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EMREB (45D 29 K&

38 - SHERZE B RO BE 304 — R LBS
Mathematical and Computing Science Time 9:30AM — 1:00PM
TIRER

1. BA, BB, MC &0 22 &R UMES L.
f1~f9 &b 3MZRRNUMEE L.

R X N R R A TS UGS IS I e Wil RElE D B 5.
TARTOEHMIBITHERESS LOZRESTE2HALE L.

fREE 1R Z 202 1 OfRE AR IZEEAR K.

fREFMOER ZMHHL THEMORWN, TOEEIERIC EHAGELS ] FORRE
EFENWTHL L.

e

Instruction

1. Solve 2 problems out of Problems A, B, and C.
2. Solve 3 problems out of Problems 1 to 9.

3. Note that if you solved more problems than specified above, problems you solved might
not be scored.

4. Write the problem number and your examinee number in the designated place of each
answer sheet.

5. Use one answer sheet per problem.

6. You may use the other side of the answer sheet, but in that case you should indicate
that, for example, by writing “continue to the other side.”
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A

n RERNFTH A € RV & niRLERTZ bbb € RPDBPEZ SN TWD L, B
R R% flx) =3z Az — bz LEHTS. 127ZL, 2" ERT MLz DiR#EEE
TEI5.

(1) ADIEEMHETH, 2EVAEEDz c R,z #0IZW LTz Az > 0 THNIK, f(x)
FERMEZ LD, ZTOEEZERT D LD LR (51, TDXILRER/INREIFSR)
WEEL, —HThHdI it

(2) ADVEIEEETS], 2F0EEDxz cR"IZHFLTa Az >0THD, ADWK (5
v7) Bk (1<k<n)2T5. flx) DBRINEDPSRIEESHOEED 2 € S %
LoT&EleTBHE, Spe={s—z*s € S} DR" DL AR5 Z & 2mE.

(3) Spr DIXTEZE N & k&2 HWTRD X.
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Problem A

Let A € R™™" be an n-order real symmetric matrix, b € R" be an n-dimensional real
vector, and let us define the function f : R” — R as f(z) := tz" Az — b'z. Here, =’
means the transpose of the vector a.

(1) Assume A is a positive definite matrix (that is, " Az > 0, for all x € R", x # 0).
Show that there is a point where f(x) attains its minimum (we call this/these point(s)
the minimal point(s), hereafter), and it is unique.

(2) Assume A is positive semidefinite (that is, " Az > 0, for all x € R"), and also that
the rank of A is k (1 < k < n). Define S as the set of all the minimal points of f(x),
and let an arbitrary &* € S. Show that S« = {s — x*|s € S} is a linear subspace of
R™.

(3) Determine the dimension of Sg+ in terms of n and k.
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@ B
0,00) EOFBAGESBIL f 7, BHFHAIHU lim f(x) = A ZW7=T LVET 5.
DTFORIZEZ K.
(1) [0,00) |, fIFERTH B Z L ERE.
(2) HBiPR
1 a
2o f, e
2ok &
(3) MR
1 a
g Jy T
R K.
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Problem B

Let f be a real-valued continuous function over [0, co) which converges to a certain real
value A as © — oo, i.e., lim f(x) = A. Answer the following questions.
T—00

(1) Show that f is bounded over [0, c0).
(2) Find the following limit

(3) Find the following limit
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F C

Y ={a,b,c}&l, INODOXFNroKsAERIEAKE X LXKiLT S, AP Tl a,b,. ..
S QEEEET. Mwe Y NEL5NEL =Y Lo IHEE S r Yarko k>
7-1—'—'3‘3-?—%)

oM = A PITHBTATARTDak wITBEMADL L I 5.

o = aduzHBITZa0n<on OTH LWV % witE
SHAD YL BT,

7o & ZAXIRDIE D 32D,

(cac)
abaabb —" cacbcaccacbb

(cac) (cac) (cac)
abaabb ~-" cacbcaccacbb abaabb ~-»" abcacabb abaabb ~~" abaabb

abaabb (:; abaabb abaabb (3 bbb abaabb (~E=)> abbb

(abc)
ccc +— cCccC

72770 e 13EHTH D, X520 FOTIHBG — & 2RO LD IZEET S.
ar = Z?)éwEZ*b;@EbTa'@ﬁ.

a~ff = DHDwcIIWPFIELT a(ﬁi)ﬁ.

(1) a = abac, § = caabcaac, 7 = cbababcbabac £ 9 % & « () — 3 (lb—a> Thsbs. ZD

yE oy rhnwEET.
(2) > PRI TH B T & & RiE.
(3) ~ PRI TR & & RE.
(4) = VTR TH 5 Z & 2 RE.
(5)

s MOIRMR TN Z & &Rt

4
)

CF) &6 X LO_HBER RVHBHNTH S LI, EED2,y,2€ X ITHLT
(zRy 7D yRz) 72 61X zR2

WO DZ L THD. £ RV TH S L1, EEDz,ye X ITHLT
(xRy D yRx) Boll o=y

MDD Z L THD.
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Problem C

Define 3 = {a,b,c}. 3* represents the set of finite strings over ¥. In the following,
a, B3, ... denote elements of ¥*. Given a string w € X*, we define two binary relations @

and («‘:2 on X* as follows.

