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BEDHERE F1M (Question Al)
LUTOUHEEL B REBEXEEZ D,

(a) fUNESRE (1, t+ADICERN | ERETIRETIAITHS,
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- (b)) BUNRRE (t, (HADICERAN 2 AL ERET IREIEEATES,
(¢) BEOFELEMERIHZ ¢ ITEKRELEL,
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BIAIE n=0 TIX, LRROMBEY., P (t+4At)= P, (t) (I-1At) HEYIILD,
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(1) P (1) IS WA BFEREHE, P (1) #1Lt TERE,

(2) B, X+At) # P, (t), P, (1), A, t At O3LRELLODERNT
=t _

(3) P (V) ICEAT 2MAARRERE, P @) £l1&t ZHLTEE,

(4) P, (1) ICEAT M ARKERE, P @) i1t ZRLTEE,

(5) COEERBEXDEMEEZ &,
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Question Al

Consider a probabilistic process X that satisfies the following assumptions,

(a) The probability that an event occurs once in the small time interval (¢, 1+ A¢) is 1 At.

(A 1is some constant)

(b) The probability that an event occurs more than once in the small time interval (, #+ A¢)

is negligible.

(c) The above probability does not depend on time .

Let P, (1) be the probability that an event occurs » times in the time interval (0,¢) following

the probabilistic process X.
For example, when n=0, Py (t + At) = Py (1)(1- A A1) holds, according to the assumptions

above.

Answer the following questions.

6y
@
€))
4
(3)

Solve a differential equation regarding Py (¢) and express Py (z) using A and .
Express P, (t + At) using necessary terms among P, (1), Pos (1), A, t, and At.
Solve a differential equation regarding P, (#) and express P, (1) using A and ¢.
Solve a differential equation regarding P, () and express P, (2) using A and ¢.
Name this probabilistic process X.

A-2



wa SHTEERZE F2M (Question A2)
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Question A2

Given a directed graph depicted in Figure 1, answer the following questions.

YisN

D

Figure 1

(1) Draw all the search trees at depth 2 when breadth-first search is conducted to find all
the paths from node D to B. _

(2) Draw a search tree at depth 3 when depth-first search is conducted to find a path from
nede D to B. '

(3) Sketch depth-first search algorithm and breadth-first search algorithm, using every

term listed below at least once.

* Stack
*  Queue
* Start node

* Goalnode
(4) Give advantages and disadvantages of depth-first search and breadth-first search,
respectively.



BEoHTERSE %37 (Question A3)

BT, BR7ASYRACEE S -BRENETIENTHS.

int factorial (int n)
{
if (n=20) {
return 1;
} else {
return n*factorial (n-1);

}
}

(1) NOERKENEFCCOBEBEETTIE. FOLSHMESNAZZ LN
b\gﬁﬁﬂﬁtﬁo .

(2) EREDOBE%factorialz. HEXREBRERICESEHY, HHEEREERY
WEF BRFE LABAER LEOBEEORAEHRITRZIOTIELAL . B
DEEDHERCET L TENBLADIEHRENS,

(3) HEXEERESIE. hRZEM Lot EHNS = & C. BYE LEST LT
JRLICERT D= ENTED, —ODERDEAARERDZUTOHEE
FREBREHEE. BYERBLFILITY XLIZERE &,

int ged (int x, y){
if(y = 0) return x ;
else return ged (y, x%y);
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Question A3

The following program code shows a function that calculates the factorial number of integer

implemented by a recursive algorithm.

int factorial (int n)
{
if(n=0){
return 1;
} else §
return n*factorial (n-1);

(1) Explain what problems may occur if we execute this function with a large integer » as

input.

(2) Convert this factorial function into a self tail-recursion function. A “self tail-recursion
function” means the function whose return value will be calculated by a call to only itself

recursively, but not by combining a call to itself and operations with other parameters.

(3) It is well known that we can translate self tail-recursion functions into iterative programs
by introducing intermediate variables and goto command. Translate the following self

tail-recursion functions for G.C.D. of two integers into iterative programs.

int ged (int x, y)}{
if(ly = 0) return x ;

else return ged (y, x%y);




BEPITIFHRE F4R (Question A4)
RIUVLARLODEEBINET —FT 7 F SOV TUTORICEA Ko

(1) KELPEQLHFHNIBEAZRIVIT H-HIC. BRIL-EHROIVE2—4 %0
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EES, ChoONEhf-a v Fa—4AEEICTAABEEEZTI
HOLTORBEHEAR L,

(a) ERBRFHEFUEL (Remote Procedure Call)
(b) HErHIIE (Distributed Shared Memory)

(2) ¥5R%&Y 24 (Clustering) &iE. ED LS LGHFNEBT —FT2 F v b
FrTOHEEHBAE L,

(3) Yy Favta—F1 2% (Grid Computing) &iE. ED &S LEHHEL
BY—%T9Fvh, £-TOBEEHAE &,




Question A4~

Answer the following questions on machine-level distributed and/or parallel system

architectures.

