October 2013

Fundamental IT Engineer Examination (Afternoon)

Questions must be answered in accordance with the following:

Question Nos. Q1-Q6 Q7, Q8
Question Selection Compulsory Select 1 of 2
Examination Time 13:30- 16:00 (150 minutes)

Instructions:
1. Use a pencil. If you need to change an anssvase your previous answer completely
and neatly. Wipe away any eraser debris.

2. Mark your examinee information and test answeraccordance with the instructions
below. Your answer will not be graded if you da nmark properly. Do not mark or
write on the answer sheet outside of the presciibecks.

(1) Examinee Number
Write your examinee number in the space provided,maark the appropriate space
below each digit.

(2) Date of Birth
Write your date of birth (in numbers) exactly asiprinted on your examination
admission card, and mark the appropriate spaceviedgh digit.

(3) Question Selection
For Q7 andQ8, mark the(s) of the question you select to answer in the “Siglac
Column” on your answer sheet.

(4) Answers
Mark your answers as shown in the following sangplestion.

[Sample Question]
In which month is the spring Fundamental IT Engirt®eamination conducted?

Answer group
a) September b) October November d) December

Since the correct answer i®) Octobef, mark your answer sheet as follows:

[Sample Answer]

sampe | O @ O OO OO®O®OO

Do not open the exam booklet until instructed to do so.

Inquiries about the exam questions will not be answered.




Notations used for pseudo-language

In questions that use pseudo-language, the follpwintations are used unless otherwise
stated.

[Declaration, comment, and process]

Notation Description
o) Declares names, types, etc. of procedures
variables, etc.
/* text */ Describes comments in thext.
« variable < expression Assigns the value of thexpression to the
variable.
 procedure(argument, ...) Calls theprocedure and passédseceives the
argument.
A conditional expression Indicates a one-way selection process.
process If the conditional expression is true,
v then theprocess is executed.
A conditional expression Indicates a two-way selection process.
process 1 If the conditional expression is true,
- then theprocess 1 is executed.
process 2 If it is false, then theprocess 2 is executed.
v
oW conditional expression Indicates a pre-test iteration process.
o process While theconditional expression is true,
O theprocess is executed repeatedly.
[ ] Indicates a post-test iteration process.
process Theprocess is executed, and then
M conditional expression while theconditional expression is true,
theprocess is executed repeatec
variable: init, cond, incr Indicates an iteration process.
process The initial valueinit (given by an expression)
is stored in theariable at the start of the
processing, and then while the conditional
expressiortond is true, theprocess is
executed repeatedly.
The incremenincr (given by an expression)
is added to thvariable in each iteratiol

[Logical constants]
true, false

(continued on next page



[Operators and their priorities]

Type of operatio Operato Priority
Unary operation +, -, not High
Multiplication, division X, +, %

Addition, subtraction +, -

Relational operatic >, < 2, %, = =

Logical product and

Logical sum or Low

Note: With division of integers, integer quotient isueted as a result.
The% operator indicates a remainder operation.

Company names and product names appearing in sheqtestions are trademarks or registered
trademarks of their respective companies. Notetti®a® and ™ symbols are not used within.



Question1 throughQ6 are allcompulsory. Answer every question.

Q1. Read the following description concerning instrotiexecution, and then answer
Subquestion.

In a normal CPU, an instruction execution goesubho4 stages. The instruction is first
(1) fetched; then (2) decoded and data is fetctiet (3) executed; and finally (4) the data
is written-back. Only after the completion of astruction, the next instruction can start.
To improve performance, a technique called insioagbipeline is used in computer design
to increase the number of instructions executedupértime. In a 4-stage pipeline, the
next instruction starts as the previous instrucsitamts its next stage.

The diagram below illustrates the execution of egnsive instructions. Assuming that
each stage takes 1 clock cycle. At any given pimirttme (clock cycle), 4 consecutive
instructions are being processed. At clock cycléh® instructions 11 and I2 are already
completed, 13 through 16 are being executed ined#iht stages, and 17 and 18 are waiting
for their turn. The diagram shows that it takescldck cycles to complete 8 instructions.
Without the pipeline, it will take & 4 clock cycles = 32 clock cycles.

Instruction Status Clock cycle
0(1(2|3|4|5|6|7|8|9]10

11 Completed FID|X|W

12 Completed F|D|X|w

13 Stage 4 - Write-back F|D|[X|W

14 Stage 3 - Execute F|D|X|W

15 Stage 2 - Decode FID|X|W

16 Stage 1 - Fetch F|D|X

17 Waiting F|D

18 Waiting F W

Note F: Fetch,p: Decodex: Executew: Write-back.

In such a CPU that uses the 4-stage pipeline, wdlennstructions are executed
sequentially without any delays, CPI (cycles pstrunction) of 1 will be attained.

[Data hazard problem]

When instructions are sequenced such that the sdicgginstruction requires the result of
the previous instruction, a data hazard problemseari In the following example, the first
instruction adds the contents ®f andr3 and stores the result inkd, and the second
instruction multiplies the contents rf by itself and stores the result irke.
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Rl € R2 + R3 /* Note: “Rn” denotes “Register n” */
R4 €« R1 x R1

In such a case, the preceding instruction must tetepefore the succeeding instruction

can start. This makes the pipelining uselessringef performance improvement.

To remedy the situation, instructions are analyaefbre entering the pipeline. When a

result (likerl in the above example) is needed for the succeedsigiction entering the

pipeline, the following steps are done.

(1) The result is retained in a register-in-waiteafthe execute stage of the preceding
instruction.

(2) The decode stage of the succeeding instrudiarts after the execute stage of the
preceding instruction. It makes use of the registevait instead of the result of the
write-back.

