Quiz 1
ID#: Name:

p, q, T ZME, x % p,q,r DGOEE T %, Let p, g and r be statements and x a compound
statement of p, ¢ and 7.

1. TOEHEZSEME L, Complete the truth table below.

plalr[@0 = A G@= D]eVvadAr VA G@Y -]
T|T|T T
T|T|F F
T|F|T F
T|F|F F
F|T|T T
F|T|F F
F|F|T F
F|F|F T

2.y=p=r)A(g= 1), 2= (pVOAN(PVr)A(qgV-r). IEL\WHDZEX, Choose the correct
one.

(a)y ==z (b) y = -z (c) £B5TH &V, Neither of (a) nor (b).

By=p=rA(qg= )2 -t Vv & §HRLZTz2HHTHEYE, Express y using -, V and
perentheses only.

4. FOEBEO-FLHDH v # £ TN H D2 LI 12, T MROFTIT, -, A, F20E, V
ALK, 2L 2 B EITDID 5 b HINZ v, (Fill each underlined blank with =, A or V to
express z in the truth table above. There may be voids.)

Message fifl : fFFRDE, 25 FEFE D HFIT DWW T, HHFUTDWT, What is your dream? Describe your
vision of yourself and the world 25 years from now. ("HP 8841 1ZHHEEDH, If you don’t want
your message to be posted, write “Do Not Post.”)



Solutions to Quiz 1

p,q, v ZME, x % p,q,r DEOEE T 5, Let p, ¢ and r be statements and x a compound
statement of p, ¢ and r.

1. TOEHEZSEME L, Complete the truth table below.

(@ = 1) ¢ = 0l Vv 9 P V1) A @V ]

plaqgl|r A A T
T|T|T F F T T
T|T|F F F T F
T F|T T F F F
T|F|F F F T F
F|T|T F F T T
F|T|F T F F F
F|F|T T F F F F
F|F|F T F F F T

2.y=p=r)A(g= 1), 2= (pVOA(PVr)A(qgV-r). IEL\WHDZEX, Choose the correct
one.

(a)y ==z (b) y = -z (c) £B5TH &, Neither of (a) nor (b).

By=@=r)A(g=-r) 2 -~ & Vv & {FHRZT2EZHTEE, Express y using -, V and
perentheses only.

Soln. Apply u = v=-uVvand u Av=—-(—uV -w).
y=(pVr)A(=qV—r)=(=(-pV 1)V (g V-r)),

y=-z=-(pvVaAlpVr)A(gV-r) ==V ValpVr)Va(gV-r).

4. FOBEMEO-FRLDY) ¢ 2R T2 LI, TO MROTWDIZ, -, A, £hiE, Vv
ALK, 2L 2 B EITDD 50 H AN, (Fill each underlined blank with =, A or V to
express z in the truth table above. There may be voids.)

Soln.

Since
(PAgAT)V (mpAgAT)V (Zp A =g A=),

)Aq)AT) V

(Zp)A(=q) AN (=7) Vv
)

8
Ii
J
3

~~



Quiz 2

ID#: Name:

L. MO E2EPTISER A 26 B NMTTEHOK 2 L. rfHOADPAZ s A\DIEHTH
J200AOBIEFRICTHE (A= 2bb56 2% THRWVETS,) The number z is the
ways to move from A to B by going to the right or down. This number is same as the number of ways
r Japanese oranges are distributed among s children (some may get none). (10pts)

(a) r & s (Xfa[7>, What are r and s?

Ao T = 5=

(b) 2D x 1FW L 2h O DIETH
¥, What is the number 7 Express
B the number in the form ,,C,,

xr =

2. TOEIBF 2 A6, « DEZAHZMY RV HDIZ, 1x3DWTIRIUEFHOSNRNT L
Z @iHH+¥ X, Explain the fact that it is impossible to cover up the board without overlapping
using 1 x 3 plates below.

