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Do not open this problem booklet until the start of the examination is announced.
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Answer the following 3 problems. Use the designated answer sheet for each problem.

(3) MRS X O 3R b o v 2 &

Do not take the problem booklet or any answer sheet out of the examination room.
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Problem 1

Let ((ml,vl), (x,v2),..., (:L‘n,’un)) be a sequence of pairs (x;,v;) of real numbers. We assume
that the numbers z1,xo, ..., z, are distinct.
Answer the following questions.

(1) Let 1 < i < j < n, and P, j(z) be a polynomial of degree j — i such that P; j(x;) = v
(i <k <j). Prove that, for each i, j such that 1 <i < j <mn,

(@ = 23)Pi1j(2) — (@ — ;) Pija(2)

P j(z) = P
j i

(2) Let C;; be the leading coefficient of P; j(x). Prove that, for each ¢, j such that 1 <i < j < n,

Cit1,j = Cij—1

xj—ari

Cij=

(3) We define R;j(z), a polynomial of degree j, by

We set Ro(x) = 1. Present an algorithm that calculates ¢; (j =0,1,...,n — 1) such that
n—1
Pin(z) =) ¢Rj(x)
§=0

satisfies P, (z;) =v; (i =1,2,...,n). You may use the formula in Question (2).

(4) Assume that (z1,z9,23), (co,c1,c2,c3) and x are given. Present a formula for calculating
Py 4(x) in which you can use: addition three times, subtraction three times, and multiplication
three times.
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Problem 2

Let 3 be a nonempty alphabet, and ¥y C 3. We define a function f : ¥* — X§ by the following:
f(w) is the string obtained from the string w € ¥* by dropping all the letters that are not in X.
A binary relation ~ between regular languages over ¥ is defined as follows.

Li~Ly & {fw)|we L} ={f(w)|we Ly}

Another binary relation = between regular languages over X is defined as follows.

for any wy € X* there exists wo € ¥* such that

def, flwy) = f(w2) , {f(v) |wiv e L1} = {f(v) | wav € La} ;

moreover, for any we € ¥* there exists w; € X* such that

flwi) = flwa) , {f(v) [wiv € Ln} = {f(v) | wav € Lo}

Ly =Ly

Answer the following questions.
(1) Prove that Lj = Ly implies L; ~ L.
(2) Provide an example for which Ly ~ Lo holds but L; = Lo does not.

Assume now that, for regular languages L and Lo, we are given finite deterministic automata that
accept L and Lo, respectively.

(3) Describe a procedure that determines whether L; ~ Lo.

(4) Describe a procedure that determines whether L; = L.



EieE 3
ARSI T A I T ORI WICE 2 k.
(1) FRU—F 4 ¥ 72 AT AT B AR 2 T B 72010, JUHa v Ea—s7—% 7

J7F w3 N—FT27IC L3 A Y EHSEEEZ ML Tns. 2o k) X e ) BHE
WekE2 —DEY, K2R L4L06 Z2Oigz R,

(2) ARV =T 4 Y7 2T L1, REGEZERT 2720107y FR=U v JHREZ2 L T
V5, A (1) TEZ AT VERSREME T, 7vr FR=Y v VRO IE k%
e

(3) A7V IDEREFHL, =YV TICBIDIA Ty v RT3 kB X,



Problem 3

Answer the following questions about virtual memory.

(1) General-purpose computer architecture provides a hardware mechanism of memory manage-
ment support for realizing virtual memory on operating systems. Choose one such hardware

mechanism, and explain it using figures.

(2) An operating system provides a demand paging mechanism to manage virtual memory. De-
scribe how to implement a demand paging mechanism that uses the hardware mechanism

answered in Question (1).

(3) Explain the meaning of thrashing and describe a method to avoid thrashing in paging.
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