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Pr obl ens | ndex Sat Cct 23 00: 35:52 EDT 2004

Easy Probl ens:

pr obl ens/ passwor ds
Find the right password for you.

problens/tile
Put those sub-w ndows in.

Medi um Di fficulty Probl ens:

pr obl ens/ drunkard
Wal k the wal k and conput e.

pr obl ens/ di cequi z
Can you rotate with precision?

pr obl ens/ nearri ng2d
Get your dog hone.

Difficult Problemns:

probl ens/ opttile

Put those sub-w ndows in optinmally.

probl enms/ transducer
Qdds on words.
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Passwor d Pat

Password Pat is known for naking slick passwords such
as

@w 2rt &t k
which is derived fromthe sentence

At Hogwarts we love to roast tyrants and tea kettles.

by applying the follow ng rules while reading the
sent ence:

(1) On reading a non-special word, output its first
letter in | oner case.

(2) The special words and the single character to
out put are:

and & Zero 0
or | one 1
not ! t wo 2
equal = three 3
pl us + f our 4
m nus - five 5
tinmes * Si X 6
sl ash / seven 7
dollar $ ei ght 8
percent % ni ne 9
at @ to 2

for 4

ate 8

Not e these words are recogni zed even if some of
their letters are capitals.

(3) On readi ng space characters, output nothing.

(4) On readi ng punctuation, output the punctuation,
except on reading a period output nothing.

(5) Numbers are not permtted in the sentence (unless
spel l ed out as words).

Pat does not Iimt herself to a single input sentence.
For exanple, the input

fairly! squar el y! | won?
produces the password: flslhiw?

You are to wite a programthat will apply Pat’s rules
to sentences to derive a password.

Li nes each of which contains one or nbre sentences.
Words on the line are sequences of consecutive letters.

Al input characters are letters, spaces, or one of the
punctuation characters .!?, No line is |longer than
80 characters. |Input ends with an end of file.

Qut put

One line containing a password for each input line. The
password on a line rmust be that derived by applying
Pat’s rules to the sentences in the correspondi ng i nput
line. There are no spaces or tabs in any output |ine.
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Sanpl e | nput

At Hogwarts we love to roast tyrants and tea kettles.

fairly! squar el y! I won?
Sl ash and burn politics is for the m nus birds.
| want to replace foobar with fee, fie, foe, fun

Sanpl e Qut put

@w 2rt &t k

flstiw?

/ &pi 4t -b

iwrfwf,f,f,f!

File: passwor ds. t xt
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Tiling Problem

I f sub-wi ndows of a conputer screen w ndow are not sup-
posed to overlap, determ ning the placenent of these
sub-wi ndows can be difficult. This probl em addresses
a sinple case of non-overl appi hg sub-w ndow pl acenent.

We will call the sub-windows ‘tiles’, and abstract the
probl em by consi dering wi ndows and tiles to be squares
of characters. Thus saying that a window (or tile) has
size N nmeans the window (or tile) consists of NxN
characters.

The problemis, given a wi ndow of size N, and tiles
naned A, B, C of sizes sA, sB, sC, ..., place the
tiles in the window. The position of atile is its
upper left corner. The window is blank before any tile
is placed, nmeaning that all its characters are the space
character. Wen a tile is placed, its nane, which is a
single character, is copied into all the w ndow charac-
ters occupied by the tile.

In this problemtiles are placed in order of their

nane, and a strict left-to-right top-to-bottomscan is
used to find positions for tiles. The first tile, which
is always tile A, is always placed in the upper |eft
corner of the window. Then the scan proceeds fromthe
position of the last tile placed until the first posi-
tion is arrived at where the next tile can be placed,

wi t hout overl apping any previously placed tile. That
position is used as the position of the next tile. Each
tile nmust be conpletely inside the window. If atile
cannot be placed by the scan, the tile is ignored, and
not placed at all. The scan always resunes fromthe
position of the last tile placed (except when placing
the first tile), and the scan never goes up, and never
goes to the left except just after goi ng down.

