation: The pattern was rotated to the right 180 degrees.

270 Degree Rotation: The pattern was rotated to the right 270 degrees.

Vertical Reflection: The pattern was reflected vertically. (See example 4.)

Combination: The pattern was reflected vertically and then subjected to one of the rotations.
No Change: The original pattern was not changed.

Invalid Transformation: The new pattern was not obtained by any of the above methods.



Input

The input file will consist of a number n (between 1 and 10 inclusive), the size of the square, followed by n
lines of the original pattern, and then after a blank line, the n lines of the

transformed pattern. Black squares will be indicated by a ./, and white squares by an *X’.

Output

The output from your program will be a phrase describing the transformation that changed the original
pattern to the new pattern. If more than one transformation is possible, then your

program should show the transformation corresponding to the minimal amount of work necessary to
convert the original pattern to the new pattern. For the purposes of evaluating the

amount of work needed, rotations are considered less work than reflections, and smaller rotations are less
work than larger ones.

Note that only the above possibilities should be considered - there is no such thing as a 360 Rotation, nor
is there a horizontal reflection. Also remember that if a single rotation is not
sufficient, your program should consider a reflection followed by a rotation.

Example 1 Example 2 Example 3
I nput I nput I nput
5 6 2
X.. X oo XX X.
XL X . X
X XX X
X. X X X
X X X
X . X
X Cut put
X X...X NOT TRANSFORIVED.
Xo.. XX
X XX
XX . X XX
X
CQut put XL
ROTATED 90 DEGREES
CQut put

ROTATED 270 DEGREES.

Example 5 Example 6
Example 4 I nput I nput
I nput 5 4
4 X .. X
X X XX
.. Lo X X
. X X
X
. X X X ..
. X X
X Cut put
Qut put REFLECTED AND ROTATED 270
REFLECTED. Qut put DEGREES
| MPROPER TRANSFORMATI ON.
Instructions

Your program should be called daylc.bas if it is a BASIC program, daylc.pas if it is a Pascal program,
daylc.cifitis a C program, daylc.cpp if it is a C++ program and daylc.lg if it is a logo program.

It should read its input from a file called daylc.dat, and write its output to a file called daylc.sol. The two
example input files and the solutions are on the D: drive. The names of the input files are testlcl and
testlc2. The solution files are called testlcl.sol and testlc2.sol.

Note that if your program generates correct results for these files, it does not mean that your program is
correct.

N.B. If you are writing a BASIC program ensure that it terminates with a system command, so that it exits
to DOS. This is essential if it is to be processed automatically. You will get zero marks for the program if
you neglect to do this.

Day 2




There are three problems contained in this document. The first problem day2a is the main problem for the
day. The other twoproblems (day2b and day2c) are the Tie Break problems 1 and 2.

Note there are many more marks going for the main problem than there are for Tie Break problems. You
should only do the TieBreak problem if you feel that you can’t improve on the main problem.

With each problem there will be a humber of examples. For the main problem, some of the examples will
be used (in addition toother unseen tests) to test your program. In the Tie Break problems all the tests
will be will be unseen. The example files and solutions will be on the hard disk. The names of these files
will be as given in the problem.

When you are finished, ensure that you have saved your files onto the root directory of the D: drive. (That
is, a BASIC program for problem A should be saved as D:\day2a.bas.) You will also be given a floppy disk
at the end, and you must also save your files to this disk and give it to a supervisor.

Please note that you cannot write to the C: drive.

Best of luck

Problem 1. Raucous Rockers

You just inherited the rights to n previously unreleased songs recorded by the popular group Raucous
Rockers. You plan to release a set of m compact disks with a selection of these songs. Each disk can hold a
maximum of t minutes of music, and asong can not overlap from one disk to another.

Since you are a classical music fan and have no way to judge the artistic merits of these songs, you decide
on the following criteria for making the selection:

a) The songs will be recorded on the set of disks in the order of the dates that they were written.

b) The total number of songs included will be maximized.

Input

The first line contains the values of n, t and m (integer numbers) followed by a line containing a list of the
lengths of n songs,ordered by the date they were written. No song will be too long to fit on a disk, and it
will not be possible to put all the songson the disks

Output
The output will be an integer indicating the nhumber of songs that, following the above selection criteria will
fit on m disks.

Example 1

Input
10 5 3
5 5, 5 5 5 5 5 5 5 5

Output
3

In this example there are ten songs, and three disks. Each disk can hold 5 minutes worth of songs. In this case, all the
songslast five minutes, so obviously only three songs can be recorded.

Example 2
Input

56 4

4, 3, 4, 4, 5
Output

4

Here there are 5 songs and 4 disks that can hold 6 minutes each. However it is not possible to hold more than one
song on anydisk, so only four songs can be recorded.

Example 3

Input

10 5 3

3, 51,2 3,5 41, 1,5
Output

6

In this example there are ten songs, and three disks. The second line contains the lengths of each of the songs. E.G.
the firstsong that was recorded lasts three minutes. The maximum number of songs that can fit on one disk is 6.
(Remember that theyhave to be in date order.)

Problem 2. Greedy Gift Givers

You are to determine, for a group of gift-giving friends, how much more each person gives than they
receive (and vice versa for those that view gift-giving with cynicism). In this problem each person sets
aside some money for gift-giving and divides this money evenly among all those to whom gifts are given.
However, in any group of friends, some people are more giving than others (or at least may have more
acquaintances) and some people have more money than others.



Given a group of friends, the money each person in the group spends on gifts, and a (sub)list of friends to
whom each persongives gifts; you are to write a program that determines how much more (or less) each
person in the group gives than they receive.

Input

The input is a group of gift-givers which consists of several lines:

the number of people in the group,

a list of the names of each person in the group,

a line for each person in the group consisting of the name of the person,the amount of money spent on
gifts, the number of people to whom gifts are given, and the names of those to whom gifts are given.

All names are lower-case letters, there are no more than 10 people in a group, and no name is more than
12 characters in length. Money is a non-negative integer less than 2000.

Output

The name of each person in the group should be printed on a line followed by the net gain (or loss)
received (or spent) by the person. Names in a group should be printed in the same order in which they
first appear in the input.

All gifts are integers. Each person gives the same integer amount of money to each friend to whom any
money is given, and gives as much as possible. Any money not given is kept and is part of a person's
" “net worth" printed in the output.

Example 1
Input
5

dave | aura owen vick anr
dave 200 3 | aura owen vick
owen 500 1 dave

anr 150 2 vick owen

laura 0 2 anr vick

vick 0 0

Output

dave 302
| aura 66
owen -359
vick 141
anr -150

Example 2
Input
3

liz steve dave

liz 30 1 steve
steve 55 2 liz dave
dave 0 2 steve liz
Output

liz -3

steve -24

dave 27

Problem 3. The Cat in the Hat

A clever cat walks into a messy room which he needs to clean. Instead of doing the work alone, it decides
to have its helper cats do the work. It keeps its (smaller) helper cats inside its hat. Each helper cat also
has helper cats in its own hat, and so on.

Eventually, the cats reach a smallest size. These smallest cats have no additional cats in their hats. These
unfortunate smallest cats have to do the cleaning.

The number of cats inside each (non-smallest) cat's hat is a constant, n. The height of these cats-in-a-hat
is 1/(n+1) times the height of the cat whose hat they are in.

All heights are positive integers.

Given the height of the initial cat and the number of worker cats (of height one), find the number of cats
that are not doing any work (cats of height greater than one) and also determine the sum of all the cats'
heights (the height of a stack of all cats standing one on top of another).

Input
The input is a single line consisting of two positive integers, separated by white space. The first integer is
the height of the initial cat, and the second integer is the humber of worker cats.



Output
Print the number of cats that are not working, followed by a space, followed by the height of the stack of
cats.

Example 1

Input
216 125

Output
31 671

Example 2
Input
5764801 1679616

Output
335923 30275911
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Problem 1. Factorials

The factorial of an integer n, written n!, is the product of all the integers from 1 to n inclusive. For
example, 51 =1 * 2 *3 * 4 *5 = 120. Write a program that accepts a number, n (1 < = n < = 12), as
input and prints the factorial of that number.

Example
Enter a Nunber : 4
4 = 24

Test your program with the following numbers : 1, 4, 6, 10, 12.

Problem 2. Is this a Triangle

Your job is to classify a triangle based on the lengths of its sides. Write a program to take three numbers,
a, b and ¢, which are the lengths of the sides of a triangle, and classify the triangle as isosceles,
equilateral, possible or impossible.

Note that an isosceles triangle has two equal sides, an equilateral triangle has three equal sides, an
impossible triangle cannot be formed from the three sides (e.g. a = 1, b = 2, and c = 5) and a possible
triangle is everything else.

Example
Enter three sides : 2 4 3
possi bl e

Test your program with the following sides
222
125
112
234

Problem 3. Common Letters

Write a program that takes two words and finds any common letters that they have. For example, the
words ‘computer’ and ‘program’ have the letters ‘o', ‘m’, '‘p’, 'r’ in common. The output should be both
words with all common letters in capitals. Neither word will have more than 8 letters.

Example
Enter two words : conputer program
cOVPut eR PROgRaM

Test your program with the following pairs of words
hell o al
bye al

4. Word Chain

A word chain is a daisy chain made from words. Two words, wl and w2, may be linked if the last letter of
w1l is the same as the first of w2. E.g. ‘bar’ and ‘red’ may be linked. You must form a word-chain from a
list of words that you are given. The word-chain must

consist of four words

be circular (i.e. the last word should link to the first word)
No word may be used more than once.

Input

The input will be a list of N words. The first item will be N, (4 < = N < = 25), followed by the list of words.
No word will have

more than 8 letters.

Output
Will be a list of four words that form a chain.



Example
Enter the list of words : 5
gap pet big tab tar
A four word chain is : big-gap-pet-tab

Note
‘tar’ couldn’t replace tab because then it wouldn’t link back to ‘big’.
This is the only possible chain. Because it is circular, it could also be written as gap-pet-tab-big.

Test your program with the following list
22

say how many south marks may be forned dub yam for yas sos biff
deaf by da why sam saw sob ross

For additional marks, say how many different four word chains may be formed.

Problem 5. Number Triangle

7
38
810
2744
45265

The above is a nhumber triangle. Write a program that calculates the highest sum of numbers passed on a
route that starts at the top and ends somewhere on the base. You may only move downwards to one of
the two numbers diagonally below.

The number of rows in the triangle is > 1 but < =100.
The numbers in the triangle, all integers, are between 0 and 99.

The route in this case is shown in bold: 7, 3, 8, 7 and 5. The sum is 30.

The input will consist of N, the number of rows, followed by N rows of digits that make up the triangle. The
output is the highest sum that is reached.

Example
Enter a nunber triangle :

4
6 5
olution is 30.

Test your program with the above triangle and the one below
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1. Maximin

Write a program that will find the maximum and the minimum of a list of positive numbers.

Example
How many nunbers ? 8
42723109 195
The maximumis 23, the mninumis 2.

2. Egg Timer

Write a program that will ask the user for a whole number N between 3 and 10 and print an egg timer of
size N.

Example
Enter a nunber ? 4

*_Kk_Kk_*

Problem 3. Remainder

You are given two words, and your job is to remove all letters from the first word that are contained in the
second. For example, if you are given the words “computer program”, remove letters from the word
“computer” if they occur in “program”, leaving the letters “cute”.

Example
Enter two words : conputer program
Remai nder : cute

Problem 4. Encryption

A secret code reorders the letters in a message using an array. E.g. the following message “Attack at dawn

or we are done for” is placed in a 6*6 array :
Att ack
*at *da
wn*or *
we*are
*done*
for...

Blanks are replaced by asterisks, and full stops are added to the message so that it fills out the array. The

coded message is obtained by reading down the columns, i.e.
A*ww* f t anedot t **or a*oan. cdrre. ka*e*.

Write a program that will encode a message as above. Use an array with 6 columns, and adjust the
number of rows depending on the message length.

Example
Enter a nmessage : Attack at dawn or we are done for
The encrypted nessage is : A*wwftanedott**ora*oan. cdrre. ka*e*.

For extra marks, write a program to decode a message that has been encrypted using the above rules.