Q@ @ f <= [ is obtained from a by replacing all the occurrences of
a by w.

a~ 3 <= [ is obtained from « by replacing some (possibly zero)
occurrences of a by w.

For example, we have

abaabb (gc) cacbcaccacbb

abaabb (Eff) cacbcaccacbb abaabb (Cwas) abcacabb abaabb (Cwas) abaabb
abaabb % abaabb abaabb < bbb abaabb = abbb
ccc (na—>bc ccc

where ¢ denotes the empty string. Moreover we define binary relations — and ~~ on ¥*
as follows.
a— [ = a@ﬁforsomewEZ*.

a~ [ = a(izﬁforsomeweZ*.

(1) Let a = abac, 8 = caabcaac, and = cbababcbabac. We have « (29) I5; 3 ~. Find a

string w such that « @ 7.

2) Show that the relation — is transitive.

(2)

(3) Show that the relation ~ is not transitive.
(4) Show that the relation +— is antisymmetric.
(5)

5) Show that the relation ~~ is not antisymmetric.

(Note) A binary relation R on a set X is transitive if Ry and yRz imply xRz, for all
x,y,z € X. R is antisymmetric if 2Ry and yRz imply z = y, for all x,y € X.
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A1
2EDERKTF, = 7Z/27 = {0,1} l22\WT, ##
G: GLQ(FQ)
= {g: (CCL Z) | g [ZIEA], a,b,c,dEFg}
%%Zé.ﬁG@ﬁ@ﬁﬂ@ﬁ@%b,%mﬁﬁimﬁ%(%g)ﬁﬁa

0 1
(2) B G DAz KD £
(3) BEG DI HEZ T RTRD L.

U)ﬁG®ﬁx:(11)Ky=(g%)towf,&ﬁ%%m%M*@$
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Problem 1

For the finite field Fy = Z/2Z = {0, 1} with two elements, consider the group

= { = (Z Z) | g is non-singular, a,b,c,d € IFQ}.

Remark that the multiplication of the group G is the matrix multiplication, and the

)i

1
identity element is the identity matrix (0 (1))

(1) Find the order of the elements = = (

=1 =
= Ol
=1 =

) in the group G,

respectively.
(2) Find the order of the group G.

(3) Find all subgroups of the group G.
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& 2
HIRES S = {a,b,c,d} I2DWT, WREADE
O ={0,{a} {c},{a,c},{b.c,d}, S}
BEZD.
(1) O S ODHEARTH S Z & 2xRE.
(2) MEFHZER (S, 0) DI ESL (b} DI %E KD X,
(3) FEAHZERE (S, 0) 13D A RV 7 2RI/ B S 2 Bl 2 D1 TR R &

10
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Problem 2

For the finite set S = {a, b, ¢, d}, consider the family of subsets
O = {®7 {CL}, {C}’ {a7 C}a {b> &) d}> S}
(1) Show that O is a topology on S.

(2) Find the closure of the subset {b} in the topological space (S, O).

(3) Determine whether the topological space (S, Q) is a Hausdorff space or not.

11
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@ 3

0, 1] LD B AR D 70§ R IE 24 C[0, 1] DIt w 12X U T,
Jul]] = max{ [u(z)|;0 <z <1}

EBL. UTFOMIzEZ K.

1) ||| 22C[0,1] D/ VL3I LEFE.

AN, 2O/ IWVLADEASINLMILZER C0,1] 2 X &R,

(2) P%%’?IEJ@WOD&T;%A&@% Pl X DEpzEftchs e r2rtE. 22T, X
WazEmeld, X OfAEAET, MPEHE D02 EKT 5.

(3) HRBn Iz LT, u, e P%

=15 (5 (3 e ()

CEETD. n—oo0oDEE, u, T X THETBHI L ERE.
(4)n—=00DEE, u, TP TPERL AN & 2Rt

12
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Problem 3

Let C|0, 1] be the linear space of continuous functions over [0, 1]. Let
[ull = max{ Ju(z)[;0 <z <1}

for u € C[0,1]. Answer the following questions.

(1) Show that || - || is a norm of C0, 1].

Hereafter, X denotes the linear space C|0, 1] with this norm.

(2) Let P be the set of polynomials. Show that P is a subspace of X. Here a subspace
of X means a linear space which is a subset of X.

(3) For each natural number n, let u, € P be defined by

=1 (5 4 5 s ()

Show that w,, converges in X as n — oo.

(4) Show that u,, does not converge in P as n — oo.