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

L. MO E2ALTISER A 26 B ANMTLTEHOK ¢ L. rfHOABDBAZ s A\DTEHTH
J200AOBIEFRICTHE (A= 2b b6 2% THRWETS,) The number z is the
ways to move from A to B by going to the right or down. This number is same as the number of ways
r Japanese oranges are distributed among s children (some may get none). (10pts)

(a) r & s (3fa[2>, What are r and s?
[ 11 | o= 7

r==6,s=12 HIEMRTT,

(b) TOE x 13V 2D, ,Cp DIFTE
¥, What is the number 7 Express
the number in the form ,,C,,

v=| 17C}

2. TOXIBF 2 AW, + DETHZWYIROCZHDIE, 1 x3DITEHHESIFH ORI L
Z @iHH+¥ X, Explain the fact that it is impossible to cover up the board without overlapping
using 1 x 3 plates below.

A—

FEDORD X I, 1,2 T2k x 2EFHL L, IR

DLGED IO ELLRDP O AN 20 HTH 3,

1x3 DWW TEEHDZ Z ENTELEIRET 5,
| | T2E DRI RAIFEIETHE25, 1x3

DRZ 21 B EETH B, F7- 206 DHUIE, it
PREIC 3 ABEIERICRS, ZOLE, BEP
X DHEZHPL, EOWRL, RiICbFEINT WA
W AR TE-HlTo8EY, Lo T, 211K
TRECOEPLPST A% 21 BB HEICR
L0, RPINCEWL X I, ZoBITE, RITd
Ehkrolw A, 20 THY, FETH 5,
o T, 1x3 DT, x U thkzER2 Z
* ERKBEFEDDL ZEIXTER Y,

—
—
N | =] % ([N

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:
Figure 1 £ 9 %/ A DED7— LT, MEZETH3EA (A, B, C) HhH, Z2D—2 AITK

EIDRLD 6 MOMEV T RZVIHCEEN TV 2, MEOBEIX 1ICO>E 1/, MO L
WK D/NS B L 8 Z2v E§ %, (Consider the Hanoi’s Tower with 6 disks as in Figure 1.)

L 5 OMBDN ) 4 DB S EDBFTH 6 EDBZFTINS 31 BITBETE S LE> T AN
Wb, ZOANC 6 TN TOMEEZ 63 MOBEHT CITBT I ENTELHLZFIL TCLS
W3, (Explain that all 6 disks can be moved to C' with 63 moves to a person who can move 5
disks from one place to the other without difficulty in 31 moves.)

2. Figures 2, 3 13 A IH -7 6 OMELZ B £71F C ILRAFHTEEHIE TV 2EHTH
5, ZNZFh, ETIBEIT @b E, ROBE L, RADTFETIEDH & MNOBE) LT
%% Z &, (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.) W7 b DIz L, THRICEZEFEZANL,
(Encircle the appropriate choices and fill the number in blank.)

(a) Figure 2. A:6, B:5,4,3, C:2,1
BEJt (Move to) : B C  XROB#H) (Next move) : 1 — A, 1 — B, or 3 — A.

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

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

A B C A B C A B C

Message il (BIZH E9H ) DI LT, ETHELo7 (BEHLTwS) Z&, BLo7l E,
BKoTWws Z &, (Anything that made you rejoice, sad or angry, or you are thankful of recently?)
(THP $5#A T (ZHHEEDH, If you don’t want your message to be posted, write “Do Not Post.”)




Solutions to Quiz 3

Figure 1 X9 %/ A O¥D/7— LT, MBEZEOEHI3ERT (A, B, C) $H., ZO—2 AITK
TEDOHLD 6 OIS T Ao RZLIHICEENTW 2, MEOBEIX 1IIc>E 1§, Mo -
WK D/NS B L 8 Z2v E§ %, (Consider the Hanoi’s Tower with 6 disks as in Figure 1.)

