Page 1 of 16

2000
ThomasL. Mourey Memorial
ACM/IBM Mountain Region
Scholastic Programming Contest

Tableof Contents

Program 1. Chairlift

Program 2. Reserve Bookshelf
Program 3: Clock

Program 4: Triangle Encapsulation
Program 5: Tribal Legidation
Program 6: Floating Point Numbers
Program 7: Bio - Informatics
Program 8: Roman Forts

01/ 27/01 11:57 AM



Page 2 of 16

Program 1: Chairlift (2 pages)

A chairlift is used to transport skiers (or summer sightseers) up the mountain. Figure 1 shows the components of a chairlift,
viewed from the air above the chairlift:
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+ A closed-loop steel cableisin continuous motion around two rotating wheels (one at the bottom, one at the top of the
mountain).

«» ThereareN equally spaced chairs suspended from the cable. N isan eveninteger, 18 <= N <= 300.InFigurel, N =
18. The chairs are shown as short dashes across the cable. Y ou must understand that Figure 1 is a“snapshot”, i.e., that the
chairs are in continuous motion along with the cable.

% Thecircumference of each wheel is equal to the distance between adjacent chairs.

+» Passengersride up in the chairs on the “upward bound” side of the lift; the chairs come back down empty on the
“downward bound” side.

+ Theloading station (see Figure 2) islocated on the lift's upward bound side, at the point of tangency between the cable
and the wheel at the bottomof the mountain. When a chair goes by the loading station, passengers will quickly board the
chair; the chair doesn’t stop. (Each chair is actually abench , it can hold up to 4 people.)

+ Theunloading station (see Figure 3) is also located on the lift’s upward bound side, at the point of tangency between the

cable and the wheel at the top of the mountain. When a chair goes by the unloading station, passengerswill quickly get off

the chair; the chair doesn’t stop.
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+« Thechairs are numbered in the order in which they appear at the loading station when the lift isfirst activated in the

morning. That is, they are numbered starting at 1, increasing sequentially in a direction opposite to the direction of motion.

Figure 4 isareproduction of Figure 1, showing chair numbersfor the case N = 18. (Remember that the figureisjust a
“snapshot”, the chairs are in continuous motion.)
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Now that you are familiar with the chairlift, it is time to state the problem. Two friends, whom we shall call Bob and Alice,
are out for aday of skiing. They arejust riding up in chair 56 and know that the lift has 126 chairs. They also know that
the ride from the loading station to the unloading station takes exactly 225. 0 seconds. Bob asks Alice: “How much
longer will theride take?’ Alice doesn’t look at her watch. Instead, she waits until their chair meets a downward bound
empty chair, notes that the number of that chair is71, and replies. “We have 198. 9 more secondsto go.” (An upward
bound chair and a downward bound chair “meet” when they are exactly opposite each other (i.e., both chairs are
equidistant from the top of the mountain). At the instant shown in Figure 4, no two chairs meet, but very soon thereafter,
chairs 6 and 7, aswell as chairs 5 and 8, etc., would meet.)

Y our program will carry out Alice’'s computations. Here is an example of an input file progl.dat and the resulting output
file progl.out:

126 225.0 Program 1 by team X

56 71 N =126, T = 225.0

31 120 Chair 56 neets chair 71, remaining time = 198.9

100 53 Chair 31 neets chair 120, remaining tine = 65.7
Chair 100 neets chair 53, remaining timne = 83.7

*,
*

*,
*

R/
*

End of program 1l by team X

Thefirst line of the input file will contain N, followed by T. The constraints on Nwere previously stated. T (the time it
takesto ride from the loading station to the unloading station) is a floating point number, measured in seconds, 200. 0
<= T <= 999. 9. Thefirst line will be followed by one or more additional lines of input. On each of these additional
lines, there will be exactly two integer valuesintherange 1. . N, representing two distinct chairs. The first of these chairs
isthe upward bound chair in which Bob and Alice areriding. The second chair is the downward bound chair they meet
when Alice announces the remaining time.