For each case, one or nore |lines containing non-negative
integers in the follow ng order:

the size N of the window, 0 < N <= 80
the sizes sA, sB, sC, of the tiles in order
the value 0 (which ends the case description)

Each tile size s is such that 0 < s <= N. There nmay be
at nost 26 tiles, naned A through Z, and their sizes are
given in the order of their nanes. Nunbers may be sepa-
rated, preceded, and foll owed by any conbi nation of
spaces and tabs. A case may be spread across severa

lines. Input ends with an end of file.

CQut put

For each case, a line containing a single ‘-’ and noth-
ing else, followed by the N Ilines of the window Each
wi ndow |ine consists of the character ‘|’ followed by
the N characters of the window line followed by ‘|’, and

nothing el se. There are no spaces or tabs in the out-
put, except for spaces in the w ndow.

Sanpl e | nput

8123450
8 54321
0
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The 1D Drunkard

Sone scientific algorithms require random nunbers as
i nput. However, with nodern inexpensive conputers,
whi ch do not have error detecting RAM nmenory, it is
al so inmportant to be able to repeat conputer runs,
in order to check that they are correct.

A solution is to use a pseudo-random nunber generator
that produces an apparently random but actually repeat -
abl e series of nunbers.

The following is a classic pseudo-random nunber genera-
tor:

r(0) = seed /* nmust not be zero */

r(i+l) = r(i) * (7**5) nod (2**31 - 1)
wher e

7**5 = 16807

2**31 - 1 = 2147483647
0 < seed < 2147483647

Here r(0), r(1), r(2), is the sequence of pseudo-
random nunbers generated. Because 2**31 - 1 is prineg,
this sequence is 2**31 - 2 nunbers |long before it re-
peats. This particular sequence has been extensively
tested and found to do very well in common tests of
randommess.

You are asked to use this random nunber generator to
simulate a drunkard’s walk in a one di nensional world.
The drunkard starts at position zero. A random nunber
is acquired. |If that is odd, the drunkard ‘steps right’
by adding 1 to his current position. |If it is even, the
drunkard ‘steps left’ by subtracting 1 fromhis current
position. Successive steps are taken as successive ran-
dom nunbers are acquired. The first random nunber
acquired is the seed, and thereafter the equation

next _nunber = ( last_nunber * 16807 ) nod 2147483647

is used to produce nmore random nunbers. The current
position can beconme a negative integer

Not e

VWhen progranming this in C or C++ use the ‘long | ong
nunber type, as in:

long long multiplier = 16807;
| ong | ong nodul us = 2147483647,
int seed, next;

he%t.:.seed; /1 First random nunber.
)/.Cbnﬁute next random nunber.
next = (int)

( ( multiplier * next ) % nodul us );

The JAVA code is the same but ‘long long’ is replaced by
‘long’ .
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Li nes each of which contains one command. There are two
ki nds of command.

The W m seed

conmand, where m> 0 and seed are integers and Wis the
character ‘W, causes the output of a graph of an mstep
drunken wal k, with the first random nunber being seed.

The H mn seed

conmand, where m> 0, n > 0, and seed are integers, out-
puts a histogram of the position the drunkard ends up in
after after msteps. The drunkard’s mstep walk is sim
ulated n times, and H(p) is conputed to be the nunber of
those tines that the drunkard' s final position after m
steps is p. The random nunmber is NOT reset after each
wal k simul ation, so except for the first walk, the first
random number of a wal k is the next random number after
the last random nunber of the previous walk. The first
random nunmber of the first walk is of course the seed.
You can assune m <= 1000.

I nput ends with an end of file.

The first thing each command outputs is a |line contain-
ing exactly one ‘-’ and nothing el se. This separates
the command out put fromthe previous output.

The graph output for the ‘W command consists of mtl

i nes, each outputting one position. The first position
output is 0, and the next mlines output the position
after each of the msteps. The line outputting a posi-
tion p consists of exactly p + 35 space characters
followed by a single ‘*’ character, and nothing el se.
The input will be such that the position never gets
outside the range from-35 to +35 for a ‘W conmand.

