ACM International Collegiate Programming ContestSouthwestern European Regional ContestETH Zurich, Switzerland, December 9, 1995Problem SetContentsRules and AdvicePage 2Problem A:IntersectionPage 3Problem B:Synchronous DesignPage 4Problem C:Graph ColoringPage 7Problem D:TrianglePage 8Problem E:AnagramPage 10Problem F:SpreadsheetPage 11Problem G:CubePage 13Problem H:Peter�s CalculatorPage 15Problem J:Partial Differential EquationsPage 17Sponsored by MicrosoftSupported by Union Bank of Switzerland

2 / 191995-96 ACM International Collegiate Programming ContestSouthwestern European Regional ContestETH Zurich, Switzerland

Some Rules and AdviceAll questions require you to read the test datafrom a single input file and to write the resultsto a single output file. The names of both filesare given in the header of the problem. Yourare not allowed to read or write any other filesthan the specified ones. Standard input andoutput are also considered files.Output must correspond exactly to theprovided sample output, including spellingand spacing.All lines (including the last one) should beterminated with a new-line character, and nowhitespace should appear at the end of a lineunless explicitly specified. Tabs should neverbe used.All programs will be re-compiled prior totesting with the judges’ data. Non-standard li-braries may not be used in your solutions. Cprograms may not include any files except:ctype.h, m a t h . h , s t d i o . h , stdlib.h,string.h, and strings.h. Pascal programsmay use the extended Reset, Rewrite andthe Close statement, which are not part ofthe ISO Pascal standard.After analyzing a program, the judges willsend one of the following messages:¥Program accepted. Your program passedall tests and is accepted as correct.¥Compile-time error. The judges were notable to successfully compile your pro-gram. The compiler returned an error(not just a warning).¥Run-time error. Your program �crashed�,i. e. it exited prematurely due to a run-time error.¥Wrong answer. The program run throughone or more test cases without a run-time error but the output did not matchthe expected output.¥Presentation error. The output seems to becorrect but it is not presented in the re-quired format. Since it is not always easyto distinguish this message from thewrong answer message, it is only sent inobvious cases.¥Time-limit exceeded. Your program didnot finish within the given amount oftime.¥Contest rule violation. Your program vio-lates a contest rule like calling non-stan-dard libraries.Programming style is not considered in thiscontest. You are free to code in whatever styleyou prefer.The CPU time limit for all problems is 3minutes except when specified otherwise.All questions regarding the contest materialshould be submitted to the judges by filling ina clarification request form. You can ask therunners in the room for any non-contest re-lated matters or for getting your printer out-put. The helpers will not answer any questionsregarding the contest material.Judges’ decisions are to be considered final.No cheating will be tolerated.Success!

3 / 191995-96 ACM International Collegiate Programming ContestSouthwestern European Regional ContestETH Zurich, Switzerland

Problem A: IntersectionSource file:intersection.c / intersection.pInput file:intersection.inOutput file:intersection.outYou are to write a program that has to decidewhether a given line segment intersects agiven rectangle.An example:line:start point:(4,9)end point:(11,2)rectangle:left-top:(1,5)right-bottom:(7,1)

X

Y

(0,0)

The line is said to intersect the rectangle ifthe line and the rectangle have at least onepoint in common. The rectangle consists offour straight lines and the area in between. Al-though all input values are integer numbers,valid intersection points do not have to lay on

The input consists of

test cases. The first lineof the input file contains the number n. Eachfollowing line contains one test case of the

where (

, ystart) is the start and (xend yend) the end point of the line and (xleft the top left and (xright, ybottom) the bottomright corner of the rectangle. The eight num-bers are separated by a blank. The terms

bottom right do not imply any ordering

For each test case in the input file, the outputfile should contain a line consisting either ofthe letter �T� if the line segment intersects therectangle or the letter �F� if the line segment

The designers of digital integrated circuits (IC)are very concerned about the correctness oftheir designs because, unlike software, ICscannot be easily tested. Real tests are not pos-sible until the design has been finalized and

To simulate the behavior of a digital IC andto more or less guarantee that the final chipwill work, all of today�s digital ICs are based

Out

Out

Clock

In

In

In In

14

18 11 In Out In In Out In

In Out In

Out In

In a synchronous design, an external clocksignal triggers the IC to go from a well definedand stable state to the next one. On the activeedge of the clock, all input and output signalsand all internal nodes are stable in either thehigh or low state. Between two consecutiveedges of the clock, the signals and nodes areallowed to change and may take any inter

diate state. The behavior of a synchronousnetwork is predictable and will not fail due tohazards or glitches introduced by irregularities

