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Problem 1

" We are constructing s deterministic finite automaton (DFA) that judges whether the
sum of two binary integers is a multiple of three or not.

(1) A DFA is represented by a directed graph called
a state diagram. Figure 1 is an example of a state dia-
gram. The states of a DFA are represented by the nodes
of the graph. When a DFA in state g reads a symbol
a, it changes its state according to the outgoing edge
labeled a of the node corresponding to g. The set of
allowed input symbols is a finite set, which is called its
input alphabet. In the state graph of a DFA, each node
has exactly one outgoing edge for each symbol in its
input alphabet. )

- One of the states is the start state, whieh is indicated
by the arrow labeled start. Some states are designated as final states, which-are indicated
by double circles. When a DFA M in its start state will be in one of the final states after
reading all symbals of a symbol string w one-by-one from left to right, we say M accepts
1w,

Figure 1: State diagram of M

{1-1) Let M) be the DFA represented by Figure 1. The input alphabet of M1 is {0,1}.
Answer the state that M will be in after reading the symbol string 0101110 starting
in the start state. :

(1-2) Answer the shortest symbol string starting with 0101110 that the DFA My accepts.

(1-3) Construct a DFA A that accepts a symbol string w if and only if the length of
w is an even mumber, and draw its state diagram. A must satisfy the following
conditions. .

{Condition 1) The number of states of M is two.
{(Condition 2) The input alphabet of M3 is {0,1}.

(2) Consider a string of symbols in {0, 1} to be a binary number. Let (Tn_1Tn-2 - -T2
denote the n-digit binary number whose i-th digit (0 < ¢ < n) from the least signif-
icant digit is z; € {0,1}. Let V{Zn—1Tn—2- -2q) denote its value. When the string
Tp_1Tn_2 - -« To Starts with a sequence of 0s, let V{@n_1%p—2 - o) denote the value of
the string without the sequence of 0s. The string whose length is zero is called an empty
string, dendted by £. Let V{g) = 0. For example, V{0101110} is 46 in decimal. '

For every binary number with an even number of digits (z2n—1%2n-2 " - - Zo)2, show

n—1 n—1 ;
V(@2n—1Zon—2 - - To) = (2 > wrig + Z 9«‘2{) (mod 3).
i=10 i=0

Here, “a = b (mod 3)” denotes the remainders of a and b are the same when they are
divided by three. In what follows, we will omit “ (mod 3)” and simply denote “a =0.”



(3} Consider w, a string of symbols in {0,1}, to be a binary number {w)2. Construct
a DFA Mj that accepts wR the string w in reverse 01der, if and only if its length is an
even number and

V(w)=0

holds, and draw its state diagram. M3z must satisfy the following condltlons
(Condition 1} The number of states of M3 is six.
(Condition 2) The input alphabet of Mz is {0, 1}.

(4) Consider w, a stnng of symbols in {0,1}, to be a binary number (w)e. Construct a
DFA M, that accepts w™ if and only if ‘

V{w) =

holds regardless of the length of w, and draw its state diagram. M, must satisfy the
following conditions.

{Condition 1) The number of states of Afy is three.

{Condition 2) The input alphabet of My is {0,1}.

(5) Let

A E={(f) le,be{o1}}.

For w = (%2:{‘) (‘:{};{:g) o @8), a string of symbols in £ with length n, construct a DFA
Ms that accepts w™ if and only if

v(mn—lmn—Q - '3-'-0) + v(yn-—lyn—2 e 'yD) =0

holds, and draw its state diagram. M must satisfy the following conditions.
{Condition 1) The number of states of My is three.
(Condition 2) The input alphabet of M is .



ZOR—D3ZER.

This page is blank



ZOR—IriEN.

This page is blank.



17
H

A S A o

20234 FFE A /2023 Summer Entrance Examination

B R Department of Creative
e e ‘H o Informatics
REFERBEHREBEIZROAH Graduate School of Information
BBy TR Science and Technology
The University of Tokyo
A ME b EE : :
Bl &= 2 Creative Informatics 2

o
#
-

SEBER0ARE T COBMERTER AV L.

COFRBOTRICH ERBRESWICEBRESEREATH L.
AFxEzLWLRETHEETSE L.