The hi stogram output by the ‘H comand consists of one
line for p=-m -m2, -m4, ..., m4, m2, m This
i ne contains

p H(p) P(p)

where p is the position, H(p) is the nunber of tinmes the
drunkard ended in position p after msteps starting in
position 0, and P(p) is a theoretical estimte of H(p)
conput ed by

P(p) =2 * n* Np,m
N(p,m =

exp ( - p**2/ (2* m) )
[ sgrt (2 * Pl * m)

Here p and H(p) are integers, but P(p) is a floating
poi nt nunber. p, H(p), and P(p) nmust be each be printed
right adjusted in 15 colums, and P(p) nust have exactly
1 deci mal pl ace.

Note that for p equal -m#l, -mt3, ..., m3, m1l, P(p) is
zero, which is why no lines are printed for these p. |If
mis even p nmust be even, and if mis odd p nust be odd,
for the drunkard at an even position nust step to an odd
position, and at an odd position nust step to an even
posi tion.
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N(p,m is the normal probability distribution with mean
0 and standard deviation sqrt(n). p can be shown to be
a randomvariable with the same nmean and standard devi a-
tion. The reason for the ‘2 *' in the equation for P(p)
is that H(p) is zero for every other value of p, so

H(p) is approximated by the integral of n * N(p,n) over
an interval of length 2. Another way of putting this

is that the sumof all the H(p) for different pis n
and to nake the sumof the P(p) for p=-m -m2, ...,
m 2, mbe approximately n, we have to add the factor

‘2 %,

Sanpl e | nput

W20 7456353
H 10 1000 276089259

Sanpl e Qut put

-10

-8

-4
-2

Qoo h~NO

41
106
223
254
193
120

43

10.
41.
113.
206.
252.
206.
113.
41.
10.
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Dice Qiz

You have becone involved in witing software for a gane
that is played with 6-sided dice. A die is placed on

a board so that one of its faces is North, and the die
is then noved by rolling it to the North, East, South,
or West, so different faces are then on the top, bottom
and si des.

A data base is needed to answer queries such as

Tl N6 E?
which neans, if 1 is on Top and 6 is to the North, what
digit is to the East? Note that the order in which the
first two itens are witten does not matter, and

N6 Tl E?

is the same query.

To make matters dicier, the die involved are non-stan-
dard. They are described by |ines such as

DTl B9 N\d E8 WB S2

whi ch says that in one of its positions, the die has
1 ontop, 9 on the bottom 4 to the North, 8 to the
East, 3 to the West, and 2 to the South. Note that
the order of itens (except for the D) does not matter,
so

DES NMd WB B9 S2 T1

describes the same die. Al so, a die has 24 possible
positions, and can be described in any one of these.

Li nes each of which either describes a die or is a
query. Each query is to be answered for the last die
described (the first line describes a die). The faces
of the die can only have single digits, 0 through 9.
Two items in a line are separated by a single space,
and there are no spaces or tabs before the first item
or after the last. Input ends with an end of file.

The output is a exact copy of the input with each query
? replaced with the face digit that is the answer to
the query. |In making the copy you can assume that the
“?" in each input query is the last character of the
guery line. You can al so assune each query descri bes

a possible position of the current die.




di cequi z. t xt

2 of

Sanpl e | nput

D T1 B9 N E8 WB S2
T1 N3 E?
N3 T1 E?
DES Nd WB B9 S2 T1
T1 N3 E?
N3 T1 E?
N3 T1 Wp
N3 T1 S?
N3 T1 B?

Sanpl e Qut put

DTl B9 N E8 WB S2
T1 N3 E4
N3 T1 E4
DES NMd WB B9 S2 T1
T1 N3 E4
N3 T1 E4
N3 T1 W
N3 T1 S8
N3 T1 B9
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Drop by When You are Near the Ring

Qiver lives on aring, a rather large spinning circle
of nmetal in space. He and his fell ow Dogpl ovi ans get
around in one-time-spaceshi ps, which are di scarded
after a single use. Typically, to get hone Aiver ains
his current ship nore or less at the ring, fires the
motor till its enmpty, then waits till he is closest to
the ring, hops in his personal spacepod, and notors
straight hone init.