To analyze whether an IC has a syn-chronous design, we distinguish between

and asynchronous nodes. Flip flops aresynchronous nodes. On the active edge of theclock, the output of the flip flop changes tothe state of the input and holds that statethroughout the next clock cycle. Synchronous

Simple gates like ANDs or ORs are asyn-chronous nodes. Their output changes — witha short delay — whenever one of their inputschanges. During that transition phase, theoutput can even go into some undefined or

For simplicity, we assume that all inputs ofthe circuits are directly connected to the out-put of a synchronous node outside the circuitand that all outputs of the circuit are directlyconnected to the input of a synchronous node

For an IC to have a synchronous design,

The signal delay introduced between twosynchronous nodes must be smaller orequal than the clock period so there isenough time for nodes to become stable.In figure 1, the round-ended boxes areasynchronous nodes whereas the squareboxes are synchronous nodes. The delayintroduced on the dashed path is 43ns and exceeds the given clock period of

There may be no cycles composed exclu-sively of asynchronous nodes. In the realcircuit such cycles could oscillate. In fig-ure 2, the dashed path constitutes a cycle

Figure 3 shows a circuit with a synchronousdesign. It does not contain cycles composed ofasynchronous nodes and the longest pathbetween two synchronous nodes is shorter

Out

Out

Clock

In

In

In

In Out In

Out In In Out In

In Out In

Out

Out

Clock

In

In

In In

8

11 9

In Out In

In Out In In Out In Out In

Your are to write a program that decides fora given IC whether it has a synchronous de-sign or not. You are given a network of syn-chronous and asynchronous nodes, a delayfor each node, some inputs and outputs and

and any output of the same node areequal, i.e. equal to the delay given for all connections between two nodes con-

The input file contains several circuits. Thefirst line gives the number of circuits in the

For each circuit in the file, the first linecontains the clock period for the circuit, givenas an integer number in nanoseconds. Thenext line gives the number of nodes. The fol-lowing lines each contain a node, describedby a letter and a integer number. The letter is�i� for an input, �o� for an output, �a� for anasynchronous node and �s� for a synchronousnode. The number gives the delay introducedby the node as an integer number in nanosec-onds (only meaningful for an asynchronous

node). Nodes are implicitly numbered, start for the circuit follows. Each following linecontains a pair of integer numbers denoting aconnection between the output and the inputof two nodes. The connection links an outputof the node given by the first number and aninput of the node given by the second num-

The clock signal is not given in the inputfile. We assume that all synchronous nodes

For each circuit in the input file, your outputfile should contain a line with one of the fol-

Synchronous design. Maximum de lay: <ss � if the circuit has a syn chronous design. <ss> should be re placed by the longest delay found onany path between two synchronous

�Circuit contains cycle.� if thecircuit contains a cycle composed ex

Clock period exceeded.� if there isa path between two synchronous nodesthat is longer than the given clock pe-riod and there are no cycles composed of

You are to write a program that tries to findan optimal coloring for a given graph. Colorsare applied to the nodes of the graph and theonly available colors are black and white. Thecoloring of the graph is called optimal if amaximum of nodes is black. The coloring isrestricted by the rule that no two connected 1

2

3

4

5

6

The graph is given as a set of nodes denotedby numbers 1�

, ˚£˚100, and a set of undi-rected edges denoted by pairs of node num-

The input file contains m graphs. Thenumber m is given on the first line. The firstline of each graph contains n and k, the num-ber of nodes and the number of edges, respec-tively. The following k lines contain the edgesgiven by a pair of node numbers, which are

The output should consists of 2

lines, twolines for each graph found in the input file.The first line of should contain the maximumnumber of nodes that can be colored black inthe graph. The second line should containone possible optimal coloring. It is given by

A triangle is a basic shape of planar geome

It consists of three straight lines and three an-gles in between. Figure 1 shows how the sides

a

b c α

(beta) γ (gamma) β

(alpha)

A look into a book about geometry shows

α +β + γ = π a sinα = b sinβ = c sinγ

a = bcosγ +ccosβ

a

2

= b

2

+c

2

− 2bccosα

a − b

a +b

= tan α − β

2 tan α +β

2 The values of a, b, c, a,

, and g form a set ofsix parameters that fully define a triangle. If alarge enough subset of these parameters isgiven, the missing ones can be calculated by