L. 5 ROMBED N A DR 6 EDBGFTD 6 EDGFTAS 31 HITBEITE 5 L F> T3 A0
VW5, TOANZ 6 TR TOMEE 63 MOBET CITBET 2 EPTE2HZHNAL TLLS
VW, (Explain that all 6 disks can be moved to C' with 63 moves to a person who can move 5
disks from one place to the other without difficulty in 31 moves.)

Soln. W LICH > TWwW3 5%, B ICE»LTAZL X9, 5 KELS 31 HoBEITF
BTEEdh, ADEHLHOETE, ~FFCHIDIEFBREVDT, RICZHBRETHK
LRTTrS, 5SKORFEFLC TR, 5ITRXRTEBIEDE LA, AICIF—FREW
M7z ¢, C I ifot bdHD EEA, (Figure 4) TIH—-FHREWHEZ CIIBLET,
(Figure 5) XIZ, BIZH 5 5 K% CILH 2 —HFRZLMEDO LITELTAEL £ 9H, 5HEDL
6$E®%ﬁffﬁi?mo%¢TC®%m§ﬁwi?ﬁ\C:L%%®i BREVDT,
RICEBETHORLRTTDS, 5D LEEZLFEILTTHR, INTHERETT, (Figure 6) &l T
X, 314+1+31=63 TO3MDBHTAILHS 6/ % CITBETZENTEZL X,

Figure 4 Figure 5 Figure 6

A B C A B C A B C

Move 5 small disks on A to B. (Figure 1) This is possible by 31 moves. Then move the
largest from A to C by one move. Finally move 5 disks on B to C by 31 moves. (Figure
6) This is possible as these five disks are smaller than the one on C. Altogether it requires
31 4+ 14 31 = 63 moves.

2. Figures 2, 31X A IZH o7 6 KOMEEZ B 713 C KRAFHTCEHIL TV 3EHTH
5, ZNZi, ETICBEIT @bl ROBE L, RAVFETIED &AEOBE LD
% Z X, (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.) W7 b DIZH%E L, THUICEEZEFEEZ ANL,
(Encircle the appropriate choices and fill the number in blank.)

(a) Figure 2. A:6, B:5,4,3, C:2,1
%@ (Move to) : B RDEHE) (Next move) : , 1 —B,or3— A.
B Bhn% (How many moves left?) : 35 [A]
(b) Figure 3. A:6,1, B:4,3, C:5,2
B#E)5E (Move to) : C RXDO#%H) (Next move) : 1 — B, , or 2 — B.

B En% (How many moves left?) : 45 [A]
Figure 1 Figure 2 Figure 3

A B C A B C A B C




Quiz 4
ID#: Name:

1L —23100 A — P VOIEZABE L b, 26 OBOHBH 5, &5 2 HDKEO RO
fftld 20 X — P VDINTH 5 Z & 215 7 BB 2 Fw T L T < 723 v, There are 26 nests
of birds in a region which is in the shape of an equilateral triangle with sides 100 meters
in length. Explain that there are two nests that are only 20 meters apart or less using the
pigeonhole principle.

2. "BUEOMS ) O8I 2T RS O HRERAR L HIZREZE 2 5, 720, /T, 40/
ZBE 22 (at most 40 problems) D ET 5, TDEEL &) & 13MFEZ MM (& 21X
3WRFHH 26 10 Kl H OGRS 13[4 &) 239 % Z & 2FiME X, There are 27 “World
of Mathematics” class sessions, at least one problem is discussed per session, and the total
number of problems does not exceed 40. Explain that there is a period (a period of classes,
e.g. from the 3rd class to the 10th class) during which exactly 13 problems are discussed.

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



Solutions to Quiz 4

1L —dH3100 X — F Vv OIE=MA% L tihic, 26 [ HOBDHRH 5, H 2 2 i RBDHDH
BEIZ 20 A — P VLANTH 5 2 & 207 BFEHZ F W TEIH L T < 72 & v, There are 26 nests
of birds in a region which is in the shape of an equilateral triangle with sides 100 meters
in length. Explain that there are two nests that are only 20 meters apart or less using the
pigeonhole principle.