13
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B 4
IROFIEETHIME P & A5 :
'Ezli‘j('ﬂﬁ : —2271 + 51’2 — 41‘3
P ﬁ%”l‘{/l’\/‘] : 3331 + 31’2 — 51’3 S 7
Try —3x+ T3 < 4
x1, 22,3 = 0.

UTNORIZEA K.

(1) P OEclfR (xf,a5,25) 23> Ty 7 ZETRD K.
(2) P OXNHE D 2#EE TH.

(3) D DFEATHRERAEZKIR L, ZODOME— D% R &.

14
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Problem 4

Let P be the following linear programming problem

maximize : —2x1 + bxy — 4x3
D subject to 3r1+3xy —bxs < 7
Try — 3z + T2 < 4
r1,To,x3 > 0.

Answer the following questions.
(1) Obtain an optimal solution (x},z3, %) of P using the simplex method.
(2) Write the dual problem D of P.

(3) Draw the feasible set of D and compute its unique vertex.

15



ZRINDAIF,. ZROFICHTEELEDHEICERE L >TILEEW,

B 5
TFoMIzEZ k.

(1) HERpe (0,1) TROEZ a1 v FBITEEZSZ. KOHD E THRIT-RIEOHHAHE L
SEE p ZFHWTRE.

(2) HARWOHFIZNFHEDOENR DT DA->TWVWEREDL TS, ZITNIF2MUEDE
s, ROFPOEEER/IEEZ DL, EOMEZGERL CTROFIZET
Ze%x TIT) IR &, 2 TCORED K%L T 5 72O BORIT A BE D,
EWVWOREEZE AL D.

F T IIMNI T, WO IEND EORBEIZ—MRAMICKS 95, 61T, kHEME

B D ETICE U AT E S, &5d9. 2ok &, IFOM(1),31) IeEX K.

(i) Spyr — Sy DHIRHE L 8% N & k ZFHWTEYE. 2720, S — S, DD
N - kTEHOND—D2ZEO BT ETITHEDRLUZHAITOMTH S Z LITHER
&

(i) Sy DHIfHEE THEZ ZENE N p, 0? EHEL L &,

N N—-1 .
H=NY PN
i=1 i=1

ThHdI &zt k.

16
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Problem 5

Answer the following questions:

(1) We consider the coin tosses where the probability of a head coming up is p € (0,1).
Express, in terms of p, the expectation and the variance of the number of tosses
needed to see the first head.

(2) Suppose that there is a bag with N-types of balls, each type consisting of exactly
one ball. Here, N is an integer greater than or equal to 2. We call as a trial the
following set of procedures of sampling a ball at random from the bag, recording the
type of the sampled ball, and then putting it back in the bag. Then let us consider
the problem of finding the number of trials needed to record all types of the balls.

We assume that each trial is independent of the others, and that the type of sampled
balls follows the uniform distribution. Moreover, we denote by Si the number of
trials needed to record k-types of the balls. Then answer the following questions (i)
and (ii):

(i) Express the expectation and the variance of Sgi; — Sk in terms of N and k.
Here, you can use the fact that Si,1 — Sk is the number of trials needed to get
one of the last (N — k)-types of the balls.

(i) Show that the expectation p and the variance o2 of Sy are given by

N N-1 .
,u:NZ%, 02:NZNZ,2_Z.
i=1 i=1

17
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[ 6

2ODEA BRH S LT 5. HIEDHHDRENBIIZNENMSL KT Y V5346 Po(N),
Po(v) IZf5 &35, 1HHVDJEA LIEBDREABEZEZENETN XY LEE, nH
FDREANBD T — & (25, ), = (x1,11), -+, (@, 00)) PEOSNT WD LT B, LATFD
FIZEA K. b, BHOBREERTSHI L.

722U, WIRA=ZNXN>0DRT Y Vi34 Po(\) ITHE D MERZH X OERE &R

)\k
P(X:k;)\):Fe*’\(k:0,1,2,...) (%)

THEZLoN 5.

(1) BT Y U 037% (%) BWEBEHERDMIZ > T WD Z e 2 mtE. Thbb, Y7 P(X =
kA =1 %3,

(2) BT — & (2, y)1 PO N v DEREMHEREZ RO K. 2720, YL o #A00D
Z?:lyi #0295,

(3) HEHDAFRENEN = X+Y BbhroTW0b L E, X OFMAE 0% RD &.

(4) FRFX Y IE X SIFMTTIERL, XDBEZO6NTE EDY OFRMEN EHER RN
FTA—=Ra>02HNT

l
P(Y = 01X = ki) = 10 exp(— 1, (k).

fa(k) = a(l + k)

RBETNTHRTESL TS, BT — & (v,y,)7, 5 a DERLHEEEZ KD
K. 21U, YLy A02T 5.