Problem 5. Come to Nothing

Consider the sequence of digits from 1 through N (where N <= 9) in increasing order:
12345....N

Insert either a + (for addition) or a - (for subtraction) between each of the digits so that the resultant sum
is zero. Print all possible combinations that sum to zero.

Example
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Final Round

Day 1

Problem 1. The In between Sum

You are given two numbers, A and B, and you have to find the total of all the numbers between these two
numbers. For example if you are given the numbers 9 and 15, you must find the sum 10+11+12+13+14
which is 60.

Input

The input is the pair of integers, A and B (1 <= A <= B <= 30000).
Output

The output will be the sum of all the numbers beteen A and B.
Example 1 Example 2
Input Input

9 15 10 20
Output Output

60 135

Problem 2. Word Construction

A word (doublet) is written on two cards, for example :

COMPUTER COMPUTER

A new word is formed by joining a substring from the first card to the second, e.g. :
PUT TER

Here the word "PUTTER" is formed.

You will be given one doublet, followed by a list of words, and you must print all words from the list that
can be formed in the above way as a pair of substrings.
For this problem, valid substrings must have at least two letters.

Input
The input is the doublet, followed by N, (1 <= N <= THE N words, one per line. All words (including the
doublet) will be in uppercase letters, and will have between 2 and 32 letters.

Output
The output will be any words that can be formed by taking two substrings from the doublet. Each word
should appear on a line on its own.

Example 1 Example 2
Input Input
COVPUTER PAW

3 3

ONI ON APAW

CUTE PAPA
PUTTER WAP
Output Output
PUTTER PAPA

Problem 3. Snail Trail

Sally the Snail lives on an 8x8 grid which contains some obstructions (shown below as black squares).
Sally always moves as far as she can in a straight line. When she reaches an obstruction or the edge of the
board, she turns either right or left. When she encounters a square she has already visited, she stops.



Sally always starts at square Al, and begins moving in a downward direction. You will be given the
location of all the black squares on the grid, and your task is to find out how many steps Sally can take
before getting blocked. In subtask A, Sally always turns to her left, and in subtask B, Sally turns either left
or right to maximise the length of the trail.
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SubTaskA : Trail when Sally always turns SubTask B : The longest trail (32 Steps)
left (13 steps)

The diagrams show an example grid with three black squares (at A6, E2 and F5). The trails for each
subtask are also shown. In subtask A, Sally moves from Al down to A5, where she turns to her left and
heads off to E5. From here, she turns left to square E3, and again turns left to finish at B3. She has taken
13 steps.

In subtask B, Sally wants the longest route, which is shown in the diagram to have 32 steps.

Input

The input is an integer n, (1 <= n <= THE n squares in the form of Xn, where X, (A X H), is the column,
and n, (1 n 8) is the row.

Note that there will be no black squares on Al or A2.

Output
The output will be the number of steps for subtask A, followed by the number of steps for subtask B.
Example 1 Example 2
Input Input
3 6
A6 A6
E2 Cl
F5 c3
D4
?3utput E3
32 B7
Output
21
22




Here are the diagrams for example 2.
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SubTaskA : Trail when Sally always turns left
(21 steps)
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SubTask B : The longest trail (22 Steps)

Day 2

Problem 1. Rotating Words

You are required to rotate a word a certain amount. For example, to rotate the word "Computer" by 1
results in "rCompute". Rotating it two more times gives you "terCompu".

Input

The first line contains the word (which will not have more than 15 letters). The second line contains an
integer n, which will be less than the length of the word. You must rotate the word n times.

Output
The output will be the rotated word.

Example 1

Input
Conput er
3

Output
t er Conpu

Example 2
Input

Pr ogram

1

Output
nProgra

Problem 2. Partial Problems

An integer substring of an integer is formed by consecutive digits of the original integer. For example, the
number 6158 contains the substrings 6, 1, 5, 8, 61, 15, 58, 615, 158, and 6158. You must find the largest

substring of an integer that is also a prime.

Input
The input will be an integer N, (0 <= N

Output

The output will be the largest prime substring of N. If no substring is a prime, then your program should

print "No Primes"

Example 1

Input
2319

Output
31

Example 2
Input
6804

Output
No Prines

Problem 3. Letter Selection

Consider all possible selections (combinations) of the letters A, B and C :




A, AB, ABC, AC, B, BC, and C. Here they are sorted into dictionary order. If each selection is assigned an
index then the selections correspond to the following indices.

1 A There are two parts to the problem:

2 AB Firstly you must find the index for a particular selection of letters.
3 ABC | For example the index of the selection AC is 4.

4 AC Secondly, you must find a selection n units below this. For example
5 B if n = 2, then the required selection is BC (two below AC).

6 BC

7 C

Input

The input will be three lines. The first line will be a number, k, (1 <= k <= THE LETTERS k letters of the
alphabet. (E.g. k = 5, then selections will be made of the five letters, A, B, C, D, and E.) The next line
contains a particular selection. You will have to find its index.

The last line contains a number, n, (0 <= n <= n to the index just found and find the corresponding
selection.

Output
The output will be one line containing the index of the selection, and another line containing a selection
corresponding to the modified index.

Example 1
Input
3

AC
2

Output

4

BC

(4 is the index of AC, BC is the selection 2 below it.)
Example 2

Input

4

AC
3

Output
6
B

Problem 4. Cube Chaos (Extra Problem)

This problem will only be considered to distinguish between contestants whose scores are otherwise equal. You should
ensure that you've got as many marks as possible in the other problems before attempting this one.

None of the test data will be seen, and there are no marks for producing an output file.
Otherwise this problem is the same as the others; you must save your program as 'day2d.ext' where ext is the

extension (PAS,C, CPP or BC, BAS). Your program should read its input from a file called day2d.dat and write the
solution to a file called day2d.sol.

Description
A construction is a number of cubes arranged on a square base as in the diagram below.

This is a four by four square supporting stacks of cubes. No stack will contain more than 8 cubes. The front
and side projections of the construction are shown below.



Front

Side

Obviously there are a number of constructions that will satisfy both these projections. The constructions
with the maximum and minimum number of blocks that will satisfy both projections are shown below.

7

Here the maximum number of blocks is 17, and the minimum is 7. Your job is to find the maximum and
minimum number of blocks given the front and side projections.

Input

The first line contains k, (1 <= k <= THE LENGTH DESCRIPTION k integers. Each integer indicates the
height of the corresponding projection of a stack of blocks.

Output

The output will be one line containing the maximum number of blocks followed by a line containing the

minimum number of blocks.

Example 1
Input
4

2031
1123

Output
17
7

Example 2
Input

1

1

1

Output

1

1
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Polynomial Solver -- Difficulty **1/2 on up

Write a program to find (real) roots of polynomials. Read the polynomial's degree and then the
coefficients (first number is the constant, then comes coefficient for x, then coefficient for x*x, etc.).
Here's the input data for a polynomial whose solution is the positive and negative square roots of 2:

Degree: 2
Coefficients: -2 0 1

Which means: find the roots for a quadratic:
-2 + 0*x + 1*x*x
which is the same as
1*x*x + 0*x + -2
Which means: find the square roots of 2.

Keep track of how many times you evaluate the function and print that along with the solution:

Solution: x=1.41421... (893 evaluations)
Solution: x=-1.41421... (987 evaluations)

Be sure to check your answers (by plugging x back into the equation).

Try to minimize the number of evaluations to find the solution(s). I think an x is close enough to a root if
the associated y value is within 0.000001 (1.0e-6) of 0. Just as a datapoint, my little tiny test program
requires only four evaluations to find the first (positive) square root of two (i.e., for the sample input data
above).

Test your program for, say, fifth degree polynomials that have more difficult roots to find.

Print a Generic Month -- Difficulty *1/2

Write a program that prints a formatted calendar month like this:

in--> First day, number days: 2,31

out-->S MTu WTh F S
1 2 3 4 5
6 7 8 910 11 12
13 14 15 16 17 18 19
20 21 22 23 24 25 26
27 28 29 30 31

Note that the " first day' is O for Sunday, 1 for Monday, and so on
through 6 for Saturday.

Print a Specific Month -- Difficulty **1/2

For months in the standard calendar (after the year of 1752), write a program that prints the actual
calendar for a given month/year:

in--> Month, year: 8,1953

out--> August 1953

S MTu WTh F S
1

2 3 4 5 6 7 8

9 10 11 12 13 14 15

16 17 18 19 20 21 22

23 24 25 26 27 28 29

30 31

Shuttle Puzzle [Piele] -- Difficult ***

The SHUTTLE PUZZLE of size 3 consists of three white marbles, three black marbles, and a strip of wood
with 7 holes. The marbles of the same color are placed in the holes at the opposite ends of the strip
leaving the center hole empty.



WAV BBB <--- INITIAL STATE
BBB WW <--- GOAL STATE

There are only two types of moves you can use. You may move 1 marble 1 space (into the empty hole) or
jump 1 marble over 1 marble of the OPPOSITE color (into the empty hole). You may not back up and you
may not jump over 2 marbles.

A Shuttle Puzzle of size N consists of N white marbles and N black marbles and 2N+1 holes.

Write a program that will solve the SHUTTLE PUZZLE for any size N<=10 and display the board after each
move. Use W's to represent white marbles and B's to represent black marbles and a blank to represent
the empty hole. Test your program for N=4 and N=5.

Sanmpl e Run
N=3
WAV BBB
WA\B BB
WV BV\BB
W V\BVBB
V\BW V\BB
V\BVBW B
V\BV\BV\B
VBVB BW
WB BVBW
BWBV\BW
B WBWBW
BBW V\BW
BBWBW W
BBWB VWV
BB BWW
BBB WAW

Abundant Numbers [Sidney Kravitz] -- Difficulty **1/2 of 5

Positive integers can be classified as PERFECT, ABUNDANT, or DEFICIENT depending on the sum of their
integer divisors. While calculating the sum of all divisors of an integer that are smaller than that integer,
consider the following table:

N Divisors Sum Classification

2 1 1 DEFI Cl ENT (pri ne)

DEFI Cl ENT (pri ne)

DEFI CI ENT

DEFI Cl ENT (pri ne)
* PERFECT*

DEFI Cl ENT (pri ne)

DEFI CI ENT

DEFI Cl ENT

1 8 DEFI CI ENT

11 1 1 DEFI Cl ENT (prine)

1,2,3,4,6 16 ABUNDANT

©O~NOUAW
N
w
ANRORWER

Numbers " n' for which the sum of the divisors is smaller than n are " deficient' (in fact, if the sum is 1 then
the number n is prime).

Numbers " n' for which the sum of divisors is exactly equal to n are called " perfect'.
Numbers " n' for which the sum of divisors is greater than n are termed "abundant'.

Finding perfect humbers is keen. Finding amicable chains (in which the sum of divisors for nl is n2 and
the sum of divisors of n2 is n1 is even more fun (and there are longer chains than length 2).

Our question today is: Can you find consecutive ABUNDANT numbers? How many consecutive pairs are
there between 1 and 10,0007

Feeding Game [Don Holstein Piele] -- **** out of 5

Humans have no idea what we cows think about. You see us resting peacefully under a shady tree,
contented, unconcerned with the worries of the world, chewing our cud, and assume that nothing is going
on between our ears.

But you're sadly mistaken. We think a lot about problems that interest us -- like our next meal. Let me
say up front, I love my chow. Try producing 60 pounds of milk a day (on average) on an empty stomach
or two. Being a cow who always likes to get its fair share, I've been doing some cowculations along this
line.



My boss, farmer Paul, has been playing a weird game lately. When we come in for milking he's been
setting out a row of eight pails, each filled with varying amounts of feed. (It looks to us as though they are
randomly filled.) Two cows are assigned a row of pails and given the following instructions:

Each bucket is labeled with the number of scoops of feed inside. Going in turn, pick a pail from either
end of the row, eat the contents, and discard the pail from the row. Take turns (waiting for the other to
eat and remove the pail) until all the food is gone.

The winner of the game is, of course, the cow that gets the most feed.