In the following diagram, a “Bubble” (noted Byof no operation exists in clock cycle 2.

Instruction 0(1(2[3]4|5|6
1| R1 € R2+R3|F |D|X|W
2 | R4 ¢« R1 x R1 F D | X

Next instruction F|D W

[Control hazard problem]

In a conditional branch instruction, the succeedimgiruction is not known until the

instruction completes its execution. This creagesontrol hazard problem. In the
following diagram, it will not be known if 12 or T&hould follow the instruction 11 until 11

completes its execution. In this case, T1 is @y mstruction ag1l is O.

Instruction 0(1(2(3|4|5/6|7|8
11 GOTO T1 IF R1=0 | F | D
12 R3 ¢« R2 + R1
Tl (case 1) R3 « 0 B|B|B|F|D|X|W
Tl (case 2) R3 « 0 F|D|X|W

To improve performance, BTB (branch target buffex)introduced. Once a branch
instruction is executed, its target instructionst®red into BTB. When the branch
instruction jumps to the target instruction notridun BTB, the fetch stage of the target
instruction starts after the write-back stage @f bhanch instruction (see “T1 (case 1)” in
the above diagram). When the branch instructiompgi to the target instruction found in
BTB, the fetch stage of the target instruction tstafter the fetch stage of the branch
instruction (see “T1 (case 2)” in the above diagram
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Subquestion
From the answer groups below, select the correstvanto be inserted into each blank

|:| in the following description.

(1) The set of instructions shown below is executddsuming that BTB is empty at first,
fetch stage of the first instruction I1 starts &ick cycle 0, and each stage of each
instruction takes 1 clock cycle.

I1|R7 €« 2

2 | R1 ¢ R2 + R3
I3 | R4 ¢ R3 x R3
4 | RS € R2 + R1
I5 | RO €« RS

6 | R2 € R4 x RS
7| R7 € R7 - 1

I8 | GOTO 12 IF R7>0
9| RL « 0

When the first 8 instructions, 11 through 18, areeeuted, there will b
bubbles inserted in the stages of the instructions.
The 9th instruction is 12, because the 8th instouct8 causes the branch. At this point,

the fetch stage of the 9th instruction 12 will heslck cycl.
When the sequence of instructions 16 and 17 arbaxged, the number of bubbles will

decrease b for each iteration.

(2) When on the average, the instructions have % #ata hazard, with 20% of the
instructions are executed as conditional branched, BTB gets a 75% hit-ratio, the
effective CPI isiIl. Assuming that each stage of each instructioestdkclock
cycle.

Answer group foA andC
a) 0 b) 1 c) 2 d 3 e) 4

Answer group foB
a 9 b) 10 c) 11 d) 12 e) 13

Answer group foD
a) 1.3 b) 1.4 c) 1.45 d) 1.7 e) 1.85



Q2. Read the following description concerning a fligieiservation database, and then
answer Subquestions 1 and 2.

An airline company decides to develop a databasenamage the flight reservation
information.

Figure 1 shows the relational schema of the fligdservation information. The relation
“Reservation” keeps the reservation informationeath flight of the airline company.
Table 1 shows the meanings and constraints of ttinbéwdes. Table 2 shows the major
functional dependences between the attributes.

Flight ( FlightID, FlightNumber, FlightDate, DepareTime, ArrivalTime,
OriginAirport, DestinationAirport, AirplaneType )

Passenger ( PassengerNumber, PassengerName, A@ietxctinformation,
EmailAddress, MembershipNumber )

Reservation ( ReservationNumber, PassengerNumligilD, SeatType,
ReservationDate, DeadlineDate, Fulfillment)

SeatlnAirplane ( AirplaneType, SeatType, Quantity )

Figure 1l Relational schema of theflight reservation infor mation

Table1l Meaningsand constraints of the Attributes (abbreviated in part)

Attribute Meaning and Constraints
FlightID The generated sequence number that unyqdehtifies the flight.
FlightNumber The alpha-numeric code, such as FE#28, uniquely identifies

the flight within a day. It is possible to haveverml flights with
the same flight number on different flight dates.

FlightDate The date that the flight departs from ¢higin airport.
DepartureTime The time that the flight departs fittve origin airport.
ArrivalTime The time that the flight arrives at testination airport.
OriginAirport The airport which the flight deparftom.
DestinationAirport The airport which the flight aes at.

AirplaneType The type of the airplane of the ftigh
PassengerNumber The number that uniquely identliepassenger.
PassengerName The name of the passenger.

Address The address of the passenger.
Contactinformation The contact information of ttesgenger.
EmailAddress The e-mail address of the passenger.

MembershipNumber| The membership number of the pgsse
ReservationNumber The number that uniquely idexgtithe reservation.




ReservationDate The date that the reservation é&s performed.

DeadlineDate The deadline date that the passemgeaohssue the flight ticket.

Fulfillment The flag indicating whether the passeingas already issued the
flight ticket or not.

SeatType First class (F), Business class (B), on&ay class (E).

Quantity The number of seats by airplane type aad type.

Table2 Major functional dependencies between the attributes

FlightiD = FlightNumber, FlightDate, DepartureTime, Arrivatie, OriginAirport,
DestinationAirport, AirplaneType

{ FlightNumber, FlightDate }-> FlightID, DepartureTime, AirplaneType

{ FlightNumber, DepartureTime }> ArrivalTime

FlightNumber—> OriginAirport, DestinationAirport

g W

PassengerNumbe® PassengerName, Address, Contactinformation, Badikss,
MembershipNumber

PassengerName Address, EmailAddress, MembershipNumber

MembershipNumber> PassengerName, Address, EmailAddress

EmailAddress> PassengerName, Address, MembershipNumber

© o INo

ReservationNumber> PassengerNumber, FlightID, SeatType, ReservaateD
DeadlineDate, Fulfillment

10.