After displaying N and T, the program will produce one line of output, containing the two chair numbers and the
remaining time, for each pair of chairsintheinput.

Pay attention to all formatting details, such as punctuation, upper/lower case letters, the alignment of certain words, blank
spaces, and the absence of blankslines.

» Hereisaformatting template shown between two lines of the above output:

N =126, T = 225.0
1234567890123456789012345678901234567890123456789
Chair 56 neets chair 71, remaining time = 198.9

*,
0.0

Note in particular, that
» al numerical values areright-justified in the output fields shown by the formatting template;
> floating point val ues (representing seconds) will be displayed with one digit following the decimal point.
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Program 2: Reserve Bookshelf (2 pages)

A very small rural library has only one shelf dedicated to reserve books. (Reserve books are deemed important to alarge

number of library users and can therefore be checked out only for very short periods of time.)

«  Whenthelibrary’s staff places abook on reserve, the book is put on the reserve shelf’sleft end. All books that were
already on the reserve shelf must therefore be moved to the right, just enough to make room for the new book on the shelf.

«»  When areserve book is checked out and subsequently returned, it isalso put on the reserve shelf’sleft end, asif it were
just being placed on reserve.

«  What happens when the shelf is full? When abook is placed on reserve, or when a previously checked out reserve book is
returned, and there is not enough room on the reserve bookshelf, then, starting at the right end, as many books (but no
more) are removed from the reserve shelf (they are “taken off reserve”) as needed in order to make room for the book to be
put on the reserve bookshelf.

Here is an example of an input file prog2.dat and the resulting output filepr og2. out :

250 Program 2 by team X
PRI NT AVAI LABLE SHELF SPACE: 250
ADD 101 Uses for a Dead Cat 38 )
ADD Thin Thighs in 30 Days 63 Mei n Kanpf 101
ADD The Republic 44 The Republic 44
ADD Mei n Kanpf 101 Thin Thighs in 30 Days 63
PRI NT 101 Uses for a Dead Cat 38
ADD Princi pia Mat hematica 79 AVAI LABLE SHELF SPACE: 4
PRI NT S _
CHECKOUT The Republic Princi pia Mathematica 79
ADD On the Origin of Species 55 Mei n Kanpf 101
ADD The C Progranmi ng Language 15 The Republic 44
PRI NT AVAI LABLE SHELF SPACE: 26
RETURN The Republic )
ADD 101 Uses for a Dead Cat 38 The C Progranmi ng Language 15
CHECKOUT The C Progranmi ng Language On the Origin of Species 55
PRI NT Princi pia Mathematica 79
Mei n Kanmpf 101
AVAI LABLE SHELF SPACE: 0
101 Uses for a Dead Cat 38
The Republic 44
On the Origin of Species 55
Principia Mathematica 79
AVAI LABLE SHELF SPACE: 34
End of program 2 by team X

*,

< Thefirst line of the input file contains a single integer, the total available space on the reserve book shelf (whenitis
empty), measured in millimeters (1 inch equals about 25 millimeters). Its value will be at least 250 and at most 1500.
» Your program will start with an empty reserve book shelf.
+» Each subsequent line of input will start with one of the four commands ADD, CHECKOUT, RETURN, PRINT in upper
case letters, starting in column 1.
» Therewill not be any trailing blank spacesin theinput file.
» The ADD command:
= Thecommand isfollowed by atitle (starting in column 10), consisting of at most 29 printable characters.
= Thetitleisfollowed (starting in column 40) by the thickness of the book (the amount of book shelf spaceit will
require), a positive integer, not greater than 150.
= Theeffect of the ADD command will be to place a new title on reserve, as described above.
= Duplicatetitles:
Once aparticular title has been ADDed, it will not be ADDed again as long as that book is on the reserve
book shelf or has been checked out. However, if atitle has been forced off the reserve book shelf (by another