18



ZRINDAIF,. ZROFICHTEELEDHEICERE L >TILEEW,

Problem 6

Suppose that there are two stores A and B. The numbers of customers arriving at stores A
and B in each day obey independent Poisson distributions Po(\) and Po(v), respectively.
We write the numbers of customers arriving at the stores A and B in a day as X and Y,
respectively. Assume that we observed the data (z;, v;)"; = ((z1,9%1),- .-, (Tn, yn)) of the
numbers of customers for n days. Answer the following questions.

Here, the probability mass function of X obeying the Poisson distribution Po(\) with the
parameter A > 0 is given by

k
TR

(1) Show that the Poisson distribution (x) is actually a probability distribution. That
is, show that "> (P(X =k;\) =1.

P(X =k;\) e (k=0,1,2,...). (%)

(2) Suppose that > " ; # 0 and > | y; # 0. Derive the maximum likelihood estima-
tors of A\ and v from the observed data (z;, ;).

(3) Given the total number N = X 4+Y of customers, derive the conditional distribution
of X.

(4) Suppose that Y is not independent of X, and that the conditional distribution of YV
given X is expressed by the following model:
o (k)
P(Y = 01X = k:a) = P e (1, ),
fo(k) = a(l + k)

where @ > 0 is an unknown parameter. Suppose that Y ", y; # 0. Derive the
maximum likelihood estimator of a from the observed data (z;, y;)" ;.

19
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B 7

TIT 7Ry b
{5 L]
0 1 0 1
FOEZEIZEHLU T TFTOMIZE % X
(1) Sé

il
aly
o

A={w|wdEEDOXFHNZMEX }

95, FEXERFHAINOHATHERADOHATHRLIZEDIXFITHS. X,
Z2g e HEIXEAKRT. 72& 2L,

HINIBINIBE
1 1 0 0 0 0
Thbd. RVEVITHEEZHNT A BERTRNWI & Z2RE.

(2) B3 A BERT B CIREETEE SR &

(3) 2T, TIWT77Ry Y EOXFEIDET% 2 #HEAKRT. 2720, Llh
B EfiEy N (MSB) &9 5. ik

B={w|w®DF&IILED 3}
&9 5. 72U %EN e d BIZEEND LTS, 2L 2T,

0 0 1 0
BN
Thbd. ZOLE, BORBEREWIZGATLZXTI NGRS EGE

R={w®|we B, 72720, wk & w 2D SFHAZLEH )
Zid 5 A REOREMEARA — b~ b OREBEBXE G Z K.

(;k/\o_:/\“:njllj < )
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E 1 RVEVIHE S LVEHRSETHLILE, UDFOLS54#ip (FrE
VIR BMEET B¢
sH|s|>p THE2EI L DIEEDOXFHTH D L &, s IXIRDSEM %
2T KD 3 DD s =ayz ITHHITES:
(a) %D i>0ITH LT ay'ze L
(b) |yl >0
(c) lzy[ <p
=720, [s| 1EFH s DRI ZRDL, ¢ idy 2 i HEFELZEDERDT. oY
225 e (ﬁ(%% 1 DL EXRVXFH) &5,

20 REWARL— hY hNYOREEBE LTI, 7L 77 <y M {ab} T
3@5 J: 5 f&égg {QU | w i abb T%ﬂbé } %uiuu&j—é{%miiﬁgﬁj ]\ ~ ]\ /OD‘HQQE‘
BEMMOHITH S, BRI ¢, ZHIRREIX ¢4 TH 5.
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Problem 7

Let

=R
0 1 0 1
Answer the following questions on languages over .

(1) Let
A = {w | the upper row string of w is a palindrome},

where a palindrome is a string that reads the same forward and backward. The
language A includes the empty string . For example,

HIBIHIBIFIBEE

Show that the language A is not regular by using the pumping lemma.
(2) Give a context-free grammar that generates the language A.

(3) Here, consider each row of a string over alphabet ¥ to be a binary number, with the
left most position indicating the most significant bit. Let

B = {w | the lower row of w is three times the upper row}.

The language B includes the empty string €. For example,
0 0 1 0
HiBIBIEE

B® = {w® | w € B, where w” is a string that reads backward of w}.

Let

Give a state diagram of a deterministic finite automaton for recognizing the language
B by using four states.

(Continued on the next page)

22
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Note 1: The pumping lemma If L is a regular language, then there is a number
p (the pumping length) such that

if s is any string in L such that |s| > p, then s can be divided into three
pieces, s = xyz, satisfying the following conditions:

(a) for each i > 0, xy'z € L,

(b) |y| > 0, and

(e) |zyl <p,

where |s| represents the length of the string s, " means that ¢ copies of y are con-
catenated together, and 3° equals the empty string e (the string of the length zero).

