Quiz 1
ID#: Name:

p,q, T ZfE, x,y, 2, w % p,q r DOEE T 5, Let p, ¢ and r be statements, and z, v,
z and w compound statements of p, ¢ and 7.

1. TOEHEZSEME L, Complete the truth table below.

plalrle A ) = @V ](p Vv gV rlz]y]z]u]
T|T|T T|F|F|F
T|T|F T|F|F|F
T|F|T T|F|F|F
T|F|F T|T|F|T
F|T|T T|F|F|T
F|T|F F|F|T|T
F|F|T T|F|F|F
F|F|F T|F|F|F

.s=(AT)=(qV-r),t=(-pVq V-r. IELWVHDZFEN, Choose the correct one.
s

a)s=t (b) s =t (c) £E5TH %\, Neither (a) nor (b).

3.s=((Ar)= (gV-r) 2 - & A& fHRZTZHWTEE, Express s using -, A and
parentheses only.

4. FOEBHED ¢ BEL P w 2R TWHRIL 2 X )12, To THROMITIT, -, A, Flld v %
Ak, 22 & 72 28T H 2 b AN\, L, y & 2 ii@ﬁfiﬁéo)ﬁfjﬁjﬁ% Db
D & ¥ %, (Fill each underlined blank with =, A or V to express x and w in the truth table
above. There may be voids. y and z are compound logical statements having truth values
written in the table)

r = (—p) VI(—9g) (1)
(y v z) _((—p) AN (@) — (7))

Message H# : FERDEE, 25 5D H IOV T, HFITDWT, What is your dream? Describe your
vision of yourself and the world 25 years from now. ("HP &A1) 1ZBHGLDOF, If you don’t want
your message to be posted, write “Do Not Post.”)



Solutions to Quiz 1

p,q, T ZfE, x,y, 2, w % p,q r DEOEE T3, Let p, ¢ and r be statements, and z, v,
z and w compound statements of p, ¢ and 7.

1. TOEHERZSEME L, Complete the truth table below.

plalr[@ A = @V eV o Vv wlaly]z]|w]
T|T|T T T T T F T T F|T|F|F|F
T|T|F F T T T T T T T|T|F|F|F
T|F|T T F F F F F F F|T|F|F|F
T|F|F F T F T T F T T|T|T|F|T
F|T|T F T T T F T T F|T|F|F|T
F|T|F F T T T T T T T |F|F|T|T
F|F|T F T F F F T T F|T|F|F|F
F|F|F F T F T T T T T|T|F|F|F

2. s=(pAr)=(¢qV-r),t=(-pVqV-r. IELWVWHDZEFEX, Choose the correct one.
(a) s=t (b) s =t (c) £B5TH &\, Neither (a) nor (b).

3.s=@Ar)= (qv-r) 2 - & A& fERZT2ZHWTEYE, Express s using -, A and
parentheses only.

o>

Soln. Since ~—zx =z, x =y =-axVyand xVy=-(-xA-y),

s=(pAr)=(qV-r)=-(pAr)V(gV-r)=-(pAr)A=(gV 1) ==(pAT)A (=g AT)).

Other Solution: Using 2,

s=(pAr)=(qV-r)=(-pVqgV-r=-(pA-qV-r=-(pA-qg) AT).

4., FOEBRD ¢ BL P w 2R TwHERICR 2 L9112, T FROFIIC, -, A, £E, vV E
Ak, W E R 22 H 20N\, 7KL, y & 2z F ELOoEMEOEMELZ DD
D &3 %, (Fill each underlined blank with =, A or V to express x and w in the truth table
above. There may be voids. y and z are compound logical statements having truth values
written in the table)
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Quiz 2

ID#: Name:

1. HAE 9 2 4 HOBREONE LTI L&, MABEDNEF b ERICANTHED DFLTT
3% 57>, In how many ways can 9 be expressed as a sum of 4 positive integers if the order
of terms are taken into consideration? (4pts)

(a) ZHA% ,C DI TFHRY, Express the number in the form ,Cp,.

(b) %z ,Cp DEWRZTZH > TV E AR TE 5 X 9 125, Explain the reason so

that whoever knows the meaning of ,,C,,, can understand.