01/ 27/01 11:57 AM



Page 5of 16

o,

ADD command or by aRETURN command) then that title may appear in a subsequent ADD command
(with the same thickness as before).
The CHECKOUT command:
=  The command isfollowed by atitle (starting in column 10) which is currently on the reserve shelf.
=  Theeffect of the CHECKOUT command is to remove the specified title from the reserve shelf (until it is placed
back on the reserve shelf by a subsequent RETURN command.
= A CHECKOUT may create a gap between two books (for example, when“The C Pr ogr amnri ng
Language” ischecked out in the example shown). Such agap will count as part of the free space.
The RETURN command:
= Thecommand isfollowed by atitle (starting in column 10) which is currently checked out.
= Theeffect of the RETURN command isto put the specified book to the left end of the reserve shelf, as described
in the introductory paragraphs.
The PRINT command:
= Theeffect of the command will beto display in the output file:
the title and thickness of each book currently on the reserve shelf, one book per line, in the (left-to-right)
order in which the books are currently on the reserve shelf,
the currently available space on the reserve shelf, and
one blank line.

+« Pay attention to all formatting details, such as punctuation, upper/lower case characters, and the presence or absence of

blank spacesand blank lines.
» All titles, aswell asthe sentence “AVAI LABLE SHELF SPACE: " areleft-justified, starting in column 1.
»  All numerical quantities are displayed right-justified, with the unit’ s digit in column 34.

01/ 27/01
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Program 3: Clock (1 page)

Y ou are given a standard 12-hour clock with analog display, an hour hand and a minute hand. How many times does the
minute hand pass the hour hand in a given time interval ? Here is an example of an input file prog3.dat and the resulting output
file prog3.out:

12 50 1 2 Prpgram 3. by tegmx .
3 8 320 Initial time Final tinme Passes
12: 50 01: 02 0
245 11 O
03: 08 03: 20 1
11 0 3 20
1 2 12 50 02: 45 11: 00 8
320 3 8 11: 00 03: 20 4
01: 02 12: 50 11
03: 20 03: 08 10
End of program 3 by team X

«» Theinput file contains an indefinite number of lines; each line contains four numbers.

» Thefirst pair of numbers represents an “initial time”; the second pair represents a“final time.”

» In each such number pair, the first number represents hours, second number represents minutes.

» Thehourswill beintherangel. . 12, the minutesintherangeO. . 59.

> Noinitial time and no final timewill be an instant at which the minute hand just passes the hour hand. (In particular,
12 00 will not occur asan initial or final time.)

> Noinitial time will be the same as the corresponding final time.

> Between each initial time and corresponding final time, the hour hand will have turned less than one full revolution
(360 degrees).

» Asthe hour hand turns from itsinitial position toits final position, it may or may not sweep past the number 12 on the
clock’sdial.

= |f it does, then either theinitial timeisan“A.M.” time and thefinal timea“P.M.” time, or vice versa.
= |f it does not, then either both times (initial and final) are“A.M.” or both are“P.M.”
« Eachline of input givesrise to oneline of output, containing
» theinitial and final times, and
» the number of times the minute hand passes the hour hand between the initial time and the final time.
Observe all details of formatting, such as upper/lower case letters, punctuation, blank spaces, and the absence of blank lines.
+ Ineachtimedisplay, the hours and minutes are displayed in fields of width 2, separated by a colon.
» Theten'sdigit (of hours or minutes) is displayed asazero if it is zero.
Here is aformatting template shown between two lines of the above output:

Initial time Final tine Passes
12345678901234567890123456789012
12: 50 01: 02 0

01/ 27/01 11:57 AM
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Program 4: Triangle Encapsulation (2 pages)

Each line of the input file prog4.dat to your program will specify the x- and y-coordinates of the three vertices of a
triangle in the xy -plane, starting at some vertex and proceeding clockwise. For each vertex, the x-coordinate will be
specified before the y-coordinate. Each x- and y-coordinate will be an integer in therange—9. . 9. Theinput file will

consist of one or more lines.