Note 2: A state diagram of a deterministic finite automaton Consider
the alphabet {a,b}. A state diagram of a finite automaton recognizing the language
{w | w ends with abb} is as follows, where ¢ is the initial state, and ¢4 is the accepting

state.
b

DR

23
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[ 8

BM1D-AARDESITHERDES ZREMEANVTRIFEE-TH D, iz, BImRKDOE
WEFEDIZR > TWE P AREREDTRR _HARES D, [REDTE - ARDEHIFIC
MR Uz E D IHESZAY, K20 X5 ICEAITERET 5. & 21, 10 %S 0
TWAHIRIZIEES 2PV TE D, ZTORFIRBUZEWT A2] =10 72> TW5. fi
5 A DIRD M % Witz 3R, Z ORI A RONIRT BIAHEDTE A KRE L — T LS.

(k=74 HWUADERDHI i 12 DWT, Alparent(i)] > Afi] A% D LD,

Z 2T, parent(i) il OPOFZT L T 5. K2DEF] Alde — TE&MEZ2THZLTWS.
t—T7DREEDESE, TOHEIPSEZ TOREDOREOLOKETE. -2 XL,
E1iZBWT, 2B MAINTVWAHINIIZELRDOTEHIIZ0OTHY, Hl1DEIIE2
THY, B (fim0) OEIIE3THS. HROEIIZOWT, U FOZDOMEL L
VASR

(P1) nfHOEZZFO> —TOWRDOE XX, [log,n] TH 5.
(P2) nflDERZF O > —TIZBWT, &I h OHIRIE [n/2M AT TH 5.

K1: b—7 (O AREKH) X 2: v—7 (F5I5RE)

(;k/\o_c/\“!:ljll:; < )
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Wiz, BAroe—TE2BRT A2 TOTN I XL%E2F X 5. B build_heap(a,n) X
RKESInDdHa % e — T IZEWT 5. HHIEE heapify (a,i,n) 1$Him i DAL DTS
KD —TEMEEZLUTWE & SITHEA SN, fimi 2R T3 REe—T127 5.

void heapify(int a[], int i, int n) {
int k = 2*xi+1; /* HiR k%, HimliDEDT */
while (k < n) {
if (k+1 < n && alk+1] > alk]) k = k+1;
if (al[i] >= alk]) return;
int tmp = al[il;

alil = alk]l;
alk] = tmp;
i=k; k = 2%i+1;
}
}

void build_heap(int al[], int n) {
for (int i = n-1; 1 >=0; i--) {
heapify(a, i, n);
}
}

AR DRIZE A &

() 125 7TETOEEZ 1 29I 2ECEFERTOe—7 (HHRE) HAFEHED 5 H
R~

(2) Flay = {2,6,7,3,9,11,8,10,15,4} IZx U T, build_heap(a;,10) 25479 5. FE
TR DS a; DEZR % HFIZEH T

(3) ZEHRHMn Dlicsla & Z DI i 12X U T, heapify(a,i,n) 2FEI79 5. HimiDE
xxhrdBy, EENMEOMN) Lb. 2O L.

(4) REE n DA o 12T 2 bu11d heap(a n) OETHRMENB OMN) THEZ %, M

B (P1), (P2) Z HWTRE. Z _Q—m—”%@ﬁﬁbfﬁm
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Problem 8

A nearly complete binary tree is a binary tree that is filled on all levels except possibly
the deepest, which is filled from the left, as shown in Figure 1. Each node of a nearly
complete binary tree is indexed as shown in Figure 1 and then the tree can be represented
by the array A in Figure 2. For example, the node with value 10 has index 2 and thus
A[2] = 10 in the array representation. The array A and also the binary tree corresponding
to it are called heaps if the following heap property is satisfied:

(Heap Property) for every node i other than the root, A[parent(i)] > Ali]
holds

where parent(i) is the index of the parent of node i. The array A in Figure 2 satisfies the
heap property.

We define the height of a node to be the number of edges on the longest path from the
node to a leaf. For the heap in Figure 1, node 9 that stores 2 is a leaf and thus its height
is 0. The height of node 1 is 2, and the height of the root (node 0) is 3. Heaps satisfy
the following two properties on the height of a node.

(P1) The root of an n-element heap has height |log,n|.

(P2) The number of nodes of height A in an n-element heap is bounded by [n/2/*1].

Depth
0

Array A
1

0 1 2 3 4 5 6 7 8 9
9 (15]12]10]11[8]9[7[6[3]2]
3

Figure 1: Heap (binary tree representation)  Figure 2: Heap (array representation)

(Continued on the next page)
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Next, we consider the following algorithm that constructs a heap from an arbitrary array.
The function build_heap(a,n) converts an n-element array a into a heap. The auxiliary
function heapify(a,i,n) is applied to a node ¢ when both of the left and right subtrees
of i satisfy the heap property and converts the subtree rooted at the node i into a heap.

void heapify(int a[], int i, int n) {
int k = 2%i+1; /* node k is the left child of node i */
while (k < n) {
if (k+1 < n && alk+1] > alk]) k = k+1;
if (al[i] >= alk]) return;
int tmp = alil;

ali]l = alk];
alk] = tmp;
i=k; k = 2%i+1;

3

void build_heap(int a[], int n) {
for (int i = n-1; i >= 0; i--) {
heapify(a, i, n);
}

Answer the following questions.