2. TOXIBF 2 2B o, « DEIAZMY RIS DI, A0 FHEORTIIEEFED 51
BRI ER ZDORFEZBEL T0RWICU OFEICHHETE 5 Lk 9 IZHHY X, Explain the
fact that it is impossible to cover up the board except the square with x without overlapping
using two types of plates below so that ICU students who are not taking this course can
understand. (6pts)

Message il (BIZHEHZ) 1 SR> T—HFL0EDR (FRIF, LwEDICLiw) o,
Z & 1F7% ATTH, What is most precious to you? (THP #E#HAM ) XA H, If you don’t want
your message to be posted, write “Do Not Post.”)



Solutions to Quiz 2

1. BRI Z 4 HOBREOME LTERTEE, MABZBDIETFHERBICANTHEDY DR LG

3% 57>, In how many ways can 9 be expressed as a sum of 4 positive integers if the order

of terms are taken into consideration?

(4pts)

(a) ZA% ,,C, DI TFHRY, Express the number in the form ,,Cp,.

Soln. (5.

(b) %z ,Cp DEWRZTZH > TS AR TE 5 X 9 125, Explain the reason so

that whoever knows the meaning of ,,C,,, can understand.

Soln.

1 2 3 4 ) 6 7 8
1 +1+14+1+1+1+1+ 14+ 1

2. FOXIRF 2 ABHE, x DETHZMY RS DIF, 1 x3DWTRBEFDoNZWT L
Z @i+ X, Explain the fact that it is impossible to cover up the board without overlapping

using 1 x 3 plates below.

=
[l A R S Bl )
—_
—

(6pts)

DD X I, 1,2 F/2iF x 2FEC L, I
DGED IO ED RO AN 20 HTH 3,
1x3 DR THEGED L I EWTE EIRET 5,
THExDEVLRAIZE3MTHE05, 1x3
DO 21 BB TH %, s DRIE, it
PR3 ABEIHICKRE, ZDL X, BTEP
X DHFZTNO, EOML, RiITHFEIN TV
WRAZTE-ETOBEIY, L72>7T, 21K
TRAEICOEDPRPoT A% 21 BB FHICR
M, RENIEWR X ST, ZoBITiE, RITH
Ephrolz2AlZ, 20fTHD., FETH S,
o T, 1x3 DINT, « U kz2ER2 2
ERHMEHEDBZLIZTER D,

Write 1, 2 or X as in the boards above. Observe that there are 20 squares with no marks in

either case.

Suppose this board can be covered up by 1 x 3 plates without overlapping. Since there are
63 squares, we need 21 plates. In order to cover up without overlapping, each plate has to
be placed either horizontally or vertically covering up three squares. Moreover, each plate
covers up exactly one square with no marks. So with 21 plates 21 squares with no marks
are to be covered, contradicting our first observation that there are only 20 squares with no
marks. Therefore it is impossible to cover up the board without overlapping.



Quiz 3

ID#: Name:

1. TO16x16 DMlE, mDEIAIWST, L2 LHEFID BRLThH, To 4O % -
T, BHALRVE)ICHEFEOoN S 2 2@ &, 72720, 8x8 Diitld, &% 1fEHTIN
DERWTDH, BEFED SN D 2 L IFRE L TRV, Consider the 16 x 16 board with one square
removed. The figure below is an example. Explain that no matter which square is removed,
the board can be completely filled up by 4 types of plates below without overlapping. You
may use the fact that 8 x 8 board can be filled up no matter which square is removed.

H H B HF

2. Figure 1 &9 BN/ A DEDF—2L%2F 2 5, Figures 2,3 1 A IZH -7 6 HOM#EZ B %
721k ClimAFHTHRH I TV r@FTHS, 2z, LEIIIBET @b L, XD
BE L, mATFHTIEDH LMBDOBEIDNEDZE Z X, (Consider the Hanoi’s Tower with 6
disks as in Figure 1. We are in the process of moving 6 disks from A to B or C with minimal
number of steps. Answer the following in each case.) )7 b DITHZ L, TRUICEZEHEEZA
11X, (Encircle the appropriate choices and fill the number in blank.)

(a) Figure 2. A:6,5,2 B:1 C:4,3
B@)SE (Destination) : B C  RDME) (Next move) 11 — A, 1 — C,or 2 — C.

B E)A% (How many moves left?) : [
(b) Figure 3. A:6,3,2,1, B:5,4, C:
B#)J: (Destination) : B C  XDEH) (Next move) 1 — B, 1 — C, or 4 — C.