Soln. ZO=MFEDFHZ, —AD320 X — FLVDIE=MF 25 I3 T3 2 L3 TE 5, Hid
26HZDT, WORKFBIZED, EO—2hDIE=MAICIE, BEALED T2 EOHEIH
%, ZOIEZABIE AP 20 A= LD T, ~HFH=ESTH, 20—V THD, ThbD
T2 2 DD RO 20 A — FILUINTH 5, ) n

It is possible to subdivide this region into 25 regions which is in the shape of an equilateral
triangle with sides 20 meters in length. Since there are 26 nests, by the pigeonhole principle,
one of the regions has more than one nest. Since each of these regions is in the shape of an
equilateral triangle with sides 20 meters in length, there are two nests that are only 20 meters
apart or less. ]

2. "BUEOMS ) O8I 2T RS O BRERAR 1 HIZREZ2E 2 5, 720, 2T, 40/
ZBE 22 (at most 40 problems) D ET 5, TDEEL &) & 13MFEZ MM (& 21X
3WRFHH 26 10 K] H OGRS 13[4 &) 239 % Z & 2FiME X, There are 27 “World
of Mathematics” class sessions, at least one problem is discussed per session, and the total
number of problems does not exceed 40. Explain that there is a period (a period of classes,
e.g. from the 3rd class to the 10th class) during which exactly 13 problems are discussed.

Soln. a; Z—H TEZMEDE. ay TINHDEHETEZIMEOE L EL T2, i [nH
DIRFETE Z -MEOEIZ a; tRING, 7= by =a1, bo =a1 4+ as. b3 =a1+ as+ ag A
EET 5, 2, 1MEHETICEZALBEDE, 2R HETIZEZMEDOE, 3[HHE TIZ
EALMEORAR Y LD, T2, B 1EMEEZEAZ0T, ¢, >1(i=1,2,...,27),
T, Gl T 40 Mz Vo T,
1§b1<bg<-~<b27§40, bl+13<b2—|—13<"~<b27+13§53

EoTWB %R, BEZD L, bi,ba,...,bo7, b1 + 13,09 +13,...,bo7 + 13 1T XT 53 AIH
T, 22, AT HMEDETH DT, MORFHICKID, Z0) LD ENNTDIEBEFEL W,
bi,ba, ... bo7 IXTTXTHEL 0. b1 +13,bo +13,...,bo7 + 13 HbITRTELRLZDT, FL A3
LB, RWIDIN—TD)IbDENNE, BRDIN—TDILDENNPTHD, Nzl
WIDIN—=TD i HHE BRODITNV—TD jHEHETSE b =b;+13 TH D, ZHUI,

13:bi—bj:(a1+ag+~‘+ai)—(a1+a2+"~+aj):ai+1+ai+2+-~+aj.
Lo TC, i+ 1 RHEHOEE»S j BHORFETTE, 13MBZLERIT» 7%, ]

Let a; be the number of problems discussed in the first class, ao in the second, etc. So a; is
the number of problems discussed during the ith class. Let b; = a1 + ag + -+ 4+ a;. Then b;
is the total number of problems discussed from the first to the ith class. Then

1§b1<b2<--'<bg7§40, b1+13<b2—|—13<"'<bz7+13§53.

There are 54 numbers in the range 1 to 53. Hence by the pigeonhole principle, two numbers
must coincide. Since the numbers in the first group are distinct, and so are the second group,
the only possibility is that one in the first group and the one in the second coincides. Suppose
bl' = bj + 13. NOW,

B=b;—bj=(a1+az+---+a;)— (a1 +azg+ - +aj) = aiy1+ a2+ - +aj

and there is a period (a period of classes, e.g. from the 3rd class to the 10th class) during
which exactly 13 problems are discussed. [ |



Quiz 5

ID#: Name:

1. C SARSMEPZBTIO AD N N=T 4 =S L 7z, BFBLHINAET C S ABSNE
Z2BIEF LA ZHC L, ARRE—ALIFEFL, BEFLAZAREIALE) LD LS
oo 2TOEE, LD Z EZFHL TLZ I, Ms C participated in a party with 10 people
in all. Some of the people in the party shook hands with some of the others, and everybody
shook hands at least once. After that Ms. C asked everyone with how many people they
shook hands. She received different answers from everybody. Explain the following.