{ PassengerNumber, FlightiD® ReservationNumber, SeatType,
ReservationDate, DeadlineDate, Fulfillment

11.

{ AirplaneType, SeatType > Quantity

E A A
) A » B ¥ C N C
= B B

e C - {A, B}
g A B {A, B} - C C - A

= C - B




Subquestion 1

From the answer group below, select the correatiogl that is in third normal form for the
relation “Flight”. Here, the underlined attributexe the primary keys of the relation.

Answer group

a) ( FElightID, FlightNumber, FlightDate ),
( DepartureTimeOriginAirport, ArrivalTime, DestinationAirport, AirplaneType )

b) ( ElightID, FlightNumber, FlightDate, DepartureTime ),
( ElightNumber FlightDate AirplaneType ),
( ElightNumber DepartureTimgArrivalTime ),

( ElightNumber OriginAirport, DestinationAirport )

c) ( FlightID, FlightNumber, FlightDate, DepartureTime, Airpldiype ),
( ElightNumber DepartureTimgArrivalTime ),

( ElightNumber OriginAirport, DestinationAirport )

d) (ElightID, FlightNumber, FlightDate, DepartureTime, Airpldype ),
( ElightNumber DepartureTimgArrivalTime, OriginAirport, DestinationAirport )

e) ( ElightlD, FlightNumber, FlightDate, DepartureTime, Arrivatie,
OriginAirport, DestinationAirport, AirplaneType )

Subquestion 2

From the answer groups below, select the correstvanto be inserted into each blank

|:| in the following SQL statement.

An SQL statement is created to check which flighasn Bangkok to Tokyo on October 27,
2013 still have some unoccupied business class észdt type “B”). The following list is
a sample output that shows the flight numbers hadchtimber of available seats.

ats

Flight numbers| Number of available seg
FE641 10
FE643 2
FE677 0




SELECT | A |
FROM | B |
WHERE OriginAirport = 'Bangkok' AND
DestinationAirport = 'Tokyo' AND
Flight.Flightbate = '2013-10-27"' AND
SeatType = 'B' AND
Flight.AirplaneType = SeatInAirPlane.AirplaneType AND
I c |
GROUP BY FTlightNumber, Quantity

Answer group foA
a) FlightID, COUNT(*)
b) Flightip, MAX(Quantity)
C) FlightIDp, MAX(Quantity)-COUNT(¥*)
d) FlightNumber, COUNT(*)
e) FlightNumber, MAX(Quantity)
f)  FlightNumber, MAX(Quantity)-COUNT(*)

Answer group foB
a) Flight, Passenger, Reservation
b) Flight, Reservation
C) Flight, Reservation, SeatInAirplane
d) Flight, SeatInAirplane

€) Reservation

Answer group foC

a) Flight.FlightID = Reservation.FlightID

b) Flight.FlightID = Reservation.FlightID AND
Reservation.PassengerNumber = Passenger.PassengerNumber

C) Flight.FlightID = Reservation.F1lightID AND
Reservation.PassengerNumber = Passenger.PassengerNumber AND
Reservation.SeatType = SeatInAirplane.SeatType

d) Flight.FlightID = Reservation.FlightID AND
Reservation.SeatType = SeatInAirplane.SeatType

€) Reservation.SeatType = SeatInAirplane.SeatType
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Q3. Read the following description concerning a comroation network, and then answer
Subquestions 1 through 3.

Organization A uses 192.168.23.0/24 IP addresseéshas several segments of networks
that are connected to each other using router R1.

Figure 1 shows the network configuration in orgatian A, and Table 1 shows the routing
table of router R1.

WEB
Server

the Internet 202.10.130.97

FTP
103.9.90.193 Server
DHCP — 202.10.130.95
Server 192.168.1.0/30| Router R2
192.168.1.1 192.168.23.121
192.168.23.0/26 192.168.23.64/27
192]168.23.122
Router R1
la || || o | | o1 || D2 || D3 |
| | 192.168.23.96/28 | [ 192.168.23.112/29 | |

Figure1l Network configuration in organization A

Table1l Routing table of router R1

Mask | Network address  Next hop Interface
126 192.168.23.0 - mO

127 192.168.23.64 - m2

128 192.168.23.96 - m3

129 192.168.23.112| - m4

/30 192.168.23.120 - m5

/30 192.168.1.1 192.168.23.12in5

/any | any 192.168.23.121m5

Subquestion 1
From the answer groups below, select the correstvanto be inserted into each blank

|:| in the following description.

(1) Host A2 sends the DHCPDISCOVER message to tHE®server for requesting the
addresses. The router R1 received this requestagesvia interface m0. Then, the

router R1 forwards it via interfa.
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(2) The organization A is planning to create a rseNvnet with 30 customers. In order to
build this subnet, organization As network admirdsor assigns network address

with the subnet ma for this subnet.

Answer group foA
a) mO b) m2 c) m3 d) m4 e) m5

Answer group foB

a) 192.168.23.30 b) 192.168.23.32

c) 192.168.23.124 d) 192.168.23.128
Answer group focC

a) 255.255.255.128 b) 255.255.255.192

c) 255.255.255.224 d) 255.255.255.240

e) 255.255.255.248 f) 255.255.255.252

Subquestion 2
From the answer groups below, select the correstvanto be inserted into the blank

|:| in the following description.

It was found that the host C1 could not accessherametwork.

The host C1 successfully sent a ping message tlm¢henetwork. However, the host C1
unsuccessfully sent a ping message to the 192.3.832/29 network.