Y our program’s output will be written to prog4.out. For each triangle specified in the input file, the output will list all
pointsin the xy -plane which have integer coordinates and lie in the triangle' sinterior. (Such points are said to be
encapsulated by the triangle.) Points that lie on one of the triangle’ s borders (in particular, the vertices of the triangle) will

not belisted in the output.

Each triangle specified in the input will encapsulate at |east one point with integer coordinates.
Within each line of input, the difference between the largest and smallest x-coordinate will not exceed 9.

Hereis an example of an input file prog4.dat and the resulting output filepr og4. out :

N b~

A~ b
AN
1

w -
onN
1

N

®,
°n

o,
°n

Figure 1 illustrates the first
triangle of the above
example, and the points
with integer coordinates in
itsinterior. Note that

(1, 3) liesonthis
triangle’ sborder and is
therefore not encapsul ated
by thetriangle.

Program 4 by team X
(2, 3) (3, 23
(-1, 2) (0, 2 (1, 2 (2, 2 (3, 2
(o, 1) (1, 1L (2, 1
(1, 0 (2, 0
(2, 3
(2, 2
(1 1) (2 1
(1, 0 (2, 0 (3 0
(1, -1) ( 2, -1) ( 3, -1
( 3’ '2)
End of program 4 by team X
y
A
® [ ] ()
=\=/ > X
Figurel

Points (x, y) which are listed on one line of output have the same y-coordinate; the x-coordinates of these points arein

increasing order from left to right.

They-coordinates of pointsin theinterior of atriangle will bein decreasing order from one line of output to the next line.

01/ 27/01
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< Each (x,y) point will be printed in a nine-column output field. Points that have the same x-coordinate (and pertain to the
same triangle) will be listed in the same nine-column output field. Here is a formatting template between two lines of the
above output:

(2 3 (3 3
12345678901234567890123456789012345678901234567890
(-1, 2 (0, 2) (1 2)(2 2 (3 2

«+ Each nine-column output field has the following layout (unlessit is blank):

Column 1: opening parenthesis

Columns 2-3 : x coordinate (right justified)

Column 4: comma

Columns 5-7 : y-coordinate (right justified)

Column 8 : closing parenthesis.

Column 9: blank space to separate current nine-column field from the next one, if thereis anext one.

% Theling(s) containing the smallest x-value pertaining to a particular triangle (such as- 1 for thefirst trianglein the above
example) will not start with ablank output field.

+ Therewill not be ablank output field between two non-blank ones on agiven line.

«» After listing the points encapsulated by each triangle, your program will produce one blank line of output. There will not
be any additional blank linesin the output.

VVVVYYVY
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Program 5: Tribal Legislation (2 pages)

The Zhombi tribe populates an island in the South Pacific. The tribe consists of a number of clans (which are collections of
related families). The tribe has a chief, and so does each clan.

R/

« When atribal law is proposed, the voting members of each clan convene and vote on the proposal. In case of atie, the clan
chief (who is otherwise not avoting member) will break thetie.

« After the clans have voted, the clan chiefs convene at the tribal headquarters to conduct the tribal level vote, which will
determine whether the proposal passes. There each clan chief will cast anumber of votes equal to the number of voting
members of his/her tribe. Furthermore, all votes cast by one clan chief will be either in favor of the proposal or against the
proposal, depending on how his/her clan voted. For example, if clan A has 28 voting members and voted in favor of the
proposal, then clan A’s chief will cast all 28 votesin favor of the proposal at the tribal level, even if the vote at the clan
level was“15 for 13 against”, or if the vote at the clan level was a 14:14 tie that the clan chief chose to break in favor of
the proposal.

» Incaseof atie at thetribal level vote, the tribal chief (who is otherwise not a voting member) will break the tie.