(a) TEHE—ANLEFLZZADZNLT A5, At least one of them shook hands with exactly
one person.

(b) TE—ALEBEBFLEADPEFLZZDIZ, RBLDODANEBEFLIZATH S, Those who
shook hands with exactly one person shook hands with the person who shook hannds
with the most.

(c) C SAlZ, AHEADVE LIEF L7, Ms C shook hands with odd number of people.

2. 119 N3ZG#AED % 7 7 AD L R — FFBETRHA» R Lo 7203, RERZNZN 16 A
FDOLVAR—FEHA, FLA— MEITADADTALZ W ghol, ST RML AroTk
MNIFT A%, Some students of a class with 119 students did not turn in a paper assignment.
All students read 16 papers of their classmates and every paper was read by 17 students.
How many students did not turn in the assignment? Show work!!

Message ffl (HicbE9H %) 1 (1) FEFIcOVT, REIZOWT, T2 0T, About marriage,
family and children. (2) ZD#ZFEIZOWT, HHE - dFER 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

1. C IABZBMEIEETI0 ADA—T 4 —IZZML Tz, EFVBLDINLET C IADSNE
EEIBEFLABER L, AGERE-ALKEFL, BFELLAKIIALRE) LD EXE-S
oo ZODEE, DUTDZ ERFHLTLE IV, Ms C participated in a party with 10 people
in all. Some of the people in the party shook hands with some of the others, and everybody
shook hands at least once. After that Ms. C asked everyone with how many people they
shook hands. She received different answers from everybody. Explain the following.

(a) TE—ALETFLLZADNLT— A5, At least one of them shook hands with exactly
one person.
Soln. EFOHEEMEIX. 0 A6 9 NZD, RE—ALIZETFL T 20T, HREM:IX
1Aﬁ%9A®9ﬁboCéAb%mt@#9Ak#6\_mzwAﬁkﬁibtA##
ANTDO0wB L5, #oT, TEIALBFLEALSLT A3, |
Since everyone shook hands with at least once, the possibilities of numbers of people
each participant shook hands with are 1, 2, 3, 4, 5, 6, 7, 8, 9. Since all nine people Ms C
asked answered different numbers, they must be 1, 2, 3, 4, 5, 6, 7, 8, 9 each. Therefore
one of them shook hands with exactly one person. [ |

(b) TE-ALBFLEADBEFLLZOR, DL CDANEEFLALZATH S, Those who
shook hands with exactly one person shook hands with the person who shook hannds
with the most.

Soln. FDEZNS IANDOE LRFLEAN VS, RETI0 ALDS ZDNIFHITH
NEBERF LI LIRS, LED>T, SOADBRLLSDANLEFLLZAT, 220,

IANELDPEFLAP DLV ELEDEFLTCVS, LAEL2EFLAPoRLEE) 2L
X, COROLECDOANEBEFLIEALLZFREFLALZ LICRS, [
Since there is also a person who shook hands with 9 people, i.e. with all participants,
those who shook hands with exactly one person must shook hands with this person who
shook hannds with the most. [ |