MEAEo B CTHEEE EhhvE EIi, 5 bEIChREoTS kb,
BEBEOREINCERC, SRESSIVHEESEENTICEAT S 2 L.
AR S S UMERF SR AL &, !

INSTRUCTIONS

1

vk woN

Do not open this booklet until the start of the examination is announced.

Write your examinee’s number below on this cover page. ‘

Answer in Japanese or English.

You may write on the back of the answer sheet.

Write your examinee’s number and the problem number inside the top blanks of
each sheet.

Do not bring the answer sheet or this booklet out of this room.

TEEFEE / Examinee’s number




ZODOR—FER.

This page is blank



ZDR—TTZER.

This page is blank.



=2

AVvE—Fv b+ LOBEFEZRT IPVA 7 F L RIX, 32bits (454 }) OffETHD, BrLicREh 3
Bh, sbits (154 b)) T 0BTy PUTREDERRINZ I LS. PTFLRRA
w k=24 vEk =724 (/—FEePEY) v 7 of0ER) KHLTEYIROAZ, PTFL
A, Ay P T—2 BB TIAY T2 IDL, AVE—T A RAEBNTEAVE—T 2R
ID CHRENS, v FT7—2FRRETIE, IP7FLRAD 10 8RR rery P 7—2 DoRS
(B b0 2AMLCH10ESichy b Y —2%%T,

IP7 FLA (103E%R0) 203.178.168.20

‘ o Fy b7—=7ID AV —7 x4 ARID
IP7 FL R (2fE##E) (11001011 10110010 10101000|00010100

Ry PO —oRE 203.178.168.0/L2ﬂ
F v bu—2IDOEE (Vv M)
51

Iy dT—2R¥TAy P SEITES, BA0 T Ay M. —BEFAY P -2 D EFO, F
v PP ERER T Ay FORY PV =2 DB P 7 FLADHE (Fev2) bIP
TFLRE, 2O T3y PCERTEA VA -T2 A XA~EIDETS,

Bl &, 203.178.168.0/24 i3, IP 7 F L RFEHEA 203.178.168.0 %> & 203.178.168.127 £ TOD
203.178.168.0/25 &, IP 7 F L AHiM A 203.178.168.128 7 & 203.178.168.255 ¥ TD
203.178.168.128/25 IC4yEIC % 3, MMA T 203.178.168.0 /27 D ¥ 74 v F R {FBH T L b TR 5,
203.178.168.0/25 * 203.178.168.0/27 20 ¥ 74 v P iEI D BT R EER. T FLAERE# T &
B bhv., 2F b, 203.178.168.0/25 DY T A v MR T A4 v X — 7 = 4 RITIT,
203.178.168.0/27 D% 74 v F DT FL AQHFALS 2L P T FLARE D H TS, TH,

203.178.168.0/27 7% 203.178.168.0/25 it & E N3 » b \ N 750 interfaces
-C‘% 60 J':/{_F@ﬁ:ﬁlfuﬁcfg?\;. J:o

Node
Interface

(1) AvZ—iy b bic—RIcHATEER Pva 7 o R
FL R 55 7 ' ‘

(2) 16 EEFRICHS. COABBACE TH B IPvaA T F
L A% 10 EFRL TR,

(3) Fvr7—2DORIF20Y +DFv
T—sB5, Bl YTHREERIPTFLA TR T, e T
BERGL 20 ?777F L, AvE—7x42R
ID A8 2 BRI TLTOo, 2L T1DD

BFHDTHY, Ava—7=A2cEny N2 120interfaces f | N3  1l0interfaces |

Thhirw, & 2

——————————



(4)

192.168.254.0/23 2 EIL, 2D 620 ¥ 7F v  (N1~N6) ~, TNEFhF} v bV —7
TFLAEZEBYTE, 2y P T7—2T7 VLR, UToflNEikTLoeglyycs
LT B, N1ALNGETIPTRNLAZSAIWECE Y Y TS, 74 F NLIE250 @D
AVE=—T AR, ¥72v b N2 12004 2 =7 242 N3 2110804 v & —7
tARCIPTNLRZE Y YTEIDLESED S, NI~N3 IKERT B4 v 2 -7 o4 A%
NENDA—ZR~RIDHDIEINE, BABF 74y MCERT B, vx -7
A ZAEFO) — VR TTRHA—X LY, £/, N4~N6 TRFAHOL—2D A v X —
TzARCTFLAZE Y YTE, ZRFNOF 74y PEIYVHETETFLROER%