Y ou probably suspect now that a proposal could pass at the tribal level even if fewer than 50% of all votes were cast in its
favor at the clan level. The main goal of the program will be to determine the smallest number of clan-level votes needed to
passalaw at thetribal level, without having to break atie either at the clan level or at the tribal level.

The input to your program will come from the file prog5.dat. Thisfile will contain at least two, but no more than 20 integers,
al on oneline, separated by blank spaces, without any trailing blanks. Each of these numberswill bein therange2. . 999. For
example:

28 12 15 7

Each number in the input file represents the number of voting members of a clan (not counting the chief). We will refer to the
clans of thetribe by upper case letters, in al phabetical order. Thus, the datain this example specify that the tribe consists of
four clans, A, B, C, and D, having 28, 12, 15, and 7 voting members, respectively.

Given the above input, hereisavalid instance of output written by your program to prog5.out:
Program 5 by team X

d an: A D
Cl an | evel votes: 15 4
Tri bal |evel votes: 28 7

Clan | evel sunmary: 19 out of 62, 30.6%
Tribal level summary: 35 out of 62, 56.5%
End of program5 by team X

The output presents a scenario in which a proposal passes at the tribal level with the smallest possible number of supporting
votes at the clan level, without having to break atie either at the clan level or at thetribal level.
« Thelinelabeled “Cl an” lists (inincreasing a phabetical order) those clansthat voted in favor of the proposal.

% Thelinelabeled“Cl an | evel vot es” liststhe (smallest) number of clan-level votes needed from each clan that voted
in favor of the proposal, in order to pass the proposal at thetribal level. In those clans that are not listed, all votes were cast
against the proposal.

% Thelinelabeled “Tri bal | evel votes” liststhevotescastinfavor of the proposal at thetribal level.

R/

% Thetwo“summary” lines:

» The number 19 represents the crux of the results, it isthe smallest number of clan-level votes which can result in the
stated goal.

» The to?al (62 in this case) will always be the same number on the two “sunmmar y” lines; it is simply the sum of the
numbersin the input.

» The percentage of tribal-level votes (56.5% in this case) will always be greater than 50%. (In some cases the output,
rounded to one decimal place, may be 50.0% even though the actual percentage is greater than 50%.)

01/ 27/01 11:57 AM
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++ Non-uniqueness of output:
»  For the specific input shown above, the output shown above is not the only correct output. Here is another instance of
correct output for the input shown above:

Program 5 by team X

c an: B cC D
Clan | evel votes: 7 8 4
Tribal level votes: 12 15 7
Clan | evel sunmary: 19 out of 62, 30.6%
Tribal level summary: 34 out of 62, 54.8%

End of program5 by team X

« Inparticular, for agiven input, all correct instances of output will beidentical ontheline“Cl an | evel sunmary”.
Other lines of the output may be different, aslong as the conditions of the problem are met.

+ Pay attention to all formatting details, such as the presence or absence of blanks lines, blank spaces, punctuation,
upper/lower case letters.
» Thelettersand numbersdisplayed onthe“Cl an”,“Cl an | evel votes”,and“Tri bal |evel votes” lines

areright-justified in fields of width 4.

» Integer valuesthat appear in the “summar y” lines areright-justified in fields of width 6.
» You may assume that no more than 14 clans voted in favor of the proposal.
» Hereisaformatting template shown between two lines of the second instance of output from above:

Tribal level votes: 12 15 7
12345678901234567890123456789012345678901234567890
Clan | evel sunmary: 19 out of 62, 30.6%

> Notethe column numbers of the ‘9" in 19, the comma, the decimal point, and the percent sign.
> The percentages are displayed to a precision of one digit after the decimal point.

01/ 27/01 11:57 AM
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Program 6: Floating Point Numbers (2 pages)

Floating point numbers are represented at

the hardware level of most computer. [I] 1] 0] 0] 0] 0JiJ0J0]JiJ0J0Ji]L]0]0]
systems in normalized binary scientific
notation. We will consider a hypothetical
computer in which floating point numbers - ) - J
are represented in a 16-bit word. An hd Y
exampleisshownin Figure 1. Inthe

common Intel chips, the exponent of a

fl oat has8bitsand themantissahas23  gign bit Exponent (7 bits) Mantissa (8 bits)
bits, otherwise the representation isthe

sameasin Figure 1.