(c) C AR, ABADDE EEF L7, Ms C shook hands with odd number of people.
Soln. C SADHNDADREF L2 ABIE. 1,2,3,4,5,6,7,8, 9 ATH5S, ZNEND
ADMBETF L 72 NBOBREIZ, BFLAEXTOA57Z»6, C SAVEFLIEALKZ v A
ET5E, 14243444546+ 7+84+9+x =45+ IMBEHETRFUILS ke, L
EhioT, o AL [IR] BFOEHI X >, BFE% L ABDERADD L OhT
BN, S SAUHNTHBRADALEBFLAZOEIE, 1,3,5,7, 9 ADANELEFLES
ANEDPE, S SAD BFBRANEEFLALZLEICRS, [ |
Let x be the number of people Ms C shook hands with. Since the rest of the people
shook hand with 1, 2, 3, 4, 5, 6, 7, 8, 9 people, by the shakehands theorem, 1 +2 + 3 +
4454+6+74+84+9+x =45+ x has to be even. Thus z is odd. ]

2. 119 NZEAEDNA %7 7 AD L R — FIfE T AR L 2h o 7223, RBZNZN16 A
TDOVR—F&GHA, ELEA— NI T ADADBTHAL Z L3y h o, T, RIL ko7
MNIFI AL, Some students of a class with 119 students did not turn in a paper assignment.
All students read 16 papers of their classmates and every paper was read by 17 students.
How many students did not turn in the assignment? Show work!!

Soln. L A—FZREHLALVEDEZ ¢ ANET25, Znid, VLA-FDOHEFAL, Ldo

T, MATEANEZDGAL LA — DM OBIE, 119 ADZFEAED, o HOLF— L Z2FA
7Z HEFLL) LEXDE, VA—EiEN (BFLE) BEDBFELLHRS, 119x 16 =
17xx, Lo To=Tx16=112. TNL DB LA ANDEILX, T ANER D, [ ]
Let x be the number of students turned in their paper, which is equal the number of papers.

Since 119 students read 16 papers and each paper was read by 17 students, 119 x 16 = 17 x .
Thus x = 112. Therefore 7 = 119 — 112 students did not turn in the assignment. [ |



Quiz 6
ID#: Name:

1. JEREDY 8 T, KRB 1 ODTHR DN TE S TH 2 RIZOWTRDORIZEZ X, Consider trees
with eight vertices having exactly five vertices of degree 1.

(a) #%D O 3THROXBUIMD (2HHLL b D £97), What are the degrees of the remaining
three vertices. (There are more than one possibilities.)

(b) Gtz d (FRTR) K236 FifHdH 5, 2016 %2 XRE X, Depict six non-isomorphic

trees satisfying the condition.

2. a,b,c,d, e, f, g h D8z fES (HFETHRY) 2y b7 —=27TaAMIOLOEED
o, 2R ZES 2 XA P TORDL I ICEZoNTWELE ZDFXy P —27 2T D
Kiz/R L, 2 A F&EEF2FH T, Find a most inexpensive network connecting a, b, ¢, d, e, f, g,
h and its total cost by referring to the cost table below.

Cost Table
Soln.

® @ Talblcldlele[n]
all-11]3|1|8|5|5]|4
bl{1|-12]2|5|6]|5]|7
@ cl3l2]-1216[7]5]5
dl|1]2]2]-]|5]6]|5]5
e|8]H|6|b5-12]13]2
f{5|6]7]6|2]|-]13]4
@ @ el 55 [5][5[3]3]-]2
h||4|7|5|5]|2 2 -

© (@)

Total Cost: units

Message fifl (Bicd &9 Z) (EEEALIZ, ICU DZ LTHZO TEEEM:) IcE > TR I &, 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. TEREDY 8 T, XEBDY 1 DTHK DD TS TH 2 AKRITOWTRDOMIZE Z &, Consider trees
with eight vertices having exactly five vertices of degree 1.