(1) Distributed processing architecture is-an approach fo obtain coarse grain parallel
processing in order to enable cooperation among multiple independent computers
distributed over computer networks. Explain the following mechanisms that enable
inter-process communication among multiple processes running on different
distributed computers.

(a) Remote procedure call.
(b) Distributed shared memory.
(2) Explain the paraliel processing architecture called “clustering” and its features.

(3) Explain the distributed processing architecture called “grid computing” and its -

features.
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FriEERE $5M (Question AS)

FRL—FT A T VRTLIZBIFAA LY FIZODWTLULTORBLNIZE R &,

(1)
(2)
(3)

ALy FEEZICESHEY Lo
FhIvy - FRL—2 3 VvEBERIIESEE &,
2DDALY R T1 & 2 BRENFRT FI VY - ARL—23> 4 b, ¢
d e ZTRHEDLIIIEFTTIHE. ECOUELRTIBEF.22EE.
« T : fa b c}
« T2 : [d ¢

(4) BEORALY FAHB)Y—R RIizxtL. BEE] - BuBE£1T S f-H D #iE

(5)

E LT, 22747 (Semaphore) MpdM. TOMEEZERT L-HICHE
F2ODT MI YT ~ARL—T 32, PE), V) #HEBEL, ==L, Si&k
JYU—RX RICEEESTOohi=t~Y 24T ET 3,

8DDALY K TLT2 -~ 180Hb, TEhTADAL Yy K Ti [FAF—FAY
b SIQFRTTHIMN. SO ICHAEITLh-ERI4+T S/ OARL—3
v PG VDG EEFIRBLTCEEYE - $bIBZE1T> (¢, j=1, - 8, RF—
ARSI BOERGTFIEFICE2OD & 5 BEREELHIEHE. TAhERLOAL
YR Ti NEETDHRHZEE Si(), PGS VE)HREEZRVTHBAE L

(i, j=1, -, 8o BIZIL, STOE S20 & S0 K YHNIRTTEIBNELNHS
B S20 & S30) ISRBSICKITAIRETH D, Tt S701F. S40 & S50
TLEWEEFRTTELL, 2TOEI 74+ 7IF0HIEERTOS EEEL
Tk, ‘

S1()
| / \4
S2() 83()
S4() S5)  S8()

N

S7()

\

A

S8()



Question AS

Answer the following questions regarding thread in operating systems.

(D
)
3)

4

]

Give a concise definition of thread.

Give a concise definition of atomic operation.

Suppose two threads T and T2 execute atomic operations a,b,c,d and e as follows.
Show all the combinations of possible interleaved execution orders of the atomic

" operations.
* TI1:{ab, c}
e T2:{d e}

Semaphore is one of the mechanisms to let multiple threads perform
synchronization and exclusive control of resource R. Explain two atomic operations
P(S) and V(S) that are necessary to achieve this mechanism. Note that S is a

- semaphore associated with the resource R.

Suppose there are eight threads, 77 through 78. Each thread 73 executes a statement
Si() and uses semaphore operations P(Sj) and V(Sj} for synchronization and
exclusive resource control, where §; is the semaphore associated with Sj()
(ij=1,..,8). When these threads observe the dependency in the execution order of
the statements Si() as depicted in Figure 2, explain how cach thread ¥ synchronizes
with one another using Si(), P(Sj) and V(§j) (ij=1,...,8). For example, S/ must be
executed before both S2 and S3, but S2 and S3 execute concurrently. S7 cannot
execute before both S4 and S5 terminate. Assume all the semaphores are initialized
appropriately. |

- §10
SN

S2() S30)

SL() 85()  S8()

N

S7()

\

S8()

Figure 2
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WESHTEIHRE $O6M (Question A6)
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(1) 7O ran POEMEEZ &,
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(4) H3® (a) i o (g) DEREZ BT AEFATED &,
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(8) U=\ U SAT U MIBEDZT—ANERIZEZHY., FORDYY o71h
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Client Server
Nﬁ_‘—.‘—“—h‘ﬁ_
SYIN—
connectionsetup < | () connection setup
o

T/ cownd=1: slowstart
Dataf —— |

.