Some of my casual bovine mates, taking a cavalier approach to this task, just flip a coin to decide which
side to pick. They are easy to beat -- I just pick the end with the highest numbered pail and I get more
food than they do. (I call this my Greedy Algorithm.) This usually works, but every once in a while they get
lucky and beat me.

For example, the other day farmer Paul placed the following row of feed pails [1 2 3 2 4 2 15 6] for Bessie
and me to eat. I went first and took bucket 6 (the right hand side) leaving [1 2 3 2 4 2 15]. Bessie picked
15 so it was clear I wasn't going to overcome her lead and I went a bit hungry that day.

Hunger may bring out the best in us, but I want to make sure it doesn't happen again. I want to be
certain that I get an equal share or better -- no matter what! In other words, when farmer Paul places an
even number of pails and fills each with a random amount of feed and I pick first (age has its advantages),
I never want to end up with less than half the chow.

So here's your "Challenge Outta Wisconsin” or COW as we say around the dairy state: With your
cowmputer, write a program that will fill p (p even <=100) pails with random amounts of feed (integers
between 1 and 99) and, by picking first, always win against any cow -- or human (they think they're so
smart).

C-O-W A: Find an efficient algorithm I can use to win at chow time over Bessie -- every single time. Your
solution should run within a few seconds, winning quickly even with 100 pails. Remember, I have the
advantage of going first.

C-O-W B: Do some cowculations to estimate my chances of beating Bessie if we both use the Greedy
algorithm. (Ties are considered a win for me.)

Product Star [Jaime & Juan Poniachik] -- *** of 5

Consider a star whose 12 points are the integers from 1..12:

No two points share the same value.

Find a way to place the integers 1..12 onto the points of the star such that the product of each of the 6
sets of four collinear integers is 1 mod 13.

Circular Sequences [Mihai Badoiu & others] -- Difficulty **** of 5

A integer n is given. You have to compute a maximum circular sequence of nhumbers, using only 0 and 1.

A maximum circular sequence is one in which a consecutive sequence of length n must appear only once --
especially when the sequence is followed by itself.

Example solutions:
n=1 01

n=2 0011

n=3 00010111

Explanation:



Note that for n = 3, we have the followi ng set of sequences:
.000. 10111 first three bits of n=3
0.001. 0111 second three bits of n=3
00.010.111 etc..
000. 101. 11
0001.011.1
00010. 111.
000101. 110. 0010111 [This is where the “circular' part cones in]
0001011. 100. 010111
and we' re back where we started..

It's easy to conjecture that n=4 is of length 16 and, generally, that lengths are 2**n.

Superprime Beef [Piele, et al.] -- Difficulty: ***/5

Any farmer trying to make a living milking cows has to pay attention to good breeding. Just as race horses
are bred for speed, cows can be bred for milk production. By "grading up the herd," as we say in
Wisconsin, the average yearly production of milk has climbed to the current level of 12 to 15 thousand
pounds per cow. Bessie, a purebred Holstein and barnyard companion, produced a record 44,000 pounds
of milk one year; now that's a lot of butter.

Superprimes

Farmer Paul, my boss, and a member of the Primeville Organization for Outstanding Purebreds, takes
great pride in raising some of the best purebred Holstein cows in Wisconsin. He affectionately calls them
his superprime beef. To distinguish them from the rest of the herd, he brands them with a very special
prime number -- a superprime. A superprime is any prime number that remains a prime when any number
of digits are removed from the right side of the number. For example 5939333 is a superprime because
5939333 and 593933 and 59393 and 5939 and 593 and 59 and 5 are all prime.

Farmer Paul has been in the business for some time now and has seen his herd of superprime beef grow
considerably. Predictably, he is running into difficulty coming up with new superprimes and has asked me
for some assistance.

This month, between holiday shopping and all the barnyard parties, I've been ruminating about this
problem. Of course, it has been known since the time of Euclid that there are an infinite number of primes.
And the famous Prime Number Theorem asserts that the density of prime numbers, as measured by
counting the number of prime numbers <= n grows as n/Log[n].

For example, there are 78,498 prime numbers between 1 and 1,000,000.

So we are confident there are plenty of prime numbers to brand a herd of any size. But farmer Paul wants
to use only superprimes. Will there always be enough numbers? What does your intuition tell you? OK,
now go to your cowculator and find some, maybe all, superprimes.

Note: the number 1, by itself, is not a prime.

This problem was used as a problem at the training camp of the 1995 USA Computing Olympiad final
round.

Repusprimes [Piele]

Superprimes have a built-in right-handed bias. There are left-handed farmers, too, who prefer to knock off
their digits from the left side. If they remain prime down to the last digit, they are called repusprimes.(
Read repus backwards to understand why.) Let's check to see if 5939333 is a repusprime.

5939333, 939333, 39333, 9333, 333, 33, 3

Only the first and last number are prime. But don't despair! Look at this:
739397, 39397, 9397, 397, 97, 7

They're all prime!

What can you say about the number of repusprimes? Will there always be enough repusprimes for the
growing herds of purebred Holsteins belonging to our left-handed friends in the business?

OK cowhands, it's time to fire up your iron and produce the special primes we need-- and pronto! With all
the chores to be done around here, farmer Paul has no time to waste on pokey algorithms. Speed counts!



Milknim [Jude Turian, traditional] -- Difficulty: ***/5

Farmer John likes to play a game with his neighbor, Farmer Bob. The store that buys their products can
only stock N jugs of milk (1<=N<=1000). According to their game, on each turn they each must sell the
store at most M jugs (1<=M<=1000). They alternate turns. During each turn, they sell as many jugs to
the store as they want (though they must sell at least 1 jug and at most M jugs). Whoever goes last (sells
to the store last, rendering it fully stocked)is the loser of the game.

It turns out that for a given N and M, one player can force a win. Farmer Bob always lets Farmer John
choose whether he goes first or second, because Farmer John is not very good at the game. Farmer John
would like you to write a program for his supercowputer that will tell him which turn to choose (1st or 2nd)
so that he can force a win.

input.txt contains N and M, respectively on one line:
20 6

Given N and M, your program should print 1 if the first person to move can force a win or 2 if the second

person to move can force a win:
2

The above test case is correct.

[Be sure to justify your answers when you submit your programs to the list.]

Calculator Language [South Pacific Contest, 1992] -- Difficulty: ***/5

Calculator Language (CL) supports assignment, positive and negative integers and simple arithmetic. The
allowable characters in a CL statement are thus:

>

.z vari abl e nanes
.9 digits
addi ti on operator
subtracti on operator
mul tiplication operator
i nteger division operator
assi gnment operat or
bracket s
negative sign (note that this is underscore, not m nus)

I S~ *' +0
Z ¢

All operators have the same precedence and are right associative, thus:
15 - 8 - 3 =15 - (8 - 3) = 10.

As one would expect, brackets will force the expression within them to be evaluated first. Brackets may be
nested arbitrarily deeply. An expression never has two operators next to each other (even if separated by
a bracket), an assignment operator is always immediately preceded by a variable and the leftmost
operator on a line is always an assignment. For readability, spaces may be freely inserted into an
expression, except between a negative sign and a number. A negative sign will not appear before a
variable. All variables are initialised to zero (0) and retain their values until changed explicitly.

Write a program that will accept and evaluate expressions written in this language. Each expression
occupies one line and contains at least one assignment operator, and maybe more.

Input will consist of a series of lines, each line containing a correct CL expression. No line will be longer
than 100 characters. The file will be terminated by a line consisting of a single #.

Output will consist of a series of lines, one for each line of the input. Each line will consist of a list of the
final values of all variables whose value changes as a result of the evaluation of that expression. If more
than one variable changes value, they should be listed in alphabetical order, separated by commas. If a
variable changes value more than once in an expression, only the final value is output. A variable is said to
change value if its value after the expression has been evaluated is different from its value before the
expression was evaluated. If no variables change value, then print the message “No Change'. Follow the
format shown below exactly.

Sanpl e i nput
A=B=4
C=(D=2)*_2
C=D=2* 2
F=C-D
E=D* _10
Z=10/ 3



Factors and Factorials [NZ Contest, 1993, Division I] -- Difficulty: **/5

The factorial of a number N (written N!) is defined as the product of all the integers from 1 to N. It is often
defined recursively as follows:

1!
NI

1
NF (N 1) !

Factorials grow very rapidly -- 5! = 120, 10! = 3,628,800. One way of specifying such large numbers is by
specifying the number of times each prime number occurs in it, thus 825 could be specified as (0 1 2 0 1)
meaning no twos, 1 three, 2 fives, no sevens and 1 eleven.

Write a program that will read in a number N (2 <= N <= 100) and write out its factorial in terms of the
numbers of the primes it contains.

Output will consist of a series of blocks of lines, one block for each line of the input (see below for
example). Output is right justified in fields of width 3 and each line (except the last of a block, which may
be shorter) should contain fifteen numbers. Any lines after the first should be indented.

See if you can match this output for 5! and 53!:

5!
53!

3 1 1
492312 8 4 4 3 2 2 1 1 1 1 1 1 1

Fractional HP Calculators [Kolstad, 1997] Difficulty: ***/5

HP has a new calculator that still uses the old stack methodology but keeps its humbers as fractions
instead of as floating point numbers (since answers can then be calculated exactly instead of stored as
slightly inaccurate decimal expansions like 0.333333333 for one third). Write a program to simulate this
calculator. It is understood that certain larger numbers (those that won't fit into 32 bit long integers) will
be unrepresentable. However, your program should ensure that no accuracy is lost when it is possible to
avoid such loss by clever programming tricks.

Input to this problem will be found in file INPUT.TXT and will comprise lines that have either a fraction,
resembling these fractions:
0/1

5/ 6
9/ 4

or an operator, which is one of: + -/ * x and p . x means " exit the program now' and p means " print the
top of the stack'. Input fractions will always be pairs of positive numbers separated by a slash.

Push fractions onto the stack as they are encountered. The stack will never be more than 100 fractions
deep. Interpret the operators as operating on the top of the stack; here are some examples:

/1 1/1 +p > 2/1
3/11/1 - p ->  2/1
211 3/4 % p ->  3/2
5/6 1/2 /1 p -> 5/3

Be sure that you always print answers in their proper, reduced form.

Here is some sample input:
1/1
2/1

+
5/7
*

p
1/2
/

p
X

and here is the corresponding output:
15/ 7
30/ 7



Russ Cox's problem

here's a problem for anyone who feels like it. it is somewhat related to the usaco95 final round problem
with the cow sequences.

let's say you have a length L sequence whose elements can range from 0 to N-1. your task is to find the
smallest sequence that contains all possible length L sequences, given L and N.

were L 1 and N 2, you have possibilities of
0 and 1. the answer thus could be "01'.

were L 2 and N 1, you have 00, 01, 10, and 11.
the smallest sequence that contains everything is
*00110'.

generalize for any L or N. some interesting ones
might be

russ



USACO 96 Fall Championship

Tue-Thu, December 3-5, 1996

The USA Computer Olympiad Fall Championship is a computer programming contest open to all pre-
college students on the hs-computing@delos.com mailing list. Four problems are presented for solution.

MpoBAnua 1. The Errant Physicist [New Zealand Contest, 1989]

The well-known physicist Alfred E Neuman is working on problems that involve multiplying polynomials of
x and y. For example, he may need to calculate

(-xBy +9x3 - 1+y) * (x>y +1+x%)

yielding the answer

- xMy + 8x8y + 9x® - X%y + xPy2 +8x® +xPy - 1+y
Unfortunately, such problems are so trivial that the great man's mind keeps drifting off the job, and he
gets the wrong answers. As a consequence, several nuclear warheads that he has designed have

detonated prematurely, wiping out five major cities and a couple of rain forests.
Write a program to perform such multiplications and save the world.

The file of input data will contain pairs of lines, none longer than 80 characters. Stop your program when
no more input is available. Each input line contains a polynomial written without spaces and without any
explicit exponentiation operator. Exponents are positive non-zero unsigned integers. Coefficients are also
integers, but may be negative. Both exponents and coefficients are less than or equal to 100 in
magnitude. Each term contains at most one factor in x and one in y (i.e., at most one term of x to a
power and likewise for y). For example, an input file for the above problem might be:

- X8y+9x3- 1+y
x5y+1+x3
#

Your program must multiply each pair of polynomials in the input and print each product on a pair of lines,
the first line containing all the exponents, suitably positioned with respect to the rest of the information,
which is in the line below. See the representation above.

