probl ens 10/ 19/ 03

08:53:11

1 of 1

Probl emrs | ndex Sun Cct 19 08:53:11 EDT 2003
Probl ens for BOSPRE 2003.
Easi er Problens are First.

pr obl ens/ pur edi e

Maki ng dice live up to expectations.

pr obl ens/ changevi ew
A conputational view of the world.

pr obl ens/ convoy
Traffic accordions.

pr obl ens/ nonot oni ¢
Sol ving sone equations is easy.

pr obl ens/ col ori ng
Turning adult’s work to child s play.

pr obl ens/ whi chcoi n
Best strategy to solve a conundrum

probl ens/ f eat ures
Do we think with | abel ed graphs?




pur edi e. t xt

10/ 18/ 03 22:07:56 1 of

Pure Dice

O vk is very concerned by bias on dice, and wants to
make an unbi ased 6-sided dice. He does this by taking
an N sided dice and throwing it 3 tinmes. |If the 3

val ues thrown are different, they can conme out in one of
6 orderings, and each ordering has the sane probability.
By assigning a nunmber from1 through 6 to each of the 6
orderings, AOvk effectively has an unbi ased 6-si ded

di ce.

For exanple, if S represents the snallest of three
di fferent values, Mthe mddle value, and L the |argest
val ue, then the 6 orderings might be assigned val ues by

SML
SLM
MSL
M.S
LSM
LMS

OO WNPE

One problemis that the three values may not all be
different: if Nwere 6, one nmght throw 115 or even 111.
In this case A vk choses to ignore the three val ues he
just threw, and throw 3 nore tines. If we call a set of
3 throws a ‘round’, O vk keeps throw ng rounds until he
gets 3 different values. O vk nust throw Mrounds to
get an 1 unbiased throwif the first M1 rounds each
have 2 or 3 equal values and the Mth round does not.

You are asked to conpute the probability that O vk wll
need exactly Mrounds to get 1 unbiased value, given N
and the probabilities that each of the N faces of the
bi ased dice will be thrown.

For each case, 1 line containing
MN pl p2 ... pN

where M and N are as above and pl, p2, ..., pNare the N
probabilities that each of the N faces of the biased die
will be thromn. 1 <= M<= 100. 4 <= N <= 20.

0.0 <=pl <=1.0, for I from1 through N. The sum of
the pl’s is 1.0.

I nput ends with an end of file.

One |ine per case containing the probability that it
will take A vk exactly Mrounds to get his first un-
bi ased value. This probability must have exactly 6
deci mal pl aces.

Exanpl e | nput

0. 336000
0. 148141
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Changi ng Point of View

Tef f al Head Fat Body has stayed out too |ate on the planet
BadTrash and is in danger of being consumed by a Larger
BageGarLectorCol. To get to safety Teffal Head nust get
to base A or base B or the ZoonTube that connects them
He knows his own position, C, and the ZoonTube is a
perfectly straight |ine between A and B (woe betide a
zooner in a curved ZooniTube). Teffal Head needs to know
i medi ately which he is closest to, A B, or sone point
on the Zoonifube between A and B

Tef fal Head knows t he xy-coordi nates of points A B, and
C. Like any good robotm nded soul, he expects to trans-
late and rotate the xy-coordi nate systemto nake a new
X"y’ -coordi nate systemin which A has x'y’-coordinates
(0,0) and B has x’y’-coordinates (L,0), where L is the
di stance fromA to B. Then the answer can be easily
read fromthe x’ coordinate of C

Unfortunately, living up to his first name, which means
‘forgetful in energencies’, Teffal Head has forgotten the
programthat finds the x'y’'-coordinate system He as
put out a call for help, and as the only energency prog-
gramer wthin range, you nmust send hima programtout
de suite.

Note you are pernmitted to translate and rotate the
xy-coordi nates, but NOT to reflect across a coordinate
axis. Unnecessary reflections are a terrible breech
of robot etiquette. Thus the y' coordinate of Cis
unanbi guous.