IP configuration of the host C1 is shown in Fig@re

From these pieces of information, it was concluthed]| D !

C:\>ipconfig

IP configuration

Ethernet adapter Local Area Connection:
IPv4 Address: 192.168.23.98

Subnet Mask: 255.255.255.240
Default Gateway: 192.168.23.96

Figure2 IP configuration of host C1

Answer group
a) the default gateway is incorrectly configured
b) the IP address on the host C1 is incorrectlyigared
c) the local LAN cable is damaged
d) the subnet mask on the host C1 is incorrecthfigared
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Subquestion 3
From the answer groups below, select the correstvanto be inserted into each blank

|:| in the following description.

A user of the host A2 uses a Web browser to contoettte WEB server. When the user
sends a request to the WEB server, the host A2exélae following IP packet.

Destination IP address: 202.10.130.97
Source IP Address: 192.168.23.2
Destination Port: TCP port 80
Source Port: TCP port 5000

When the packet arrives at the router R2, the N#&tvwork address translation) function
of the router R2 translates the packet to the ¥allg, and sends it to the WEB server.

Destination IP address: (notshown)
Source IP Address: ( not shown )
Destination Port: TCP port 80
Source Port: TCP port 1025

When the NAT function receives its response from\WEB server, the received IP packet
will contain the following.

Destination IP address:l E |
Source IP Address: ( not shown )
Destination Port: | F |
Source Port: TCP port 80
Answer group foE
a) 103.9.90.193 b) 192.168.1.1
C) 192.168.23.2 d) 202.10.130.97
Answer group foF
a) TCP port 0 b) TCP port 80
C) TCP port 1025 d) TCP port 5000
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Q4. Read the following description concerning a digiggnature, and then answer
Subquestions 1 and 2.

In public-key cryptography, generation and verifica processes for a digital signature are
as follows.

Encryption and signing processes by a sender:

(1) Generate the message digest of the plain messtlge.message digest is generated
using the message digest function.

(2) Encrypt the message digest. The resulting enalyptessage digest is the digital
signature.

(3) Encrypt the plain message.

(4) Transmit the encrypted message and the digitahtuge to the receiver.

Decryption and verification processes by a receiver

(1) Decrypt the received encrypted message. Theltnieg decrypted message is the
received plain message.

(2) Generate the message digest of the received plassage using the same message
digest method used by the sender.

(3) Decrypt the received digital signature. Thsuigng decrypted message digest is the
message digest generated by the sender.

(4) Compare both message digests generated in(&epad (3) above. If they are equal,
the digital signature is verified. Otherwise sitnot verified.

Subquestion 1
From the answer groups below, select the correstvanto be inserted into each blank

|:| in Figure 1.

Figure 1 shows the scheme of the above process#Jadle 1 shows the notations used in
Figure 1.
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ml > mdl « MD( ml ) 7/ md1l
c«E(ml,|] A | = A
B /Lb ds « DSE( mdl, B )
Sender 7/ ¢, ds /4
Unsecure@
v
c, ds i
Receiver C H md3 « psb( ds,| C D
' '
m2 « b( c, rpk ) < rpk md3
o Compare
> D —7 md2

Figure1l Scheme of th
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Table1l Notationsused in Figure 1.

Notation Description

Functions

DSE Digital Signature Encryption function
DSD Digital Signature Decryption function
E Public-key Encryption function

D Public-key Decryption function

MD Message Digest function

Variables

C Cipher message (encrypted message)
ds Digital signature

ml, m2 Plain messages

mdl, md2, md3 Message digests

rpk Receiver’s Private Key

ruk Receiver’s Public Key

spk Sender’s Private Key

suk Sender’s Public Key

Answer group for throughC

a) rpk b) ruk
C) spk d) suk
Answer group foD
a) md2 «— DSE( m2, suk ) b) md2 «— EC m2, rpk )
c) md2 «— EC m2, suk ) d) md2 «— mMD( m2 )

Subquestion 2

From the answer group below, select the correctvanso be inserted into each blank

|:| in the following description.

Alice sent the message to Bob according to the elprecesses. In Bob’s verification
process, the signature could not be verified.
In this case, the security problem, suchasE |or] F | might have occurred.

Answer group

a) Arice’s public key was stolen b) Bob’s publicykeas stolen
c) collision occurred in functionp d) the message was not sent from Arice
e) third party changed the message f) third padgitored the message
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Q5. Read the following description concerning an adsirgeneration program, and then
answer Subquestions 1 through 3.

CompanyZ, a mail-order company, manages its customers img @scustomer master file

based on a customer number assigned to each custome

CompanyZ is planning to send sweepstakes (lottery) ticlkets invitation tickets to an

event to customers according to their spendinghdithe sales promotion campaign period

(hereinafter the period) from November 10, 201&rember 20, 2013. Therefore, the

company decides to develop an address generatbgngon that selects customers from a

sales slip file for sending sweepstakes tickets iamdation tickets to, and generates an

address file.

The program is required to have the following fumrs.

(1) The number of sweepstakes tickets sent to eastomer is to be the same as the
number of campaign products the customer purchdsdésg the period. The product
codes of the campaign products covered in thissgaemotion campaign are A001
through A199.

(2) One invitation ticket is sent to a customer sédotal purchase amount for all the
products the customer purchases during the pesi6,000 yen or more.

(3) For every customer to whom sweepstakes tioketn invitation ticket are sent, one
record is created in the address file. Even ihbaweepstakes ticket and invitation
ticket are sent, one record is created per customibe address file.

(4) The total number of sweepstakes tickets, thed taumber of invitation tickets, and the
number of records in the address file are printeal summary table.

The customer master file, sales slip file, and eslifile are sequential files. Figure 1

shows the record format of each file.

