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int val;
struct bintree *left, *right;
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Problem 1

Consider traversing all the nodes in a given binary tree and summing up all the integers
stored there. Answer the following questions. Here, write any program in C language and use
the following definition for the binary tree data structure.

struct bintree {
int val;
struct bintree *left, *right;

+;
(1) Implement it by using recursive calls.

(2) Implement it not by using recursive calls, but by defining and using an additional data
structure for stacks.

(3) There is a method to implement it not by using recursive calls nor by using an additional
data structure, but by modifying the pointers in the bintree data structure. First describe
briefly such a method by words. Then write down an implementation.
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Problem 2

Stereoscopic vision is a method to recognize depths of 3 dimensional objects. Let the projected

plane be z = 0. The point (z,y, z,w) in the homogeneous coordinate system represents a point

(x/w,y/w, z/w) in the rectangular coordinate system, where w # 0. Answer the following

questions.

(1)

(2)

P

First let an eye be at F = (0,0, R) and the projection of a point P = (x,y,z,1) be
P' = (2/,y,2',w). Show that a transform matrix of the projection A, that satisfies

(‘T/? y/a Z/a w) = (‘Tv ya 27 1)Ap

is represented as

100 0
1
Apzo 0 0
000 —1/R
000 1

Let parallel translation of P by (d,0,0) be P = (Z,¥, z,1) and the transform matrix that
represents that parallel translation be A;(d). Show a representation of A;(d) that satisfies

(j7g7 Z, 1) - (:U?y: 2y I)At(d)

Next assume that the left eye is at Ef, = (—d, 0, R) and the right eye is at Fr = (d,0, R).
Then the following matrices represent the projections of a point on the projected plane for
the eyes.

AL = Add)AyAl(—d),
Ap = Ay(—d)AyAy(d).

Calculate the above matrices Ay, and Ar. Also determine the projected points of P =
(z,y,2), that is, P, = (xr,yr,0) for the left eye and Pr = (zg,yg,0) for the right eye.

Assume a rectangle whose vertices are at (0,+D/2,+£R/2). Plot the projection of this
rectangle on the projected plane as seen by the right eye.

Assume that the point P is at (xs,ys, R/2) at time ¢t = 0, at (z¢, ye, R/2) at time ¢ = 1,
and at (xe,ye, —R/2) at time ¢ = 2. P moves in uniform linear motion for 0 < ¢t < 1 and
1 <t < 2. Give the parallax Q = P;, — Pgr as a function of time t.
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Problem 3

Consider the round robin CPU scheduling in a single CPU computer. Note that processes
are queued in the ready queue in ascending order of the process number, and ignore the time
required by a process context switch. Answer the following questions.

(1) Consider that the following three processes are scheduled under the round robin scheduling.
Let the time quantum (or time slot) be 50 milliseconds. That is, each process may run for
at most 50 milliseconds when it gets scheduled.

Process | CPU Execution Time (milliseconds)
Py 80

Py 170

Py 200

(a) Show how the processes are executed.

(b) Calculate the turnaround time of each process.

(2) Consider that N processes (Pi, Ps, ..., Py) run under the round robin scheduling. Let the
time quantum be ) milliseconds, and let the required process execution time of process

P; be C; milliseconds. Assume that the following formulas are satisfied:

CZ'<C]' if i<y,
Q< Cr.

(a) Give the turnaround time T of process P;.

(b) Give the turnaround time T of process P2 using the turnaround time 73 of process
P.

(c¢) Give the turnaround time T; of process P;.
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Problem 4

Consider an algebraic system where, for given n x n matrices A = (a;j), B = (b;;), the matrix
product C = (¢;j) = AB is defined by

Cij :Hlil’l{HlaX{CLi]€7 bk‘j} | k = 17__.771}.

(o) ()

_ min{max{1, 7}, max{2,3}} min{max{1,1}, max{2,6}} )

For example,

min{max{5, 7}, max{10,3}} min{max{5,1}, max{10,6}}

(31
N7 5 )

(1) Compute the following product.

2

0 —1 3 0 —1 3 0 —1 3
D=7 0 2| =7 0 2 7 0 2
5 4 0 5 4 0 5 4 0
(2) Consider a complete directed graph with n vertices {vq,v2,...,v,} with d;; as the weight

of the arc from vertex v; to vertex v;. Let d;; be 0, and consider an n x n matrix D = (d;;).
For example, the matrix D in the question (1) represents the following graph.

Describe graph-theoretic meanings of D!, the I-th power of D, for positive integer .

(3) What structure does the graph represented by D have when there exists a negative diagonal
in D™?

(4) Suppose that D is a symmetric matrix and its elements are all nonnegative. Devise a fast
algorithm to compute D™! which has low time complexity with respect to n. Show its
validity and computational complexity.
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Problem 1

Consider two nondeterministic finite automata (NFA) A; = (Q;, %, 6;, Qh, Fi)(i = 1,2) ac-
cepting string languages over a finite set X. Here, @); is a set of states, J; is a state transition
relation, Qé is a set of initial states, and Fj is a set of accepting states. We define that a relation
R C @1 X Q2 between Q1 and Q5 is an equivalence relation between A; and Ao when all the
following conditions hold.

(A) For all s; € Qé, there is s9 € Q% such that s1 R so.
(B) For all s1,8] € Q1, s2 € Q2, 0 € X,

If sy R so and s; = sy € 41, then there is s, € Q2 such that s§ R s}, and
S9 5 8/2 € 0.

(C) For all s1 € F1, s2 € Q2, if s1 R s9, then sy € Fh.