192.168.a.b-192.168.d.e ® & 5 RFETHE. rdk, BER)THR~LLFH D OFEELEEY

X :

3oty b 7—2BRT, Voice-overIP 7 7Y 7 —3 3 Y D7zHic UDP 7y P RERFT 5, -
oy MI10054 PO~y EEPAA] P DS 7 — F (F—2%45) tHERINLTw3 LT3, &
DAy b7 =2 DOF PR v 71 Routerl & Router2 DFETH Y BIERIRIZ 6M bits/sec TH 5,

Source Routerl — Router2 — Destination

Bandwidth: 6M bits/sec

(5}

®

7

(8)

(9}

(10)

3

Source / — P8, FYUALERILENLGEF — 2% ET I L kELDB, BEF -4 i
128kbps D —EL — F TRISLENTwBE T3, Source / — FDB 3y P T7—2iX%7 v b
RREETBEIIC, K37y PAFIEHIND LIRET S, Source / — FTlE, F—Z23~<{ 1
— NicHREI N I2EMERFOLERD Y, Z0BERZ Ty MMEEBELIER, P =1000-°
4 r OB, oy MEEBEERRD X, '
PBLRFEDOBIC, A7y MEGEEE 20 I VHUT ML A WS, 7y P FA X%
E@larwﬁ?«%#? | |

i, REL77 403K B{ENM Y, RATD—=FDRAL=TFy } EFHAL—TF
kaﬁﬁoﬁk%ﬁXW—fvP%\P%%hfﬁfﬁ&;iﬁ\P=1wt\P=wm
NA L OBOBRRENRAL—T Y P REZL L,
AVvE—Fy T, BDEREFRA—FZEIST Y P 2WET L, L— 2 PBHEEsTHAT v
FEBETSLE, B3ICH VT Source / — FANEE L7 (Destination IK@A b2 d
DHEY) TRTDAry FOFY Ry THEEZ L, A7y FEROTBRIBEIZ LR

Ry FTBsE v, W3 TRAT Y b Source J — K# & Destination / — F £ CEET 5

B, 39735,

CEEOYy MRV EFe(0<a<)TH D, ROKPWET 2720, EEARBZLYY I 2
30T OMRLTEETAZ LicT B, AT, 0 REFLAVWEAIE, 000 £330, 1

BETLEEIR111 LB, REHANSBERER Lo TRT— 22 E LTI &, ARNEOY

v FERY RN TRYE,

TCP/IPBIEDSEL ./ — F T, BRO Yo 2 XARBELTW A LBEEIRLTED. %%

F-ERE, RELAAT Y POELWHET v X2 AT 5 2D KHAT 5, TCP/IP
®%ﬁ%f5m Foe AT L RMIZ LR PR WIMRBIFEMRETI L
fehE Lok, F- 1 HFSE2EATIA Ay bR 20X &,



Problem 2

An |Pv4 address, which indicates a location on the Internet, is a 32 bits (4 Bytes) number. Each 8
bits {1 Byte} is represented as a decimal number separated by a dot “.” as in Figure 1. IP
addresses are assigned to network interfaces (boundaries between nodes and physical links).
An |P address consists of a network ID that identifies the network and an interface [D that
identifies the interface. In the network notation, a network is expressed by a decimal notation
of the 1P address with "/” and a length of a network 1D (number of bits), as shown in Figure 1.