BH)[RI% (How many moves left?) : [A]
Figure 1 Figure 2 Figure 3

MMH
B,

Message il (BICH E9H ) DI LT, ETHELo7 (BFHLTwS) Z&, Bl E,
BKoTWwsZ &, (Anything that made you rejoice, sad or angry, or you are thankful of recently?)
(THP 5#AT ) (ZHHEEDH, If you don’t want your message to be posted, write “Do Not Post.”)




Solutions to Quiz 3

1. TO16x16 O#ld,. mDETAREBLT, EZZ LFEIIDBRVTD, To4BEOHRZ M-
T, HELZRWVE)ICHEE oo Z L2dilE Lk, 7L, 8x8 Dfifld, £ 2% 1 &P
DERLTDH, BEFED SN D Z L IFRE L TRV, Consider the 16 x 16 board with one square
removed. The figure below is an example. Explain that no matter which square is removed,
the board can be completely filled up by 4 types of plates below without overlapping. You
may use the fact that 8 x 8 board can be filled up no matter which square is removed.

B2PEFICXY) 2, 0EDDEDIE, 8x8 DREI DM
Thd, ZDH b, D EDE, UL RITFTE, ZD
Wi, IREPSHED 4 74 7O THEFHD L LNTE
5, ZOK, BOD=DIE D5 LI, Moz e
CTENTED (EMER) . 58, EYD=D>DMHsy
iF, —fERTZ AT TIC, BMEEDOSNTE D, 8x 8 T—ff
FIRFThBBEARALILENTELDT, KELD, TNo
BEDWTHEZIFHDOONG, it>T, £ITHEHHRITTW
T, D 454 TOMTEEEED D Z 3o,
Divide the board into four 8 x 8 boards. The removed square
is located in one of the four smaller boards. Then put one
of the four pieces at the center of the board so that it does
not cover the one of the four a square is removed. Then we
need to fill up the remaining three 8 x 8 squares. However,
each board of size 8 x 8 can be regarded as a board of the
size such that one square is removed. Now by hypothesis,
all of the four boards can be filled by these pieces without
overlapping. Therefore it is possible for all cases.

m
HH B HF

HH B HF

2. Figure 1 X9 %N/ A DED/F —L%2HEZ 5, Figures 2,3 1Z A IZH->7% 6 KDL B £
7213 C ILRADFHETHREIISE T 2@ TH S, 22, ETICBEIT R 2L, XD
B, A FETIED LM OBEDINED %% Z X, (Consider the Hanoi’s Tower with 6
disks as in Figure 1. We are in the process of moving 6 disks from A to B or C with minimal
number of steps. Answer the following in each case.) )7 b DICHZ L, PRUICEZEHFEZA
11 &, (Encircle the appropriate choices and fill the number in blank.)

(a) Figure 2. A:6,5,2 B:1 C:4,3
@t (Destination) : B @ RDOBH) (Next move) : 1 — A, 1 — C, or .
BEE% (How many moves left?) : 50 (24+1+15+1+31) [
(b) Figure 3. A:6,3,2,1, B:5,4, C:
BB (Destination) : B (C) XDOBBH (Next move) : (1 — B), 1 — C, or 4 — C.
H“#EjA% (How many moves left?) : 39 (7+1+31) [A]
Figure 1 Figure 2 Figure 3




Quiz 4

ID#: Name:

A ZAF260 Ed 2 HHIEEZ 100 HETHAZZ, —HBRAK 1 FiddiAa, 8 HIEA 72 B % Gk
L%, a, #n HEHICRAZEDE. b, # n HHECTICHARLERET S E, by=a1+as+---+a,
E% %, b, 2100 THI-7R% qn RV % 7, ET5E, by, =100g, + 7, (0517, £99) EFEHLZ
EMTE S, Miss A read through all 260 chapters of the New Testament of the Bible in 100 days.
She read at least one chapter a day, and recorded the number of chapters she read each day. Let
a, be the number of chapters she read on day n, and b, the total number of chapters she read
from day 1 to day n, ie., b, = a; +as + --- + a,. Let b, = 100g, + r, with 0 < r,, < 99 for
n = 1,2,...,100, i.e., g, is the quotient, 7, is the remainder when dividing b,, by 100. (e.g. If
bgp = 220, then 220 = 100 x 2 4 20. In this case n = 90, ggo = 2 and 799 = 20.)