You are to write a program that calculatesthe missing parameters for a given subset ofthe six parameters of a triangle. For some setsof parameters, it is not possible to calculatethe triangle because either too few is knownabout the triangle or the parameters wouldlead to an invalid triangle. The sides of a validtriangle are greater than 0 and the angles aregreater than 0 and less than

. Your programshould detect this case and output: �

� The same phrase should be output ifmore than the minimal set needed to computethe triangle is given but the parameters con-flict with each other, e.g. all three angles are Other sets of parameters can lead to morethan one but still a finite number of valid so-lutions for the triangle. In such a case, yourprogram should output: �More than one

In all other cases, your program shouldcompute the missing parameters and output

The first line of the input file contains a num-ber indicating the number of parameter sets tofollow. Each following line consists of sixnumbers, separated by a single blank char ter. The numbers are the values for the pa eters a, a, b,

, c, and g respectively. The pa rameters are labeled as shown in figure 1. Avalue of -1 indicates that the correspondingparameter is undefined and has to be calcu lated. All floating-point numbers include at

Your program should output a line for eachset of parameters found in the input file. If aunique solution for a valid triangle can befound for the given parameters, your programshould output the six parameters a

a,,g, separated by a blank character. Otherwise

The numbers in the output files should in-clude at least eight significant digits. Your cal-culations should be precise enough to get the

You are to write a program that has to gener-ate all possible words from a given set of let

Given the word �abc�, your programshould — by exploring all different combina-tion of the three letters — output the words In the word taken from the input file, someletters may appear more than once. For agiven word, your program should not producethe same word more than once, and thewords should be output in alphabetically as-

The input file consists of several words. Thefirst line contains a number giving the num ber of words to follow. Each following linecontains one word. A word consists of upper-case or lowercase letters from A to Z. Upper case and lowercase letters are to be considered

For each word in the input file, the output fileshould contain all different words that can begenerated with the letters of the given word.The words generated from the same inputword should be output in alphabetically as-

The number of possible combinations raisesvery quickly with the number of given letters.Make sure you do not use long words for test-ing your program because the output filecould become very big, waste a lot of space onthe disk and degrade the performance of the

In 1979, Dan Bricklin and Bob Frankstonwrote VisiCalc, the first spreadsheet applica-tion. It became a huge success and, at thattime, was the killer application for the AppleII computers. Today, spreadsheets are found The idea behind spreadsheets is very sim-ple, though powerful. A spreadsheet consistsof a table where each cell contains either anumber or a formula. A formula can computean expression that depends on the values ofother cells. Text and graphics can be added for You are to write a very simple spreadsheetapplication. Your program should accept sev-eral spreadsheets. Each cell of the spread

contains either a numeric value (integersonly) or a formula, which only support sums.After having computed the values of all for-mulas, your program should output the result-ing spreadsheet where all formulas have been

The first line of the input file contains thenumber of spreadsheets to follow. A spread-sheet starts with a line consisting of two inte-ger numbers, separated by a space, giving thenumber of columns and rows. The followinglines of the spreadsheet each contain a row. Arow consists of the cells of that row, separated

A cell consists either of a numeric integervalue or of a formula. A formula starts with anequal sign (=). After that, one or more cellnames follow, separated by plus signs (+). Thevalue of such a formula is the sum of all val-ues found in the referenced cells. These cellsmay again contain a formula. There are no

You may safely assume that there are nocyclic dependencies between cells. So each The name of a cell consists of one to threeletters for the column followed by a numberbetween 1 and 999 (including) for the row.The letters for the column form the followingseries: A, B, C, ..., Z, AA, AB, AC, ..., AZ, BA, ...,BZ, CA, ... ZZ, AAA, AAB, AAC, ... AAZ, ABA,..., ABZ, ACA, ..., ZZZ. These letters cor to the number from 1 to 18278. The top left

The output of your program should have thesame format as the input, except that thenumber of spreadsheets and the number ofcolumns and rows are not repeated. Further-more, all formulas should be replaced by their

There was once a 3 by 3 by 3 cube built of 27smaller cubes. It has fallen apart into seven

a b c e f g d The seven pieces can be assembled in manyways to again form the cube. Figure 2 showsone of these possibilities. The first squarestands for the front plane, the next one forthe middle plane and the last one for the backplane of the cube. The letters in the cells standfor the name of piece filling out the corre-sponding space in the cube. The name of the