For each of several cases, one |line, containing

Ax Ay Bx By Cx Cy
where the xy-coordi nates of points A, B, and C are re-

spectively (Ax,Ay), (Bx,By), and (Cx,Cy). Input ends
with an end of file.

For each case one line containing:
(Cx',Cy’) L ANS

where (Cx',Cy’) are the x'y'-coordinates of C, L is
the length of AB, and ANS is one of the follow ng:

A If Teffal Head is closest to A
B If Teffal Head is closest to B
ZoomTube If Teffal Head is closest to a
poi nt on the ZooniTube between
A and B.
The X'y’ -coordinates and L nust be accurate to plus or
m nus 0. 00L1.

Exanpl e | nput
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Exanpl e Qut put

(0.500,-6.000) 1.000 ZooniTube
(-0.707,0.707) 0.707 A
(1.414,-1.414) 0.707 B
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The Safe and Speedy Driver Conpany nakes robot drivers.
They have been asked to provide drivers for convoys of
trucks, but are unsure if their basic traveling al gor-
ithmwll work. You have been asked to sinulate it,

so see under what circunmstances it will cause crashes.

The sinmulation is of N trucks traveling fromright to
left. In the beginning, all trucks are separated by

exactly LO feet and are traveling a velocity VO ft/s.
The sinulation |lasts for some nunmber of seconds.

Each driver decides at the beginning of each second

whet her to accelerate during the second, decelerate
(brake) during the second, or naintain velocity during
the second. Al acceleration is by A0 ft/s/s. A
deceleration is by -A0 ft/s/s unless the current truck
velocity V ft/s is less than A0, in which case the de-
celeration is by -V ft/s/s so the truck velocity will be
0 at the end of the second. Maintaining velocity, of
course, involves an acceleration of 0 ft/s/s during the
second.

the acceleration in ft/s/s of each
truck is constant, the velocity of the truck is a |inear
function of time, and the distance travel ed by the truck
is a quadratic function of tinme.

Duri ng each second,

The al gorithm each driver of a non-lead truck follows
to determine the truck’s acceleration at the beginning
of a second is:

if the truck is approaching the truck it is follow
ing at a relative velocity of at least dV ft/s, then
decel erate

else if the truck is receding fromthe truck it is
following at a relative velocity of at |east
dv ft/s, then accelerate

| east LO+dL ft fromthe
accel erate

else if the truck is at
truck it is follow ng,

else if the truck is at at nost LO-dL ft fromthe
truck it is follow ng, decelerate

el se mai ntain speed

The | ead truck receives instructions that tell its

driver what to do for each second.
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For each of several cases,
One |ine containing the nunbers
N LO dL VO dV A0

One line containing the instructions for the |ead
driver.

The instructions are a sequence of +, 0, and - charac-
ters, one character per second. Each is interpreted as
an instruction for the lead driver to

+ accel erate
0 mai ntai n speed
- decel erate

for one second. The |eftnost character is for the first
second, the rightnost for the | ast second, and the num
ber of instruction characters is the nunber of seconds
in the simulation. There are no spaces in the instruc-
tions |ine.

Simulations are limted to at nmost 100 seconds and at
nmost 11 trucks. |Input ends with an end of file.

For each case

One line containing just ‘Case # , where # is the
nunber of the case, 1, 2, 3, etc, and there is
exactly one space in the line.

Li nes contai ning the distances between the non-Iead
trucks and the truck they are followi ng. Each line
contains N-1 distances, each in exactly 8 col ums
with exactly 3 decimal places. Each distance is the
di stance between a truck and the truck it is follow
ing. The distances are for the trucks fromleft to
right: the first is for the truck after the | ead
truck.

One line with the initial distances is printed,
foll owed by one line for each second of sinulation
with the distances at the end of the second.

If any output |ine has a negative distance, the
sinmulation term nates, and a next |line containing
just ‘CRASH is output.

Exanpl e | nput

3 88 11 44 11 44
+++++0000---------------
5 88 11 44 11 44
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Exanpl e Qut put

Case

88.
66.
44,
. 000
44,
44.