Figurel

Wewill show that this particular example represents the number whose usual decimal representationis—10. 375.

The leftmost bit (the sign bit) is 1 if the floating point number is negative, O otherwise.

The next seven bits (1000010 in this example) represent the Exponent component of the normalized binary scientific

notation. The following two operations will reveal the exponent’s actual value:

» Evaluate the binary number 1000010: itis1* 64+0* 32+0* 16+0* 8+0*4+1*2+0*1 = 66.

»  Subtract the bias correction 63 from 66, which yields 3 as the actual value of the exponent that we will use below.
(The purpose of the bias correction is to allow negative exponents. Aslong as the exponent has seven bits, which will
aways be the casein this program, the bias correctionis63 = 271 1)

+ Theremaining 8 bits (01001100 in this example) constitute the mantissa, which isthe fractional part of the normalized
binary scientific notation. Y ou will seein the next step how it is used.

+ Thesign bit, the mantissa, and the exponent are used to cal culate the value of the floating point number:

®,
°n

o,
°n

-(1.01001100 binary) * 2°

Figure2 Y

characteristic 8-bit mantissa Exponent 3, as
calculated above

» The period preceding the mantissais the “binary point” which hasthe same meaning as the decimal point in a decimal
(base ten) representation.

» Inthe normalized binary scientific notation there is only one binary digit preceding the binary point, and it isalways 1
(except if the floating point number isthe number zer). It is called the characteristic. Sinceit is always 1, it does not
explicitly appear in the 16-bit representation of Figure 1.

« Sincethenumber 1. 01001100 isinbinary, the digitsto the right of the binary point represent successive negative
powersof 2. Therefore, the number shown in Figure 2 can be re-written as

S(1+427%+2°°+2°% * 23 = .10.375 = -1.0375 * 10!

» Heretheresult has been expressed using scientific notation (base ten). Most programming languages would output
thisresult as- 1. 0375e+001. The use of alower case “€” or upper case “E”, and the number of leading zerosin the
exponent can vary from one programming language to another.

«» Animportant exception: if all bits except the sign bit are zero, then the floating point number is zero, regardless of the sign
bit.

01/ 27/01 11:57 AM



Page 12 of 16

Here is an example of an input file prog6.dat and the resulting output filepr 0g6. out :

Program 6 by team X
1100001001001100 -1.037500e+001
0011111100000000 1. 000000e+000
1011111110000000 -1.500000e+000
0000000010101010 1.804180e-019
0011011111100000 7.324219e- 003
1001111011100000 -2.182787e-010
0101011001010101 1.117389e+007
0100011011101101 2. 465000e+002
0111111111111111 3.682143e+019
1100001000101100 - 9. 375000e+000
0000000000000000 0. 000000e+000
1000000000000000 0. 000000e+000

End of program 6 by team X

% Theinput file contains an undetermined number of lines. Each line contains, starting in column 1, exactly 16 printable

characters which can be any permutation of Os and 1s. The first character represents the sign bit, the next seven characters,
the exponent, and the last eight characters, the mantissaof afloating point number in normalized binary scientific notation
according to the conventions discussed on the preceding page.

The
>
>

Y VYVYY

01/ 27/01

+« Each floating point number read from the input will be written by your program to the output file, one number per line.

following formatting conventions are required in your output:

The floating point numbers will be displayed in scientific notation (base ten).

Column 1 will either be blank (indicating a positive number or zero) or contain aminus sign (indicating a negative
number).

Column 2 will contain a digit.

Column 3 will contain the decimal point.

Columns 4 -9 will contain six additional significant digits of the floating point number.