AQiver has lost his conputer prograns and desperately
needs you to wite himone that will cal cul ate when

he is closest to his ring. In Dogplovian coordinates,
the ring is in the xy plain centered on the origin. The
input is the point where Aiver fired his nmotor and the
vel ocity achi eved (instantaneously for conputationa
purposes). For conveni ence assunme the notor is fired

at time O.

Note that distance to the ring is neasured fromthe
spaceship to the nearest point on the ring, as once
Oiver gets to the ring he takes the ‘circle train’ to
his domicile. Note also that all distances are in
dogbounds, and tines in dogbarks, but you do not really
need to use this know edge.

Ah, and we al nost forgot to nmention. Luckily for you,
AQiver lives in tw dinensional space, and not three
di mensi onal space.

For each case, a single line containing the 5 nunbers

r X y vx vy
where r is the radius of the ring, (x,y) the point where
the notor is fired at tine 0, and (vx,vy) the velocity
achieved at tinme 0. The velocity is constant after tine
0.

An end of file term nates the input.

For each case, a single line containing the 2 numbers
t d

where t is the time Aiver’'s spaceship is closest to the
ring and d is the di stance between the spaceship and the
ring at that tine. Both nunbers nust be printed with
exactly 3 decimal places.

The input will be such that t > 0 is always true; i.e.
the spaceship will never be headed away fromthe ring.
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Exanpl e | nput

1. 000 1.000
2.000 0.414
6.071 0.000
80. 711 0. 000

File: nearring. txt
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Optimum Tiling Problem

This problemis a harder variant of the Tiling Problem
(short nane ‘tile’). You nust read that problem before
reading this problem It is intended that you wll

code the ‘tile’ problembefore you code this problem
and use the ‘tile’ code in the solution to this problem
but there is no requirenent that you do this.

By a placenent of tiles we nean an order in which the
algorithmof the ‘tile’ problemtries to place the
tiles. A placenment can be | abel ed by giving the nanes
of the tiles in the order of the placenent. The ‘tile’
problemonly tries one placenent, the placenment ABC..
in which the tiles are tried in order of their names.

In this problemyou are asked to find a placenent that
‘works’, in the sense that all tiles can actually be
pl aced, and none are ignored.

There may be nore than one such placenent. For exanple,
if there are just two tiles and the placenent AB worKks,
then so will the placement BA. You are asked to find

the uni que working placenent that is first in |lexica
(dictionary) order. Thus you would find AB and not BA.

Sane as the ‘tile’ problem

This is a search problem The input is chosen so the

search will always succeed, and never fail, within the
contest problemtime limt, provided you do sone very
sinmple search tree pruning. |If your program does not

handl e the sanpl e input bel ow very fast, you have not
pruned properly.

For each case, a line containing nothing but the
pl acement order you found for the case.

Sanpl e | nput

ABCGDFE
ABEDC
ABCDEFGHI JKLMNZOPQRSTUVWKY
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Transducer Probl em

An NDFT, or non-determnistic finite transducer, is an
NDFA, a non-deterministic finite automaton, with output.
We will first describe NDFA's and introduce the notation
we will use, and then we will describe NDFT's. You

will be asked to sinmulate the execution of NDFT' s.

An NDFA consists of a | abeled directed graph, w th nodes
called ‘states’ and arrows called ‘transitions’, and two
desi gnat ed nodes of the graph: the start and stop state.
W will use strictly positive integers, 1, 2, 3, ..., as
| abel s of states, and | ower case letters, a, b, ¢, ...,
as | abels of transitions. W wll denote a transition
as

LABEL : ORIG N -> TARGET

where LABEL is the transition |abel, ORIG@ N is the | abe
of the transition origin state, and TARGET is the | abe
of the transition target state. An NDFA can be descri b-
ed by a sequence of such transition denotations and the
| abel s of the start and stop states.

