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INSTRUCTIONS

1. Do not open this problem booklet until the signal to begin is given.

2. Write your examinee's number below on this cover page. .

3. An answer sheet accompanies this booklet. Write down your examinee's
number on the sheet.

4. You should have received a USB flash drive. Before the examination starts, copy
the files from the USB flash drive to your PC. Verify that you can see its contents
and then take your hands off your PC. If you have some problems, consult the
proctor.

5. You may choose any programming language to answer.

6. You can use or copy any libraries or program fragments stored in your PC, but
you must not connect to the Internet. .

7. By the end of the examination, make a directory/folder on your PC, whose name is
the same as your examinee ID number, and put your program files and related files
into the directory/folder. Copy the dlrectory/folder onto the USB flash drive that
you received.

8. At the end of the examination, this booklet, the USB flash drive, and the answer

sheet will be collected.
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Programming

Answer the following questions by writing programs. The files needed for answering the
questions are found in the USB flash drive. Store the programs in the USB flash drive before
the examination ends. "

Problem

In a programming language P, the value of a variable is an integer between 0 and 999 inclusive.
The name of a variable begins with x followed by an integer between ( and 999 inclusive, such
as x1 and x27. ’

When a program in the language P is executed or analyzed, for a variable xN, an inequality
Sy € xIV € Ty is used. Each variable has at most one inequality. Sy and Ty are integers
between 0 and 999 inclusive. When the inequality is stored in a file, it is expressed by a triplet
N, Sn, T, and this triplet is stored. For example, the inequality 0 < x31< 9 for variable x31
is expressed by a triplet 31,0,9. When multiple inequalities are stored in a file, their triplets
are separated by commas and stored.  For example, when three inequalities, 0 < x31< 9, 3 <
x7< 5, and 100 < x56< 999, are stored, the following character string is stored in a ﬁ\lef

31,0,9,7,3,5,56,100,999

If a file contains multiple inequalities for the same variable, the right. most one is effective,
and the others are ignored. A file may contain inequalities for variables that do not appear
"in the prograin.

. (1) Inequalities for some variables are stored in file datala.txt. Write down on the answer
sheet fhe name of the variable with the largest difference between its minimum and
maximum values among the variables. Alsoc write down the minimum and maximum
values of that variable. If there is more than one such variable, write them all. Do the
same thing for file datalb.txt and file datalc.txt.

The language P consists of assignment statements from one variable to another, such as
x11=x3. x11=x3 expresses that the value of the right variable x3 becomes the (new) value of
the left variable x11. Both left and right operands of an assignment statement must be one
variable.

A program in the language P is a sequence of assignineht statements separated by semi-
colons, in the execution order from left to right. Suppose that a program '

x11=x3;x12=x11;x7=x11



is given. The assignment statement executed first is x11=x3. When a.program is stored
in a file, an assignment statement such as xM=xNN is expressed by a pair M, N, and this
pair is stored. For example, x11=x3 is expressed by 11,3. When a program consisting of
multiple assignment statements is stored, their pairs are separated by commas and stored
in the execution order. For example, when the program shown above is stored in a file, the _
following character string is stored in the file. A

11,3,12,11,7,11

(2) A program in the language P is stored in file data2a.txt. Write down on the answer
sheet the variable that most frequently appears in the left operands of assignment
statements. If there is more than one, write them all. Do the same thing for file
data2b.txt and file dataZc.txt.

When a program in the language P is executed, we consider the minimum and maximum
‘values of each variable at the end of the execution. When variable xJV is in the right operand
of the first assignment statement including the variable x/V, the variable xN holds a ran-
domly chosen value as its initial value in accordance with the following rules. If a file where
inequalities for variables are stored contains an inequality Sy < xIN < Ty for that variable
xN, then an integer between Sy and Ty inclusive is randomly chosen as its initial value.
Otherwise, an integer between 0 and 100 inclusive is randomly chosen.
Suppose that a program is

XT=x2;x11=x7;x7=x3

and inequalities for variables are 5 < x2 £ 9,1 € x3 < 3, and 8 < x11 < 10. The initial
values for the variables x2 and x3 are randomly chosen from their ranges. x7 and x11 are
initialized by their first assignment statements. Considering all the combinations of initial
values being randomly chosen, the minimum values for the variables x2 and x11 at the end of
the execution are 5, and their maximum values are 9. The minimum values for the variables
. x3 and x7 are 1, and their maximum values are 3. In this program, the value for the variable
x11 may not satisfy its inequality.