(a) & D D 3THRDOXEUZM D> (2 FHELL EH D £9), What are the degrees of the remaining
three vertices. (There are more than one possibilities.)
Soln. D DXE% x,y,2 £ T 5, XEE 1 L WRKRZEFVLDT, TNHIFTRT2LE, K
DT, AUOBUL, THROEGIC 1 2% D, 7 %D T, Theorem 5.1 & D, KEDOMAIZ 14
ThHd, LTd>T, btao+y+z=14. HIE 24+y+2=9, fE>7T, AJagMEE, LT D
=i TH b, Let x,y, z be the degrees of the remaining vertices. By assumption, these
are at least two. Since the number of edges e in a tree is one less than the number of
vertices, e = 7. By Theorem 5.1, the total degrees of vertices is 14 =2e =5+z+y + z.
Thus z + y + z = 9 and we have the following possibilities.

(,9,2) =(2,2,5),(2,3,4),(3,3,3). (z=y=2)
(b) Gtz d (FRTR) K236 FifHdH 5, 2016 % XR¥ X, Depict six non-isomorphic

trees satisfying the condition.

Soln.

2. a,b,c,d e f g hd8HEEMES (MBETHRL) 2y P 7= TaAxA Dbz
72w, 2HSRIZFES 2 A I TORD LI ICEZSNTwELEE, ZORYy b7 —07%Z T D
KicmL, 2 A M&iat%2#HEIT, Find a most inexpensive network connecting a, b, ¢, d, e, f, g,
h and its total cost by referring to the cost table below.

Cost Table
Soln.

h 2 | [alb[c]d[e[f[g[h]
all-1113|1|8]|5]|5|4
bil1|-12|2|5|6|5]|7

() q’ cl3[2]-12]6[7][5]5
d||1]22]|-|5]|6]|5]5
e||8[H5|6|5|-12]3]|2
f|5/6|7|6|2]|-|3]4

C) (o) gll5][5][5[5]3 -2
hi|4|7|5|5|2 2| -

o @

Total Cost: 14 units

Connected TH > T, Total Cost 7% 14 THIUE, ED Tree LEL TR THIEFETT, 7277
L. ZOEE. 3 Tree E2H5TWET, EIH)LTELGID ETh,



Quiz 7

ID#: Name:

1. TOT 773447 =777 T3 E2ERZ oI L TP X v, Explain that the

graph below is not Eulerian without using a theorem.

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

a .b

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. TOT 773447 —=777TldhwI L2882 #bIcHH L TT 3, Explain that the

graph below is not Eulerian without using a theorem.

Soln. A4 7—=7771%, &%z TE-NTOMIHKE2R>/ 77 ThHs, ZDT 7714
TONAZTE—RTOMELPHRBH -7 LT 5, HRIEEEMAZELBIC, ZDOTOlz N
ETM, KLETE-ETOELDOT, MUAEMHH) ZEBTET, FHEADOREUIMET
B RS\, TOT I 7D a DREUE 3 TEHEEDLS, TDT 7713, A4 5—757
Tl 72\,

iE L PABRIEERD 5. v, v1,v2, ..., 0 Ty vg = v 22, {wg,v1}, {v1, 00}, ..., {ve_1, v} 1234
T, 00 £ V2,09 # Uiy Vg V0,01 F V1 EBXDTVEHDTHS, ZNBTXRTDIL%E
WpEFI X, 20D, {a,b},{a,d}{a,g} bTE—NFTD, »OX7THNS
ZEIRD, INEFETH S, u

A Eulerian graph is a graph having a closed path which visits every edge exactly once. Every
closed path uses two edges when it passes each vertex. If a closed path visits every edge
exactly once, the degree of each vertex has to be even. However, the degree of vertex a is
three, this is not the case. Thus this graph is not Eulerian.