The remaining columns will specify the exponent of scientific notation. The sign and magnitude of the exponent must
of course be correct, but the exact format in which the exponent is displayed will be determined by the programming
language you use.

11:57 AM
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Program 7: Bio - Informatics (2 pages)

Bio-informaticsis an exciting new field of science, in which computer science techniques are applied to solving biological

problems. The search for genetic drugsis one of the central problems of bio-informatics. In tackling this problem, genesfrom

various organisms are compared.

+ A geneischaracterized by the sequence of amino acids that can be derived from it.

«» There are atogether 20 amino acids. Each amino acid is identified by a one-letter abbreviation of its full chemical name.
(The upper case letters of the alphabet, except B, J, O, U, X, and Z, are used to identify amino acids.)

Here is an example of an input file prog7.dat for your program:

human fruitfly nenatode yeast bacteri

a
M
E
S
W
D
A
G
K
T
R

wWHOXPOCOMZ
ITH4>»0>»rO0rnumz=
MA>O>0r0mMzg
zHd0zr»oruomg

+ Eachlogical column of theinput file specifies a particular gene from a different organism. The number of organismsis at
least three but not greater than eight.

» Thefirst line specifies the names of the organisms. Each name consists of at |east one but not more than eight lower
case characters and isright-justified in afield of width 9 characters.

» Each of the remaining lines specifies an amino acid for each of the organisms listed on the first line. Each amino acid
isrepresented by its one-letter abbreviation, right-justified in afield of width 9 characters, under the name of the
organism with which it is associated. Thus, in the example shown, the amino acid sequence for the particular yeast
geneisM,E,S,L,D,A,N,C, T, M.

» Theamino acid sequences of all organisms represented in agiven input file will have the same length (in this
example, 10).
=  The minimum length of the amino acid sequencesin theinput file is 10, the maximum length is9999.

» Each amino acid in the amino acid sequence of a particular gene occupies a certain position. The positions are
numbered starting at 1 and they increase sequentially. Thus, the yeast sequence in the example shown hasM in
positions 1 and 10, E in position 2, A in position 6, etc.

After re-displaying the names of the organisms (in the same order as in the input), your program will look for discrepancies
among the amino acid sequences of the given organisms. Here isthe output file prog7.out resulting from the above input:

Program 7 by team X

human fruitfly nemat ode yeast bacteria
3 *
4 *
7 * *
8 * * *
10 * * * *

End of program 7 by team X

01/ 27/01 11:57 AM
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R/

+ For those positionsin which all organisms have the same amino acid (positions 1, 2, 5, 6, and 9 in the example shown) , no
output will be produced.
+ Inthose positions in which not all organisms have the same amino acid (positions 3, 4,7, 8 and 10 in the example shown)
your program will:
»  Print the position number.
» ldentify by an asterisk those organisms that deviate (in that particular position) from the most frequently occurring
amino acid (in that particular position).
= |Inposition 3 of the given example, Sis certainly the most frequently occurring amino acid, and human is the only
organism that does not have Sin position 3.
= Incaseof atiefor the most frequently occurring amino acid in a particualar position, the amino acid that has the
rightmost occurrence (among those involved in thetie) will be chosen as the most frequent one.

- For example, in position 8 in the given example, both C and A occur twice. We choose C as the most
frequent amino acid in position 8, because its rightmost occurrence is under yeast, which is further right than
the rightmost occurrence of A (nematode) in this position.

In the given example, there is an extreme case of atiein position 10: all five organisms have different amino
acids. Therefore, the amino having the rightmost occurrence, namely R, will be designated as the most
frequent one.

Two lines of the above output are reproduced here with aformatting template:

1 2 3 4 5 6 7
12345678901234567890123456789012345678901234567890123456789012345678901234567890
human fruitfly nemat ode yeast bacteria
*

3
+ Notein particular:

» The position numbers are right justified in columns 1-4.

» Column 5 is blank.

