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aaa, aab,aba, baa,abb, bab, bba, bbb
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&S, »S,(0<k<n)%, S, LOkEIOKET 7 KT 5.
SR ATE D s, €S, ITK LT, fO>s1) =8172DT, s1~81.
KA : 51,852 ESJTHRI LT, s;~8, ET5H. ZDLE, BR “~" OERLY, fr(s)) =
Sy EMRDIFADEL 0<k<n BHEETDH. [LFED s, €S8, ITKLT, fi(s)) =s1ITHEE
T 5 &, WHELY L.

fr¥(sy) = fP*(f*(s1) = f(s1) = 1.
LT, s,~s1.
HERBTE: © $1,82,53 ES X LT, S;~8; 7D sy~83 L9565, ZDLX, fi(s)=s, &
fi(sz) = s3 ZWTZTIFADEE k¢ (0<kL<n) BFETDLDT, WMV L.

fE(s1) = fl(fk(sl)) = f'(s2) = s3.

J: OT, §$1~S3.
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{aaa},{bbb},{aab, aba, baa},{abb, bab, bba}
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n=10& %, S ={ab}. [FfEFEIZ{a}, {b}D2H. L->T, N(1) =2

n=20% %, S, ={aa,ab,ba,bb}. [FfE¥EiX{aa}, {bb},{ab,ba}P3H. L ~7T, N(2)=3.
n=30& X, S;OFEFRIF() O8fE. FEEILB) D4fE. L->T, N@3)=4.

n=40% x, S,OFEFHIT2* = 16fl. [FfEFIT6MH. L->T, N@4) =6.
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The sample solution provided here is for reference only.

English version
(1) | aaa, aab, aba, baa,abb, bab, bba, bbb
Let f:S, = S, be the circular shift operator over S,,.
reflexivity : Applying a circular shift 0 timesto any s; € §,, gives §; itself, implying s1~S;.
symmetry : Suppose S;~S;, where Sq, S, € S,,. By definition, there exists a non-negative integer
@ k <n suchthat f*(sq) = S,. Since f™ is an identity map, we have
frk(s2) = fP*(f*(sp) = f*(s1) = 51
transitivity : Take Sy, 83,53 € S, suchthat f*(s;) = s, and f!(s,) = sz for some non-negative
integers k and [. We have
fr(s1) = FH(f*(s) = f1(s2) = s3.
(3) | {aaa}, {bbb},{aab, aba, baa}, {abb, bab, bba}
For n =1, we have S; = {a, b}. The equivalence classes are {a} and {b},so N(1) =2.If n = 2,
R 1 the set S, = {aa, ab, ba, bb} is partitioned into the three equivalence classes {aa}, {bb}, and
=]
(4) | {ab, ba}, which means N(2) = 3. As S; and the corresponding equivalence classes are given in (1)
and (3) respectively, we have N(3) = 4. For the remaining case where n = 4, we have 2* = 16
strings in S,. A straightforward enumeration shows N(4) = 6.
Let Ay,---,Aym) be the equivalence classes which are induced by ~ and partition S,,. Take S € S,
uniformly at random. Because |S,,| = 27, the probability P; that s € A; for i = 1,...,N(n) is
4]
Pi = Z_n
Since applying a circular shift n times is an identity transformation, we have |4;| < n. Hence, because
() | the events s € A;, i =1,...,N(n), are disjoint while one of them must occur, we have
N(n) N(n) N(n)
4] n _nN()
1=) =) S )
i=1 i=1 i=1
Rearranging the above gives N(n) > %, as desired.
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HOITISII OB SR THDHDT, S; D4ODERENETRERDLHRIT 274, 2FV 1/16 Th
. F2 S BDHEEALGZDIDE, 4 DOBEELETHNRELINVITETNHLERDLEETHLOT, TOAE
EERIITNENOEROERMELROMTHD 1/8 725,
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i =0,.,n—11ZxfL, X; % S; DWHEALRIFROBRER LT 5L, TOHFFEIT EX,) =
PriX;=1)=1/8 &72%. LN ->T, HIFRHMEOKEMEL Y, Rd 2 HIFHEIX

E <n§ Xl-> = ni E(X;)

i=0 i=0

n
8

L5,

€)

BIFIL Y, FOEH Sy, .,Spy D5 b, HETHLEAOMEE X OHFHE EX) X n/8 Tho 0
T, n<7 OLX, EX)<1 &%, LLann, X I33EAEROARE L VGIMRERTHD Z
En, PriX=0)=0 &35¢&

n-1

E(X)= Y iPr(X =1i)
2
n-1
> ) Pr(X =1i)
2

L0, FETHDL. LoT, 2BEMEL, FOBESOREZ LMW SR TYUATH &,
FTEDOHENEDHERTHEOND -, RODIMEEERHHOERNTET 5.