1. ROXEPHFIZIEL W E ZITIE True ZALTHA, Z9 ThWvwE E False ZALTH®, If the
statement is always true, encircle ‘True’, and encircle 'False’ otherwise.

(a) THEE2 EFRAHDYH %5, One day she read exactly 2 chapters. ......... True / False

(b) THE3 HEHAZHDIH %, One day she read exactly 3 chapters. ......... True / False

(c) THEE1ED 2HGAZHDH %, One day she read exactly one or two chapters.
......................................................................... True / False

(d) 3EM EFEAZHDH %, One day she read at least 3 chapters. ......... True / False

2. EDry 0 TROELIE, RYDEND (XX r) &, ORDDEND (T2 & A 1))
EIFFELWI EZEHY X, ECTROREEEZH WA 5 2 £, Suppose none of 1,
is zero for n = 1,2,...,100. Explain the fact that some r; is equal to some other r;. Clearly
state when you use the pigeonhole principle.

3. T 100 EHitA 2R T EE 200 BaiA 72 AR H 2 2 & Z3iHH+¥ X, Explain that over some
period she read exactly 100 chapters or 200 chapters.

Message ffl (Hicd E9HZ)  EARBELPENNTT2, ZELDMIIFMTL £ 9, What kind
of adult is admirable? What is admirable about children? ( "HP $#8#A 1 (XBHFLOH, If you
don’t want your message to be posted, write “Do Not Post.”)



Solutions to Quiz 4

A XX 260 FEd B HHIEEE 100 HETHA ., —HRE 1 BixGiA, B HGtA 2R % it
L7, ap, 2 n HEIZHAREZEDE, b, Z n HHECTICHALERE TS L, by =a1+as+--+an
&b, by 2 100 THI- 7R Z ¢ RO Z 1, ETBEL b, =100g, + 7, (0= 7, £99) EFEHLZ
EMITE S, Miss A read through all 260 chapters of the New Testament of the Bible in 100 days.
She read at least one chapter a day, and recorded the number of chapters she read each day. Let
a, be the number of chapters she read on day n, and b,, the total number of chapters she read
from day 1 to day n, i.e., b, = a1 +as + --- + a,. Let b, = 100q, + r, with 0 < r,, < 99 for
n = 1,2,...,100, i.e., g, is the quotient, 7, is the remainder when dividing b, by 100. (e.g. If
bgop = 220, then 220 = 100 x 2 + 20. In this case n = 90, ggo = 2 and 199 = 20.)

1. ROXLEDBFIZIEL W E ZITIE True ZALTH A, 9 THhW E X False ZALTH®, If the

statement is always true, encircle ‘True’, and encircle "False’ otherwise.

(a) THEE2EFRANZHD S %, One day she read exactly 2 chapters. ....... True /
(b) THEE3HEHAZHDIH %, One day she read exactly 3 chapters. ....... True /

(c) THEE1ED 2 FGEA X HDH %, One day she read exactly one or two chapters.

....................................................................... @e) / False

(d) 3EM EFAZHDIH %, One day she read at least 3 chapters. ....... (True) / False

2. EDry 0 TROELIE, RYDEND (XX r) &, ORDDEND (T2 & AW 1))
EIFFELWI EZEHY X, ECTROREE L WA T 5 2 £, Suppose none of r,
is zero for n = 1,2,...,100. Explain the fact that some r; is equal to some other r;. Clearly
state when you use the pigeonhole principle.

Soln. —f%iZ, 057, <99 TH B2, WEED r, b 0 TEHZVDT, TXRXT1Z7, £99
THD, ri,7r9,...,7100 BIRTLPS 99D ENDTH D06, BORFHIZk->T, 2o
W, FCEDBH 2, bbb "TRhoLknd (EziEr) &, oRbDEND (& ZI1F
T‘j) &ci%bbloj

In general, 0 < r, < 99. But by our assumption, none of r, equals 0. So r1,79,...,7100 are
between 1 and 99. By the pigeonhole principle, ‘some r; must be equal to some other ;.

3. THEE100 i A 2] T B 200 Bt A 2 HARI H 5 Z & Z3iH+E X, Explain that over some
period she read exactly 100 chapters or 200 chapters.

