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Notice:
(1) Do not open this problem booklet until the start of the examination is announced.

(2) Answer the following 3 problems. Use the designated answer sheet for each problem.

(3) Do not take the problem booklet or any answer sheet out of the examination room.
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(1) Half adder 3 & U Full adder %, ZRZ#, AND, OR, NOT #— b D& & HWTREH &,

(2) 32D 16y MM, b, cEAHELT, at+bte=d+e2BBE52 17 ¥y B4, ¢
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(3) 42D 16y B ay, a2, a3, as EATTE LT, ay+az+asztas=0b1+bs &:7"&:6‘:1: D17
Yy FEE b, by MO T BB EREE &L, A LEEZ B 013 Half adder & Full adder D&
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(4) 22008y MM, b2 ANELT, axb=c+d 2788 d N7 5RIEEZRG
H&, AEULFEABZ0Z8x 8D 1 Yy M RESBICIMZ T Half adder & Full adder D& (@
BUZEIRIZRN) Th 5.



Problerﬁ 1

In this problem, integers ranging from 0 to 2™ —1 are represented by n bits. Answer the following
questions.

(1) Design a Half adder and a Full adder. You can use only AND, OR, and NOT gates.

(2) Design a circuit as follows. Its inputs are three 16-bit integers a, b, and ¢. The outputs are

two 17-bit integers d and e such that a + b+ ¢ = d + e. Here, you can use only Half adders

~and Full adders (the number of the adders is not restricted), and no adders can be connected
in series. |

(3} Design a circuit as follows. Its inputs are four 16-bit integers ay, a2, az, and a4. The outputs
are two 17-bit integers b and bs such that a1 + a2+ ag + a4 = by -+ be. Here, you can use only
'Half adders and Full adders (the number of the adders is not restricted), and the maximum
number of adders connected in series must be minimized.:

l(4) Design a circuit as follows. Its inputs are two 8-bit integers a and b. The outputs are two
integers c and d such that a x b = ¢+ d. Here, you can use only Half adders and Full adders
(the number of the adders is not restricted) in addition to 8 X 8 one-bit multipliers.
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for (j = 0; j < 1024; j++) for (i = 0; i < 1024; i++)
for (i = 0; i < 1024; i++4) for (j =-0; 3 < 1024; j++)
sum += A[i % 1024 + j]; sum += Ali * 1024 + jl;
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Problem 2.

' We consider a 32-bit machine with 32KB physical memory, upon which the operating system
supports the paging functionality. The page size is 4KB, the virtual memory size is 4GB, and there
is no cache memory. Answer the following questions. Note that 1KB is equivalent to 1024 bytes.

(1) Explain each of the following terms ‘rega,rding the paging functionality, briefly.

— Page

Page Table

Page Replacement.

Page Fault

Translation Look-aside Buffer (TLB)

(2) Obtain the physical address in hexadecimal corresponding to the virtual address of 2A0F
(hexadecimal) when the following page table is given.

[ Page number (decimal) [ Frame riumber (binary) | Valid bit
0 111 1
1 000 0
2 110 1
3 000 0
4 101 1
] 000 0
6 000 0
7 000 0
8 000 0
9 . 001 1
10 100 1
11 000 1
12 011 1
13 000 4]
14 000 0
15 010 1

(3) Obtain the number of page faults caused by executing each of the following two pieces of
program code written in C language.

Program Code 1: . Program Code 2:

for (J = 0; j < 1024; j++) for (1 = 0; i < 1024; i++)
for (i = 0; i < 1024; i++) o foxr (j = 05 § < 10247 j+4)
sum += A[i * 1024 + j); sum += Afi » 1024 + j];

Note that each program code is executed under the following assumptions.

— i, J , and sum are 32-bit integer variables. A is a 32-bit integer 1-dimensional array with
1024 x 1024 elements. The values of sum and each element of A are all set.
— Program code optimization by a compiler is disabled.

— In the initial state, all the pages that are allocated for A are not valid. Any data
(including the program code and the page table) other than A are allocated to some
valid page, and it is never paged out.

— Page allocation for the start address of A is aligned with a page boundary. .

— Page replacement is based on the Least Recently Used (LRU) policy.
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Prbblem 3

In the following, we represent a deterministic finite automaton as a quintuple A4 = (Q, %, 4, g0, F)
(where @ is a finite set of states, ¥ is a finite set of input symbols, § € Q@ x & — @ is the transition
function, go € @ is the initial state, and F C () is the set of final states), and a context-free
grammar as a quadruple G = (V, X, P, S) (where V is a finite set of non-terminal symbols, ¥ is a
finite set of terminal symbols, P is a finite set of production rules, and § € V is the start symbol).
A context-free grammar G-= (V, Z, P, S) is in Chomsky normal form if each production rule is of
the form B — CD, B — a, or § — ¢ (where B is a non-terminal symbol, C and D are non-terminal
symbols other than S, a is a terminal symbol, and ¢ is an empty sequence). We write E(.A) for the

 language accepted by a deterministic finite automaton A, and £{G) for the language generated by

a context-free grammar G. Answer the following questions.

(1)

(2)

@)

(4)

Let A = (Q,%,8,q0,F) be a deterministic finite automaton. Give a deterministic finite
automaton that accepts the complement of £{A4), i.e., Z*\ L(A). Here, you may assume that
§e@Q x I — Qis a total function. '

Describe an algorithm that takes a context-free grammar G as an input, and decides whether
or not L(G) = 0.

Given a context-free grammar G = (V, %, P, §) in Chomsky normal form and a deterministic
finite automaton A = (Q,Z,5,q0, F), we define a context-free grammar G4 = (V4, %, P4, 5")
by: ' -
Va={STU{Byy | BEV Algq €Q)}
Py={Bgy = CogpnDyng1(B—CDeP)A(2.¢,¢"€Q)}
U{Bygy = a|(B—=acP)A(g,d €Q)A((ga)=q")}
U{S" ~ Sppq g € F}. '
Here, assume S" & {B,q | B € V A(q,¢' € Q)}. Prove that £(G.) = (£(G) N L(A) \ {e}
holds.

Give a method to decide, given a context-free grammar &G in Chomsky normal form and a
deterministic finite automaton A as inputs, whether or not £(G) C £(A) holds. You may

use the results of questions (1), (2), and (3).
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