Customer master file Sales slip file
Customel Customell Customer | PurchasqCustome| Produc| Purchase( Purchase
number | address| name date | number| code | quantity | amount
Address file
Number of Number of
Custome| Custome| Custome sweepstakes|  invitation Total purchase
number| address| name tickets tickets amount

Figure 1l Record format of each file

The customer master file is sorted in ascendingroofl customer number. A work file is
created by sorting the sales slip file in ascendirgder of customer number, and is then
passed to the program.

Figure 2 shows the input and output related toghigiram, Figure 3 shows the flow of the
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program, and Table 1 shows the processing of tHerma@odules. Furthermore, Table 2
shows the test data for the work file used in #stimg of this program, and Figure 4 shows
the summary table generated using this test data.

( Sales slipo
file
Sorting

' Customer
worie () mederia)

Address
generation

Summary
table

(%]
file

Figure2 Input and output related to the address generation program

( Address generatioh ( Main processing) (Customer processihg
I
Initial processing ‘Repeat 1 'Repeat 2
Exit conditional Exit condition3

I

| | Main processind |

| | Prepr?cessingl | Amount totaling

Closing processi -
| | 9 P '1'd Customer processing
( End ) processing
— No A
ves ~ Sweepstakes
Invitation ticket ticket processing
processing H
Sales slip
i NN processing
&8 > l
<v> Repeat 2
Yes
| |[Address processing C End )

Repeat 1

( End )

Note: The shaded portion is not displayed.

!

Figure 3 Flow of the address generation program
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Table1 Processing of major modules

Module

Description of processing

Initial processing

Opens each file.
Total number of sweepstakes tickets0,
Total number of invitation tickets- 0,
Number of records in the address #e0
Reads the work file (Skips the records outsideptraod).

Preprocessing

Number of sweepstakes tiekeds
Number of invitation tickets— 0O,
Total purchase amoust 0,

W customer numbes Customer number in a record in the wq
file

brk

Amount totaling

Calculates the total purchase amount.

processing
Sweepstakes Number of sweepstakes tickets| |
ticket processing
Sales slip Reads the work file (Skips the records outsideprend).
processing
Invitation ticket | Performs the calculation for determining the numdieinvitation
processing tickets.
Address Reads the customer master file (Skips if the valuine customef
processing number is not equal to the value of W customer rennb
Edits a record of the address file, then writes the address file.
Performs the calculation for determining the totaimber of
sweepstakes tickets.
Performs the calculation for determining the totaimber of
invitation tickets.
Performs the calculation for determining the numiferecords in
the address file.
Closing Writes the summary table.
processing Closes each file.

Note: Number of sweepstakes tickets, number of invitatickets, total
purchase amount, W customer number, total numbewetpstakes
tickets, total number of invitation tickets, andmer of records in the
address file are the work areas.
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Table2 Test datafor thework file

Purchase date Customer| Product| Purchasec Purchase
: amount
Year | Month| Day | number | code | quantity (Yen)
2013 11 8 001 A008 3| 60000
2013 11| 25 001 A180 8| 44000
2013 12 3 002 B150 5 25000
2013 12| 18 002 B125 5 20000
2013 11| 25 005 A007 1 50000
2013 10| 29 010 BOO1 1 45000
2013 11| 25 010 B150 12 60000
2013 12 3 081 A201 2| 52000
2013 12| 12 081 B0O02 2/ 60000
2013 12| 20 081 A006 2 20000
2014 1| 16 081 A200 5 48000
2013 11| 10 258 BOO3 1 2500
2013 11| 18 386 A182 1 25000
2013 12| 18 386 A198 2 20000
2013 12| 21 386 A108 1 50000
Summary table
Total number of sweepstakes "Qﬁﬁﬂﬂﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬂﬂﬂﬁ
Total number of invitation tickats
Number of records in the address fi

Note: The shaded portion is not displayed.
Figure4 Summary table generated using the test data shown in Table 2
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Subquestion 1
From the answer groups below, select the corresivanto be inserted in each blank

|:| in Figure 3.

Answer group foA
a) AO001< Product code in a record in the work &\ 199
b) A001< Product code in a record in the work #é&199 or
Total purchase amourt50000
c) Number of invitation tickets > 0
d) Purchased quantity in a record in the work¥il@
e) Total purchase amount50000

Answer group foB

a) AO001< Product code in a record in the work &\ 199

b) A001< Product code in a record in the work fé&199 and
Purchase amount in a record in the work*ilg0000

c) AO001< Product code in a record in the work f&199 or
Purchase amount in a record in the work*ilg0000

d) Number of sweepstakes tickets > 0

e) Number of sweepstakes tickets > 0 and numbigvidétion tickets > 0

f)  Number of sweepstakes tickets > 0 or numbenwitation tickets > 0

g) Purchase amountin a record in the workfi€0000

h) Purchased quantity in a record in the work¥ile

Subquestion 2
From the answer group below, select the correctvando be inserted in the blank
|:| in Table 1. Here, [ ] in the answer group is aiskasymbol, andx] indicates
the largest integer value not exceeding

Answer group
a) 1
b) Purchased quantity in a record in the work file
c) [Purchase amountin a record in the work fi©000]
d) Number of sweepstakes tickets + 1
e) Number of sweepstakes tickets + Purchased dquamt record in the work file
f)  Number of sweepstakes tickets +
[Purchase amount in a record in the work file /@0
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Subquestion 3
From the answer groups below, select the corresivanto be inserted in each blank

|:|in Figure 4.

Answer group foC

a) 1 b) 2 c) 3 d 4 e) 5
fy 6 g) 7 h) 8 ) 9 ) 10

Answer group foD
a) 3 b) 4 c) 5 d 7 e 9
fy 10 g) 11 h) 12 i) 13 ) 14
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Q6. Read the following description of a program and phegram itself, and then answer
Subquestions 1 and 2.