»  Starting in column 6, the output (name of an organism or an asterisk) will be right-justified in fields of width 9.
« Also pay attention to formatting details, such as upper/lower case variations, blank spaces, and the absence of blank lines.
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Program 8: Roman Forts (2 pages)

This program will acquaint you with the judicious method used by rulers of the ancient Roman empire to choose the locations
of their military forts.
Y ou are given acollection of cities.
« Thecitieswill belabeled by upper case lettersin al phabetical order, starting with *A’.
« Given any pair of cities, there is one and only one path between them (see Figure 1).
» This path may be adirect connection (as between Jand C in Figure 1) or it may pass through a number of intermediate
cities (as between Jand B in Figure 1).

> Inthe example of Figure 1, the path from Jto B passes through C, G, and F.

J - ¢ ——— A —— D
I G F B E
H K
Figurel

B3

» The actual number of miles between citiesisirrelevant. The distance between a pair of citiesis defined as the number of
hops (each “hop” being taken over aover adirect connection) between them.
» InFigure 1, the number of hops between Jand Cis 1, and the number of hops between Jand B is 4.
» Initially, only one of the citiesisfortified (by a military fort). As your program executes, additional cities will be fortified.
» If acity isnot fortified, we say it isvulnerable.
» Furthermore, if acity isvulnerable, itsdegree of vulnerability is defined as the shortest distance between it and a
fortified city.
+» When one or more cities have already been fortified, the location of an additional fort is chosen by asimplerule: it isthe
most vulnerable city (the one having the highest degree of vulnerability).
> Incaseof atie, choose the alphabetically first city among those tied as the most vulnerable city.

B3

D3

=

An example of aninput file prog8.dat is shown on the right. 1J5

< Thefirst line of the input file contains three items of information, separated by one or
more blank spaces:
» Thetotal number of citiesin the given collection. It will beintherange 3. . 26. In
thisexample, it is 11, which means that the cities are labeled A. . K.
» Anupper case letter in the valid range of cities, denoting the city which isinitially
fortified.
» Thetotal number of citiesthat are to be fortified, including the initialy fortified one.
It will be at least three and not greater than the total number of citiesin the
collection
+» Each of the remaining lines of the input file will contain two upper case letters, separated
by one or more blank spaces.
» Each letter will bein the range of labels of cities in the given collection.
» Each pair of letters on one line of input determines a direct connection between two
cities.
= Thedirect connectionslisted in the input file shown on theright isidentical to
the direct connections of Figure 1.
» Theset of direct connectionslisted in the input file will satisfy all previously stated
conditions.
% All lines of input will be free of leading or trailing blank spaces.

ACeooOomMmOoTw >
TOTI>OOWMO
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The output, written by your program to prog8.out, will list the citiesto be fortified, as upper case letters, in the correct order.
Given the above input, the following output will be produced:

Program 8 by team X

JED
End of

R/

>

H K
program 8 by team X

« Explanation of the output:

When thereisonly onefortified city, the degree of vulnerability of each vulnerable city isits distance from the

fortified city.

= Initialy, with J being the only fortified city, E is the most vulnerable city with degree of vulnerability 5.

With Jand E being fortified, D, H, I, and K contend for being the most vulnerable city, all having degree of

vulnerability 3.

= For example, the distance from D to E is 6, the distance from D to Jis 3; the smaller of these two numbersis 3.
Therefore, the degree of vulnerability of D is 3.

= Thealphabeticaly first city among the four contenders (D, H, |, and K) is D, which will be the next city to be
fortified.

Similarly, H, and then K, will be selected as the next city to be fortified. At this point, the number of fortified citiesis

5 (as specified in the input), and the program terminates

= Notethat city | isnot fortified, because its degree of vulnerability drops from 3 to 2 once H is fortified, making K
the most vulnerable city.

« Formatting details:

>
»

01/ 27/01

The upper case letters denoting the cities in the output will be separated by one blank space.
There will not be any blank lines or leading blank spacesin the output.
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