
ACM International Collegiate Programming Contest2001 East Central Regional ContestAshland UniversityUniversity of Cin
innatiWestern Mi
higan UniversitySheridan UniversityNovember 10, 2001Sponsored by IBMRules:1. All questions require you to read the test data from standard input and write results to standardoutput. You 
annot use �les for input or output. Additional input and output spe
i�
ations 
anbe found in the General Information Sheet.2. All programs will be re-
ompiled prior to testing with the judges' data.3. Non-standard libraries 
annot be used in your solutions. The Standard Template Library (STL)and C++ string libraries are allowed.4. Programming style is not 
onsidered in this 
ontest. You are free to 
ode in whatever style youprefer. Do
umentation is not required.5. All 
ommuni
ation with the judges will be handled by the PC2 environment.6. The allowed programming languages are C, C++ and Java.7. Judges' de
isions are to be 
onsidered �nal. No 
heating will be tolerated.8. There are eight questions to be 
ompleted in �ve hours.



2001 East Central Regional Contest 1Problem A: What's In A Name?The FBI is 
ondu
ting a surveillan
e of a known 
riminal hideout whi
h serves as a 
ommuni
ation
enter for a number of men and women of nefarious intent. Using sophisti
ated de
ryption softwareand good old fashion wiretaps, they are able to de
ode any e-mail messages leaving the site. However,before any arrest warrants 
an be served, they must mat
h a
tual names with the user ID's on themessages. While these 
riminals are evil, they're not stupid, so they use random strings of letters fortheir ID's (no dillingerj ID's found here). The FBI knows that ea
h 
riminal uses only one ID. Theonly other information they have whi
h will help them is a log of names of the people who enter andleave the hideout. In many 
ases, this is enough to link the names to the ID's.InputInput 
onsists of one problem instan
e. The �rst line 
ontains a single positive integer n indi
ating thenumber of 
riminals using the hideout. The maximum value for n will be 20. The next line 
ontainsthe n user ID's, separated by single spa
es. Next will be the log entries in 
hronologi
al order. Ea
hentry in the log has the form type arg , where type is either E, L or M: E indi
ates that 
riminal arg hasentered the hideout; L indi
ates 
riminal arg has left the hideout; M indi
ates a message was inter
eptedfrom user ID arg. A line 
ontaining only the letter Q indi
ates the end of the log. Note that not all userID's may be present in the log but ea
h 
riminal name will be guaranteed to be in the log at least on
e.At the start of the log, the hideout is presumed to be empty. All names and user ID's 
onsist of onlylower
ase letters and have length at most 20. Note: The line 
ontaining only the user ID's may 
ontainmore than 80 
hara
ters.OutputOutput 
onsists of n lines, ea
h 
ontaining a list of 
riminal names and their 
orresponding user ID's, ifknown. The list should be sorted in alphabeti
al order by the 
riminal names. Ea
h line has the formname:userid , where name is the 
riminal's name and userid is either their user ID or the string ??? iftheir user ID 
ould not be determined from the surveillan
e log.



2001 East Central Regional Contest 2Sample Input7bigman mangler sinbad fatman big
heese fren
hie 
apodi
apoE mugsyE knu
klesM bigmanM manglerL mugsyE 
lydeE bonnieM bigmanM fatmanM fren
hieL 
lydeM fatmanE ugatiM sinbadE moriartyE boothQSample Outputbonnie:fatmanbooth:???
lyde:fren
hieknu
kles:bigmanmoriarty:???mugsy:manglerugati:sinbad



2001 East Central Regional Contest 3Problem B: Sorting It All OutAn as
ending sorted sequen
e of distin
t values is one in whi
h some form of a less-than operator isused to order the elements from smallest to largest. For example, the sorted sequen
e A;B;C;D impliesthat A < B, B < C and C < D. In this problem, we will give you a set of relations of the form A < Band ask you to determine whether a sorted order has been spe
i�ed or not.InputInput 
onsists of multiple problem instan
es. Ea
h instan
e starts with a line 
ontaining two positiveintegers n and m. The �rst value indi
ates the number of obje
ts to sort, where 2 � n � 26. Theobje
ts to be sorted will be the �rst n 
hara
ters of the upper
ase alphabet. The se
ond value mindi
ates the number of relations of the form A < B whi
h will be given in this problem instan
e. Nextwill be m lines, ea
h 
ontaining one su
h relation 
onsisting of three 
hara
ters: an upper
ase letter,the 
hara
ter \<" and a se
ond upper
ase letter. No letter will be outside the range of the �rst n lettersof the alphabet. Values of n = m = 0 indi
ate end of input.OutputFor ea
h problem instan
e, output 
onsists of one line. This line should be one of the following three:Sorted sequen
e determined after xxx relations: yyy...y.Sorted sequen
e 
annot be determined.In
onsisten
y found after xxx relations.where xxx is the number of relations pro
essed at the time either a sorted sequen
e is determined or anin
onsisten
y is found, whi
hever 
omes �rst, and yyy...y is the sorted, as
ending sequen
e.Sample Input4 6A<BA<CB<CC<DB<DA<B3 2A<BB<A26 1A<Z0 0Sample OutputSorted sequen
e determined after 4 relations: ABCD.In
onsisten
y found after 2 relations.Sorted sequen
e 
annot be determined.