2. TDTF7EFENINEYT T 7 TRV &%, Theorem 7.3 Z HWTHIHE X, S, A, w(A)
P CHZPOHRL, NIV T T 7 TR CHEZHEET S 2 £, Show that the graph

is not Hamiltonian by applying Theorem 7.3. Describe S, A, and w(A). n
a ® @ @
®
e
/@
9@ i 9@ ®:

h

S={d,e,h} £T5%, INGDHRELEZDHKMZEFLAZIO R 7 72 A ETBHE, %
N3, LDV 715, COERKRITOBIZ, 4 056 w(A)=4. "INV VT T T
B, 4=w(A)<I|S|=3 Lo ITFNEES VD, ZNUE, FETH S, [
Set S = {d,e,h}. 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, 4 = w(A) < |S| = 3. This is a contradiction. Thus, the graph
is not Hamiltonian. ]



Quiz 8
ID#: Name:
1. TOZ 77 TIZ20WT, (a) S/ 77ThHhs I &%, T is bipartite. (b) 7 7 712

M2 EWTELLET 2 EHDOEUX L DD, If there is a plane graph isomorphic to I', how
many faces does it have? (c) *FIHINZ 7 7 TldZ\wZ & 2R+, Show that ' is non-planar.

r

2. & 5GP 77 713, 3AEAIT, &FHZTRTC 3B 6 4 THS, TDTT77D 33U
TWDkeHi%z K X, A connected plane graph is 3-regular and every face is either a 3-gon or
a 6-gon. Find the number of 3-gons.

Message il (EI2b 9 %) 1 (1) HA - A DZEEIZ DT, About education in Japan and in the
world. (2) ICU OEBEIZD W T, FHIBEERIZT DWW T, About education of ICU, and its improve-
ments. (THP #8#H A1) 1ZHGEO %, If you don’t want your message to be posted, write “Do Not
Post.”)



Solutions to Quiz 8

1. TOZ 77 TIZowT, (a) 777 ThsZ E%mR¥, I is bipartite. (b) “FH 7 7 71
M2 EWTELLET 2 LHDE UL\ D, If there is a plane graph isomorphic to I', how
many faces does it have? (c) *FIHINZ 7 7 Tld e\ Z & 2R+, Show that ' is non-planar.

(a) HEDOTFHESD» SR 2HEA% X, Tk
olHEPOBHEAEZY ET5E, X DH
MEE, Y OFEAFEER, BELTuRuhr s,
D75 713, ZH7 57 TdHb, (Let X be the
set of six encircled vertices and Y the rest. Then
every edge consists of one vertex of X and one
vertex of Y, I" is bipartite.)
(b) HEOE v =12, D e =24 12D>6, F
r A7 —=—DRAITE D, HDOEIZ, (Since v = 12
and e = 24 by Euler’s formula, we have)

f=2—v4+e=2-12+24=14

TH b,

(c) P77 71t d5L, (b) KDHEID
Bz, 14 TH5, (a) KO FMT 777806,
KHEE, 4 R EOATHERLI NS, Lidio
C. Proposition 8.2 (ii) £ ) (Suppose there is
a plane graph isomorphic to I', the number of
faces has to be 1 by (b). Since it is a bipar-
tite graph by (a), every closed circuit is of even
length. Thus every face is surrounded by at least
4 edges. Thus by Proposition 8.2 (ii), )

A8 = 2e = 4f = 4 x 14 = 56

ZHUE, FETH S, Lichs>T, FENT 77
Tl37% >, (This is a contradiction. Hence T' is
not a planar graph.)

2. &5V 7 7 713, 3AEAIT, FHIZTRC 3E» 6 UWTHE, TDTT77D 33U
TEDReE % K K, A connected plane graph is 3-regular and every face is either a 3-gon or
a 6-gon. Find the number of 3-gons.

Soln. JHN D% v, UADE%E e, MO %E f. 3UABOE % t LT3, ZTDLEE, Proposition
8.2 12X D (Let v be the number of vertices, e the number of edges, f the number of faces
and ¢ the number of 3-gons. Then by Proposition 8.2, )

3v=2e=3t+6(f—t)=6f—3t.

INED, f=(2e+3t)/60 A4 7—DAA%ZM\>% & (By applying the Euler’s formular, we

have)
2e+3t ¢

2
2:v—e+f:§e—e—|— 5 7

L7735 T, t=4 7T, =BDEIL 4 TH %, Therefore the number ¢ of 3-gons is four.