(1) Show the number of different 7-element heaps (array representation) that contain
all integers from 1 to 7.

(2) For a; = {2,6,7,3,9,11,8,10,15,4}, we run build_heap(a;,10). Write down the
elements of the array a; after the execution.

(3) For an n-element array a and its node i, we run heapify(a,i,n). Then, its running
time is O(h) for a node ¢ of height h. Explain the reason.

(4) Show that the running time of build_heap(a,n) is O(n) by using the properties
m + 2
2m

Lk
(P1) and (P2) where n is the size of the array a. You can use Z o = 2 —
k=1
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9

2T 4 )T a (critical section, AR CS) &l 70 s o AfHETH D, FEEFIZ
X IEDAL Y RETVRZEDEFTEHINDG. INEERT S X D12 CS ZFHOGHETLE
B AEFREFTHZ %R, ZVT 1Nk T Y a VIEE SR,

T oh17a I L2052, 2V T4 AN Y a VRIEOERE M. PA
T, 2l HDO ALY R, ALy RO ALy R1FEIPEHEL, ALy ReHIZEL 7r s
Fh (TaTITL1FEIX2) 2EGFT529 5. ALy NIXATLHELAT 2 &R ET T
LABEMERDH D Z L IZEER L. Tus o741, 21280WT, 2D AL v RIZZH turn
CflagZELTEY, ~HDAL Y NIZXBEFEIIMAD AL v R TH HIREIZBIH X
Ndrd5. ALy FEKRHENT, turn 2l 023, flagl0] & flagl[1] (1% false HMRA
INb., BREiL jIIROEEZES. ALY ROTRi=08&j=1, ALY N1T
Fi=18LUj=0.

AR/ WNRE

\vhile (turn != i) ; // fD].. §iL#
<ZVFTA4 ANk aryDIA—R>

urn = 35 ]+ fou

Ta s A2

flag[i] = true; // TDAL Y RACSIZAASLLTWVS
turn = j; /] BIDALV Yy RZEEHRT S o HTALEE
while (flagl(a)l && turn == [(D)) ; // #
<JVF4 ANk yaroa—RK>

flag[] = false; |--- {RJLFE

(1) ZOWRIMT, 29547k r Y a VREOMERDIN T REEZIZRD3DOTH .
A MHEHEBR : CSIZASTWB ALY R 5556, DALy FiXCSIZ AR,

B. #17 : CSIZA>TWBH ALy RH7aeL, 1 EDAL Y NAETLEE % TS
556, Thod 55 LElE CSIZAND.

C. BROFRS R : B DO ETZIBOTH» S CSIZAD ETORIZ, ALY
ROBMBEIZCSAABZEHH L. L LZDEEICIE LR DH .

UL, 777 AL01EMEEA~CDOS B 122zl TWaEWwW, Jas7 I Ah1M0»
W7z U TCWhRWHEE TN, B2 k. £7-, TOHBZ2EZ L.

(2) TS5 L2, MHEA~COTRTEEET. (a), (b), () IEZATHLN |
AB. EELNABD, B L.
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(3) 7HZIL1%20D&IICAL Y FHASDPEROMEEF KIS 2 HEEEY -7 =
4 b (busy wait) R —V v (polling) &MEEND. —/iT, AL v N&2ETHF
HAREE (waiting state) 129 B HESHH 5.

HBEEIZOWT, 2D0HEDOELLRMENT WSS, BX XK. 72, TOHH%
BATRRE TR R XK.
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Problem 9

A critical section (CS) is a segment of a program that at most one thread is allowed to
execute at the same time. The critical-section problem is to design an entry section and
an exit section that surround a CS to achieve it.

We try to solve the critical-section problem as shown in Program 1 and Program 2.
Assume that there are two threads, namely thread 0 and thread 1, that execute the same
program (Program 1 or 2). Note that a thread may execute an entry section and following
lines multiple times. In Program 1 and Program 2, the two threads share variables turn
and flag. Their updates by a thread are immediately observed by the other thread.
Before the two threads are created, turn is set to 0, and flag[0] and flag[1] are set
to false. Variables i and j hold the following values. In thread 0, i =0 and j = 1. In
thread 1, i = 1 and j = 0.

Program 1:

‘While (turn '= 1) ; // wait ‘ Entry section
<critical section>

.-+ Exit section

Program 2:

flag[i] = true; // this thread tries to enter a CS
turn = j; // gives way to another thread ... Entry

while (flag[] && turn == ) . // wait section

<critical section>

flag[] = false; |--- Exit section

(1) In this situation, a solution to the critical-section problem should satisfy the following
three properties.
A. Mutual exclusion: If a thread is in the CS, no other threads can be in the CS.

