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Aut hor ship Verification

Sli ppery Redux, the Text Private Eye, is trying to set
up a systemto catch text copycats. To do this he needs
a programthat will take input text and count the words
that match a pattern. The patterns he is interested

in are fairly sinple: they nmerely match the begi nning of
each word to see if there is some sequence of vowels and
consonants and particular letters. Thus the pattern
"CVC matches all words beginning with a consonant

foll owed by a vowel followed by a consonant, and the
pattern "thV' matches all words beginning with the
letters "th' followed by a vowel.

The i nput has been preprocessed so it is just a sequence
of data words each of which contain nothing but |ower
case letters. The pattern is a word consisting of |ower
case letters and the letters "C and "V . 1In a pattern,
a |l ower case letter matches only the letter itself in a
data word, while "C in a pattern matches any consonant
in a data word, and "V in a pattern nmatches any vowel
in a data word.

The letter "y' in a data word is to be treated as both a
vowel and a consonant. Thus BOTH "V AND "C ALWAYS
match "y'.

The input is a sequence of itens, each of which is a
pattern, a data word, or the special item *' . Itens
are separated by whitespace, which consists of one or
nmore spaces, tabs, or new i nes.

The input contains one or nore test cases, each consis-
ting of a pattern followed by 1 or nore data words
followed by the item ™ *'.
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Input ends with the item *
pattern woul d be).

by itself (where the next

No data word or pattern is |longer than 80 characters.

For each test case, the single |ine
Case #:. #/# = #%

where the #'s denote nunbers and are the following in
order: the test case number (chosen from1, 2, 3, etc.),
the nunber of matching data words, the total number of
data words, and the ratio of matching to total data

wor ds expressed as a percentage with exactly one deci nmal
pl ace.

Sanpl e | nput

thv

i like the best of the noise sonetines *
\%

i like the best of the noise sonetines *
cvC

i like the best

of the noise sonetinmes *

cv

do you |like ny new nonsense *
*
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Sanpl e Qut put

Case 1. 2/8 = 25. 0%

Case 2: 2/8 = 25.0%

Case 3. 3/8 = 37.5%

Case 4: 6/6 = 100. 0%

File: aut hor shi p. t xt

Aut hor : Bob Wal t on <wal t on@leas. har var d. edu>
Dat e: Sat Oct 26 16:02: 39 EDT 2002

The authors have placed this file in the public domain;
they make no warranty and accept no liability for this
file.

RCS Info (may not be true date or author):

$Aut hor: hc3-judge $

$Dat e: 2002/ 10/ 26 20:04:51 $
$RCSfile: authorship.txt,v $
$Revision: 1.8 $
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Achi eving Better Bias

The Better Bias Bureau takes M faced biased dice with
known bi ases and nmakes fromthem N faced bi ased dice
with desired biases. Mrre specifically, if you have an
M faced biased die with probability pnij] of throw ng
face j, for j from1l though M but you really want
instead an N faced biased die with probability pn[i] of
throwi ng face i, for i from1 through N, then good old
B3 will give you a nmethod of achi eving your desires.

The nethod is this. You are to consider throwi ng your M
faced die an infinite nunber of tines and witing out

the resulting faces, f1, f2, f3, ..., as an infinite
fraction .f1f2f3... base M The fraction will be a
nunber, call it F, in the range fromO through 1. For

any nunber r, 0 <= r <= 1, we can conpute the probabil -
ity that F <=r.

Let rn[i] be defined so that

probability F <= rn[i]

probability that an N faced die throwis k for
some k <= i

sum of pn[k] for k from1 through i

Then when you throw a value F with your Mfaced die, you
shoul d declare it to be face i of the N faced die if

F<rn[i] ifi =1
or
rn[i-1] < F<rn[i] if 1 <i <N
or
rn[i-1] < F if i =N
or

Thi s met hod produces a properly biased N faced die.
Here one ignores the cases where F = rn[i] for sone i,
as the probability of this happening is O.
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The neat thing about all this is that you do not actual -
Iy have to throw the M faced die an infinite number of
times to decide what the value of i is. After sone
finite nunmber of throws, depending on the value of F,
you can stop, know ng the answer i.

Suppose you stop as soon as possible. Wuat is the ex-
pected nunber of throws of the Mfaced die necessary to
produce one throw of the N faced die?