(3) A program in the language P is stored in file data3al.txt. Some inequalities are stored
in'file data3a2. txt. Write down on the answer sheet the minimum and maximum values
for variables x31, x41, and x51, respectively, at the end of the program execution. If a
variable never appears in any assignment statements, write Undefined for that variable.

Do the same thing for a pair of program file data3b1 . txt and inequality file data3b. txt,
and a pair of program file data3c1.txt and inequality file data3¢2.txt:



During program execution (including the end of the execution), a variable in the program
may hold a different value from the value that the variable holds at'the end of the exe-
cution. We do not consider the value of a variable before the variable is initialized. Suppose

that irequalities for varidbles in the above program
X7=x2;x11=x7;x7=x3

are 5 £ x2<9,1<x3<3,and 8 < x11 £ 10 as before. The minimum and maximum values
for the variable x7 a;‘e' 1 and 9, respectively, during the program execution. Those for the
variable x11 are § and 9, respectively.

(4) A program in the language P is stored in file datadal.txt. Some inequalities are stored
in file datada2.txt. Write down on the answer sheet the minimum and maximum
values for variables x31, x41, and x51, respectively, during the program execution. If a

variable never appears in any assignment statements, write Undefined for that variable.

Do the same thing for a pair of progra.m file datadbl.txt and inequality file datadb2. txt,
and a pair of program file datadcl.txt and inequality file datadc?.txt.

Suppose that the inequality for variable x&V is Sy < x/N < Tx. The minimum and maximum
values that the variable x/V holds are a and b, respectively, during the program execution.
If the range of the values that the variable xN. may hold during the program execution does
not fall within its inequality, in other words, ¢ < Sy VT < b holds, then we say that
the variable is inconsistent. When an inequality for a variable is not stored in the file, that

variable is never inconsistent.

(5} A program in the language P is stored in file data5ai.txt. Some inequalities are.
stored in file dataSa2.txt. Write down on the answer sheet all the variables that are
inconsistent in the program. If there is no such variable, write down None.

Do the same thing for a pair of program file data5bi.txt and inequality file dataSb2. txt,
and a pair of program file dataScl.txt and inequality file databe2.txt.

Next, suppose that, for an assignment statement xM=xN, the inequality for the left operand
=M is Sy < xM < Ty, and the inequality for the right operand xNV is Sy < xN < Tw. In
this case, if Spr < Sy £ Tiw < T does not hold, in other words, Sy < Sy VT < T holds,
we say that the assignment statement is inconsistent. When an inequality for either variable
xM or xV is not stored in the file, that assisnment statement is never 1ncon51si:ent

For example, a program is

x10=x3;x10=x-7;x11=x10

and the inequalities for variables are 5 < x3 <9, 1 <x7<3,1<x10<9,and 1 <x11 < 3.
In this case, the variable x11 is not inconsistent, but the assignment statement x11=x10 is
inconsistent. ’ ‘



(6) A program in the language P is stored in file data6al.txt. Some inequalities are stored
in file data6a2. txt. Write down on the answer sheet all the assignment statements that
are inconsistent in the program. If such a statement does not exist, write down None.
If the same assignment statement appears more than once and if is inconsistent, write
down that assignment statement only once.

Do the same thing for a pair of program file dataéb1 . txt and inequality file datasb2.txt,
and a pair of program file data6cl.txt and inequality file data6c2.txt.

For each variable xN for which no inequality is contained in a file, we define an inequality

Sy < xN < Ty for that variable xIV so that no assignment statement in the program will be
inconsistent.

(7) A program in the language P is stored in file data7al.txt. Some inequalities are stored
in file data7a2.txt. For all the variables appearing in the program, if their inequalities
are not contained in the file data7a2.txt, define their inequalities and write them
down on the answer sheet. If there is more than one answer, write one down. If at least
one assignment statement is inconsistent no matter what inequalities are defined, write
down None.

Do the same thing for a pair of program file data7bl . txt and inequality file data7b2. txt,
and a pair of program file data7el.txt and inequality file data7c2. txt.
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