Case

88.
110.
154.
198.
242.
286.
308.
286.
264.
242.
198.
154.
110.

66.
. 000
-22.

1

000
000
000

000
000

000
000
000
000
000
000
000
000
000
000
000
000
000
000

000

CRASH

Case

88.
110.
110.

66.

44.

44.

44.

000
000
000
000
000
000
000

88.
88.
66.

44,
44.

88.

88.
110.
154.
198.
242.
286.
330.
330.
330.
330.
286.
242.
198.
154.
110.

88.
88.
110.
110.

66
44
44

000
000
000
. 000
000
000

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

000 88.
000 88.
000 88.
000 110.
. 000 110.
. 000 66.
. 000 44.

000
000
000
000
000
000
000

88
88
88

88.

110
110
66

. 000
. 000
. 000
000
. 000
. 000
. 000

Post scri pt

Driving safety experts recommend drivers maintain a
at |l east 3 seconds separation between thensel ves and
the car in front of themin good weather.
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Sol vi ng Monot oni ¢ Functi ons

The Departnment of Monotonic Functions (DVF) will, anpng
ot her things, solve equations of the formF(x) = 0,
where F is a strictly monotonic function. ‘F(x) is

strictly nonotonic’ means that whenever x <y,
F(x) < F(y).

You are asked to wite a programto performthis task
for fairly arbitrary F. F is input in polish notation.
That is, F(x) is calculated by a stack machi ne as
fol | ows.

The stack nmachine has a stack of double precision
floating point nunmbers. Initially the stack is enpty.

The function is a sequence of synbols and nunbers. A
nunber neans: push the nunber into the top of the stack
Al'l nunbers begin with a digit: there are no signed
nunbers. The follow ng are the possible synmbols and
their meani ngs:

X push x into the stack

+ pop the top 2 nenbers of the stack
and push their sumonto the stack

- pop the top 2 menbers of the stack
and push the second val ue popped ni nus
the first value popped onto the stack

* pop the top 2 nmenbers of the stack
and push their product onto the stack

/ pop the top 2 menbers of the stack
and push onto the stack the second val ue
popped divided by the first val ue

popped

‘2.4 x * 1.2 x| -’ represents the nonotonic func-

F(x) =2.4* x-1.21] x

For each of several cases, one |ine containing
L HTOKEN ... ;

where [L,H is the range of x val ues over which F(x)
is nmonotonic and in which the solution is to be
found, and ‘TOKEN ...’ is the sequence of synbols
and nunbers representing the function F. A TOKEN is
just one synbol or nunber. L, H TOKENs, and ; are
all separated by spaces or tabs. There are at npst
80 TOKENSs.

It is guaranteed that F(L) < 0 < F(H and that no
value of x in the range [L,H w Il cause the
conputation of F to overflow doubl e precision
floating point arithnetic.

I nput ends with an end of file.

For each case, a single |ine containing nothing but
the value of x such that F(x) = 0. The value of x
must be accurate to within 10**-9.
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Exanpl e | nput:

1E-9 1E+9 2.4 x * 1.2 x | - ;
1 1E49 3 x x X * * * 6 x x * * - 4 x * + 10 -

Exanpl e Qut put:

0.707106781
2.114827162
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Graph Col oring

The cl assical graph coloring problemis just the foll ow
i ng: color the nodes of an undirected graph so that

nei ghbors do not have the sanme color, and a m ni mum
nunber of colors are used. This problem has many
applications, anbng which are allocating variables to
regi sters by a conpiler. The conpiler considers two
variabl es to be neighbors if they are needed in the
same bl ock of code

The graph coloring problemis very hard to solve (its

NP conplete). But there is a problemthat is easy to
solve that can | ead to good enough, but not optinal
graph coloring solutions. It is this: make a list of
the nodes of the graph so that each node has no nore
than M1 neighbors after it in the list. Then the graph
can be colored with Mcolors, which can be assigned from
the end of the list to the beginning. For each node, at
nost M1 nei ghbors have been assigned col ors before the
node is, so with Mcolors the node can al ways be assign-
ed a color different fromany of its neighbors.