You are to write a program that outputs allpossibilities of assembling the cube but sup-press solutions that are mere rotations of an-other solution. The time limit for this prob-For each solution found, your program shouldoutput a line containing the solution as astring. The string is a linearized form of thecube. Each letter stands for the piece fillingout the corresponding space in the cube. It is

The string consists of substrings repre-senting the front, middle and back Each substring consists of substrings repsenting the top, middle and bottom Each row substring consists of lettersrepresenting the left, middle and right The solutions in figure 2 would be repre

It is very important that your program usesthe naming convention given in figure 1 and

19 20 21

4 23 24

7 26 27

10 11 12

4 14 15

7 17 18

1 2 3

4 5 6

7 8 9

Figure 3 again shows how the cells of the

The output of your program could start like

Piece a is the only part that, by rotation andtranslation, cannot be transformed into itself.In order to avoid solutions that are mere rota-tions of an already found solution, you mayrestrict transformations of piece a to transla-

Unfortunately, Peter�s Calculator broke downlast week. Now Peter is left with his computer,which has no calculator application, and pa

per and pencil, which is too tiresome for anengineer. As one of Peter�s friends, you areasked to write him a calculator application.After talking to him, you figure out the fol Peter does only integer arithmetic. Theoperations he needs are addition, sub- He would like to use an arbitrary num of variables whose names are not longer His main way of doing calculations areto type in a few formulas and to assignthem to variables. Some formulas arecomplicated expressions, which can re-fer to yet undefined variables, whileother formulas consist of a single num-ber. Then Peter asks for the value ofsome variables, i.e. he evaluates the for-

Peters wants to redefine some variablesand then to reevaluate formulas that de- The input strictly adheres to the following

In the Extended Backus-Naur Formalism(EBNF), A = B C declares that the grammat

cal construct

consists of a

followed by a

A = B | C means that

or,alternatively, of a

. A = [ B ] defines con-struct

to be either a

or nothing and A = {B } tells you that consists of the concate The production var stands for the name ofa variable, which starts with a letter followedby up to 49 letters or digits. Letters may beuppercase or lowercase. The production num

stands for a integer number. The precisesyntax for these productions are given below.The case of letters is important for both vari- Between the parts of a grammatical con-struct but not within the names of variables orinteger numbers, any number of spaces mayappear. <EOF> stands for the end of the inputfile and <CR> stands for the new-line charac-ter. All lines in the input file are shorter than The value of a variable is said to be undeif it has not yet been defined or it refersto a variable, which has not yet been deif the definition of the variable con Your are to write a program that imple-ments Peter�s calculator. It should store allvariable definitions and for each �PRINT�statement evaluate the specified variablebased on the latest variable definitions. If yourprogram encounters a �RESET� statement, it should delete all stored variables so that all

The input file contains calculations adher-ing to the syntax given above. Each line con-tains either an assignment to a variable, a�PRINT� statement, a �RESET� statement or For each �PRINT� statement found in theinput file, your program should output a linecontaining the numerical value of the speci-fied variable or the word �UNDEF� if the vari-

In engineering sciences, partial differentialequations play an important and central role.For example, the temperature of a metal platecan be expressed as a partial differential equa-tion if the temperature on the boundaries isknown. This is called a boundary value prob Usually, it is not easy to solve these prob-lems. Analytical solutions exist only in veryspecial cases. But there are some more or less�good� numerical ways to solve boundary We now will look at one method whichworks with finite difference approximationsfor the derivatives of a function. For this ap-proach, we do not look at an analytical func-tion

) but we are only interested in the val-ues of

at a finite set of discrete points : = ). The distance between two adjacentpoints,

and

+1, is constant: h = +1 — xi xi -1 xi +1

ui -1 u^i ui +1

y x h h h h

The finite difference approximation of a

∂∂xu i = 12h(− ui− 1 +ui+1)

∂^2 ∂x^2 u_i = 1 h^2 (u^{i− 1} − 2u^i +u^{i+1}) This approximation works with 2-dimensionalfunctions

) as well. For simplicity weonly work on square problems, i.e. ( ) [0,1]×[0,1]

. Again, the area of the function isdiscretized in a similar way: = +1 —= = 1˚/˚, for some integer