The following rules control the output format:

« Terms in the output line must be sorted in decreasing order of powers of x and, for a given power of
X, in increasing order of powers of y.
e Factors of similar terms must be combined into a single term. For example,

42x%y® - 40x%y*® shoul d be shown as 2x%?

« Terms with a zero coefficient must not be displayed.

« Coefficients equal to 1 are not to printed, except for the case of a constant term equal to 1.

When the exponentis 1 (e.g., x to the first power), do not print the exponent

e Binary pluses and minuses (that is the pluses and minuses connecting terms in the output) have a
single blank column both before and after.

« If the coefficient of the first output term is negative, it is preceded by a unary minus in the first
column, with no intervening blank column. Otherwise, the coefficient itself begins in the first output
column.

e The output can be assumed to fit into a single line of at most 80 characters in length.

« There are no blank lines printed between each pair of output lines.

e There are no blank space on the end of input lines

e There should be no blank spaces on the end of output lines.

The above example conforms to all those requirements.

Input file: INPUT.DAT
- X8y+9x3- 1+y
x5y+1+x3

Output to screen: the product of the polynomials, as described above
Example output:



-xBy2 o oxMy 4+ 8x8y + 9x8 - xSy + xSy + 8x3 + X%y - 1 +y

 Problem 1 clarification:
a--3z+2b neans (a) - (-3z) + 2b
a++3z+2b neans (a) + (+3z) + 2b

Sel f Test Data #1
- X8y+9x3- 1+y
x5y+1+x3

X+y

X+y
45x4y3+- 3x6
7y1++3y8- x+7x2
X+3x4- - 65x5
7y4- 78y6+x3y3
X67y34+y67
x34+37y87x3+7

MpopBAnua 2. Hamming Codes [Traditional, Kolstad]

Given N, B, and D: Find a set of N codewords (1 <= N <= 64), each of length B bits (1 <= B <= 8), such
that each of the codewords is at least Hamming distance of D (1 <= D <= 7) away from each of the other
codewords. The Hamming distance between a pair of codewords is the number of binary bits that differ in
their binary notation. Consider the two codewords 0x554 and 0x234 and their differences (0x554 means
the hexadecimal number with hex digits 5, 5, and 4):

0x554 = 0101 0101 0100
0x234 = 0010 0011 0100

Bit differences: xxx xx
Since five bits were different, the Hamming distance is 5.

Input file: INPUT.DAT
Format: N, B, D on a single line
Example input file:

16 7 3

Output to screen: N codewords, sorted, in decimal, ten per line. Example (but not only possible
example):

0 7 25 30 42 45 51 52 75 76

82 85 97 102 120 127

Self Test Data #1
16 7 3

Sel f Test Data #2
8 6 3

Sel f Test Data #3
852

Sel f Test Data #4
16 8 3

MpoBAnua 3. Palindromic Squares [Kolstad]

Palindromes are numbers that read the same forwards as backwards. The number 12321 is a typical
palindrome.

Given a number base B (2 <= B <= 20 base 10) that has been read from the file INPUT.DAT, print all the
integers N (1 <= N <= 100 base 10) such that the square of N is palindromic when expressed in base B;
also print the value of that palindromic square. Use the letters 'A’, 'B', and so on to represent the digits
10, 11, and so on.

Print both the number and its square in base B.

Input file: INPUT.DAT
Example input file:
10

Output to screen: the table of integers and their palindromic squares
Example output:
11

24
39



11 121
22 484
26 676

Sel f Test Data #1:
10
Sel f Test Data #2:
7
Sel f Test Data #3:
2
Sel f Test Data #4:
17
Sel f Test Data #5:
11

MpopBAnua 4. Window Area [IV Balkan Olympiad]

You've just be assigned the project of implemented a windowing interface. This windowing interface is
fairly simple, and fortunately, you don't have to display the actual windows. There are 5 basic operations:

1) Create a window

2) Bring a window to the top

3) Put a window to the bottom

4) Destroy a window

5) Output what percentage of a window is visible (i.e., isn't covered by windows above it).

In the input, the operations appear in the following format:

Create window: w(I,x,y,X,Y)
Bring window to top: t(I)
Put window on bottom: b(I)
Destroy window: d(1)
Output percentage visible: s(I)

The I is a unique identifier for each window, which is one character. The character can be any of 'a'..'z,
'A'..'Z', and '0'..'9". No extra spaces will appear in the input.

(x,y) and (X,Y) are opposite corners of the window. When a window is created, it is put “on top'. You
can't create a window with an identifier that is already in use, but you can destroy a window and then
create a new one with the identifier of the destroyed window. Coordinates will be positive integers, and all
windows will be of non-zero area (x '= Xand y I=Y).

Partial credit will be given for solving the following problems:

1) 0<x,y <250

2) Able to solve up to 20 windows
However, to receive full credit, the program must work for any number of windows (limited by the
identifiers, of course), and x and y coordinates between 1 and 32767 inclusive.

Input file: INPUT.DAT

The input file will consist of a sequence of commands to your interpreter. They will be listed one per line.
Terminate the program when no more input is available

I nput sanpl e:

w a, 10, 132, 20, 12)
w( b, 8, 76, 124, 15)
s(a)

Output to screen:
Output lines only for the s() commands. Of course, there might be several s() commands so the output

should be a sequence of percentages, one per line, stating the percentage of the windows that are visible.
The percentages should be rounded to 3 decimal place.

Sanpl e Qut put:

49.167%
Sel f Test Data #1: s(a)
I nput :
w(a, 10, 132, 20, 12) Sel f Test Data #2:

w(b, 8, 76, 124, 15) | nput :



. 1,1, 21, 21)
12,2,12,12)
5,5, 8, 8)

1

LLLZRR

a
b
C,
a)
c)
b)

Sel f Test Data #3:
I nput :

w a, 164, 16, 78, 102)
w9, 110, 96, 41, 225)
w(d, 60, 89, 141, 158)
s(a)

b(d)

s(a)

t(a)

s(9)

s(d)

Sel f Test Data #4:
I nput :

w(a, 10, 132, 20, 12)
w(c, 12,120, 22, 16)

w( b, 8, 16, 124, 15)
t(a

w(d, 18, 93, 102, 20)
b(b)

b(a)

s(a)

s(b)

s(c)

s(d)

d(d)

d(c)

s(a)

s(b)

Sel f Test Data #5:

I nput :

W a, 4, 452, 182, 338)
wW( b, 435, 340, 56, 467)
w(c, 474, 4, 343, 486)
w(d, 243, 204, 188, 118)
w( e, 493,173, 301, 68)
w(f, 96, 306, 57, 433)
w( g, 362, 344, 313, 105)
w( h, 432, 277, 319, 94)
s(a)

s(b)

s(c)

s(d)



USACO 96 Winter Championship

MpopBAnua 1. Milk Containers [Piele, 1997]

Farmer Paul has many milk containers of each of the following sizes:

Can 10 gallons
Pail 2 gallons
Gallon

Quart 1/4 gallon
Pint 1/8 gallon
Cup 1/16 gallon

Write a program that will compute the number of ways farmer Paul can store X gallons of milk
using any combination of these containers. For instance, farmer Paul can store one Quart four
ways:

: 1 quart

1 2 pints

: 1 pint + 2 cups
: 4 cups

P WN =

One gallon can be stored 26 different ways.

In all data, X is a positive integer number and 1 <= X gallons <= 50. Your program must
compute the number of combinations for each separate input value in less than ten seconds (which
means that your program might run as long as 10*n seconds for n input values). Your program
should read values from the file INPUT.DAT one per line (and compute and print the number of
combinations) until encountering a value of 0.

SAMPLE | NPUT (file | NPUT. DAT):
5

10

0

SAMPLE QUTPUT:
5 1308
10 12477

TEST DATA SET #1.
1
5
10
15
39
0

MpopBAnua 2. Super Roman Numerals [Kolstad, 1997]

You've heard the story of Romans like Midas who had the 'Golden Touch'. Midas was no fool and
sold his gold for lots of money. The traditional Roman numerals proved inconvenient for
expressing the value of his fortune, which ranged into the millions. He invented Super Roman
Numerals.

Super Roman Numerals follow the traditional rules for Roman numerals but have many more
single-character values. Consider the traditional Roman numeral values, shown here with the
single letter and the decimal number it represents:

| 1 L 50 M 1000
vV 5 C 100
X 10 D 500

As many as three of the same marks that represent 10~n may be placed
consecutively:

Inris 3
CCC is 300



Marks that are 5 * 10~n are never used consecutively.
Generally (with the exception of the next rule), marks are connected together and written in
descending order:
CCLXVI || = 100+100+50+10+5+1+1+1 = 268
Sometimes, a mark that represents 10”n is placed before a mark of one of the two next higher

values (I before V or X; X before L or C; etc.). In this case, the value of the smaller mark is
SUBTRACTED from the mark it precedes:

IV =4
IX=09
XL= 40

But compound marks like XD, IC, and XM are not legal, since the smaller mark is too much smaller
than the larger one. For XD (wrong for 490), one would use CDXC; for IC (wrong for 99), one
would use XCIX; for XM (wrong for 990), one would use CMXC.

Regrettably, in standard Roman numerals, numbers like 10,000 are represented as
MMMMMMMMMM. In Super Roman Numerals, the table of marks is extended:

| 1 L 50 M 1, 000 R 50,000 U 1,000,000 N 50,000,000
vV 5 C 100 P 5,000 S 100,000 B 5,000,000 Y 100,000,000
X 10 D 500 Q 10,000 T 500,000 W10,000,000 Zz 500,000,000

Numbers greater than 100 million are now easily expressible.

Write a program that reads non-negative decimal numbers (one per line) from the file INPUT.DAT
and prints the Super Roman Numeral equivalent. It is promised that the input data will require an
answer that is representable using the given rules. Stop your program when the input number is a
0.

SAMPLE | NPUT (file | NPUT. DAT):
18

1997

12345678

0

SAMPLE QUTPUT:

18 Xvil|

1997 MCMXCVI |

12345678 WUUSSSQRPDCLXXVI I 1

TEST DATA SET #1.
18

1998

87654321
99999999

11111

0

MpoBAnua 3. Babylonian Fractions [Traditional]

In ancient Babylon, fractions were poorly understood. The strange way they represented fractions
was as a sum of the minimal number of descending size terms of unique fractions with numerators
of 1. Consider 2/3:

2/3 =1/2 + 1/6

Write a program that reads pairs of nhumbers, one per line, from the file INPUT.DAT (stopping
when either of the numbers is 0). It should print the Babylonian equivalent of the quotient of that
pair of numbers formatted similarly to the examples below.

Your program must compute the number of combinations for each separate input value in less
than ten seconds (which means that your program might run as long as 10*n seconds for n input
values).



« No solution will require a fraction whose denominator (bottom number) is greater than 10,000.

* The least common multiple (LCM) of any solution is promised to fit in a signed, 32 bit integer

¢ Some contestants found some really tough test cases. We will be revisiting the time
constraints for this problem. Some tough cases can require up to 600 seconds of CPU. Don't
worry if your solution takes that long for very tough cases.

SAMPLE | NPUT (file | NPUT. DAT)
23
3 4
12
00

SAMPLE QUTPUT (note the format)
2/3 =1/2 + 1/6

3/4 =1/2 + 1/4

1/2 1/2

TEST DATA SET #1
23

34

12

79 1200

26 27

00

MpoBAnua 4. Electrical Engineering Lab [Kolstad, 1997]

A poorly funded high school in Elbonia wishes to construct a laboratory for Electrical Engineering
students. They are so poor that they wish to build a software laboratory. They are concerned only
with resistors.

Resistors are electrical devices with two " terminals' (wires going into the resistor). Between these
two terminals there is some amount of resistance' measured in "ohms'. A single resistor is
diagrammed (in the USA) somewhat like this:

Y AVAVAVEE
10 ohns

There isn't a notion of an input or output terminal (wire) -- that all depends on which way
electricity flows through the device. Furthermore, the device is perfectly symmetrical and
bidirectional.