Soln. 260 DLFT 100 Df5#IE, 100 22200 TH %, ST, bL r, DILDOENLD 0 2L
T2E, b, =100, EHITTWE05, n HHZ TOWIMIC 100 DEBDOELZTA I LI
BLD, RONTEHEWLZ Ep s, ZoWIMIC 100 FEh 200 EHAL Z LIk E, bl r D)
LOENDL O TRVLET S L, Fild2s TR (LEzEr) &, oKD ENH
(Fz& 2 ry) EWEEL V) T2 &, b; =100g; + 14, bj = 100g; + 7 T r;=1; L8> T
%, i<j t¥BL, bj—b = (100g; +r;) — (b; = 100g; + r;) = 100(q; — q;) &% %, —/i.
bj—bi=(a1+ax+ - +a;+ai1+---+aj)+ (a1 +a+-+a)=a1+---+a L7
35T, aip1 4+ +a; =100(¢; —qi)o TADL i+1 HHDS j HH F TICHAKZEDED
100 DREELE 72 208, BAIDEED S, THE 100 £7213220012% 3,

If the number of chapters read over a period is divisible by 100, it has to be either 100 or 200
as the total number of chapters is 260. If some of r,, is zero, then b, = 100¢,, and she read
100 or 200 chapters from day 1 to day n. If none of r, is zero, by the previous problem, some
r; is equal to some other r;. On one hand, b; —b; = (100g; + ;) — (100¢; + ;) = 100(q; — ¢;)-
On the other hand, b; — b; is the total number of chapters she read from day 7+ 1 to j, by our
remark above, over some period, i.e., from day ¢ + 1 to day j, she read exactly 100 chapters
or 200 chapters.



Quiz 5

ID#: Name:

BUrEOMRIZSE 113 ADZEHL Twd, 77 ANTA—LT FLADKuE T, AT
BHWICKMT 525D ET 5, This year, 113 students enrolled in the World of Mathematics class.
They exchaged mail addresses each other.

1. ZBENSANERX—=LT FLADKMZITH) 2 E3H DEFRWI 2B L TL FE v, Explain
that it is impossible that everyone exhanged mail addresses with exactly five students.

2. HBNEA—LT7 FLZADSHZ LIz AL, @GBS 2 E2FHL TL 23w, Explain that
there are an odd number of people who exhanged mail addresses with an even number of
people.

3. &R 112 Nexiaz LeNE, 111 NSz LI A= AT 01305 2 EnghroTnd,
CDLEE, EZntd, THE, ~AEZHEZLIZANEZE, WiEELTH-AZTTHS I L2H
L T 7Z 3\, There is a student who exchenged mail addresses with all 112 students and
a student who exchenged mail addresses with exactly 111 students. Explain that there is at
most one student who exchanged a mail address with exactly one student.

Message ffl (Hicb E9H %) 1 (1) FBEITOVT, REIZOWT, T 0T, About marriage,
family and children. (2) ZD#ZFEIZOWT, HHE - dER L E, About this course; requests and
suggestions for improvement. ("HP #&#AT ) (ZHHEEDHE, If you don’t want your message to be
posted, write “Do Not Post.”)



Solutions to Quiz 5

BeEOMRIZSE 113 ADZGHL Twd, 77 ANTA—LT FLADKaE T, AT
BHWIZKMT 5 H D ET 5, This year, 113 students enrolled in the World of Mathematics class.
They exchaged mail addresses each other.

1. ZENSANERX—=LT FLADKMZEITH) 2 L3S DEFRWI 2B L TL EE Vv, Explain
that it is impossible that everyone exhanged mail addresses with exactly five students.

2. BN EA =T FL 2D % LI N, FBAVSE 2 E2HHL T 723w, Explain that
there are an odd number of people who exhanged mail addresses with an even number of
people.

3. BH 12 Nesifie LIc NE | 111 NERZE LI A~ ANT2130w5 2 ERTho>Tw 5,
IOLE, kb, THE, ~ALZELAANZ, WEELTO-ARITTHSE I EEFHN
L T 7Z &\, There is a student who exchenged mail addresses with all 112 students and
a student who exchenged mail addresses with exactly 111 students. Explain that there is at
most one student who exchanged a mail address with exactly one student.



Quiz 6
ID#: Name:

L JHREDI8 T, 2D ) LD 3THRMDRKED 4,2,2 TH B RIZOWTRDOMIZE Z X, Consider
trees with eight vertices such that the degrees of three of them are 4, 2, 2.

(a) Y DSTHFEDOREIE 2,1,1,1,1 TH 5 Z & 2@ L TL 723>, Explain that the degrees
of the remaining 5 vertices are 2,1,1,1,1.