‡ 2. We onlylook at the values of x,) at the discretepoints

= (): =). With this dis

cretization, we have a function as shown

b3(1) = b2(0) b2(h) b2(2h) b2(1) = b4(1) b3(2h) u(P_1) u(P_2) b4(2h) b3(h) u(P_3) u(P_4) b4(h) b1(0) = b3(0) b1(h) b1(2h) b1(1) = b4(0)

y x

1

2h h

0

0 h 2h 1

On the boundary,

) is given by 4

u(xi,0) = b1(xi ) u(xi,1) = b2(xi ) u(0,yj ) = b3(yj ) u(1,yj ) = b4(yj ) The points

cover the inner points of thediscretization area, i.e. the area without theboundary. They are numbered from left toright and from top to bottom like English

What we now want to do is to solve the

[0,1]×[0,1]

∂_2

∂x_2 u + ∂_2

∂y_2 u = f(x,y)with the above boundary conditions.

) isa given 2-dimensional function. With equa-tion (2) and the above discretization, the pois-

1h_2 (u_{i− 1, j} +u_{i, j+1} +u_{i+1, j} +u_{i, j+1} − 4u_{i, j} ) = f_{i, j}

where

is the function

y), evaluated at

Formula (5) can be written in a more read-able form, depending on the position of the 1 h_2

0 1 0

1 − 4 1

0 1 0 ◊ u = 0 0 0

0 1 0

0 0 0

◊ f A similar equation, which we will use as an 1 h_2

1 0 2

0 − 4 0

3 0 4 ◊ u = 0 5 0

6 0 7

0 8 0

◊ f We call the 3x3 matrix on the left hand side

Now, equation (6b) can be formulated in

(7) is a linear equation system for the values

By rearranging and adding the terms oneach line, the linear equation system can be where a is a 4x4 matrix and b is a vector with4 elements. Vector z represents the unknownvalues of

) at the points 1,

2 ,

3 andYou are to write a program that creates thelinear equation system (7) in the form (8) forany two matrices

and (6). As input, the twomatrices and and the functions

, ,

, and are given. Also, a parameter

isgiven as the number of discretization inter-vals. Thus,

h = 1n

. As the result, your programshould calculate the matrix

and the vector

For this more general case, there are (

inner points and and must be sized accord-

P 1 : 1

h 2 (b 2 (0)+2b 2 (2h)− 4P 1 +3b 3 (h)+ 4P 4 ) = 5f(h,1)+6f(0,2h)+ 7f(2h,2h)+8f(h,h)

P 2 : 1

h 2 (b 2 (h)+2b 2 (1)− 4P 2 +3P 3 + 4b 4 (h)) = 5f(2h,1)+6f(h,2h)+ 7f(1,2h)+8f(2h,h)

P 3 : 1

h 2 (b 3 (2h)+2P 2 − 4P 3 +3b 1 (0)+ 4b 1 (2h)) = 5f(h,2h)+6f(0,h)+ 7f(2h,h)+8f(h,0)

P 4 : 1

h 2 (P 1 +2b 4 (2h)− 4P 4 +3b 1 (h)+ 4b 1 (1)) = 5f(2h,2h)+6f(h,h)+ 7f(1,h)+8f(2h,0)

The input file consists of tests. The number is given in the first line of the file. The firstline of each test contains the number

whichgives the number of discretizations intervalsas defined above. You may assume that 2 £ n£ 30. Then the 3x3 matrices

and g follow.The following four lines contain the functions , , and

, each given as a vector of or-der

+1, containing the values for 0,

, 2h, �,1. Finally, the function f is given as a n+1 byn+1 matrix. Like the vectors before, it con

the values for x,

= 0,, 2h, �, 1. Each rowcontains from left to right the function valuesfor increasing x values while each columncontains from top to bottom the function val

A vector occupies one line. Its values aregiven in ascending order, separated by aspace. A by n matrix occupies n lines. Itsrows are given in ascending order as vectors,which occupy one line each. All values found

For each test found in the input file, your pro-gram should output the matrices a and b. Ma

trix is a (—1)2 x (—1)2 matrix (the dis

cretization area (cf. figure 2) contains (

inner points, which are unknown). The vectorb is of order (

—1)2. They should be output inthe same format as the vectors and matrices in

Your output should only contain integervalues. Note that the expression

1h2

yields aninteger number and that all other calculations