Hooking two resistors "in series' is diagrammed like this:

e AYAVAV R INININ ----
10 ohns 20 ohns

These two resistors in series behave precisely a single resistor whose value
is the sum of the two resistors (10420 in this example):

e AYAVAV
30 ohns

Another way (not the only other way) to connect resistors is known as
connecting them "in parallel' and is diagrammed like this:

LR AVAVAV ISR
----+ 10 ohns oo
LR AVAVAV ISR
20 ohns

The resistors' left terminals is connected together as are the right terminals.

These two resistors in series behave precisely a single resistor whose value is calculated thusly
(given two resistors whose values are R1 and R2 ohms):

e AYAVAV
R ohns



t ot

For the example above (10 and 20 ohms), the equivalent value for a pair resistors of 10 and 20
ohms connected in parallel is:

R1* R2 1020 200
R = ememeoe = oaee = oo = 6.667 ohns

Other configurations of resistors require more complex analysis and formulae.

The Elbonians wish their software circuit simulator to be able to find equivalent resistances for sets
of resistors connected in parallel and series (and combinations thereof, of course). For instance,
they wish to calculate the equivalent resistance for a slightly more complex circuit that looks like

this:
S A VAVAY S

- 10 ohns Fommmm-- INININ ----
R AVAVAV 25 ohns
20 ohns

This circuit's equivalent resistance is found by finding the parallel resistance and substituting an
equivalent transistor
ey AVAVAVAW T INININ - - -
6. 667 ohns 25 ohns

then using the series formula to combine these two resistors:
ey AVAVAVAWIEEE
31. 667 ohns

More complex examples are easily designed:
N AVAYAY R

+ 25 ohns +
Y AVAVAV e AVAVAV
---- 4 10 ohns oo INININ - - - - + 22 ohms to----
Y AVAVAV 25 ohns e AVAVAV
+ 20 ohns + 44 ohms
e AVAVAV
41 ohmns

This circuit is reduced pair-by-pair: maybe starting with the 25 and 10 ohm resistors in parallel,
then the 41 and 20 in parallel, then those two equivalents in parallel, then the series combination
of that equivalent with the 25 ohm resistor, and so on.

Write a program that accepts a set of resistor connections described by the resistors' values and

endpoints:
25 AB
100 B C

with a zero ohm resistor designating the endpoints (and designating the end of the input):
0AC

Consider the previous example, now augmented with arbitrarily chosen SINGLE LETTER connection
names:

4eoe/\/\/\]----+ B

A----+ 10 ohns SRR ININ/N---- C
SRy AVAVAVEEEEES 25 ohns
20 ohns

whose input description is:
10 A B

20 A B
25 B C
0AC

Connect names can be upper or lower case -- and node upper-case "A' is different from node
lower-case "a'.

There will be no more than 500 resistors. Calculate your answers in floating point printing four
decimal places of results. No formulae other than those presented here will be required (though



this notation enables potential test data that is not solvable with these equations -- such test data
will not be presented to your program).

Read your input data from the file INPUT.DAT that has a single set of test data with the 0 ohm
connection data as its last entry.

Print your answer with four decimal places:
31. 6667



SAVPLE I NPUT (file | NPUT. DAT): TEST DATASET #3:

10 A B 10 A B
20 A B 10 B C
25 BC 10 C D
0AC 10 D E
10 EF
SAMPLE QOUTPUT: 10 F G
31. 6667 10 GH
10 H I
TEST DATASET #1: 101 J
10 AB 10 J K
20 A B 10 K L
25 B C 10 AL
0AC 0AL
TEST DATASET #2: TEST DATASET #4:
10 A B 10 A B
10 B C 10 A B
10 CD 10 A B
10 D E 10 A B
10 E F 0AB
10 F G
10 GH TEST DATASET #5:
10 H | 10 A B
101 J 10 B A
10 J K 10 CD
10 K L 10 DC
0AL 10 B C
10 AD
0ODA

MpoBAnua 5. Planetary Timekeeping [Kolstad, 1997 after Heinlein]

Consider the Angusonian planetary system. It has N (1 <= N <= 9) planets circling the Angus sun
in perfect circles. The system is so perfect that the planets trace circular, clockwise orbits that are
all in the same plane.

Let's call the planets P1, P2, ..., PN and the respective radius of their orbits R1, R2, ..., RN. Any
planet with orbit of radius 100 mooters requires exactly one year to orbit the sun. Planets closer
to the sun require less time to complete an orbit; planets farther from the sun require more time.
In fact, the length of a planet's year is precisely:

Year| en = - | years

So a planet whose orbit has radius 200 mooters would require (200/100)"2 = 272 = 4 years to
complete an orbit. A planet whose orbit has radius 50 mooters would require (1/2)7~2 = 0.25
years to complete an orbit.

You will be given a set of planets. For each planet, you will be given the size of its radius (in
mooters) and its initial position for this observation. Its initial position will be expressed in clock
time. The clock time represents the location of the planet in its orbit. At the specified time, the
“little hand' of an analog clock will point to the position of the planet in its orbit. By way of
example, a planet located at 12:15 is 180 degrees around the sun from a planet positioned at
6:15.

Given the positions and orbital radii of a set of planets, you are to determine the date (in years)
when the planets will all line up at 3:00 (i.e., all planets will be positioned in their orbits at the
3:00 angle).

Consider a single planet of orbital radius 100 mooters and located at 12:00. In 0.25 years, it will
be at 3:00.

Consider a pair of planets. Planet 1 has radius 100 mooters and is currently located at 9:00.
Planet 2 has radius 200 mooters and is located at 1:30. After 0.5 years, they will both be aligned
at 3:00.



Your input file is named INPUT.DAT and includes a set of lines each with a radius and starting time.
The last input line is all zeroes and is to be ignored. The input file looks like this for the previous

example:
100 9 00
200 1 30
000

You are to calculate the number of years until the planets align at 3:00 and print the answer to
four decimal places:
0. 5000

It is guaranteed that the planets will eventually line up. The least common multiple of the planets'
radii will be less than 2,000,000,000.

NOTE: "Starting times' (initial angles) might have a floating point number for the minutes. A
planet of radius 100 mooters might have an input line like this:

100 9 42.5

SAMPLE | NPUT (file | NPUT. DAT)

TEST DATA SET #3

100 9 00 100 9 00

200 1 30 200 1 30

000 300 10 20
000

SAMPLE QUTPUT

0. 5000 TEST DATA SET #4:
100 12 00

TEST DATA SET #1: 200 8 15

100 9 00 300 9 20

200 1 30 75 8 20

00O 000
TEST DATA SET #5

TEST DATA SET #2: 5000 3 0

100 9 00 100 3 0

200 7 30 200 3 0

000 000



1997 USA Computing Olympiad

National Championship Problems
Updated for International Competition
April 10, 1997
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MpopBAnua 1. Npauuaroonua

Given a set of N stamp values (e.g., {1 cent, 3 cents}) and an upper limit K to the number of
stamps that can fit on an envelope, calculate the largest unbroken list of postages from 1 cent to
M cents that can be created.

For example, consider stamps whose values are limited to 1 cent and 3 cents; you can use at most
5 stamps. It's easy to see how to assemble postage of 1 through 5 cents (just use that many 1
cent stamps), and successive values aren't much harder: 6 = 2*3; 7 = 2*3+1; 8 = 2*3+42*1;
9=3%3; 10=3*3+1; 11=3*34+2%1; 12=4%*3; 13=4*3+1.

However, there is no way to make 14 cents of postage with 5 or fewer stamps of value 1 and 3
cents. Thus, for this set of two stamp values and a limit of K=5, the answer is M=13.

The first line of the input file has K, the total humber of stamps that can be used, followed by N,
the number of stamp values. The second and subsequent lines list all the N stamp values, 15 per
line. Your job is to compute and print M, the number of contiguous postage values (start at one
cent) that can be formed using no more than K stamps from the set.

It is promised that 1 <= N <= 500 and 1 <= K <= 500. No stamp value will exceed 10,000. Long
integers (signed 32-bit) will be adequate for all solutions. It is not promised that it is possible to
write a program that can solve a large case within the allotted time limit.

SAVPLE I NPUT (file | NPUT. TXT):
52
13

SAMPLE QUTPUT (file OUTPUT. TXT):
13

TEST DATA SET #1 TEST DATA SET #2 TEST DATA SET #3
52 6 3 8 4
13 247 12509

MpoBAnua 2. Runaround Numbers

Runaround numbers are integers with unique digits, none of which is zero
(e.g., 81362). Furthermore, they have a neat property, exemplified by this
demonstration:

« If you start at the left digit (8 in our number) and count that number of digits to the right
(wrapping back to the left side when no digits on the right are available), you'll end up at a
new digit (a number which does not end up at a new digit is not a Runaround Number).
Consider: 8 1 3 6 2 which cycles through eight digits: 1 3 6 2 8 1 3 6 so the next digit is 6.

 Repeat this cycle (this time for six counts) and you should end on a new digit: 2 8 1 3 6 2,
namely 2.

* Repeat again (two digits this time): 8 1

+ Continue again (one digit this time): 3

« One more time: 6 2 8 and you have ended up back where you started, after touching each
digit once. If you don't end up back where you started after touching each digit once, your
number is not a Runaround number.

Given a number M, find and print the next runaround number higher than M.

SAVPLE I NPUT (file | NPUT. TXT):
81361



SAMPLE QUTPUT (file OUTPUT. TXT)

81362
TEST DATA SET #1 TEST DATA SET #2 TEST DATA SET #3
81360 123456 1234567

MpopAnua 3. Humble Numbers

For a given set of K prime numbers S = {p1, p2, ... pK}, consider the set of all numbers whose
prime factors are a subset of S. This set contains, for example, p1, plp2, plpl, and plp2p3
(among others and in no particular order).

This is the set of “humble numbers' for the input set S. Note: The number 1 is explicitly declared
not to be a humble number. Your job is to find the Nth humble number for a given set S.
[Consider the unique members of set S ordered from smallest to largest. Call them H1, H2, H3,
and so on. The Nth humble number is HN.]

The input file has K and N respectively on the first line with K primes on the next line.

It is promised that 1 <= K <= 100 and 1 <= N <= 100,000. Long integers (signed 32-bit) will be
adequate for all solutions. It is not promised that it is possible to write a program that can solve a
large case within the allotted time limit.

SAMPLE INPUT (file INPUT.TXT):
4 19
2357

SAMPLE OUTPUT (file OUTPUT.TXT):
27

TEST DATA SET #1 TEST DATA SET #2 TEST DATA SET #3
4 19 5 50 2 75
2357 2 3 11 13 17 23

MpoBAnua 4. Digit Pals

Consider a game played with matrix of M rows and N columns of digits 0...9, for example:
rowlcol abcde

13522 which is referenced 3: 13522

22351 as row, col using 2: 22351

12355 i ndexes shown here: 1 12355

The lower left corner is 1a and the upper right corner is 3e.
This game involves removing sets of digits from the matrix according to the following rules:

1. Digit pals are digits of the same value which are 4-connected (adjacent either up/down or
right/left; diagonal adjacency is not considered to be 4-connected). You pick a digit and
remove it and all its pals and all their pals, etc. Isolated digits (those without pals) cannot be
removed. In the example above, the 1's are currently all isolated and cannot be removed. You
can remove two sets of digit pals that contain the digit 2 and one each digit pals containing 3
or 5.

2. When you remove digits from a column, all the digits slide down to stack nicely at the bottom
of the column. See the examples below.

3. If there is an empty column, i.e., the bottom row of that column is blank, the column is
deleted and all the columns to its right slide left (as many times as necessary) to fill in the
gap. The matrix might have new neighbors and perhaps new pals or might be completely
empty.

4. The object is to remove all the pals and be left with an empty matrix. If you are left with a
non-empty matrix of isolated digits, you lose the game.

For example, if you are facing
12
21

then you lose the game.



Here is an example of a win using the 15 element matrix above.

W

First selec nd remove the digit 2 pals:

ect 3e
13
22
12

a
5
5

wwoa

1
5
Next, select 2b and remove the remaining digit 2 pals.
The 3 slides down:

5

1 351
13355

Next, select 1b and remove the digit 3 pals. The 5 flows down
and the right-hand three columns slide to the left.