Not e:

For technical reasons, relating to the elimnation of
anbiguity in judging a contest, we use only one inequal -
ity if i =21 o0or i =N To be alittle nore specific,
the judge's test data has been adjusted so that for al
cases that nust actually be tested, either both the in-
equalities rn[i-1] < Fand F <rn[i] will be true by a
margin definitely | arger than the accuracy of the com
putation, or one of these inequalities will be false by
a margin definitely | arger than the accuracy of the com
putation. But it is NOT possible to adjust the judge's
data so the inequalities at the ends, rn[0] = 0.0 < F
and F < rn[N] = 1.0, will be true or false by a nargin
definitely larger than the accuracy of the conputation
So we suppress these two inequalities, which we can do
wi t hout changing the validity of the nethod.
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For each of several test cases:

* Mfollowed by pni1], pni2], ..., pniM in order.
* N followed by pn[1], pn[2], ..., pn[N in order.
Here 2 <= M <= 20, 2 <= N<= 20, and for all j and

0.01 <= pnf{j] <= 0.99, 0.01 <= pn[i] <= 0.99. The sum
of all the pnij] equals 1.0, and the sumof all pn[i]
equal s 1.0.

Nunbers are separated by whitespace, which nmay consi st
of any sequence of spaces, tabs, or newines.

Input ends with a line containing just a single O.

You shoul d use doubl e precision floating point arithme-
tic to do input and conputation, as nore than 6 signifi-
cant figures of accuracy are necessary.

For each test case, one |line containing the expected
nunber of throws of the M sided die needed to generate
one throw of the N sided die. This nunber shoul d have
exactly 2 decimal places.
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Sanpl e | nput

AN

Woooooo

333

QO WNN D

3.50
1.45
3.00

Not e

You nmight find it interesting to consider at your

| ei sure whether B3's nethod is optimal, i.e., achieves
the minimal expected nunber of throws of the Mfaced die
to generate one throw of the N faced die.
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File: bett erbi as. t xt
Aut hor : Bob Wal t on <wal t on@leas. har var d. edu>
Dat e: Mon Qct 21 01:22:35 EDT 2002

The authors have placed this file in the public domain;
they make no warranty and accept no liability for this
file.

RCS Info (may not be true date or author):

$Aut hor: walton $
$Dat e: 2002/10/21 05:23:01 $
$RCSfile: betterbias.txt,v $
$Revision: 1.11 $
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GSAT Tracing

GSAT is a “greedy |local search' procedure for satisfying
propositional fornmulae in CNF form You have been asked
to code the GSAT algorithm and as a first step, you are
to code a variation of the core of this algorithm and
output a trace of its execution.

A propositional fornula is a fornula containing bool ean
vari abl es and the operators AND, OR, and NOT. A propo-
sitional formula is in “conjunctive normal form, or
CNF, if it has the syntax:

CNF-fornula ::= clause { AND cl ause }*
clause ::= ( literal { ORliteral }* )
literal ::= variable | NOT variable
Thus if v1, v2, v3, ... are bool ean variables, an exam

ple is
(vl OR NOT v3 ) AND ( NOT v4 ORv5 ORVv2)

As a shorthand we will wite such formula with the
foll owi ng nodifications:

A W will omt OR s and AND s.

B. We will omit v's, representing variabl es by
i nt egers.

C. W will replace NOT's by -'s, negating the integer
representing a variable that is to be NOI"ed. W

will onmit space between the "-' and its foll ow ng
i nt eger.

Thus the above exanpl e becones:

(1-3)(-452)
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The

goal of the GSAT algorithmis to find an assi gnment

of values (true or false) to variables so that the given
input CNF formula is satisfied (evaluates to true by the
rul es of bool ean al gebra).

The

1.

6.

You

core of the GSAT algorithmis:

Assign values (true or false) to all the variables
random y.

If all clauses are satisfied (so the formula is
satisfied), stop.

For each variable i, conpute the nunber of clauses
N[i] that will be satisfied if just the val ue of
variable i is changed.

Formthe set of variables S whose Ni] is maxinmal.

Pick one variable fromS randomy and change its
val ue.

Return to step 2.

have been asked to programa first version of this

GSAT core that replaces random choi ces as foll ows:

1.

In step 1, the initial variable assignments are
i nput .
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5. In step 5, instead of picking a variable from$S
random y, the variable i with the smallest val ue
of

(i - iteration) nmod V

is chosen, where “iteration' is the iteration num
ber, 1, 2, 3, etc., and Vis the nunber of vari-
ables. This anounts to searching variabl es begin-
ning with variabl e

( (iteration - 1) nod V) + 1

and wrapping around fromvariable V to variable 1
picking the first variable with maxinum N[i] that
i s found.