(b) &fEziG7z9 (AETH) KA 3 MlHdH 5, 206 ZKURE X, Depict three non-

isomorphic trees satisfying the condition.

2. a,b,c,d, e f, g h ZfES (FETHORY) 2y M7= TCEHINDOLDZED 720, 20 %
No 2 JEEKGSBEHPRO LI ICH5Z 5N Tw B, ZORNDEMIZNL 55, ZD %y
F7—27 KRk, (H4Z1E/7F) Find the cheapest network connecting a, b, ¢, d, e, f, g, h
using the cost table below. Draw the network and give its total cost. (1 unit = 10,000 JPY)

h @ e
| [bhlglfleld] \b}
all1l41312]7 4

g

bl 415]4]4]5]3 ® oh
cl4[2[3[5]6
dl617]/6]6
el 1141
14 f @ ®F°
g | 4

‘e o d

&5t (Total) :

Message fifl (Bicd &9 Z) (EEEALIZ, ICU DZ LTHZO TEEM:) IcE > TR 2 &, How
do you define World Citizen? Your thought on Internationalism at ICU. (THP $#8# A1), (ZHHE]
D, If you don’t want your message to be posted, write “Do Not Post.”)



Solutions to Quiz 6

1. JEREDS 8 T, 209 LD 3THRDREDS 4,2,2 TH ZRIZOWTROMIZE Z X, Consider
trees with eight vertices such that the degrees of three of them are 4,2, 2.

(a) Y DSTHFDOREIE 2,1,1,1,1 TH 5 Z & 2@ L TL 723>, Explain that the degrees
of the remaining 5 vertices are 2,1,1,1,1.
Soln. 8 fi LD KIZIZ, Theorem 6.2 12K > THD 7TARD %, Theorem 5.1 12X >TH4
HRDOXBDOEFHE, LOBD 57206, JOHH, RBEDAGHE 14 =2 x 7 12%
%, WE, 3HNDOREUZ 4, 2,2, DT, M 8 5, KD D 5 THKDREDHNZ,
14—-8=6 TRUITNIIERS B\, HEL» L KZHEMAOREKIE 1L ERoT, Bho 58
ROXRENE 2,1,1,1,1 DIAHZIEH DR,
By Theorem 6.2, the number of edges of a tree with 8 vertices is 7. So the total number
of degrees of vertices is 14 by Theorem 5.1. Since 4, 2, 2 are the degrees of three vertices,
the total number of degrees of the five remaining vertices is 14 — (4 + 2 + 2) = 6. Thus
2,1,1,1,1 is the only possibility.

(b) &tz 3 (FBTH) KD 3 flildH 5, T s ZKURtE X, Depict three non-
isomorphic trees satisfying the condition.
Soln. KED2 L RICER D Fi2EZ 5 L, LN DRICK %, By considering the connec-

tion of vertices of degree at least 2, we have the following.

4-2-2-2 2-4-2-2

N
|
_— N

2. a,b,c,d,e f g hZfHES (HETORV) 2y b7 =0 TEHARNDDDZIED 12\, Z20Z
No 2 JEEFGSBEHPRDO LI ICH5Z2 5N Tw 3, ZORNDEMIZNL 50, ZD %y
F7—27 KRk, (H47Z127F) Find the cheapest network connecting a, b, ¢, d, e, f, g, h
using the cost table below. Draw the network and give its total cost. (1 unit = 10,000 JPY)

heg— @?

| [bhfg|flef[d]c[D]
al|1][4]3][2][7][5]4] g b
bl 4|5[44|5]3 ‘\\\
cl[212[3[5]6
a6 (766
e[ 141
14
g |l 4

f C
'\ d

a5t (Total) : 16 A 16=1+1+1++2+3+3+5



Quiz 7

ID#: Name:

1. TOZI71C3—FEZRTEHVIE (Thbb, A4 F—BRBHFELLNIL) 22DV 7
A% L TR W ICU EICbh 5 K HICHH L TF & v, Explain that the following graph
can not be drawn in one stroke, i.e., there is no Eulerian path, so that ICU students who are
not taking this course may understand.

2. TDTF7EFENINEY T T 7TIERWI &%, Theorem 7.3 Z W THIHE X, S, A, w(A)
PTHLZDHHRL, NIV 7T 7Tk eI ZHELT 5 2 &, Show that the graph
below is not Hamiltonian by applying Theorem 7.3. Describe S, A, and w(A).