A path through an NDFA is a sequence of transitions with
the target of each but the |ast being the origin of the
next transition in the sequence. The origin of the path
is the origin of the first transition, and the target of
the path is the target of the last transition. The

| abel of the path is the sequence of |abels of the
transitions in the path.

Thus given the NDFA transitions:

a: 1->2
b: 2->3
c: 3->2
c: 3->4

abc : 1 ->2->3->2
abc : 1 ->2->3->14

A single state can be the origin of several transitions
with the sanme | abel

An NDFA conputes for each path | abel whether or not
there is a path fromthe start state of the NDFA to
the stop state of the NDFA.

An NDFT is an NDFA plus a value for each transition. An
NDFT conputes a value for each path, and computes a
value for a path |label fromall the paths with that

| abel between the start state and the stop state of the
NDFT. In this problemall values will be floating point
nunbers in the range fromO to 1, which represent proba-
bilities. Thus for us an NDFT assigns probabilities to
strings of transition |abels.
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W will use the notation
LABEL : ORIA N -> TARGET : VALUE

to denote a transition LABEL : ORIGA N -> TARGET with the

gi ven VALUE.

The value of a path is the product of the values of the
transitions in the path. The value of a path label is

the sumof the values of all paths with that |abel from
the start state to the stop state.

Thus gi ven the NDFT:

a: 1->2: 0.4
a: 1->4: 0.6
b: 2->3: 1.0
b: 4->5: 1.0
c: 3->6: 0.3
c: 5->6: 1.0

start state: 1
stop state: 6

the following are the two possible paths from1 to 6:

->2->3->6: 0.12

abc : (= 0.
->4 ->5->6: 0.60 (= 0.

abc :

and the transducer conputes the value 0.12+0.60 = 0.72
for the path | abel abc.

For each of several cases:
a line containing: N M START STOP
N |i nes each denoting a transition
M |ines each containing a path | abel

where N, M START, and STOP are integers greater than

zero. Each case defines an NDFT with N transitions
and gives Mpath | abels. START and STOP are the
state | abels of the start and stop states. |nput

ends with an end of file.

1 <= N <= 1000

1 <=M

1 <= S <= 100 for any state |label S
transition |l abels are | ower case letters
path | abels are 1 to 80 | ower case letters
0 <= VALUE <= 1.0 for any transition val ue

For each case:
a line containing nothing but a single ‘-’
M lines each containing: LABEL : VALUE

where the MIlines correspond in order to the Minput
lines containing path labels, LABEL is the path | abel
copied fromthe input line, and VALUE is the val ue
conmputed for that |abel by the NDFT. Each VALUE
must have exactly 3 deci mal places.
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Sanpl e | nput
6216

a: 1->2
a: 1->14:
b: 2 ->3:
b: 4->5:
c: 3->6":
c: 5->6":
abc

abb

2512

a: 1->2:
b 2 ->2:
a

ab

abb

abbb

abbba

Sanpl e Qut put

abc : 0.720
abb : 0.000
a : 0.900
ab : 0.720
abb : 0.576
abbb : 0. 461

abbba : 0.000

POoRPPOO
ocwooo i

o ©

Not e

Qur definitions of NDFA and NDFT are a nore restrictive
sinplification of the standard definitions. The stan-
dard definitions allow enpty | abels on transitions
(these do not appear in |abels of paths containing the
transition), and permt nore than one stop state. Also
the sum of the values of all transitions with the sane
origin and label is constrained to be equal to, or equa
to or less than, 1. Lastly, values other than nunbers
may be used as long as nmultiplication, addition, 0, and
1 are defined (such a set of values is called a seni-
ring). An exanple is sets of strings, where addition is
set union, and nmultiplication of X and Y is the set of
all strings nade by concatenating a string fromX and a
string fromY. Addition nmust be conmutative and associ -
ative, but nultiplication nust be nerely associative.

Mul tiplication nust distribute over addition
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