You are asked to print out all variable changes in step
5 and the set of currently unsatisfied clauses in step
2

To sinplify inplenentation, GSAT is usually progranmred
to run only on CNF formul a whose cl auses contain at nost
3literals. Al CNF formula can be easily converted to
such a form To nake coding easier, we require that all
cl auses have exactly 3 literals. To make this work, we
i ntroduce the special variable vO whose val ue i s ALWAYS
false. Thus the clause (vl ORv2) with two literals is
changed to the clause (vl ORv2 ORvVv0) with three
literals, the last of which, vO, is always false
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For each formula, integers V, C, and |, in that order,
whi ch are respectively the nunber of variables, the
nunber of clauses, and the maxi mum nunber of al gorithm
iterations. 1 <=V <= 100, 1 <= C <= 100, and 1 <= |

<= 100. These are followed by V integers, each 0 repre-
senting “false' or 1 representing ‘true', that are the
initial values of the variables, in order fromvariable
1 through variable V. And these are followed by the

cl auses, represented as a sequence of integers, using
the abbreviations given above. As each clause has ex-
actly 3 literals, parentheses would be redundant infor-
mation, and are therefore omtted. |If a clause contains
variable 0, it is the last one or two variables of the
cl ause.

The input ends with a |ine containing 3 zeros.

For each data set, first a single |line containing
"Formul a # where # is 1, 2, 3, etc., the number of the
formula in the input.

Then every time step 2 is executed, one or nore |ines
containing the clauses that are not satisfied. Each
clause is represented by three integers enclosed in

par ent heses, with clauses being separated by a space.
Consecutive integers are separated by a space, but par-
entheses are NOT separated fromintegers by space. |If
there are nore than 5 cl auses, then exactly 5 cl auses
are printed on each line but the last, which may have
1 to 5 clauses. The clauses MJST be printed the order
they were input.
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As a special case, if there are no unsatisfied clauses
at step 2, print a single line containing just ~DONE
and stop the algorithm

Lastly, every time step 5 is execute print either

“# = true' or "# =false' to indicate that variable #
has been assigned the new value “true' or "false'
respectively.

Execution of the algorithmshould stop i mediately after
the al gorithm executes step 2 for the I+1'st tine, if
execution has not previously stopped because the formnul a
was satisfied.

Sanpl e | nput

[@FN
[@XNé)

PR OWONPR
LI |
[cNeoNeoNeNe)

ol o
PR AWN BwWN R
. ca” T o»n
ONNNAWO®ORWNOBNRL,AEWNOR
coooo
coooo

o !
o
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Sanpl e Qut put

Formula 1
(120 (230 (340
2 = true
(3 40)

3 =true
DONE
Formula 2
(4 00)

1 =true
(4 00)

2 = true
(4 00)

3 =true
(4 00)

4 = true
DONE
Formula 3
(-1 20
1 = fal se
(1 2 0)

3 =true
(1 2 0)

3 = fal se
(1 2 0)

4 = fal se
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The full GSAT algorithmruns the core algorithm sone
nunber of tines, and clains, perhaps incorrectly, that
the formula is unsatisfiable if none of these runs
produces a satisfying variable assignnment. Each core
run stops after some nunber of iterations if it fails

to find a satisfying variable assignment. Full GSAT has
a good record of finding satisfying variable assignnents
if they exist for sone inportant classes of fornul ae.

The original GSAT paper is Sel nan, Levesque, and
Mtchell, A New Method for Solving Hard Satisfiability
Probl enms, Proc 10th Conf on Al (AAAI-92), July 1992,
440- 446.

File: gsat .t xt
Aut hor : Bob Wal t on <wal t on@leas. har var d. edu>
Dat e: Mon Qct 21 00: 36: 45 EDT 2002

The authors have placed this file in the public domain;
they make no warranty and accept no liability for this
file.

RCS Info (may not be true date or author):

$Aut hor: walton $

$Dat e: 2002/10/21 04:39:01 $
$RCSfile: gsat.txt,v $
$Revision: 1.7 $
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Love Log

Aivia, the arrow beetle, is on the ground near a |og.
On the other side of the log is Aiver, the | ove of her
life. She wants to get to him How far nust she
travel ?