B. Progress: If no thread is in the CS and one or more threads execute the entry
section, one of the threads enters the CS.

C. Bounded waiting: There exists a bound on the number of times that other
threads enter the CS after a thread starts executing the entry section and before
it enters the CS.

Program 1 does not satisty one property out of the three properties. Answer which
property is not satisfied. Describe its reason.

(2) Program 2 satisfies all the three properties. Fill (a), (b) and (c) with i or j.

(Continued on the next page)
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(3) The approaches that Program 1 and 2 take is called “busy wait” or “polling,” in
which a thread keeps running and repeatedly checks the value of a variable. On the
other hand, there is another approach in which a thread transitions to the “waiting
state.”

Which of the two approaches is superior in terms of power consumption? Explain
its reason in a few lines.
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HMRE (48)) 28 K&
B - ETERE BERS RO BE 304 — ik 1B%
EREIE

1. BEEMRE, M1, M2, M3 &0 22 @R UM%

— %, M4~[12 &0 3% ERUME

R X N7 RERE B2 TIRE U 258 3 S A WITREVE A D 5 .
TARTCOEIMIBTHEFESS LOZRETE2HAE L.

fREE 1R Z 202 1 OB FAMRIZFEAY &

fREFMKOER ZMHH LU THEEbRWD, ZTOHEIERIC THEAGELS ] FORRE
ENTHL Z L.

A A
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M 1 (BEHEEE)
PAF OXFEATFIZ L, FriofMIicEx &.
—12 2V/3 6
A=| 2v3 6b—1 —(2b+1)V3
6 —(2b+1)V3 2b — 3
(1) BTOEHLIZNL, ADKE (Zv2) P2UTFTTHD I L 2rRHE.
DUFoMTiEb=-12793.

(2) ADEKREEMHEIZHYE T HEE RS MLy 23K K.

(3) ETRD”z xo € R®VERDMLIBDZEMAE V 35, RPOBEHONEIZL > TEE
5V OERMEMEZ VLTS, VI OEREREEZHERT X7 MLDS5E—D
MW(-L LT ThppelkeE, £5 Sk k., 2EL, TERZ MO
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M 2 (BEHEE)

f(z) &, [a,b] Z G LHNXE LD C? EBMTUTNORMEZAZTHD LT S.
(i) fla) <0< f(b),

(ii) =D z € [a,b] IZH LT f/(z) >0,

(iii) fERED z € [a,b] 1T LT f"(z) > 0.

WE 2g=0M5

)
)

n = n - n
Tni1 T () (
2K o THRAANIZE R S N DB {2,}n012,. IZ2WVWT, UTOMIZEZX K.
(1) {xn}n:O,l,Z.“ ci%éﬁ@?@f% %Z> Z 8 %ZT'\"‘@

(2) {Zntnmo1o. 1 f(Y) =0 27255y (a <y <b) ITIURT 5 Z &% 7E.

=0,1,2,...)
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RS 3 (ELRERISE)

W ZHETRWEAT ~ Z W EOXNME 2 DIE AL 2 HERE 5. T20b W D
AEEDOEZ 2,y T LT (2 ~y ROy ~z) & (x4 x) BEVILID. W DOEEDEHS
FHEAITHLUTA* ZIRTERT 5.

A*={xeW : (Va)la€ A725IXx ~a)}.

DED AT ADERTOEIZLBABRVPNCERZ2ARTHS. LFTIEX,Y T W DIEE
DENEEERT.

(1) W*=0 2D 0 =W TH 5 LERE.
(2) RDIF=DDRED EE SMEHD VLD, &b SARD LM ERRT, FHHE L.

(A7) VX VY (X CY %5 XX CY™r).
(1) VX, VY (X CY &oIX X" DY),

(3) MDI=DODMBD EH SHIIH D TD. EbSHKY O ERRT, HHE L.

(fr”) VX (X C X™).
(fET) VX (X 2X*).

(4) BT X* = X L5352 L RN &,
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ﬁ:ﬁ 4 (_Fﬂﬁ%)

B a,b,c 2 LT

a=b modc

WXa—bD cDEBRTHAHILE2ERTDHHDET S, HARB n I LT ZOREEZ n!
THIT L&, UTFNOMIZEZ L.

(1) 6! = —-1mod 7 BLV 10! = -1 mod 11 ZxRE.
(2) p 2HREETHLE (p—1)!= -1 mod p ZRE.



ZRINDAIF,. ZROFICHTEELEDHEICERE L >TILEEW,

ﬁ:ﬁ 5 (_Fﬂﬁ%)

XY ZRfHZERE L, [ X - Y 2H#EEHRETS. WE X D270 21,20 ITHLUT,
f(JIl) = f(l‘g) tt&:é et % 1 ~ To t%ﬂj— Q ;&y :O)E'ﬂﬁfﬁ’fgﬁ‘ ~ OZJié X O)Péﬁ%/ﬁ\t
T5. e, m: X2 2] €Q ZHABHNY LTS, ZIT 2] F s 2ECHAMEE%E
KT, LFOMIZEZ L.
(1) Q R E AN b %,
9([z]) = f(z)

TEHEIND Q 6 Y NDOER g 1T TH B Z L E2RE.