2001 East Central Regional Contest 4Problem C: Web NavigationStandard web browsers 
ontain features to move ba
kward and forward among the pages re
ently visited.One way to implement these features is to use two sta
ks to keep tra
k of the pages that 
an be rea
hedby moving ba
kward and forward. In this problem, you are asked to implement this.The following 
ommands need to be supported:BACK: Push the 
urrent page on the top of the forward sta
k. Pop the page from the top of theba
kward sta
k, making it the new 
urrent page. If the ba
kward sta
k is empty, the 
ommand isignored.FORWARD: Push the 
urrent page on the top of the ba
kward sta
k. Pop the page from the topof the forward sta
k, making it the new 
urrent page. If the forward sta
k is empty, the 
ommandis ignored.VISIT hurli: Push the 
urrent page on the top of the ba
kward sta
k, and make the URLspe
i�ed the new 
urrent page. The forward sta
k is emptied.QUIT: Quit the browser.Assume that the browser initially loads the web page at the URL http://www.a
m.org/InputInput is a sequen
e of 
ommands. The 
ommand keywords BACK, FORWARD, VISIT, and QUIT are all inupper
ase. URLs have no whitespa
e and have at most 70 
hara
ters. You may assume that no probleminstan
e requires more than 100 elements in ea
h sta
k at any time. The end of input is indi
ated bythe QUIT 
ommand.OutputFor ea
h 
ommand other than QUIT, print the URL of the 
urrent page after the 
ommand is exe
utedif the 
ommand is not ignored. Otherwise, print \Ignored". The output for ea
h 
ommand should beprinted on its own line. No output is produ
ed for the QUIT 
ommand.Sample InputVISIT http://a
m.ashland.edu/VISIT http://a
m.baylor.edu/a
mi
p
/BACKBACKBACKFORWARDVISIT http://www.ibm.
om/BACKBACKFORWARDFORWARDFORWARDQUIT



2001 East Central Regional Contest 5Sample Outputhttp://a
m.ashland.edu/http://a
m.baylor.edu/a
mi
p
/http://a
m.ashland.edu/http://www.a
m.org/Ignoredhttp://a
m.ashland.edu/http://www.ibm.
om/http://a
m.ashland.edu/http://www.a
m.org/http://a
m.ashland.edu/http://www.ibm.
om/Ignored



2001 East Central Regional Contest 6Problem D: Trees Made to OrderWe 
an number binary trees using the following s
heme:� The empty tree is numbered 0.� The single-node tree is numbered 1.� All binary trees having m nodes have numbers less than all those having m+ 1 nodes.� Any binary tree having m nodes with left and right subtrees L and R is numbered n su
h that alltrees having m nodes numbered > n have either{ left subtrees numbered higher than L, or{ a left subtree = L and a right subtree numbered higher than R.The �rst 10 binary trees and tree number 20 in this sequen
e are shown below:
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Your job for this problem is to output a binary tree when given its order number.InputInput 
onsists of multiple problem instan
es. Ea
h instan
e 
onsists of a single integer n, where 1 �n � 500; 000; 000. A value of n = 0 terminates input. (Note that this means you will never have tooutput the empty tree.)OutputFor ea
h problem instan
e, you should output one line 
ontaining the tree 
orresponding to the ordernumber for that instan
e. To print out the tree, use the following s
heme:� A tree with no 
hildren should be output as X.� A tree with left and right subtrees L and R should be output as (L')X(R'), where L' and R' arethe representations of L and R.{ If L is empty, just output X(R').{ If R is empty, just output (L')X.Sample Input120311175320Sample OutputX((X)X(X))X(X(X(((X(X))X(X))X(X))))X(((X((X)X((X)X)))X)X)