1 51

1555

Next select 1c (or 1b or 2c) to take out the digit 5 pals:
1
11

Finally, select 1a to empty the grid. You win! There were several different
ways to show the sequence of plays to win this game.

Given sets of matrices, print an ordered sequence of regions to be removed
that will win the game or print 'NO WIN'. If there are multiple sequences
that win the game, you need print only one.

INPUT FORMAT

The first line of the input file is two integers representing the number of
rows and number of columns. On each subsequent line, the numbers in the
matrix are listed in column order starting at column a. The sample input
shows the example discussed above.

The matrix will contain no more than 60 rows and no more than 26 columns. It
is not promised that it is possible to write a program that can solve a large
case within the alloted time limit.

SAVPLE I NPUT (file | NPUT. TXT)

35

13522
22351
12355

SAMPLE QUTPUT (file OUTPUT. TXT)
3e 2b 1b 1c 1la

TEST DATA SET #1 TEST DATA SET #2 TEST DATA SET #3

35 45 35

13522 13522 13522

22351 22351 22351

12355 12355 51235
23551



USACO 97 Fall Championship

AGBNKav 5 wpeg yia Tnv eniAuon Twv 4 BepdTwy

Problem 1: SNAIL TRAIL [All Ireland Contest]

>Tn ZAAu To oaAlykdapl, TnG apeoel va kavel BoATa o eéva N x N TeTpdywvo nAgypa (1 < N < 120).
MNavra &ekivasl and Tnv enavw apiotepn ywvia. To nAéyua €xel adsia TeTpdywva (onueI®vovTal PE
.") kai évav apiBud (B) and eunodia (onueiwvovTal pe '#'). Mapakdtw eival éva napadeliyua Tou
NA€yHaTog To onoio deixvel akpIBWE ToV TPOMNO KE TOV OMNOI0 GNUEI®VOUHE OTO NAEyMa:
ABCDEFGH

# .

S. .
# .

O~NOUITRAWNBE

H ZaAu nepnatdsl navra kabera (navw n kartw) n opifovria (apiotepd f de€€id). Mnopei va
NEPNATAOEI I NPOG TA KATW N Npog Ta de€id and Tnv apxikn Tng 6€on, n onoia €ivail ndvra n Al.

Eniong, n =aAu nepnartdsl 600 Pnopei nio NOAU Npo¢ TNV KATeuBuvaon nou enéAeEs. STAPATAsl Kal
yupvael 90 poipeg onoTe Bpiokel To TEAOG ToUu NAEyHaTog n éva and Ta gpdaypaTta. Asv pnopei va
@Uyel ano To NAEyHa N va PNei o€ €éva TETPAYWVO NMou €Xel payud. AkOua, n ZAAu dsv Pnopei va
naTthoel Navw o€ €va TETPAYWVO OTO onoio £€xel EavanepnaTtnosl. STapaTtasl otav nia dgv Wnopei va
KAvel aAAn kivnon.

Edw eival éva napddeiypa Tng BOATAG TNG ZAAU OTO NApandavw NAEyua:

ABCDEFGH

1S-------- + #
2 .. # .
3. . .
4 . . +-- -+
5. . # .
6 # . O
T o +--memee o + |
8 +-------o- oo +

H ZaAu nnye de€1d, kaTw, 0g€la, kKATw, aploTepd, Navw kal 0e&id. Aev pnOpece va ouvexioel yiarTi
BPrKe NNPOOTA TNG £va TETPAYWVO TO onoio €ixe Ndn emokepOei. Ta npdyuaTa ynopouoav va €ixav
yivel dlapopeTika, av eixe diaAégel va ndel apioTepd éTav ouvavTnoe To eunodio oTo F5.

Eoeig, npénel va BpeiTe Kal va TUNWOETE TO WEYIOTO ApIBUO and TeTpdywva Ta onoia pnopei va
enNIoKePOei N =aAu, av ano@acilel ocwoTd. Mn &exdoTe va PETPHOETE Kal To Al oav €va TETPAYWVO
nou enIoKEPONKE N ZAAu.

INPUT FORMAT

H npwTn ypauun Tou input €xel To N, To HEyeEBOG TOU TETPAYWVOU MAEYNATOC, Kal To B, Tov apiBud
TwV gunodinyv (1 <= B <= 200). ZTIG enoueveg B ypappég nepiéxovTal n Tonobeoieg Twv enodiwy.
To napakdTw napadeiyuya Nepiypd@el To napandvw nAgypa. To napddesiypa Tou output file,
neplypagel Tov d5pOo nou akoAolBnoe n =AU 0TO NApandavw Napdadelypd. ENUEIWOTE OTI OTAV TO
N>26 16TE TO apxeio input dev pnopei va npoodiopioel eunddia de€I0TEPA TNG OTNANG Z.

OUTPUT FORMAT
To output file Ba nepiexel povo pia ypappn, Tov peyaAlTepo apiBuo and TeETpAywva Nou Pnopei va
€MNIOKEPTEI N ZdAu.

SAVPLE I NPUT (file | NPUT. TXT):
8 4

E2

A6

Gl

F5



SAMPLE QUTPUT (file QUTPUT. TXT):
29

MpoBAnua 2: O TETpAywvog AXupwvag

O Tavvng o aypoTng B€Ael va @TIaEel évav peydlo TeTpaywvo axupwva. O TMavvng dev BgAel va
KOWel OEvTpa OTO XWPAP! Tou kal BEAel va Bpei éva PEPOG To onoio va Tou divel Tn duvaToTnTa va
PTIAGEEl Tov axupwva Xwpic va kowel dévtpa. MNa dikoUg pag AOyoug, To Xwpd@l BewpoUpe OTI
xwpiZeTal oe N x N koppaTia (1 <= N <= 200).

Oa 000¢&i pia AioTa TWV KOPHATIOV Mou nepiéxouv O&vTpd. H douAeld oag sival va Bpeite kal va
TUNWOETE TO PEYIOTO TETPAYWVO OTO OMOI0 PMOPEI va QTIAXTEI 0 AXUpwvag Xwpig va XpelacTei va
konouUv dévTpa.

Mapadeiyya
OewpeioTe TO NApaAKATW OXNAME Tou Xwpagiol Tou Mavvn, onou '.'
£€va KOPMATI JE OEVTPO:

gival éva kopuaT adeia kai '#'

123456738

R R

O~NO U WNPE

O peyaAUTEPOG axupwvag Nou PMNoPEl va KAaTaokeuaoTel €ival 5 x 5 kal 6a TonoBeTnBei o pia anod
TIg U0 TONoBETIEG NoU XWPAEl, KATw JeEIG OTO XWPAPI.

INPUT FORMAT

H npwTn ypapun nepiéxel To N, To PIAKOG TNG Miag NAeupdc Tou Xwpagiou, kal 7o T, Tov apiBuo Twv
KOoMMaTiov pe 8evtpa (1 <= T <= 500). O1 enOPEVEG YPAUHEG NEPIEXOUV TIG BETEIG TwV SevTpwy (1
<= kaBe ouvTeTaypévn <= N).

OUTPUT FORMAT
To output file 8a nepi€éxel yovo pia ypauun, nou Ba eival n p€yiorn duvaTr NAgupd Tou axupwva.

SAMPLE I NPUT (file INPUT. TXT):
8 3

22
26
6 3
SAMPLE OUTPUT (file OUTPUT. TXT):

5

MpoBAnua 3: NMpoAoyol pe Aarivikoug Ap16uoug

Se pepika BIBAia, ol npoioyol apiBuouvTal pe kepaiaioug Pwpaikoug apiBuols. O napadooiakoi
Pwpuaikoi apiBuoi xpnoipgonololv éva ypduua yid va napacTioouv evav dekadikd apiBud. AuTto eivai
To napadoaoiakd OeT:

| 1 L 50 M 1000
vV 5 C 100
X 10 D 500

To noAU Tpia opola oUPBoAa nou napioTadvouv To 10~n ynopoUlv va TonoBeTnBolv cuveXOUEva yia
va QTIagouv aAloug apibuoulc:

11
CCC

3
300

Ta oUpBoAa nou dnAwvouv To 5 * 10”n dev XpnaoidonoloUvTal NOTE CUVEXOMEVA.

Fevika (Me povn €€aipeon Tov enduevo kavova), Ta oUPPBoAa evwvovTal JETA&U Toug Kal ypdgovTal
o< kaTioUoa ogIpd yia va QTIAEoUV aKOHa NEPICOOTEPOUG aplBuoUG:

CCLXVII1 = 100+100+50+10+5+1+1+1 = 268



MepIKEG POpPEG, €va cUPPBOAO Nou €xel TIPA 107n pnaivel npiv andé 1o GUPBOAO TNG ENOUEVNG i TNG
peBenopevng TIUNG (n.x. To I npiv and V i To X; 1o X npiv andé 1o L  To C; k.A.M.). ' auThv TNV
nePiNTwaon, N TIUA TOU PIKPOTEPOU CUPBOAOU ADAIPEITAI anod Tnv TIUR TOU CUPBOAOU Mou EneTal:

1V =4
IX=09
XL = 40

Suvduaopoi cuuBoAwv onwg XD, IC, kai XM dgv emiTpénovTal, yiaTi To HIKPO oUWBOAO €ival noAu
MIKpOTEPO Tou peydaAou. MNa 1o XD (nou eival AdBog yia 1o 490), 6a ypagpape CDXC, yia 1o IC (nou
gival AaBog yia 1o 99), 8a ypapaue XCIX, kal yia To XM (nou eivalr Aadog yia 1o 990), 8a ypapape
CMXC.

AoBEvTog Tou N, Tou apiBuol Twv ogAidwv Tou npoAdyou evog PBiBAiou, BpeiTe Kal TUNWOTE TOV
apiBupd ano I, V, k.A.n. (oTn osipd ano To PIKPOTEPO HEXPI TO HEYAAUTEPO) Mou anaiTouvTadl yia va
ypa@ToUv OAol ol apiBuoi Twv oeAidwyv (oe Pwuaikn ypaen) and 1o 1 péxpl To N. Mnv TUNWOETE
ypAaupaTa Ta onoia dev gugavifovral aToug apibpouc nou {nTrHdnkav.

Mapadeiyya
Av To N = 5, TO0TE oI apiBuoi Twv ogAidewv Ba eivai: I, II, III, IV, V. O ouvoAikdg apiBuog and 1
gival 7 kal o apiBuog Twv V sivai 2.

INPUT FORMAT
To input file éxel pia povo ypapun nou gxel Tov apiBud P (1 <= P <= 3500) o onoiog dnAwvel Tov
apiOud Twv oeAidWV ToUu NMPoAOYoU.

OUTPUT FORMAT

O1 ypaupég Tou output deixvouv, ot auouoda oeipd TwV Pwpdikwv apiOunTikwv CUPBOAwWY TO
YPAuMa, éva Jovo space, Kal To NMANBOC TwV EUPAVIOEWV TOU YPAPMATOC OTOUG aplBpouc Twv
oeAidwv.

SAMPLE | NPUT (file | NPUT. TXT):
5

SAMPLE QUTPUT (file OUTPUT. TXT):

7
V 2

MpoBAnua 4: To BodnAaro [Don Gillies; Adapted by Galperin, Burch, Kolstad, 1995]

[This problem uses a cow metaphor. International readers should note that some words are puns on cows. ]

ExovTtag kdvel pia nepioucia oto nepiodikd "MAENBODI", 0 Xdp BodivoG PHETAKOMIOE ano To Xwpagl
Tou oTnVv €§oxn, o€ pia opop®n auin oTa nepixwpd. MNa va BupnBei OPWG TIG OHOPPEG MNOIUEVIKEG
avapvnoeig Tou, B€Ael va Bodnynoel nicw oTa naAid BookoTonid. Q¢ yvRolog 0IkoAOYoC OGS, o Xagp
BéAel va peTtakivnBei xpnoigonolwvtag To BodnAato Tou (€va nodnAato nou sivar €101kO yia TIG
NEPINOINUEVEG TOU OMNAEQ).