T ——— ACK 1
cwnd=2
Data 2,3 — |
L
T ———— ACK 2,3 _
cwnd=| (c)

Data 4567 — |

T ACK 4,587

T ownd=| (d)
Data 8,8,10,11,12 =

e
[ ACK 8,8,10,11,12 k

————a, cwnd=| (&}

4! |
PR
connection teardown < | (@) | > connection teardown
I
ACK —— |
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Question A6

The following Figure 3 illustrates the communication protocol P between a server and a

client in the Internet.

(1) What is the name of the protocol P?

(2) Does the protocol P do flow control? If that is the case, briefly explain how it works.

(3) Does the protocol P do congestion control? If that is the case, briefly explain how it
works.

(4) Fill the blanks (a)~(g) in Figure 3 appropriately

(5) What does cwnd represent in Figure 3?

(6) Suppose that there exist infinite amount of data to transfer along a link between the
client and the server, and that packet loss may occur on the link, plot the transition of
cwnd over time. Briefly explain why it changes over time as such.

(7) Explain briefly how packet loss is caused in the Internet, based on the forwarding
mechanism in a router and data transfer adopted in the Internet, etc.

Client Server
M‘
SIN—
| -
connectionsetup <| (@) connection setup
)

T, cwnd=1: siowstart
Data] —— |

.
T ACK 1
»  ownd=2
, Data 2,3 —— | :
T ACK 2,3
cwnd=| (c)

Data 4,56,7 — |

T ACK 4,5,6,7

TTT———s  ownd=| (d}
Data 8,8,10,11,12 —

JES—
T ACK8,9,10,11,12

————sf, ownd=| (e)

connection teardown < [ )

— ] connection teardown

Figure 3
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BETHTERSE F7H (Question A7)

(1) 2RO ANN, A LABRFEDH HBO~B3%EHS 2By hOFa3—4—DHE
EXFTE,

(2)

NOTZ— h &AL TEREHE,

(1) - -EBERICE TS Fa—F—OEBEANDS— FORS— k.

(3) EEET3—F—%HWLT, 3RHOT—2AADO, DI, Carry-in&., 2%#HOD
T—ARHAE, Carry-outZ#F-71=. 1Ev FOALUEIRR E#ER L=, ALUERR
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12w FALUE B % 58518 &,

AO | Al - E Carry-out

0 0 |3Ew FDAA (DO, D1, Carry-in)h | 3Ew D AF (DO,D1, Carry—in) ,
LI HEMEROME Y b LELEMEFOBY ENYEY b

0 1 | DO AND D1 0

1 0 (DO OR D1 0

1 T |if (DO ==D1) 1 else 0 0

x1
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Question A7

(1) Describe a truth table of 2-bit decoder with two inputs A0 and Al, and four outputs
BO~B3. |

(2) Design a 2 bit-decoder circuit by using AND-gates, OR-gates, and NOT-gates.

(3) We would like to construct 1-bit ALU circuit using the above 2-bit decoder with three
data inputs D0, D1, and Carry-in, and two data outputs W and Carry-out. The ALU
is equipped with two-bit (A0 and A1) command inputs, which are decoded with the
above 2-bit decoder circuit. In response to the command inputs, this ALU makes

computatibn as shown in the following Table 1. Design this 1-bit ALU circuit.

A0 | Al E Carry-out

0 O | Sum bit of a full-adder with 3 bit | E = Carry(DO+D1+Carry-in)
input: DO, D1, and Carry-in

0 1 [D0OAND D1 0
0 [DOORDI!
1 1 |[If(DO==DI)then1else 0 i 0
Table 1
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Directions: Do not open this booklet before the examination begins.

®

10.
11.

Read the following instructions carefully.

This booklet is for the examinees in Applied Computer Science Course,
Graduate School of Interdisciplinary Information Studies.

This booklet includes fourteen pages. Report missing, misplaced, and
imperfect pages to the instructor.

This booklet includes seven questions. Select any four questions and
answer only those four.

Each question is described both in Japanese and in English. Use the
Japanese version primarily; the English version is provided for the
reference purpose only.

There are four answer sheets and a scratch paper. Use one answer sheet

- per question. A scratch paper is provided for calculation. Only the

answer sheets will be considered valid.

Write a question number and your examinee’s number in the designated
boxes located at the top of each answer sheet. The answer missing a
question number and/or an examinee’s number will not be considered
valid.

Use only black pencils (or black mechanical pencils).

Answer the questions in Japanese as a general rule, although you are also
allowed to answer in English.

Do not leave the room until the examination is finished.

Do not take away this booklet, the answer sheets, and the scratch paper.
Write your examinee’s number and your name in the designated boxes
below.
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