[Program Description]
Figure 1 shows an example of a weighted graph, Figdre 2 shows an example of a

spanning tree of the graph shown Figure 1. A sijpgninee is a sub-graph of a given graph.
It is a tree, it has no cycles, and it connectshallvertices (nodes) together.

&
Figure 1 Exampleof aweighted graph

86\91@
{5\ 1

Figure 2 Example of a spanning tree

A minimum spanning tree (hereinafter MST) of a gi\ggaph is the spanning tree having

the minimum weight for that graph. Kruskal’s algem constructs an MST of a given

graph by adding edges to the spanning tree onaiby-o

Initially, each vertex is in its own tree in a feteand all the edges stay unresolved. In the

case of Figure 1, there are 7 trees composed pfoord vertex, and 12 unresolved edges.

Then, the edges are selected and processed ome pgofollows:

(1) Select an edgey( v2), which connects the verticegsandv,, with the minimum weight
among the unresolved edges.

(2) If the vertices, andv, belong to two different trees, then add this etigthe forest,
and combine these two trees into one tree.

(3) Otherwise, simply discard this edge.

When all the edges are processed, an MST of a giragh is obtained.
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The functionkruskal(v, E, F) has 3 parameters.

Vv is a set whose elements are vertices. Wdrenkal is called,v contains all the vertices
in the given graph.

E is a set whose elements are edges. Wireskal is called,e contains all the edges in
the given graph. Each edge has 3 valugss,, andw. Here,v; andv; are the vertices at
both ends of the edge, amdis the weight of the edge. In the program, speeifige is
expressed as(vl,v2,w).

F is a set whose elements are trees. During theepsp some trees may have only one
vertex, while other trees may have two or moreieestconnected by one or more edges.
The program uses the following functions:

AddTree(V): Adds a new element m The element to be added is a tree that has
only one vertex.
FindTree(V): Scans, and returns an ID of the element that has th&exerin its

tree. Assuming that a unique ID is assigned tt edement irr.
Connect(vi, V2, W): Connect the verticeg; andv, with the edgee(vl,v2,w). As a
result, two elements (trees) are combined intoadaement (tree) ir.
In the program, an empty (null) set is expresseghas
When the program finishes,contains an element of an MST.

[Program]
O Function Kruskal(v, E, F)
« F— {} /* make the set F empty */
v = {} /* while v is not empty */

e Vv « nextelementinv
e AddTree(v)
e remove v from v

« sort E in the ascending order of w
m | A |
e e(vl,v2,w) <« nextelementinkE

I B I
e Connect(vl,v2,w)

¢ remove e(vl,v2,w) fromE
[ ]

e Return
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Subquestion 1
From the answer groups below, select the correstvanto be inserted into each blank

|:| in the above program.

Answer group foA
a) E={} b) E={}
c) F={} d rF={}

Answer group foB
a) (FindTree(vl) = FindTree(v2)) and (E = {})
b) (FindTree(vl) = FindTree(v2)) and (E = {})
C) FindTree(vl) = FindTree(v2)
d) FindTree(vl) = FindTree(v2)

Subquestion 2
From the answer groups below, select the correstvanto be inserted into each blank

|:| in the following description.

The functionkruskal (v, E, F) is executed for the weighted graph shown in Figure

&
Figure 3 Weighted graph

Assuming that, after the statement ‘sort E in the ascending order of w ” is executed, the
setse andr have the following elements:
Sete: {e(C,D,1),e(E,F 1), elA B, 2),eB,E, 2B, F 2),elC,F,3),
e(D, F, 3), e(D, G, 3), e(A, C, 4), e(B, C,d(f, G, 4), e(A, G, 5)}
Setr: {A,B,C,D,E,F G}
Also, assuming that the elementsiare picked up one by one from the top.

Because the sethave 12 elements, the statemert €(v1,v2,w) « nextelementinE”
is executed 12 times. Table 1 shows the stattlsedaetr in the iteration process.
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Table1l Satusof theset Fin theiteration process

Iteration| Edge used| « connect(vl,v2,w) | Resulted elements in set
1 e(C,D, 1) | Executed {A, B, D, E, F G}
2 e(E, F 1) Executed {A, B, D, E-F, G}
3 e(A, B, 2) | Executed {AB, C-D, E-F, G}
Executed { , }
[ D ]|Executed { E |}

10 | e(B, C, 4)

Not executed

(Not changed)

11 e(F, G, 4) Not executed (Not changed)
12 e(A, G, 5) | Not executed (Not changed)

Note: (1) Shaded parts are not shown.
(2) Fis the set whose elements are trees. In Taladrge is shown in

a simplified form. For example, a tréB) is shown as “BE-F".
:A;—{B

As in Table 1, every time the statement tonnect(vl,v2,w) " is executed, the number

of elements in the setdecreases by 1. When the e is picked up from the
sete and the functiomonnect is executed, the number of elements in the $&comes 2.

After that, when the ed is picked up from the setand the functioonnect

is executed, the number of elements in the $sicomes 1.

At this point, an MST|

E

among any spanning trees

Answer group foC andD
a) e(A, C, 4)
d) e(C, F,3)

Answer group foE
a) A-B-C-D-G-E-F
c) A-B-C-D-G
N EF

Answer group foF

a) 11 b) 12

of the given graph.

b) e(B, E, 2)
ee(D, F, 3)

b)

| is obtained in the set The total weight
value of the 6 edges in the MST. This is the minimum total weight value

c) e(B, F,2)
f) e(D, G, 3),

A-B-E-F-C-D-G

d) A-B-E-F-G
N

c) 13
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Concerning question@7 andQ8, select one of the two questions.
Then, mark thés) in the selection area on the answer sheet, anvdearise question.
If two questions are selected, only the firstgjioa will be graded.