You are asked to find the m ni mum M such that the |ist
can be nmde.

For each of several cases:

A line containing the number N of nodes.
1 <= N <= 80.

N |ines each containing N binary digits
(*0's and ‘1's).

Nodes are identified by integers i, 1 <=i <= N

Lines of digits are nunbered 1, 2, 3, fromthe first
line to the last line. Digits in a line are nunbered
1, 2, 3, fromleft to right.

For 1 <=i,j <= N, digit j of linei is ‘1 if node
i is a neighbor of node j, and ‘0’ otherwise. Digit
j of line i equals digit i of linej, and digit i of

linei is ‘0" (a node is NOT a neighbor of itself).

No |ines contain any spaces. The input term nates
with an end of file.

For each case, the single line containing M the
smal | est integer for which the nodes of the graph can
be put in a list such that at nost M1 nei ghbors of
any node appear after the node in the |ist.
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Which Coin is Fal se

Consi der the follow ng problem You are given N coins,
exactly 1 of which is false, in that its weight differs
fromthe others, though you do not know whether the
false coin is lighter or heavier than it should be. You
are also given 1 additional coin known to be true and a
scale. You are asked to make a series of weighings of
equal numbers of the coins and at the end tell which
coin is false. You are asked to m nimze the nunber of
wei ghi ngs required.

Prof essor Toowit Toowoo (TT to his friends) has come up
with the following strategy for solving this problem
There are two cases: first, where you do not know

whet her the false coinis lighter than or heavier than a
true coin, and second where you do know.

If you do know whether the false coin is lighter than or
heavier than a true coin, divide the N coins into three
al nost equal groups, and weigh two of these that have

equal numbers of coins agai nst each other. The result
will tell you which of the three groups the false coin
is in.

If on the other hand you do NOT know whet her the false
coinis lighter than or heavier than a true coin, divide
the N coins into three groups two of which have the same
nunber J of coins, and wei gh these two groups agai nst
each other. |If the scale balances, the false coinis in
the group not wei ghed.

Q herwi se, nove sonme nunber K of the coins originally on
the left scale to the right scale, replacing them by
coins not originally weighed, and renove K coins origin-
ally on the right scale, so they are not weighed. This
second wei ghing has three outcones. |If the scales now
bal ance, the false coin was renmoved fromthe right

scale. |If the balance (which side is heavier) changes,
the fal se coin was noved fromthe left to the right
scale. If the balance renmains the sane, the false coin
was not noved fromeither scale. In the first two

cases, you now know whether the false coinis lighter
than or heavier than a true coin. |In the |ast case,

you still do not know.

If Nis 2, then you can use the 1 known true coin to

solve the problemw th a single weighing,
case.

as a speci al

Noti ce that the nunber of wei ghings necessary may depend
upon the actual results of the weighings. For exanple,
if N=5, the first step m ght be to weigh 2 coins against
2 coins, and in the best case the scal e bal ances and the
false coin is known inmmediately to be the coin you did
not weigh. But in the worst case, where the scale is
unbal anced, you have to nove 1 coin fromone scale to
the other, and if the scal e remmins unbal anced, then

you have only narrowed it down to 2 coins and need a
third wei ghing.

W want to use TT's strategy to minimze the nunber of
wei ghings required if every result turns out to be worst
case. Thus you are asked to find the m ni mum worst case
nunber of wei ghi ngs needed to sol ve the probl em using
TT's strategy, for a given N, and to find the nunber J
to be used in the first weighing, and the nunmber K to be
used in the second wei ghing should the first weighing
not bal ance.
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One line for each test case. This line just contains N
with 3 <= N <= 500. The input ends with an end of file.