Qivia and Aiver are on the ground, the log rests on
the ground, and Aivia nust fly over the top of the |og
to get to Aiver. You can assunme that the ground is
perfectly flat and the log is a perfect cylinder with
axi s perpendicular to the line between AQivia and
Qiver. The distance BfromQivia to the point where
the 1 og touches the ground, the distance C fromthis
point to Aiver, and the dianeter D of the log are
given. Arrow beetles fly in perfectly straight |ines
when they need to get to a point they can see, and
otherwise can fly right next to a curved surface. You
can assume ‘right next to' neans infinitesimally close
to.

Oivia or diver can be in the shadow of the log; i.e.,
B<D2o C< D2 are possible.

Several test cases, each with one line containing B, C
and D, in that order. 0 < B,C D < 1000000. Input ends
with a line containing three zeros.

You shoul d use doubl e precision floating point arithme-
tic to do input and computation, as input with 3 deci nal
pl aces can have up to 9 significant digits.
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For each test case, one line containing the |ength of
the shortest arrow beetle flying route fromdivia to
AQiver. This length nust have exactly 3 decinmal places.

Sanpl e | nput

10.0 10.0 20.0

0.1 0.1 20.0
10.0 80.0 20.0
000

Sanpl e Qut put

51. 416

62. 632

108. 195

File: | ovel og. t xt

Aut hor : Bob Wal t on <wal t on@leas. har var d. edu>
Dat e: Sun Cct 20 22:44:48 EDT 2002

The authors have placed this file in the public domain;
they make no warranty and accept no liability for this
file.

RCS Info (may not be true date or author):

$Aut hor: walton $

$Dat e: 2002/10/21 02:46:01 $
$RCSfile: lovelog.txt,v $
$Revision: 1.3 $
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Marriage Mayhem

Alex and Betty are soon to be married, but have each
forgotten a crucial itemat home. They must each
collect their itembefore the wedding may take pl ace;
thus they wish to arrive there as soon as possible.
However, as tradition has it that the bride and groom

must not neet before the wedding, they must take care to

avoid running into each other.

Bei ng decent people, their world consists of a graph.
The problemw || specify Alex and Betty's start and
target vertices. Traversing an edge will take one
second. (It is also allowed to stand still at a
vertex.) It is not allowed for Alex and Betty to:

-- be at the sanme vertex at the sane tineg;
-- traverse the sane edge at the sane tine.

Your job is to conpute the earliest tinme at which both
Al ex and Betty can be hone, or to say that no solution
i s possible.
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For each test case, the input is:

Line 1. 5 integers: the nunmber of vertices N
Alex's start vertex “as' and finish vertex
“af'; Betty's start vertex “bs' and finish
vertex “bf'; Vertices are nunbered 1..N
1 <= N <= 30.

Li nes 2. . N+1:
An nxn array of 0's and 1's, where 1's indicate
the presence of edges. Each rowis on a single
line. The vertex numbers increase fromleft to
right and fromtop to bottom The matrix is
symretric and the diagonal is all 1's.

Input will be termnated a line containing five 0's

A single line beginning with "Case #:'. Then if a
solution is possible, this is followed by the integer
nunber of seconds the quickest solution takes; but if
no solution is possible, the word “inpossible' is to
be output in place of an integer
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Sanpl e | nput
31331
111
111
111
31331
110
111
011

0

Sanpl e Qut put

Case 1. 2
Case 2: inpossible

File: mar may. t xt

Aut hor : Vi nce Conitzer <conitzer @ost. harvard. edu>
with mnor revisions by
Bob Wl ton <wal t on@leas. harvard. edu>

Dat e: Sat Oct 26 16:03:37 EDT 2002

The authors have placed this file in the public donmain;
they make no warranty and accept no liability for this
file.

RCS Info (may not be true date or author):

$Aut hor: hc3-judge $

$Dat e: 2002/ 10/ 26 20:04:51 $
$RCSfile: marmay.txt,v $
$Revision: 1.9 $
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Nasty G ammar

E->T
E->T<E
T->F
T->F*T
F->X
F->( E)
F->x<T>

where in the second rule < is used as an operator and
inthe last rule < > are used as brackets. Note that
the grammar i s unanmbi guous (not obvious, but true). To
keep things sinple, the only termnals are x, *, (, ),
<, and >.