O Xao CQuyilel navw anod évav Tovo. ETol, To va Bodnynoel odaAd oto napadooiakd MOAUTAXUTO
BodnAato, eival Aiyo dUokoAo. OI aAAayEG TaXUTATWV HE PEYAAEG S1ApOPEG avaAoylwv, NpokaAouv
kapdiakda npoBAnuara orov Xaog.

BonBeioTe Tov Xagp va ¢Tiagel To BodnAaTd Tou, eniAéyovtag F (1 <= F <= 5) ypavadia yia ynpoota
kal R (1 <= R <= 10) ypavada yia niow oto F*R-Taxuto BodnAaTo, BAcsl Twv NAPAKATW KAVOVWV:

O apiBuog Twv dovTiwv yia Ta F ynpoaTiva ypavadia diveral.

O apiBudc Twv dovTiwy yia Ta R niocw ypavadia diveral.

e k@Be TAXUTNTA, n avaloyia Tng €ival To nNnAiko Tou apiBpou Twv JOVTIWV TOU HMAPOCTIVOU
ypavadioU Kdl Tou apiBpuou Twv JdovTI®V Tou niow ypavalioU (dnA. o apiBudc TwV PUNpoaoTd dovTiwv
314 Tou apiBpoU Twv Nicw SOVTIMV)

MNa kabe ouvoho ano F pnpooTiva ypavadia kal R nmiow ypavadia, n NepIoXn TWV avaloyiov Twv
TaXUTATWV NPENEl va KaAUNTEl TOUAAGXIOTOV €vav OUVTEAEDTH) 3X.

H dlakUpavon Tou ouvoAou Twv AIAOOPQN HeTA&U GUVEXOMEVWV avaloyi®V TAXUTNTWV MPENEl va
e\ayigronoindei.



YnoAoyioTel Tov pgEoo Opo kal Tn diakUPavon Tou ouvoAou Twv diagopwyv (To X £xel JeikTn i OTOUG
TUNOUG) ano Toug NapakaTw TUMNOUG:

_ 1 n
mean = x = --- SUM x
n i=1 i
1 n _ 2
variance = --- SUM (x - X)
n i=1 i

ByaATe ouNnNEPAOHA KAl TUNWOTE TO 10AVIKO OT anod F ynpoaTiva ypavada kai R niow ypavada, €rai
woTe n diakUupavon va eival eAaxiorn (kar ol avaAoyieg TaxuTATwV vad KAAUNTOUV €vd CUVTEAEOTN
TNG TAENG Tou 3X TOUAAXIOTOV).

INPUT FORMAT

H npwTn ypauun nepiéxel 7o F kal To R, Toug apiBpolc Twv NNpooTd Kal niow ypavaliov. H deuTepn
YPauun nepiéxel TEoospa voupepa: F1, F2 (25 <= F1 < F2 <= 80), R1, kai R2 (5 <= R1 < R2 <=
40). OAa Ta ypavaQia peta&u F1 kail F2 diaTtiBevTtal kal 0Aa Ta ypavalia pera&u R1 kai R2.

OUTPUT FORMAT

MpAyTe TOV APIBPO TWV JdOVTIWV TOU OUVOAOU TwV F enmAeypévwv PnpooTivwyv ypavaldiov, ano To
MIKPOTEPO OTO MEYAAUTEPO, OTNV NPWTN YPAUKM Tou output (XwpioTe Ta We Keva).

MpAwTe Tov apiBuo Twv OOVTIWV TOU OUVOAOU Twv R eniAeypévwv niocw ypavaliov, anod To
MIKPOTEPO OTO HeYaAUTepo, oTn SeUTePN ypauun Tou output. OAa Ta ypavadia €xouv akEpalo apibuo
JOVTIOV QUOIKA.

TIME LIMIT
To XpOVIKO 0pIO yia MEPIKA ano Ta datasets punopei va enektabei kal pexpl 10".

SAMPLE I NPUT (file INPUT. TXT):
25
39 62 12 28

SAVPLE OUTPUT (file OQUTPUT. TXT):
39 53
12 13 15 23 27

(Autr) n andvtnon BswpeiTal owoTn Kal MICTEUOUNE OTI €xel diakuuavon 0.007848921; av Bpeite KaAUTepn
napakaAouue NKoIvwvnoTe LE Tov kolstad@bsdi.com.)

USACO 98 Winter Championship

AoBNKav 5 wpeg yia Tnv eniAuon Twv 4 BepdTwv

MpoBAnua 1: TI wpa ivai; [Richard Forster -- British Olympiad]

Mpiv and xpovia, o Brian Redman ékave oAOkANpn Tnv KoivoTnTa Twv dIKTUWV va yeAdoouv, oTav
£€kave TNV gpwtnon: "Ti wpa eival; MpdywTte pgou E-mail kal eyw 8a Ta paléww kal 6a To Nw OTO
dikTuo." Xa xa.

FpawTe €va npOypauua MNou va WETATPENEl TNV WPd MoU €ival €KQPACHEVN O WPA:AENTa oTnV
(0pop®n, dsiTe Mo KATW) PopPn TN AuepIKavikng AyyAikng Mwooac.

AuToi €ival ol KaVOVEG yIa va To KAveTe (NPOCEETE OTI PNOpPEi va €ival dlapopeTikoi an' autoug nou
£XETE ouvnBioel kal gival aiyoupa d1agopeTikoi and Toug BpeTavvikoUg KAvOVec):

KavTe kepaAaio To npwTo ypduua Tou output oag

ZuvBeTol ayyAikoi apiBuoi Ba €xouv navuAa , dnAadn forty-four
ExkppdoTe To x:00 oav [x_in_english] o'clock

EkppaoTe To x:15 oav Quarter past [x_in_english]

ExkppdoTe To x:30 oav [x_in_english] thirty

Ek@pdaoTte To x:45 oav Quarter to [next_hour_in_english]
AANIWG, EKPPACTE TO X:NN 0av:

[x_in_english] [nn_in_english] 6Tav nn<45
[60-nn_in_english] to [next_hour_in_english] 6Ttav nn>45



Napadeiypara:
5: 00 Fi ve o' cl ock
10: 10 Ten ten
9: 22 N ne twenty-two
5:15 Quarter past five
2: 30 Two thirty
6: 40 Six forty
5:45 Quarter to six
8: 47 Thirteen to nine

INPUT FORMAT
To apxeio input €xel hia HOVO YPAUMN NOU MEPIEXEI TNV WPA EKPPACHEVN 0AV:
wpa:Aentd
Kd&be wpa avnkel oto ocUvoho 1..12; Ta AenTd sival ndvra ek@pacuéva o€ dUo Wneia Kal avikouv
oTo ouvoAo 0..59

OUTPUT FORMAT
To output apxeio Ba €xel pia JOVO ypauun nou Ba €xel Tn "HETE@pPATUEVN" €kdOON TNG WPAG.

SAMPLE INPUT (file INPUT.TXT):
10: 11

SAMPLE OUTPUT (file OUTPUT.TXT):
Ten el even



MpoBAnua 2: DUAL PALINDROMES
[from Mario Cruz (Colombia), by Hugo Rickeboer (Argentina?)]

Evac apiBudc nou diaBaleral To idlo ano Oeg€id Npo¢ Ta apioTepd Onwg kal otav diaBaleral anod
apiotepd npog Ta deid, ovoualerar naAivdpouikog. O apiBuog 12321 eivar naAivdpopikog. O
apiBudc 77778 dev gival. Onwg €ival epuaiko, ol NaAivdpopIkoi dev €Xouv oUTE GTNV apxr, oUTE aTO
TEAOG Pndevikda, dnAadn o apiBuog 0220 dev eival NAAIVIpPopIKOG.

O apiBuog 21 (ue Baon 10 - oto dekadikd ouaTnua dnAadn) dev eival NaAvOpouikog, OpwG o 21
(Baon 10) ival naAivdpouikog 0Tav ypadTei oTo duadiko ouoTnua, Je Bdon 2 dnAadn (10101).

MpayTe éva npoypappa nou diaBalel dUo apiBuolcg (oTo dekadiko ouaTnUa):

+ N(1<=N<=15)

« S(0<S < 10000)
Kal JeTa Bpiokel kal Tunwvel (oTto dgkadikd cuoTnpa) Toug npwTtouc N apiBuolc auaoTnpa
MEYaAUTEpouG Tou S ol onoiol €ival naAivdpopikoi o dU0 N NePICOOTEPA APIBUNTIKG CUCTAMATA HE
Bdon 2 €wg 10.
(2 <= Baon <= 10).

O1 AUoegig yi' auTd To NpdBANua dev xpelalovTal akepaioug JeyaAUTepoug anod Toug standard 32 bit.

INPUT FORMAT
To apxeio input nepigxel pia povo ypappn pe duo (dekadikoU cuoThpaTog)akepaioug: N and S.

OUTPUT FORMAT
To apxeio output npénel va €xel N ypaupeEG, kKABe piIa pe €vav Oskadikd apiBuo o onoiog eivai
NaAIvopopIkdG 0Tav ekPppacTei o€ TouAdyioTov dUo ano Ta apiBunTikd cuoTnuarta 2..10.

SAMPLE INPUT (file INPUT.TXT):
3 25

SAMPLE OUTPUT (file OUTPUT.TXT):
26

27
28



MpopAnua 3: Mooxapioia McNUGGETS [Hubert Chen]

O1 ayeAadeg Tou pndpuna ZTaen €xouv ndapel Ta 6nAa, 6tav dkouoav OTI Ta McDonalds oké@TovTal
va E&ekivnoouv éva véo npoidv: Mooxapiola McNuggets. O1 ayeAadeg npoonabouv va Bpouv
onolovdnnoTe duvaTto TPOMO yia va dwOoouV GTo NMpoidv Hia apvnTikn €ikova.

Mia oTpaTtnyikn nou npoonadolv va enidiwEouv ival auTtn Tng "unode€aTepng cuokeuaaiag.
"AeiTe," Aev ol ayeAadeg, "av €xeTe Mooxapiola McNuggets og kouTid Twv 3, 6, kal 10, dev PnopeiTe
va IKavomnoInosTe €vav NeAdaTtn nou OgAel 1, 2, 4, 5, 7, 8, 11, 14, i 17 McNuggets. Kakn
OUOKEUAOoia: Kako npoiov."

Bono6roTe Tic ayeAddec. Zag divoupe To N (Tov apiBud Twv nibavwv eniAoywv cuokeudoiag, 1 <= N
<= 10), kal &va guvoAo and N BeTikoUg apiBuoug (1 <= i <= 255) ol onoiol dgixvouv Tov apiBuo
TwV nuggets oTIC dIAPOPEC CUOKEUATIEC. BpeiTe Tov HeyaAUTepo apiBuo anod nuggets nou dev PNopEi
va ayopaoTei, naipvovrag nuggets Twv OUYKEKPIMEVWY peyeBwv. TunwoTe 0 av OAeg ol miBaveg
ayopEG unopoUv va yivouv, r av v undpyxel 0plo yid ToV HeyaAUTEPO apiBuo.

O peyaAUTepog aduvaTtog apiBuog (av undpxel) dev Ba eival geyaAutepog ano 2,000,000,000.

INPUT FORMAT

O apiBuog N (nou deixvel MOOEG OUOKEUACIEG UNAPXOUV) €UQAvileTal oTnv NpwTN YPAUUR Tou
apxeiou input. e kaBe pia ano TI¢ endpevec N ypaPUEG UNApPXEl €vag AKEPAIOG Nou JeiXvel Tov
ap1Buo Twv McNuggets oe kaBe €idoc NakETou.

OUTPUT FORMAT

To apxeio output npenel va €xel Yia JOVO ypauun nou Ba nepiéxel evav Povadikd akEpalo apibuo, o
onoiog napioTavel Tov PeyaAuTepo apiBud and nuggets nou dev pnopouv va ayopacTtouv r 0 av
OAEC 01 dUVATEG AyOpEG WNopoUV va yivouv 1 dev undpxel 6pio yia Tov JeyaAUTepo apiOuo.