(D) Each above condition still holds if we swap A; and As. (For example, this means for (A)
that “for all sy € Q%, there is 51 € Q(l] such that s1 R s2.”)

In addition, A; and Ay are said to be equivalent when there is an equivalence relation between
them. Answer the following questions.

(1) Show that the following relation R is an equivalence relation between the NFAs A; and
A given in the figure.

R = {(S11,521), (Si2,522), (S13,523), (S13,524)}

State

Initial state

Accepting state|

oJolo

a  State transition
and its label

(2) Show two NFAs that accept the same language but are not equivalent.
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Problem 2

Let s, be a string of length n that consists of only ‘A’ characters. Let FE, denote the set
of strings that can be made by inserting an arbitrary number of ‘B’ characters into arbitrary
positions of s,. Note that F, includes s, itself. For example, F5 includes a string BBAAABBBAA,
which is made from s; =AAAAA by inserting two Bs before the entire string s; and three Bs
between the 3rd and the 4th characters of ss.

Let p () q denote that two strings p and g have the same length and the two strings have no
Bs at the same position (i.e., there is no i such that p[i] = ¢[i] =B, where r[i] denotes the i-th
character of string 7). For n > 0, m > 0, let N, ,, denote the number of pairs (z,y) such that
z(@y,x € Ey,and y € Ep,. Let Nog = 1.

Answer the following questions.

(1) Calculate N2 2 and No 3.
(2) Formulate Ny, », with Ny, Npm—1 and Nyp_q 1 forn > 1, m > 1.
(3) Formulate Ny, and Na, with n.

(4) Prove that Ny, < {2(n+m)}"/nl.



g 3

A0 nxnO000000OnDO 30000000000

A0D0DODODOOO wy, us,...,uw, 0000000000000000 A, A2, ..., A\, 00O
ooooo0
wiui=1 i=12...,n
ooo

AM>X > > A, >0

000000000 «' 0 «0000000000000000000

(1) 0000 2000 &, &,...,& 000

n
Ty = Z &iu;
i=1
D00000000Aze O & My w (i=1,2,...,n0) 0000000

(2) £ #£0000k=1,2,...0000 o, O

1

— Awy
[ Az, || !

T —

gooooo
k—ooUO0O0OO 0 vy OOODOOOOOODO

3) 64 =000 &L#0000000 (2000000 ¢, 00000000OODOODOOODODO
gboooboobooboobooobooboboboouooboboboboooboooon
goboobogbooo

(4) 00 4,00
Ay = A— Nuju]

oooooo A4, 0000000O0O0oooCoDo

(5) 00 4) 0000000 we O X 00000000000 00O0000w, 0 0000
uboboobogan

n
Yo=Y nitti, M #0
i=1

uboob yoOOOOO0OOO0OO



Problem 3

Assume that A is an n x n real symmetric matrix, where n is an integer larger than 2.

Let the eigenvectors of A be wy, uo, ..., u, and their corresponding eigenvalues be A1, As,
...y Ap. Assume that

and

w

Jui=1  i=1,2,...,n

AM > A >o > A, >0,

where ' represents the transpose of u. Answer the following questions.

(1)

Assume a vector x( that is represented as

n
Ty = Z &iu;
i=1

with real numbers &1, &, ..., &,. Represent Axy with &, A\, w; (i =1,2, ..., n).

Let & # 0, and define x;, as
1

- Az
[ Az, || !

x);
fork=1,2,....
Prove that x; approaches parallel to w; when k — oo.

What if @, is computed as question (2) when & = 0 and & # 0?7 First discuss it assuming
real number operations without rounding errors. Next discuss it assuming floating-point

number operations with rounding errors.

Define matrix A; as
A1 =A- )\111,1?1,;.

Give the eigenvalues and the eigenvectors of A;.

Give a method that computes approximations of us and Ao using the results of question
(4). You can assume that you have good approximations of u; and A;, and that you have
Y, satisfying

n
Yo= D mwi, M2 #0.
i=1
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Problem 4

Following the directions below, construct a logic circuit that converts Morse codes to ASCII
strings.

Morse codes consist of dashes, dots, long gaps, and short gaps. A character is represented by
up to six dashes or dots in total that are each separated by a short gap. Characters are each
separated by a long gap.

A clock signal is supplied from the external to the circuit. Dashes, dots, long gaps, and short
gaps are distinguished as follows:

e The input remaining at “high” level for 1 or 2 clock cycles represents a dot.

e The input remaining at “high” level for 4 clock cycles or more represents a dash.

e The input remaining at “low” level for 1 or 2 clock cycles represents a short gap.

e The input remaining at “low” level for 4 clock cycles or more represents a long gap.

Assume that the input never remains at “high” or “low” level for 3 clock cycles.

(1) Design a logic circuit that receives clock signals and Morse codes and outputs a “dash”
signal for one clock cycle when the input Morse code represents a dash. The circuit may
consist of only AND gates, OR gates, NOT gates, and D-flip flops. A “dash” signal can
be sent just after the completion of the “dash” input, or several clock cycles later.

Morse code input
dash

clock

(2) Design a logic circuit that receives clock signals and Morse codes and outputs a “dash”,
“dot”, “long gap”, or “short gap” signal for one clock cycle that is represented in the input
Morse code. The circuit may consist of only AND gates, OR gates, NOT gates, and D-flip
flops.

dash
Morse code input dot
clock long gap
short gap

(3) Design a logic circuit that converts Morse codes to ASCII codes by combining the circuit
constructed in question (2) with AND gates, OR gates, NOT gates, and D-flip flops as
well as a memory. Assume that the memory already has a Morse-ASCII mapping table.

(Remark: Morse code is modified in this problem and different from the standard.)
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