Wth this grammar the parse tree of x<x*x> is

X
X— T— -
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while the parse tree of x<x<x> is

_E
I\

T < E

I I

F T

I I

X __F

[\ \
X < T >

I
F
I
X
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and the parse tree of x<(x<x)> is

E
I
T
I
_F__
A A U
X < | >
T
I
_F__
/ | \
( I )
I
_E
/ | \
T < E
I I
F T
I I
X F
I
X

Not e

This grammar is a little nastier than JAVA in which
"(t<x.y>)z' is a cast of z to the type "t<x.y> where
"X.y' is a paraneter to the paraneterized type "t'.
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For each test case, an input string nmade of termnals
on aline by itself. Only terminal characters will be
on the line. The maxinumline length is 80 characters.
I nput ends with an end of file.

For each test case, a single line. |If the input string
is an E, the line contains “accept' followed by the
nunber of E, F, and T nodes in the parse tree, in the
format indicated by the sanple output. If the input
string is NOT an E, the line nerely contains “reject'.

Sanpl e | nput

X* <x>
X<X*X>
X<X<X>
X<(X<x) >
XXX >><X>

Sanpl e Qut put

rej ect
accept 1E 3T 3F
accept 2E 3T 3F
accept 3E 4T 4F
rej ect
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File: nast ygranmar . t xt
Aut hor : Bob Wal t on <wal t on@leas. har vard. edu>
Dat e: Thu Cct 17 10:11: 07 EDT 2002

The authors have placed this file in the public domain;
they make no warranty and accept no liability for this
file.

RCS Info (may not be true date or author):

$Aut hor: walton $

$Date: 2002/10/17 14:26:03 $
$RCSfile: nastygrammar.txt,v $
$Revision: 1.3 $
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Tom s Ski Shop

Tom owns a ski shop at the foot of M. Big Toe. He both
sells and rents skis. Tonmls custoners can either buy
skis for X dollars, or rent themfor a weekend for Y
dollars. |If a custonmer skis for T weekends before he
tires of skiing and stops, and if the customer rents for
the first K weekends and then buys on the K+1'st week-
end, with K+1 <= T, then the customer pays K*Y + X
dollars to have skis for T weekends. If X < T*Y, the
customer would find it |east expensive to have bought
skis on his very first weekend (K = 0), but if X > T*Y,
the customer would find it | east expensive to al ways
rent (K >= T). A custoner does not know his T in
advance of actually getting tired of skiing, so these

| ast facts are not very useful

Tom has studied this situation statistically and devi sed
“optimal' advice for his custoners. By observation, Tom
knows the probability P[T] that an arbitrary custoner
will tire of skiing after exactly T weekends. Using
this Tomfinds the nunber K such that if every custoner
rents for her first K weekends and buys on her K+1'st
weekend, the expected cost to the custoner is mninzed.

Specifically, if the custoner follows Tom s strategy for
a given K, and the custoner tires after T weekends, the
cost to the custoner is T* Yif T<=Kand K* Y + X if
T>K |If we denote this cost by CJT], then the expect-
ed cost is the sumof P[T]*C[T] over all T, and this
expected cost, being a function of K, can be m ninized
by selecting K properly.

You are asked to conpute the optimal K given P[T].
Sonewhat artificially, you are to assune that P[T] is O
for all T above sonme value N, and you are not to con-
sider any K above N.
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For each of a nunber of data sets, the numbers X, Y, and
Nin that order, followed by N probabilities, P[1],

P[2], through PINJ. 0 < X, 0 <Y, 1 <= N<=100. The
probabilities are all between 0.0 and 1.0 inclusive, and
the probabilities sumto 1.0. The nunbers are separated
by whitespace, consisting of spaces, tabs, and new i nes
in any conbi nation.

Input ends with a line containing three zeros.

For each data set, one line containing first the opti mal
val ue of K and second the expected cost in dollars for
that K The cost nust have exactly 2 decinmal digits.

Sanpl e | nput
50.00 30.00 4 0.5 0.0 0.0 0.5
70.00 30.00 4 0.5 0.0 0.0 0.5
100. 00 30.00
4 0.50.00.00.5
000
Sanpl e Qut put
0 50.00
1 65.00
4 75.00
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File: ski shop. t xt
Aut hor : Bob Wal t on <wal t on@leas. har vard. edu>
Dat e: Mon COct 21 00: 14: 50 EDT 2002

The authors have placed this file in the public domain;
they make no warranty and accept no liability for this
file.

RCS Info (may not be true date or author):

$Aut hor: walton $

$Dat e: 2002/10/21 04:16:23 $
$RCSfile: skishop.txt,v $
$Revision: 1.4 $
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