2001 East Central Regional Contest 7Problem E: Spa
e Station ShieldingRoger Wil
o is in 
harge of the design of a low orbiting spa
e station for the planet Mars. To simplify
onstru
tion, the station is made up of a series of Airtight Cubi
al Modules (ACM's), whi
h are 
on-ne
ted together on
e in spa
e. One problem that 
on
erns Roger is that of (potentially) lethal ba
teriathat may reside in the upper atmosphere of Mars. Sin
e the station will o

asionally 
y through theupper atmosphere, it is imperative that extra shielding be used on all fa
es of the ACMs whi
h makeup the external surfa
e of the station. Roger has made 
ertain that where two ACMs tou
h, eitheredge-to-edge or fa
e-to-fa
e, that joint is sealed so no ba
teria 
an sneak through. Any fa
e of an ACMshared by another ACM will not need shielding, of 
ourse, nor will a fa
e whi
h 
annot be rea
hed fromthe outside. Roger 
ould just put extra shielding on all of the fa
es of every ACM, but the 
ost wouldbe prohibitive. Therefore, he wants to know the exa
t number of ACM fa
es whi
h need the extrashielding.InputInput 
onsists of multiple problem instan
es. Ea
h instan
e 
onsists of a spe
i�
ation of a spa
e station.We assume that ea
h spa
e station 
an �t into an n�m � k grid (1 � n;m; k � 60), where ea
h grid
ube may or may not 
ontain an ACM. We number the grid 
ubes 0; 1; 2; : : : ; kmn� 1 as shown in thediagram below. Ea
h spa
e station spe
i�
ation then 
onsists of the following: the �rst line 
ontainsfour positive integers n m k l, where n, m and k are as des
ribed above and l is the number of ACM'sin the station. This is followed by a set of lines whi
h spe
ify the l grid lo
ations of the ACM's. Ea
hof these lines 
ontain 10 integers (ex
ept possibly the last). Ea
h spa
e station is fully 
onne
ted (i.e.,an astronaut 
an move from one ACM to any other ACM in the station without leaving the station).Values of n = m = k = l = 0 terminate input.



2001 East Central Regional Contest 8OutputFor ea
h problem instan
e, you should output one line of the formThe number of fa
es needing shielding is s.where s is for you to determine.Sample Input2 2 1 30 1 33 3 3 260 1 2 3 4 5 6 7 8 910 11 12 14 15 16 17 18 19 2021 22 23 24 25 260 0 0 0Sample OutputThe number of fa
es needing shielding is 14.The number of fa
es needing shielding is 54.



2001 East Central Regional Contest 9Problem F: Roads S
holarThe Hines Sign 
ompany has been 
ontra
ted to supply roadside signs for the state highway system.The head of the 
ompany has put his son Myles Hines in 
harge of one parti
ular 
lass of signs, thosewhi
h indi
ate the number of miles to various towns. Myles is given a layout of the highway system anda set of lo
ations where the signs should go; he is in 
harge of determining the mileage to nearby 
ities.To sele
t whi
h 
ities should be listed on any sign, he uses the following strategy: City X is put on thesign if the sign is on a road su
h that the shortest path from the interse
tion immediately pre
eedingthe sign to X uses the road. You may assume that there is only one shortest path between ea
h pair ofinterse
tions.InputInput 
onsists of a single problem instan
e 
onsisting of a des
ription of the highway system, followed bya set of sign lo
ations. The highway system is de�ned as a set of interse
tions (some of whi
h are also 
itylo
ations) and a set of roads 
onne
ting the interse
tions. The �rst line of a problem instan
e 
ontainsthree positive integers n m k: n spe
i�es the number of interse
tions (numbered 0; 1; 2; � � � ; n � 1), mindi
ates the number of roads between 
onne
tions, and k indi
ates the number of interse
tions whi
hare also 
ities. Following this are m lines of the form i1 i2 d, whi
h spe
i�es a two-way road betweeninterse
tions i1 and i2 of distan
e d. The next k lines are of the form i name, whi
h spe
i�es thatinterse
tion i is a 
ity 
alled name. After this is a line with a single positive integer s indi
ating thenumber of signs to pla
e on the highway. The remaining s lines are of the form i1 i2 d, indi
ating thata sign is to be pla
ed on the road going from i1 to i2 a distan
e d from i1 (d will always be non-zeroand less than the distan
e from i1 to i2). For all problem instan
es, the length of name will be � 18
hara
ters, and 5 � n � 30. All distan
es will be non-zero and to the nearest hundredth mile.OutputEa
h sign should be output as follows:name1 d1name2 d2� � �where ea
h namei should be left justi�ed in a �eld of width 20, and ea
h distan
e di is rounded to thenearest mile. (Round :50 up. For example, 7:50 should be rounded to 8.) Ea
h name-distan
e pairshould be sorted by the rounded distan
e; pairs with the same rounded distan
e should be printed inalphabeti
al order. Signs should be output in the order in whi
h they were listed in the input, and youshould separate ea
h sign output with a blank line. You may assume that every sign will have at leastone 
ity listed on it.