“4)

G={Ty ... Tuo1} & n BOEENLRD k-——HFERHEETD. § DEEEDERLEEAIC2 A TR
DoadiclE, n<2kl THLIROIE, IEOREEGIMENETHD I LEREEH0THD.

G ODBEEGOEHRELZNENMIIOWERERT, BELII2A TR DTS, £ T,eg NEHEAL
ROMHRITFELL 217 THD. LoT, G ODEFEK n N 2k RiThDHEE, Y, 2 T, NEMAT
HOLEGORPFRER LT DL, BATHLIESOEEOHIFHEIX

n—

{50)- S
0 i=0

=n217k

<1
LB, LEN-oT, il FEEOBRICED, ¢ DHEATHIESGEEEROFEEN 0 L KEL
EL72B720, FrEOEANFET 5.
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Because each element of S is colored independently and uniformly at random, the probability that every element
of agiven set S; € F is colored red is 27*, that is,1/16. Because the same applies to the case where the elements
of S; are all blue, the probability that S; ends up monochromatic is their sum, that is, 1/8.

@

For i = 0,...,n—1,let X; be the indicator random variable for the event that S; is monochromatic, so that
X; =1 if S; is monochromatic and 0 otherwise. Note that E(X;) = Pr(X; = 1) = 1/8. Hence, by linearity of
expectation, the expected number of monochromatic sets is
n-1 n-1
E <Z Xi> = ) E(D
i=0 i=0

n
g

ff 2

€)

It suffices to show that a random coloring of the ground set S with two colors gives a desired one with positive
probability. As in (2), color each element of S red or blue independently and uniformly at random. Since the
expected number of monochromatic sets in F is n/8, the assumption that n < 7 implies that this expectation is
less than 1. However, because the number X of monochromatic sets in F is a random variable that only takes on

nonnegative integers up to n — 1, if Pr(X = 0) = 0, we have
n-1
E(X) = Z iPr(X = i)
=0
n-1

> Z Pr(X = i)

i=1
— 1‘

a contradiction. Thus, the probability that F has no monochromatic sets is positive. The proof is complete.

“4)

Let G = {Ty, ..., To_1} bea k-uniform family of n sets. We prove that if n < 2¥~1, randomly coloring the
ground set of G with two colors gives rise to no monochromatic sets in § with positive probability.

Color each element of the ground set red or blue independently and uniformly at random. For any T; € G, the
probability that T; is monochromatic is 2'7*. Let Y; be the indicator random variable for the event that T; is

monochromatic. By linearity of expectation, the expected number of monochromatic sets in G is

n—

{50)- S
0 i=0

i=
=n2t7k,
Because n < 271 by assumption, this expectation is strictly less than 1, which implies that

n-1
Pr <ﬂ T; is not monochromatic) >0,

i=0

as required.
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ANJ15%%1 (input sequence) | /15741 (output sequence)
@ 001011 000010
1010101 X010101
S I 60:SxXI->S
S, 0 S,
S, 1 s,
S 0
(b) $1 1 S
S 0
S, 1 S5
S 0
S, 1 s,
0/0 SO 1/0 1/0
(c) 0/0 0/0
' 0/0

1/1
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fid 1

J1 = myx

(d)
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A (7)

B) (=)
(1)

<) )

D) (1)

2

50 (bit)

SLPROD 352 (Target(s))

e
(3) )

WLER D F51E (Way to forward)
FI:IE] 2 ( 7 )

H7 R h<¥ A7 (Subnet mask)
255.255.255.224

F v NU—277 KL A (Network address)
192.168.123.96

B55 TP 7 R LA (Starting IP address)
192.168.123.97
(4)

&S IP 7 R L A (Ending IP address)
192.168.123.126

7 ru— K%y A K7 KL A (Broadcast address)
192.168.123.127

FIHATRE 22 e KDY 7 % 4% (Number of subnets)
8
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fid 1

) (a)
(B) (d)
©) (a)
(D) (g)
(E) (a)
(1)
(F) (g)
(G) (b)
(H) (h)
(1) ()
J) (k)
sortA i, 2, 4, 5, 7, 8, o,
(2)
sortB i, 2, 4, 7, 8, 5, o,
bt (comparison) |n(n—1)/2
(3)
swap n
bt (comparison) |n(n—1)/2
(4)
swap nin-1)/2
int tmp = in[i];
(5) | in[i] = in[j];
in[j] = tmp;
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() (d)
) (B) (i)
(©) (h)
2 |14
@) | (N—-M+1M
(4) M m-1-1i
5) a b c d e f g h j
3 2 7 6 5 1 10 10 10
(B) (i)
(F) (b)
(6)
(©) (h)
(H) (k)
M |7