One line for each case. This line contains
WwWJ K

where Wis the mni numworst case nunmber of wei ghings
required using TT's strategy to solve the problemfor N
coi ns, when you do NOT know whether the false coinis
lighter or heavier than a true coin; J is the nunber of
coins on each scale in the first weighing; and Kis the
nunber of coins noved in the second weighing if the
first weighing has an inmbalance. |If several values of J
give the same W output only the m nimum such J. If for
this J several values of K give the same W output only
the m ni mum such K

Exampl e | nput

OO ~NO O~ W

Exanmpl e Qut put

Note: This problemis derived froma problemstated in
‘Engagi ng Students with Theory’, by Shilov and Yi,
Conmuni cati ons of the ACM Sept 2002, Vol. 45 No. 9,

p 98.
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Feature Structures

————————————————— From now on we will use single upper case characters as
arrow | abel s, and single decinmal digits as node | abels.

I nformati on can be encoded in ‘feature structures’, Unl abel ed nodes will be represented by ‘#, and the root

whi ch are rooted | abel ed graphs. To explain, a node will be marked by ‘*’. Wth this in mnd, consider

feature structure is a set of graph nodes (points), a
set of directed edges between pairs of nodes (arrows),
and an assi gnnment of |abels (synbols of some kind) to
SOME of the nodes and ALL of the arrows. No node may
be the source of two arrows with the sanme |abel. One of
the nodes is distinguished as the root node, and all of
the nodes are reachable fromthe root by follow ng the
directed edges (going only in the direction of the
arrows) .

An example feature structure is

CATEGORY HEAD
x > cat ------ > noun ------ > nom native
\ \
\ \  SUBCAT
\ R > enpty-list
\
\  CONTENT | NDEX PERSON
R > ppro ----- >ref ------ > 3rd
[\
| \ NUMBER
| - > singul ar
|
| GENDER
oo e oo > fem nine

This is part of the dictionary entry for the word ‘she
for a typical conputer English parser. Feature struct-
ures seemto be the nost natural way to describe |in-
guistic information and grammar rul es, and because of
this, it is conceivable that the human mind uses sone
anal og of feature structures to parse sentences.

the feature structure

A B E
H* ceeee-a- > #o------ >0 ----- +
\ A |
\ C D | |
Fomm oo >4 ------- + |
A |
| |
- +

A path fromthe root to a node Nin feature structure is
a list of edges starting at the root and going to N
where the target of one edge is the source of the next
edge. A path can be naned by giving the edge | abels in
sequence, which we do separated by dots, with an initia
dot added to make it easy to distinguish the enpty path
that names the root. A path is said to nane the target
of its last edge. Thus in the above exanple, ‘.’ names
the root node, ‘.A names the other unlabel ed node, and
‘.AB and ‘.C.D name the node with value ‘9. Actual -
Iy this node has an infinite number of names, including
‘.AB.ED and ‘.C.DEDED.
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A feature structure can be described by a set of equa-

tions. Let P, Pl, P2 be a path nanes, and V be a node
val ue. Then the equati ons have one of three forns:

P

P:V

P1=p2

The equation P means a node naned P exists. The equa-
tion P:V nmeans a node naned P exists and is |labeled with
the value V (we will say the node ‘has value V). The
equati on P1=P2 neans there exists a node that has both
the name P1 and the name P2.

Qur exanple feature structure can be described by the
equati ons

9

.A.B
E=.C

coor
R vy,

These are not the only equations true for the this
feature structure, but the exanple feature structure is
the smallest feature structure that satisfies these
equations, in a sense we will now make precise.

As feature structures store information, we m ght expect
themto have a notion of one feature structure having
nore information than another. |If F1 and F2 are feature
structures, we say ‘F1 <= F2' (here <= neans ‘i s greater
than’, or ‘has nore information than’) if and only if
every equation true of F1 is also true of F2. Thus F1
is more general than F2, and F2 is nore specific than
F1. The technical termfor this is that ‘F1 subsunes
F2', where ‘subsunmes’ just neans ‘is nore general than’

What does ‘F1 <= F2' nean in ternms of rooted directed

| abel ed graphs. It nmeans (1) for every node in F1 named
by sone path P, there is a node in F2 with name P; (2)
for every node in F1 named by sone path P that has val ue
V, the node in F2 named by P al so has value V; and (3)

if some node in F1 has both names Pl and P2, then the
node naned P1 in F2 also has nane P2. As a consequence
of all this there is a map of nodes of F1 to nodes of F2
such that (1) a node named P in F1 is napped to a node
naned P in F2, and (2) if a node in F1 has value V, the
node it is mapped to in F2 al so has val ue V.