2001 East Central Regional Contest 10Sample Input8 17 40 1 7.120 2 8.340 3 5.330 4 5.361 2 4.211 6 6.991 7 10.262 3 2.742 6 5.043 4 4.123 5 7.723 6 5.714 5 8.944 6 10.295 6 5.475 7 8.556 7 6.010 Allentown1 Bobtown6 Charlestown7 Downville30 3 2.173 2 0.454 3 3.14Sample OutputCharlestown 9Downville 15Bobtown 7Charlestown 7Bobtown 8Downville 13



2001 East Central Regional Contest 11Problem G: RobotsThe Robots game is a one-player game played on a 31� 31 board. The board is partitioned into 1� 1
ells arranged in 31 rows and 31 
olumns. Ea
h 
ell is indexed by (r; 
) where r is the row and 
 is the
olumn (starting from 1), and it may be empty, o

upied by you, o

upied by a robot, or o

upied bydebris. The obje
t of this game is to move in su
h a way to destroy all the robots before the robotsdestroy you.Initially, you o

upy the 
ell at (15; 15), and there are R robots (1 � R � 50) lo
ated in R di�erent 
ellsother than (15; 15). All other 
ells are empty. You are also given a list of T (0 � T � 20) 
ells that arepotential teleport lo
ations. You make the �rst move, and then the robots and you alternate moves.At your move, you are allowed to walk to an adja
ent 
ell in any one of the eight 
ompass dire
tions,teleport to one of the spe
i�ed teleport lo
ations, or remain stationary. You may walk to an adja
ent
ell if it is empty. In addition, you may walk to an adja
ent 
ell whi
h 
ontains debris by pushing thedebris to the next adja
ent 
ell along the line of movement, provided that the next 
ell does not already
ontain debris. If a 
ell that debris is pushed to 
ontains a robot, that robot is destroyed. If you 
hooseto teleport, the destination must be an empty 
ell. You may not make any move that will leave you orany debris that you push outside of the board.When the robots move, ea
h robot walks to the adja
ent 
ell (even if it is not empty) in the eight
ompass dire
tions su
h that the destination 
ell is 
losest to your 
urrent position (i.e. after your lastmove). The distan
e between two 
ells (r1; 
1) and (r2; 
2) is de�ned to be jr1�r2j+ j
1�
2j. All robotswalk at the same time during a move. If two or more robots walk to the same 
ell, or if a robot walksto a 
ell 
ontaining debris, all of these robots are destroyed. Destroyed robots be
ome debris.You lose the game if any robot walks to your 
urrent position, even if multiple robots do so and destroyea
h other. You win the game if all robots are destroyed and none has moved to your 
urrent position.In order to stay in the game as long as possible, you will only 
onsider moves that do not lead to animmediate loss (a loss before your next move). A plausible strategy is to always walk to a 
ell (orremain stationary) su
h that the number of robots remaining after your move and the robots' move(i.e. just before your next move) is minimized. In 
ase of a tie, 
hoose the move that maximizes theminimum distan
e to the remaining robots just before your next move. If there are still ties, 
hoose themove that also minimizes the row index of the destination 
ell, and �nally, break remaining ties by alsominimizing the 
olumn index.If it is not possible to make a move by walking or by remaining stationary without leading to animmediate loss, you should teleport to the �rst unused legal destination 
hosen from a list of lo
ationsgiven to you, as long as it does not lead to an immediate loss. When you sear
h for a teleport site, youshould always start the sear
h at the beginning of the list. If no su
h teleport destination is available,you should remain stationary, leading to an immediate loss.In this problem, you will implement this strategy and see how well it works.InputThe input 
onsists of a number of instan
es. The �rst line of ea
h instan
e 
ontains the integers Rand T separated by a spa
e. This is followed by R lines 
ontaining two integers separated by a spa
e,indi
ating the row and 
olumn of the initial positions of the R robots. You may assume that ea
h robotinitially o

upies a 
ell whi
h is not (15; 15) and the lo
ations of the robots are distin
t. The next Tlines give the list of teleport destinations available. Ea
h line is given by the row and 
olumn of thedestination 
ell, separated by a spa
e. The input is terminated by a 
ase with R = T = 0.