SAMPLE INPUT (file INPUT.TXT):
3
3

6
10

SAMPLE OUTPUT (file OUTPUT.TXT):
17



MpoBAnua 4: O ppaxTng [Brian Dean]

OI @pPAaxTeG Nou nepippacouVv Tov BookOTOMO Tou Wndpuna =Taen éxouv Ee@Uyel ano Kabe €Aeyxo.
Eivar gTiaypévol and subUypaupa KOPPATIA TA onoia evwvovTdl HETAEU Toug PJOvo oTa dkpd Touc.
Kanoieg popég undpyouv neploodTepol and OSU0 @PAXTEG Nou evwvovTdl oTo idlo onueio. To
anoTéAeopa eival éva dikTuo and GPAXTEC Nou NepIKAgiouv Ta Xwpapia. O yndpuna XTaeng B€Ael va
apxioel va @pvel "BOATa" Ta npayuata. MNa Tnv akpiBeia, BEAel va EEpel Noid ano Ta XwpAaPia €XEl
TN HIKPOTEPN NEPIPETPO.

O pndappna =T1dlng €xel apiBPnoel Ta KOPKATIa Tou epaxTn and 1 pexpl N (N = o ouvoAIkoG apiBuog
ano KoWWAaTIa). Z€pel eniong Ta NAPAKATW YIA KAOE KOUUATI:

TO WNKOG TOU KABe KoPuaTiou

Ta KOMMATIA JE TA onoia EVWVETAl OTO €va AKPO TOU

Ta KOWMATIA ME TA OMoia EVWVETAl OTO AAAO AKPO TOU

OnwodnnNoTe, KAveEva KOPUATI JEV EVWVETAI JE TOV €QUTO TOU.

>ag diveral pia Aiota and kKopudATia Tou @paxTn, Ta onoia deixvouv éva cUvolo and xwpdoeia.
MpAWTe £€va MnMpOypaupa mou va unoAoyilel Tn PIKpOTEpN NEPINETPO Xwpa@ioU. =av napadelyua,
OKEPTEITE TNV NAPAKATW KATAOKEUN, HE KOPPATIA and 1 €wg 10:

MNa napadeiyua, Ta Xwpdela ynopolv va gival onwg autd (o1 apiBuoi ival Ta ID TwV KOPPATIOV):

1
L e +
[\ /1
2] \7 !
[\ I
+-- -+ / | 6
| 8 \ /10 |
3| \9 / |
I \ I
Fomm - Fomm - +
4 5

To XwpAa®PI KE TN HIKPOTEPN MNEPIMETPO €ival auTd Nou NePIKAEIETAl ano Ta KOPWATIa 2, 7 kai 8.

INPUT FORMAT
H npwTn ypapur Tou apxeiou input nepigxel évav povo akepaio, N (1 <= N <= 100).

To unodAoino apxeio input nepiexel N opadeg and eyypapeg, KABe Pia TWV TPIWV YPAUH®V.

H npwTn ypaupr ano kdbe gyypagn nepiéxel Tov apiOud Tou kKoppaTtiou (1 <= s <= N), To PAKOG
Tou (1 <= pnAkog <= 255), Tov apiBud TwvV KOMPATIOV TNG ENOHEVNG Ypauung (N1), kal Tov apiBuo
TWV KOPMATIOV TNG HeBendpevng ypauung (N2).

H deUTepn YPAMMN TNG KABe eyypa®ng nepiexel N1 (1 <= N1 <= 8) akepaioug, KABe €vag dnAWVEI
TOV aplBud Tou KOMMATIOU MOU EVVETAI JE TO NAPOV OTO €va Aakpo. H TpiTn ypappn nepiexer N2 (1
<= N2 <= 8) akepaioug, NMou €ival Ta KOPKATIA MNOU EVOVOVTAl JE TO Napdv oTo AAAO AKpo.

OUTPUT FORMAT
To apxeio output 6a nepiéxel pia poOvo ypapun ME €vav Yovo aképalo apiBud, o onoiog deixvel Tnv
MIKpOTEPN NeEPIPETPO XwpaPioU.



SAMPLE INPUT (file INPUT.TXT):

N N
N N

N
w

o

=
or
N
w
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MPLE OUTPUT (file OUTPUT.TXT):

=
N

USACO 98 Spring Championship

Problem 1: DIFFERENT DICE [Hal Burch]

In a different galaxy far far away there are different kinds of dice, often with unusual integer
numbers of sides. These dice can have anywhere from 2 to 16 (integer) sides. Each side can have
from 1 to 32 (integer) spots. Sets of dice contain anywhere from 1 through 32 dice.

These dice roll just like Earth-based dice, of course: the outcome of rolling is considered to be the
sum of the spots showing on each die.

Anthropologists digging through old ruins in the galaxy far far away have found sets of dice that
have various different numbers of spots. Here's one set of two two-sided dice they found:

* {2,3} and {3, 4}
and here's another:
* {1,2} and {4,5}

It's easy to see that the first set of dice yields sums of 5, 6, and 7. The second set also yields 5, 6,
and 7. Furthermore, the probability of rolling a five is 1/4, rolling a six is 1/2, and rolling a a
seven is 1/4 for both sets of dice.

Given two sets of dice, your program must decide if they yield the same sets of sums.
Additionally, it must also decide if the two sets yield those sums with the same probabilities.

INPUT FORMAT:

The first line of the input file contains two space-separated integers D1 and S1. D1 is the number
of dice in the first set, and S1 is the number of sides on each die.

The subsequent D1 lines each contain S1 values that specify the spot values for a die. The values
might or might not all be different.



The next line of the input file contains two space-separated integers D2 and S2. D2 is the number
of dice in the second set, and S2 is the number of sides on each die.

The subsequent D2 lines each contain S2 values that specify the spot values for a die. The values
might or might not all be different.

OUTPUT FORMAT:

The first line of the output file contains a "Y' or "N'. "Y' indicates that both sets of dice yield the
same set of possible sums. *N'indicates otherwise.

The second line of the output file contains a "Y' or "N'. "Y' indicates that both sets of dice yield
the same set of possible sums with the same set of probabilities of achieving those sums. "N
indicates otherwise.

The third line of output contains two, space-separated integers. The first integer indicates the
number of possible sums the first set of dice could yield. The second integer indicates the number
of different sums the second set of dice could yield.

SAMPLE INPUT (file INPUT.TXT):
2

23456
41

PN W B

2 3
4

4 2
3 1
1 1
AMPL

MPLE OUTPUT (file OUTPUT.TXT):

oZZ@O RPURWREER



Problem 2: FEED RATIOS [Similar to ACM Finals, 1998, forwarded by Dan Adkins]

Farmer John feeds his cows only the finest mixture of cow food, which
has three components: Barley, Oats, and Wheat. While he knows the
precise mixture of these easily mixable grains, he can not buy that
mixture! He buys three other mixtures of the three grains and then
combines them to form the perfect mixture.

Given a set of integer ratios barley:oats:wheat, find a way to combine
them IN INTEGER MULTIPLES to form a mix with some goal ratio x:y:z.

For example, given the goal:
3:4:5

and the ratios of three mixtures:

N W=
= NNN
N =W

Your program should find some minimum number of integer units (the
“mixture') of the first, second, and third mixture that should be mixed
together to achieve the goal ratio or print "NONE'. *Minimum number'
means the sum of the three non-negative mixture integers is minimized.

For this example, you can combine eight units of mixture 1, two units
of mixture 2, and five units of mixture 3 to get seven units of the goal
ratio:

8*(1:2:3) + 1*(3:7:1) + 5*%(2:1:2) = (21:28:35) = 7*%(3:4:5)

Integers in the goal ratio and mixture ratios are all nhon-negative and
smaller than 100 in magnitude.

INPUT FORMAT:

The first line of the input file contains three space separated integers
that represent the value of the goal ratios.

The next three lines of the input file each contain three space
separated integers that represent the ratios of the three mixtures
purchased.

OUTPUT FORMAT:

The output file should contain one line containing four integers or the
word "NONE'. The first three integers should represent the number of
units of each mixture to use to obtain the goal ratio. The fourth number
should be the multiple of the goal ratio obtained by mixing the

initial feed using the first three integers as mixing ratios.

SAMPLE INPUT (file INPUT.TXT):

345
123
371
212

SAMPLE OUTPUT (file OUTPUT.TXT):

8157



Problem 3: THE TAMWORTH TWO [Richard Forster, BOI]

A pair of cows is loose somewhere in the forest. Farmer John is lending
his expertise to their capture. Your task is to model their behavior.

The chase takes place on a 10 by 10 planar grid. Squares can be empty
or they can contain: an obstacle, the cows (who always travel together),
or Farmer John. The cows and Farmer John can occupy the same square
(when they "meet') but neither the cows nor Farmer John can share a
square with an obstacle.

Each square is represented as follows:
Enpty square
*  (bstacle

C Cows
F Farnmer

Here is a sample grid:

* *
R
UL S
* *
e
Coot
* %
_—_

The cows wander around the grid in a fixed way. Each minute, they either
move forward or rotate. Normally, they move one square in the direction
they are facing. If there is an obstacle in the way or they would leave

the board by walking " forward', then they spend the entire minute rotating
90 degrees clockwise.

Farmer John, wise in the ways of cows, moves in exactly the same way.

The farmer and the cows can be considered to move simultaneously during
each minute. If the farmer and the cows pass each other while moving,
they are not considered to have met. The chase ends when Farmer John
and the cows occupy the same square at the end of a minute.

Read a ten-line grid from INPUT.TXT that represents the initial state

of the cows, Farmer John, and obstacles. Each of the ten lines contains
exactly ten characters using the coding above. There is guaranteed to
be only one farmer and one pair of cows. The cows and Farmer John will
not initially be on the same square.

Calculate the number of minutes until the cows and Farmer John meet.
Assume both the cows and farmer begin the simulation facing in the “up'
direction. Print 0 if they will never meet.

INPUT FORMAT:
The input file contains ten lines of ten characters (no spaces).

OUTPUT FORMAT:
The output file should contain one line containing a single integer that represents the numbers of
minutes until Farmer John and the Cows meet. Print O if they never meet.



SAMPLE OUTPUT (file OUTPUT.TXT):
49

Problem 4: SUBSET SUMS [Recreational Mathematics Newsletter, Kolstad]

For many sets of consecutive integers from 1 through N (1 <= N <= 39), one can partition the set
into two sets whose sums are identical.

For example, if N=3, one can partition the set {1, 2, 3} in one way so that the sums of both
subsets are identical:

{3} and {1,2}

This counts as a single partitioning (i.e., reversing the order counts as the same partitioning and
thus does not increase the count of partitions).

If N=7, there are 4 ways to partition the set {1, 2, 3, ... 7} so that each partition has the same
sum:

{1,6,7} and {2,3,4,5}
{2,5,7} and {1,3,4,6}
{3,4,7y and {1,2,5,6}
{1,2,4,7} and {3,5,6}

Given N, vyour program should print the number of ways a set containing the integers from 1
through N can be partitioned into two sets whose sums are identical. Print O if there are no such
ways.

Your program must calculate the answer, not look it up from a table.

INPUT FORMAT:

The input file contains a single line with a single integer representing N, as above.

OUTPUT FORMAT:

The output file contains a single line with a single integer that tells how many same-sum partitions
can be made from the set {1, 2, ..., N}. The output file should contain 0 if there are no ways to

make a same-sum partition.

SAMPLE INPUT (file INPUT.TXT):
7

SAMPLE OUTPUT (file OUTPUT.TXT):
4

Problem 5: STRINGSOBITS [Kim Schrijvers]

Consider an ordered set S of strings of N (1 <= N <= 32) bits. Bits, of course, are either 0 or 1.

This set of strings is interesting because it is ordered and contains all possible strings of length N
that have L (1 <= L <= N) or fewer bits that are "1'.

Your task is to read a humber I (1 <=1 <= sizeof(S)) from the input and print the Ith element of
the ordered set.

INPUT FORMAT:
The input file contains a single line with three space-separated integers, N, L, and I.



OUTPUT FORMAT:
The output file should contain a single line with a single integer that represents the Ith element of
the set of integers of length N bits with no more than L bits that are "1'.

SAMPLE INPUT (file INPUT.TXT):
53 19

SAMPLE OUTPUT (file OUTPUT.TXT):
10100