Message fifl (Eicb 9 Z) (WHEEZFHAL I EDHD ETh, FVYRMFHKIZOWT, ICUD TCy I
2T, Have you read the Bible? Any comments on Christianity and “C” of ICU. ("HP fg#A
Ty EBHELDE, If you don’t want your message to be posted, write “Do Not Post.”)



Solutions to Quiz 7

1. POV 7I3—FHZRTEhWIE (Thbb, A4 7—BIIFELLRNIL) 220D7 5
A% L TRV ICU £EI2bh 5 K HICHH L TF & v, Explain that the following graph
can not be drawn in one stroke, i.e., there is no Eulerian path, so that ICU students who are
not taking this course may understand.

Soln. # A 7 —pkix, &4 (F) 2 THE—RF
DWBEEI DT, A 7 =D DL\ ) [HE
Z. ST 7P -FEHETE LI EVIREE
MLUTd, ~FEEHZTELLTE, KlHEA (B
) ZEBHIC, Z ICHET ZENSE S ()
T e i@zl () —>9o1d ()
\_Jj ZWDLDOT, A (Bh) »oHTw3 (]
DE (REE WD) 1FAY — FHIA & 37— Vil
ZEROTHE TR ITIUIR D A,
DEDHLARDL () BTV LT (RA) 13 (RF— b &= 33T, ZdHE
CbHanwoT) 2MHM TR nEn) $¥A, 2OV 7 7132207 6 THE (RA)
o T2 () OHs3 THEL P S, AHRETY, E> T, ~HEHSIITEIEEA,
A Eulerian path is a route on the figure which visits every edge (line segment) exactly once,
so it can be thought of a figure that can be drawn in one stroke. Every path uses two edges
when it passes each vertex. If there is a route that visits every edge exactly once, the degree
of each vertex, i.e., the number of edges going out from it, has to be even except the starting
and finishing vertices. However, there are three edges going out from 6 encircled vertices, this
is not the case. Thus this graph cannot be drawn in one stroke.

2. TDTF7EFENINEY T T 7TERWI &%, Theorem 7.3 Z W THIHE X, S, A, w(A)
PTHLZPLHHRL, NIV 777 Tld eI ZHELT 5 2 &, Show that the graph
below is not Hamiltonian by applying Theorem 7.3. Describe S, A, and w(A).

O ® O
@ ‘@ o
90 ° O

h h
S={a,c,g,i} £T%, CNHDJHKEZDOHBRZELUZMD RV 7 7% A LT5LE,
Z0UE, B EOT 57125, SOBERIRTOBUE, 5 2056 w(A)=5. NIV VT T TR
O, B 73LD 5=wA)S|S| =4 tHEoRTNUERS RV, T, FETHS, Z
ITIS| . S IKEEFNIEEOBELRL T, -
Set S ={a,c,g,i}. Let A be the graph obtained by deleting S, which is depicted on the right
of the original graph. Then the number of connected components of A is four. By Theorem
7.3, if the graph is Hamiltonian, 5 = w(A) < |S| = 4. This is a contradiction. Thus, the
graph is not Hamiltonian. Here |S| denotes the number of elements in S. [



Quiz 8

ID#: Name:

1. 77783 EART 7 ThHrhzill, £/, 77 7 DHBOR I IZFEICEETH 2
ZExFBBHL TH I\, What is a bipartite graph? Explain that the length of a closed path
(circuit) in a bipartite graph is always even.

2. VI H 77 712id, XB3 U TOHEB» R THL I L2R LI, EEZHHT
LLEIX, ZOFEFLE NVETY MBI ZEHOFESEZLTEHE LTI, In the
following we want to show that every bipartite planar graph has a vertex of degree at most
three. When you apply a result, please quote the statement or its number in the handout.

(a) ADARE % e, THREBZ v E L, TRTOHEHBEOREB A LRI, e220 BT L
Z il LT N Z v, Let e be the number of edges and v the number of vertices. Explain
that if the degree of every vertex is at least four, then e = 2v.

(b) ZE87 2 72 ViV 7 7 IV L SDHOEE fLdbL, ez22f THD I LzH]
L TF& W, Let f be the number of faces when a bipartite graph is drawn as a plane
graph. Explain that e > 2f.

(c) PIDFEIRDVENLT 5 Z & 2ZFHHL TP I, Explain that the first assertion holds.