2001 East Central Regional Contest 12OutputFor ea
h 
ase, print the 
ase number (starting from 1), in the format shown in the Sample Output, onits own line. For ea
h teleport taken, print one line of the form:Move m: teleport to (r; 
)where m is the number of moves you have made (in
luding this one), and (r; 
) is the destination of theteleport. This is followed by three lines 
ontaining the result of the game. If you win the game, printWon game after making m moves.Final position: (r; 
)Number of 
ells with debris: dwhere m is the number of moves you have made when you won the game, (r; 
) is your �nal position,and d is the number of 
ells with debris (use the word \moves" even if m = 1). If you lose the game,printLost game after making m moves.Final position: (r; 
)Number of 
ells with debris: dNumber of robots remaining: nwhere m is the number of moves you have made when you lost the game, (r; 
) is the lo
ation at whi
hyou are destroyed, d is the number of 
ells with debris, and n is the number of robots remaining whenyou lost the game (use the word \moves" even if m = 1).Separate the output for ea
h 
ase by a blank line.Sample Input4 017 1813 188 1210 124 017 1713 1713 1317 133 317 1813 185 3115 1616 153 70 0



2001 East Central Regional Contest 13Sample OutputCase 1:Won game after making 5 moves.Final position: (14,16)Number of 
ells with debris: 1Case 2:Lost game after making 2 moves.Final position: (15,15)Number of 
ells with debris: 1Number of robots remaining: 0Case 3:Move 30: teleport to (16,15)Move 58: teleport to (15,16)Move 86: teleport to (3,7)Lost game after making 114 moves.Final position: (1,29)Number of 
ells with debris: 1Number of robots remaining: 1



2001 East Central Regional Contest 14Problem H: Square I
eSquare I
e is a two-dimensional arrangement of water mole
ules H2O, with oxygen at the verti
es ofa square latti
e and one hydrogen atom between ea
h pair of adja
ent oxygen atoms. The hydrogenatoms must sti
k out on the left and right sides but are not allowed to sti
k out the top or bottom. One5� 5 example is shown below. H-O H-O-H O-H O-H O-H| | | |H H H H H|H-O-H O H-O H-O-H O-H| | |H H H H H| |H-O H-O-H O-H O H-O-H| |H H H H H| | |H-O H-O H-O H-O-H O-H|H H H H H| | | |H-O H-O H-O-H O-H O-HNote that ea
h hydrogen atom is atta
hed to exa
tly one of its neighboring oxygen atoms and ea
hoxygen atom is atta
hed to two of its neighboring hydrogen atoms. (Re
all that one water mole
ule isa unit of one O linked to two H's.)It turns out we 
an en
ode a square i
e pattern with what is known as an alternating sign matrix (ASM):horizontal mole
ules are en
oded as 1, verti
al mole
ules are en
oded as -1 and all other mole
ules areen
oded as 0. So, the above pattern would be en
oded as:0 1 0 0 01 �1 0 1 00 1 0 �1 10 0 0 1 00 0 1 0 0An ASM is a square matrix with entries 0, 1 and -1, where the sum of ea
h row and 
olumn is 1 andthe non-zero entries in ea
h row and in ea
h 
olumn must alternate in sign. (It turns out there is aone-to-one 
orresponden
e between ASM's and square i
e patterns!)Your job is to display the square i
e pattern, in the same format as the example above, for a given ASM.Use dashes ({) for horizontal atta
hments and verti
al bars (j) for verti
al atta
hments. The patternshould be surrounded with a border of asterisks (*), be left justi�ed and there should be exa
tly one
hara
ter between neighboring hydrogen atoms (H) and oxygen atoms (O): either a spa
e, a dash or averti
al bar.InputInput 
onsists of multiple 
ases. Ea
h 
ase 
onsists of a positive integer m (� 11) on a line followedby m lines giving the entries of an ASM. Ea
h line gives a row of the ASM with entries separated by asingle spa
e. The end of input is indi
ated by a line 
ontaining m = 0.



2001 East Central Regional Contest 15OutputFor ea
h 
ase, print the 
ase number (starting from 1), in the format shown in the Sample Output,followed by a blank line, followed by the 
orresponding square i
e pattern in the format des
ribed above.Separate the output of di�erent 
ases by a blank line.Sample Input20 11 040 1 0 01 -1 0 10 0 1 00 1 0 00Sample OutputCase 1:************H-O H-O-H** | ** H H ** | **H-O-H O-H************Case 2:********************H-O H-O-H O-H O-H** | | | ** H H H H ** | **H-O-H O H-O H-O-H** | | ** H H H H ** | | **H-O H-O H-O-H O-H** | ** H H H H ** | | | **H-O H-O-H O-H O-H********************