Q7. Read the following description of a C program amel program itself, and then answer
Subquestions 1 and 2.

A program was created for drawing one or more plgyards from a shuffled deck of
playing cards.

A set of playing cards consists of 52 cards. Tlaee4 suits: Clubs, Diamonds, Hearts,
and Spades. Each suit has 13 ranks: 2 to 9, @K, Qaieen, King, and Ace.

[Program Description]

The program prompts the user to enter the numbenifs to draw. Then, the program

selects the specified number of cards randomlydisplays them on the screen.

(1) The cards are numbered from 0 to 51, and aoedain the arraygards[]. The first 13
values are used for Clubs, the second for Diamahdghird for Hearts, and the fourth
for Spades suit. The program uses this internatbaiing system throughout, and
only converts to card ranks and suits at the owgfage bydisplay() subprogram.

(2) The variablenbraw contains the number of cards to draw. The vafueeaw ranges
from 1 to 52.

(3) 1shuffle() subprogram shuffles a deck of cards. Infibe loop, the process which
sets aside one card and shuffles the remainings ¢arcepeated. The same card will
never be drawn twice or more.

(4) draw() subprogram determines which card will be drawnubyng an arragrawn[]
that corresponds teards[]. At the beginning, the elements of the ardagwn[] are
setto 0. Each time a card is drawn, the corredipgrelement ofirawn[] is set to 1.

(5) When the cards are displayed on the screeh,@&ad is expressed as 2-character code
rs. Hereyr is one of the codes 2t0 9, T, J, Q, K, and At éxpresses the rank 2 to 9,
10, Jack, Queen, King, and Ace respectivalis one of the codes C, D, H, and S, that
expresses the suit Club, Diamond, Heart, and Sp&de.example, 2C expresses 2 of
Club, and AD expresses Ace of Diamond.

(6) Figure 1 shows a sample output of the program.

Number of Cards to Draw: 4
2C
AD
5H
2s

Figure 1 Sampleoutput of the program
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[Program]
#include <stdio.h>
#include <stdlib.h>
#include <time.h>
#define CARDS 52
#define SUITS 4
void initialize(Cint []1);
void 1shuffle(int []);
void draw(int [], int);
void display(int [], int []1);

int main(void) {
int card[CARDS], drawn[CARDS] = {0}, nDraw;

srand(time(NULL));
initialize(card);
1shuffle(card);

printf("Number of Cards to Draw: ");
scanf("%d", &nDraw);

draw(drawn, nDraw);

display(card, drawn);

return 0;

/* Initialize cards */
void initialize(int card[]) {
int 1i;

for (i = 0; i < CARDS; i++)
card[i] = 1i;

/* Shuffle a deck of cards in linear time */
void 1shuffle(int card[]) {
int i, cardsLeft, j, temp;

cardsLeft = CARDS;

for (i = 0; i < CARDS; i++) {
j= A l;
temp = card[i];
card[i] = card[j];
card[j] temp;
cardsLeft--;
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/* Draw n cards from a deck */
void draw(int drawn[], int nDraw) {
int i, j, notDrawn, card, skipped, keeplooking;

notDrawn = CARDS;
for (i = 0; i < nDraw; i++) {
card rand() % notDrawn;
skipped = 0;
keeplooking = 1;
for (j = 0; j < CARDS && keeplooking == 1; j++) {
if (drawn[j] == 0 && | B D {
drawn[j] = 1;
keeplooking = 0;
} else if (drawn[j] == 0)
| C B

}

notDrawn--;

/* Display cards on standard output */
void display(int card[], int drawn[]) {
char suit, face;
int rank, 1i;
char FACES[20] = "23456789TJQKA";

for (i = 0; i < CARDS; i++) {
if (drawn[i] == 1) {
switch (| D b {
case 0:
suit = 's';
break;
case 1:
suit = '"H';
break;
case 2:
suit = 'D';
break;
case 3:
suit = 'C';
break;

}
rank card[i] % (CARDS/SUITS);

face = | E B
printf("%c%c\n", face, suit);
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Subquestion 1
From the answer groups below, select the correstvanto be inserted into each blank

|:| in the above program.

Answer group foA
a) (i + rand()) % cardsLeft b) (3 + rand()) % cardsLeft
c) i + rand() % cardsLeft d j + rand() % cardsLeft

Answer group foB
a) skipped !'= card b) skipped != card - 1
C) skipped == card d) skipped == card - 1

Answer group focC
a) card = 0 b) card++
C) skipped++ d) skipped--

Answer group foD
a) (card[i] + 1) / (CARDS / SUITS)

b) (card[i] + 1) / (CARDS / SUITS) + 1
Cc) (card[i] + 1) / (CARDS / SUITS) - 1
d) card[i] / (CARDS / SUITS)
e) card[i] / (CARDS / SUITS) + 1
f) card[i] / (CARDS / SUITS) - 1
Answer group foE
a) FACES[rank] b) FACES[rank + 1]
C) FACES[rank - 1] d) FACES[rank / SUITS]

Subquestion 2
From the answer group below, select the corredt-aamal-suit of cards to be displayed,
when 5 cards are drawn randomly and their value4 6y 37, 28, 30, and 40.

Answer group

a) 4D, QH, 3H, 5H, and 2S b) 4H, QD, 3D, 5D, and 2C
c) 5D, KH, 4H, 6H, and 3S d) 5H, KD, 4D, 6D, and 3C
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Q8. Read the following description of Java programs tedprograms themselves, and then
answer Subquestion.