Message il (EI2b 9 %) 1 (1) HA - AR DEE IO T, About education in Japan and in the
world. (2) ICU OEBEIZDW T, FHIBEERIT DWW T, About education of ICU, and its improve-
ments. (THP ##H A1) 1ZHGEO %, If you don’t want your message to be posted, write “Do Not
Post.”)



Solutions to Quiz 8

1. 77783 EART T 7 ThHEoREL, £, 77 7 DPHBOR S IZEICHETH 5
Z EZFHL TP &\, What is a bipartite graph? Explain that the length of a closed path
(circuit) in a bipartite graph is always even.

Soln. 7 7 7 &iF, [HEZ DD/ V—7 A & BIZorF, A A&, B RAEIEEEEL Tw»
BWEIICTELT 77D LTHD, B H-o7 35 L, A DHEMAE, B OIHARGE
FEEEZ L T wnd o BEE L ZZTHRDNERE L T2 RICEBW T, A OTHAOXIE, B DA
M. BOEEOXIZ A DIEMIZR S, L3>, BHETIE, A OJEE 2N ET 5 L %
FHHIC A DM E R 20T, RFBICEHRD A DIHMAICEZHBOEAIE, RIVMEEICK .

A bipartite graph is a graph whose vertex set can be partitioned into two parts, say A and
B, so that no vertices among A are adjacent and no vertices among B are adjacent. If there
is a closed path, starting from a vertex in A, the next vertex is in B as it is adjacent to the
first vertex, the next vertex is in A, and the next in B. So the Oth, 2nd, 4th, 6th, ... vertices
are in A. Hence the length of a closed path is even.

2. VIR ZH 77 71203, REDB3UTOHEHRBD» 6 TH 5 2R LI, EH2ZHAMT
EEE, ZOFREE, AV ET Y MBI 2 EMOF S ELTHEHOTLZ IV, In the
following we want to show that every bipartite planar graph has a vertex of degree at most
three. When you apply a result, please quote the statement or its number in the handout.

(a) UDEE % e, HEBZ v E L, TRTOHFEDOXEB AL EBGIX, e220 ERB T L
ZEHH LT F X\, Let e be the number of edges and v the number of vertices. Explain
that if the degree of every vertex is at least four, then e = 2v.

Soln. JHHZ z1,29,...,2y £ 5 EREDP SXEIZTXT 4L LD TEFOER (The-
orem 5.1) XD, ROADFo541 5, Let 21, 29,...,7, be vertices. Then by assumption,
deg(z1) = 4, deg(x2) = 4, ...,deg(x,) = 4. By Proposition 8.2 (i) or Theorem 5.1,
v terms
2e = deg(x1) + deg(wa) + - - +deg(zy) 24 +4+ -+ 4 = 4v.
Therefore e = 2v. FOHXELD, e =20 25,

(b) ZH 77 7% T 7 71T L ZDHOEZ f LT2E, e22f THDHI L %zHH
L TF& W, Let f be the number of faces when a bipartite graph is drawn as a plane
graph. Explain that e > 2f.

Soln. F, Fs,.. .,Ff %ﬁ\ ZOHzEHIAD»T % ZFNFi ny,Ng,...,Ny ETs5E M
HORZIZ3ILLET, 2o, M1 XD, BXIMEZDLS, TRTADEERZ, Licdto
TROAZHS, Let Fy, Fy, ... , Fy be faces. Let n; be the number of edges surrounding
F, (i=1,2,...,f). Thenby 1,n1 24, no 24, ...,n5 2 4. By Proposition 8.2 (ii),
f terms
2e=n1+ng+---+ny Zmzﬁlf
Therefore e > 2f. 2L D, e = 2f 2155,

(c) HHDTERMKLT 5 Z & ZFBI L TH I, Explain that the first assertion holds.
Soln. HHIETRY, TRTOEMDORES A ELLETZE, (a) KD, e=2v, 72 (b)
kb ez2f £%b, A4 7 —DRIH (Theorem 8,1) ZH\»% & By way of contradiction,
assume that the degree of every vertex is at least four. Then by (a), e = 2v, and by (b),
e 2 2f. Hence by Euler’s formula,

2:v—e+f§%e—e+%e:0.
ZNE, FETHLDT, HHEMDORENE 3 LT TH 2, This is a contradiction, and
the assertion holds.