IP address notated by decimal 203.178.168.20

) Network ID . Interface 1D
1P address notated by binary 11001011 10110010 10101000

d

00010100

Network notation 203,178.168.0/24

Length of the network 1D (Numbér of bits)
Figure. 1 :

A network can be divided into subnets. Each subnet has a unigue network ID. The network
administrator assigns IP addresses from the range (block) of IP-addresses with the subnet's
network |D to the interfaces connecting to that subnet. ‘ '

For example, 203.178.168.0/24 can be divided into 203.178.168.0/25, with IP addresses ranging .
from 203.178.168.0 to 203.178.168.127, and 203.178.168.128/25, with [P addresses ranging '
from 203.178.168.128 to 203.178.168.255. In addition, a subnet of 203.178.168.0/27 can be
created. Suppose 203.178.168.0/25 and 203.178.168.0/27 are assigned to different subnets. In
that case, the network administrator must avoid IP address duplication. The administrator

assigns IP addresses to the interfaces connecting to the subnet of 203.178.168.0/25 from the
range excluding 203.178.168.0/27 because 203.178.168.0/25 includes 203.178.168.0/27.

Answer the following questions. N1 250 interfaces

s i

+—+—interface

{1) How many uniquely identifiable |Pv4
addresses exist in the Internet?

(2} Expressin decimal representation the |Pv4
address with the hexadecimal
representation COA864CS.

(3) What is the maximum number of IP .
addresses that can be assignedina ~ .------- Ne BT ... .5 28 E.
network with a network ID length of 20 ]

"bits? However, the interface |Ds are E
reserved when they are all 0 or 1. They are E
not assigned to interfaces.

(4) Assign network addresses to each of the Figure. 2
six subnets (N1 to N6) in Figure 2 from 152.168.254.0/23. The subnet assignment has

pmmmm———

..............................................

U ——



the following constraints: IP addresses are assigned in ascending order from N1 to N6. iP
addresses must be assigned on 250 interfaces in N1, IP addresses must be assigned on
120 interfaces in N2, and P addresses must be assigned on 110 interfaces in N3. Note
that the interfaces connected to N1 to N3 include those of the respective routers. A
node with multiple interfaces connecting to different subnets is called a router here. In
addition, we should assign IP addresses to the routers (R1 to R3}" interfaces in N4, N5
and N6. We have the same reserved IDs as in question (3). Answer the address range,
such as 192.168.a.b - 192.168.d.e, to be assigned 1o each subnet.

~ A UDP packet is sent for a Voice-over IP application in a network shown in Figure 3. The packet
consists of a 100-byte header and.a P-byte payload {data part). The bottleneck in this network
is between Router 1 and Router 2, with the bandwidth of 6M bits/sec.

Source Routerl

Router2 Destination

Bandwidth: 6M bits/sec

(5)

(6)
{7)

(8)

(9)

(10)

Figure. 3

Consider sending digitally encoded voice data directly from the source node to the
destination node. Suppose the data is encoded at a constant rate of 128 kbps and each
packet is entirely filled before the source sends the packet into the network. The source
node must wait until the payload is filled with data, and this delay is called packetization
delay. When P = 1000 bytes, determine the packetization delay.

If we want to keep packetization delay below 20 milliseconds for comfortable
conversations, how should we change the packet size?

Next, we want to send large files as quickly as possible. Payload throughput is called
effective throughput. Express the maximum effective throughput using P in an

" equation. Also, give the maximum effective throughput when P = 100 and P = 1000

bytes.

On the Internet, routers may discard packets when necessary. When a router discards a
packet with probability s, give the average number of hops for all packets sent by the
source node in Figure 3 (including those that did not reach the destination). Delivering a
packet to the next destination is called hopping. In Figure 3, when a packet reaches the
destination node from the source node, it hops three times, .

The bit error rate of the transmission channel is 2(0 < a« <1). The source node sends
each bit three times to improve the error rate. For example, when it transmits 0, it
sends 000, and when it transmits 1, it sends 111. When the receiver restores the original
data by majority vote, express bit error rate after the restoration as an equation.

In TCP/IP communication, since multiple processes are assumed to be running at the
destination node, the destination port number is used to identify the destination
process for the received packet. Why did the designers of TCP/IP choose an abstract
identifier, the port number, which is independent of its process identifier? Answer two
benefits of the port number.
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Problem 3

Select four items out of the following eight items concerning information systems, and explain
each item in approximately from four to eight lines of text. If neéessary, use examples, figures or

equations,

(1) Hash table

(2) Process and Thread

(3) CSMA/CD

(4) Routh-Hurwitz stability criterion

(5) Random forest

(6) Functional programming

(7) Flip-flop

(8) SLAM (Simultaneous localization and mapping)
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