The property of feature structures that nakes them ex-
trenely useful in conmputing is that certain conputations
of feature structures have a mininmumanswer: that is, a
feature structure can be conputed that is smaller than
any other suitable feature structure.

One instance of this is the follow ng: given a set of
equations, either there is no feature structure satisfy-
ing all the equations, or there is exactly one m nimum
feature structure satisfying all the equations. |If
there is no feature structure satisfying the equations,
then the equations are said to be inconpatible. For
exanpl e, the equations

AL
A B= A
LAB: 2

are inconpatible, because they inply there is a node
with both the nanes . A and . A B, which is fine, but also
this node has both values 1 and 2, which is not all owed:
no node may have nore than one | abel
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Two feature structures F1 and F2 are said to be compa-
tible if and only if there is sone feature structure F
such that F1 <= F and F2 <= F. Then there is a mni mum
F, which is just the mnimumF satisfying all the equa-
tions of F1 and all the equations of F2. This is very
useful, because if a conputer knows that F1 and F2 are
true, it does not have to keep both F1 and F2 around:
instead it can conmpute the mininumF and keep that for
future conputations. This greatly inproves the effi-
ci ency of the conputation, and is the reason that
feature structures are a good way for a conputer to
represent information.

To conmpute the mininmumfeature structure satisfying a
set of equations, proceed to add one equation at a tine.
Start with the feature structure F equal to ‘*# , which
is just an unl abel ed root node. Gven a new equation P
just add nodes and arrows as necessary to F until a node
naned P exists. Any nodes added have no value. Gven a
new equation P:V, nmake a node naned P if none exists,
and then give that node the value V. If a node naned P
al ready exists and al ready has a val ue DI FFERENT from V,
the equations are inconpatible. G ven a new equation
P1=P2, make nodes nanmed P1 and P2 if necessary, and then
nerge themto nmake a single node. Merging nodes neans
gluing themtogether so that they are the same node. |If
you rmust merge nodes that have DI FFERENT val ues, the
equations are incompatible. Computationally N1 and N2
can be nerged by storing in N1 a forwardi ng pointer to
N2; this forwardi ng pointer behaves |ike a forwarding
address in a mail system

When you nmerge nodes N1 and N2, you keep all the arrows

from BOTH nodes, BUT if

X X
if NL--->N1" and N2--->N2’
you nust nmerge N1' and N2'.
That is, if two nodes being nmerged are BOTH sources for
an arrow | abel ed X, you keep just one of the arrows but

you nmerge the destinations of the arrows. So nmerging is
a recursive operation.

In this problemyou are given sets of equations and are
asked to compute for each set the mininumfeature struc-
ture descri bed and answer questions about it.

For each of several cases,

A line containing only ‘' EQUATI ONS

Zero or nore lines each containing an equation. Al
these equations together describe a m ninmm
feature structure.

A line containing only ' QJESTI ONS'

Zero or nore lines each containing an equation to be
tested against the m nimumfeature structure

A line containing only ‘ DONE

There are no spaces in any input
are as described above.
characters |ong.

line. The equations
No equation is nore than 80
I nput ends with an end of file.
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For each case,

A line containing ‘Case # where # is 1, 2, 3, ...,
t he case nunber.

If the EQUATIONS are inconpatible, a single line
cont ai ni ng ‘| NCOMPATI BLE' .

O herwi se, for each QUESTION in order, a single line
containing either ‘TRUE or ‘FALSE, that tells

whet her the QUESTION is true of the mnimal feature
structure that satisfies the EQUATI ONS.

Exanpl e | nput
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Exanpl e Qut put

Case 1:
TRUE
TRUE
FALSE
FALSE
TRUE
Case 2:
FALSE
TRUE
FALSE
TRUE
FALSE
TRUE
TRUE
FALSE
FALSE
Case 3:
I NCOVPATI BLE
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