[Program Description]

In many interesting situations, separate, conctlgrennning threads do share data and
must consider the state and activities of othegdtis. In one such set of programming
situations, called producer-consumer scenarioptbaucer generates a stream of data that
the consumer uses.

For example, imagine an application in which onedd (the producer) writes data to a
file while a second thread (the consumer) reada fitatn the same file. Or, on a PC, the
producer thread places mouse events in an evenequkile the consumer thread reads
the events from the same queue. Both use contuiinesads that share a common
resource: the first shares a file; the second shamneevent queue. Because the threads
share a common resource, they must be synchronized.

If the two threads make no arrangements for symthation, some problems might arise.
One problem might arise when the producer is quitha&n the consumer, as the producer
puts two values before the consumer has a changet the first one. In this situation, the
consumer misses a value, as shown in the folloexagnple.

consumer got:
Producer put:
Producer put:
consumer got:

< Consumer missed 4

T L1 AW

Another problem might arise when the consumer iskgu than the producer. In this
situation, the consumer gets the same value tagshown in the following example.

Producer put:
Consumer got:
Consumer got:
Producer put:

< Consumer got 4 twice

v b~ A~ D

Either way, the result is wrong. The consumer khaet each value placed by the
producer exactly once. A problem like this is edlh race condition. A race condition is a
situation in which two or more threads or procesmesreading or writing some shared
data, and the final result depends on the timinpaf the threads are scheduled. Race
conditions can lead to unpredictable results andlesyprogram bugs. Race conditions in
the producer-consumer example are prevented byéatorage of a new integer in the
Holdinteger by the producer synchronized with retrieval of emeger from the
HoldInteger by the consumer.
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The activities of the producer and the consumertineisynchronized in two ways.

First, the two threads must not simultaneously s&€dbeHoldInteger. A thread can
prevent this from happening by locking an objedthen an object is locked by one thread
and another thread tries to call a synchronizechatkion the same object, the second
thread will be blocked until the object is unlocked

Second, the two threads must do some simple cadrdin That is, the producer must
have a way to indicate to the consumer that thaevisl ready, and the consumer must have
a way to indicate that the value has been retrievidteobject class provides a collection
of methods —wait, notify, andnotifyAll — to help threads wait for a condition and to
notify other threads when that condition changes.

When the programs are executed, the followingnifitbe printed out.

Producer put:
consumer got:
Producer put:
consumer got:
Producer put:
consumer got:
Producer put:
consumer got:
Producer put:
consumer got:
Producer put:
consumer got:
Producer put:
consumer got:
Producer put:
consumer got:
Producer put:
consumer got:
Producer put: 10

Producer finished producing values
Terminating Producer

Consumer got: 10

Consumer retrieved values totaling: 55
Terminating Consumer

LW NNOOOUVTUTEAE DR WWNNRR

[Program 1]
pubTic class ProducerConsumerTest {
public static void main(String args[]) {
HoldInteger sharedObject = new HoldInteger();
ProduceInteger producer = new ProduceInteger(sharedobject);
consumeInteger consumer = new ConsumeInteger(sharedobject);

A
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[Program 2]
public class ProduceInteger extends Thread {
private HoldInteger sharedobject;

public ProduceInteger(HoldInteger shared) {
super("Producer");
sharedobject = shared;

}

public void run() {
for (int count = 1; count <= 10; count++) {

try {
Thread.sleep((int) (Math.random() * 1000));
} catchd B |exception) {

System.err.println(exception.tostring());
}
sharedobject.setSharedint(count);
}
System.err.println(getName() + " finished producing values™
+ "\nTerminating " + getName());

[Program 3]
public class ConsumeInteger extends Thread {
private HoldInteger sharedobject;

public ConsumeInteger(HoldInteger shared) {
super("Consumer");
sharedobject = shared;

3

public void run() {
int value, sum = 0;

do {
try {
Thread.sleep((int) (Math.random() * 1000));
} catchd B |exception) {
System.err.println(exception.tostring());
3

value = sharedobject.getSharedint(); // Accesses shared data
sum += value;
} while (value != 10);
System.err.println(getName() +
+ sum + "\nTerminating

retrieved values totaling:
" + getName());
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[Program 4]
public class HoldInteger {
private int sharedint = -1;
private boolean writeable = true;

| C | void setsharedIint(int value) {
while (!writeable) {
try {
[ b &
} catch d B | exception) {

exception.printStackTrace();

3
}
System.err.println(Thread.currentThread() .getName()
+ " put: " + value);
sharedint = value;
writeable = false;
| E B
}
| C |int getSharedint() {
while (writeable) {
try {
| D |;
} catch d B | exception) {
exception.printStackTrace();
}
}
writeable = true;
| E B
System.err.println(Thread.currentThread() .getName()
+ " got: " + sharediInt);
return sharedint;
}
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Subquestion
From the answer groups below, select the correstvanto be inserted into each blank

|:| in the above program.

Answer group foA

a) consumer.runQ);
producer.run();

b) consumer.start(Q);
producer.start(Q);

C) (new Thread(consumer)).run();
(new Thread(producer)).runQ);

d) (new Thread(consumer)).start(Q);
(new Thread(producer)).start();

€) (new Thread(new ConsumerInteger())).startQ);
(new Thread(new ProduceriInteger())).start(Q);

Answer group foB
a) IllegalMonitorStateException b) 11legalstateException

C) IllegalThreadstateException d) Interruptedexception

Answer group foC

a) private b) private static
C) private synchronized d) public
e) public static f)  public synchronized

Answer group foD andE

a) interrupt() b) joinQ
c) notify(Q d) sleepQ
e) stopQ f) waitQ
g) yieldO
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