(2) Y % Hausdorff Z¢f#] 72 61X, BALAHZE] Q H Hausdorff ZERIZ 725 2 & 2Rt

(3) HIREFERRIZ Y 2% Hausdorff 22T, 61 f 2 H»D X Fav b ed5L,
(1) TEHR LB g 1%, BAHZER” Q 225 Y NORME&IZRE Z L 2mE. 72
7ZU, BFD3D2DOHEEZANTS L.

(a) T8 DR OERGEEHRIZ LS E TN h,
(b) >3 PEMOEHDEEGIT NI ],
(¢) Hausdorff 2R a1 > 7827 MEDEA IZHEAR.
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[ 6 (_ﬁ:ﬁ%)

C? B D FEEAERIE u(x,t) A HFEX
ou_
ot Ox?

EAZTETH. ZOLEUTOMIZEZ L.

(1) u(z,t) R EOBIB o(y) (7272 Ly = ) ZHWT

u(x t)—iv(i)
I - n \/E
ERINTVWERET S, ZDEE u(y) X

]‘ / 1
§@MM)+UQD=0
AT RRYE. 2720 Ry BT A ERT.

(2) u(z,t) ¥ (S) DL THEASGH, THIZ

(—o <z <00, t>0)

u(0,1) =1, lim zu(z,t) =0, lim @(x,t) =0

|z|—o00 |z|—o00 O

AT EE, ulx,t) ZKRD K.
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ﬁ:ﬁ 7 (_Fﬂﬁ%)
ROFIEIEIRE P(01,0,) & Z 5.

BAAE 0 (84301 +0))xy +(5+ 0y + 302)Ty +613

il : 4z +3xy +2x3 < 8

0,0 -
P(01,6:) —3x1 +ry —x3 < 3
x1, 22,3 = 0

DUTrofIZEA K.

D il fif & mREAE % R K.

(2) P(0,0) DEGEMED P(61,0:) DEREMRETHLH D X575 (61,60:) € R? 2D HEEH%
%

JF = {(91:92) eR*: 101 + B0y < 1, gl + Bally < 72}

Y o0,0, TS 2 HOMIEAERDPS B EATRRATEEN, Z0LED
at, B, 71, Qa, B2, 72 &R K.
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FEEMEMEREHDOES © = (X, Xy,...} DEATD (i), (ii) 2W729 & Z, [ (1)-(3)
BAK. 722U, PR, E 3MHMEZRL, X 1ZEBORMXME, PXHE, 5
X, BLUEhoDEm~ s REOHMEEGEZRTHDLT D,

(i) X1, Xo, ... D5 B, ZTOMEMPKE C IZAZEDDE%E N(C) £ T2,

C k
_ e I

p(¥(C) =) =11 S

k=0,1,2,...

ZZIZC| RKH C DRT2KRT.

(ii) EEDOHEARE n L HAWVICHER KR Cy, Oy, ..., C,, FEEBEE ky, ko, ..., ky 1TH)
LT,

P(N(Cy) = ki, N(Co) =k, ..., N(C,) = k)
— P(N(Cy) = k1) P(N(Cy) = ks) -+ P(N(C,) = k)
(1) M s LHERBEB C 12 LT, E(sNO) = e -9 R H 1D Z & %R
(2) n ZHRBE LT, BEWIZHERTERZKRE C, Cy, ..., C, EFEB sy, 59, ..., 8, &
AWT, B f #UFCREET 5.
Si, .ZCECi, i:1,2,...,n,

=11 el
=1

DL E,

n

E( T £(x0) = exp{= > (- sylcil}

Xjefb =1
MDD Z L% RE.
(3) EBOEA R 25 [0,1] NOHEBRE g iI2O2WT {z eR:g(x) <1} PEHFTH S

L,
E( H g(Xj)) :exp{—/

XjE(D —o©

e}

(1 — g(x)) dx}

DR D LD Z L &R,

]

i

(29, gu(z) ={n"  n
L g(x)=1

DL E, MR HFHEONER, MR & /0 ONEE X, FEHZA U CTREL TR, )

<g(z) < , 1=0,1,...,n—1,

IZDOWTEZRD., Z
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200314 YHRHSE. A4 VERITERE, 1 DHOIA VIZRIH LR ENT B
ENRENZTN1/2T, 2DOHDOIA VIRV LR p CTEIHLMHERN1-p TH 5.
L, ZoDaA vERKHZRITS & WD ifT 2 MATIZ n BIEED KT,

iEEOaA VERITOEEII L, Z, ZIRDEIIZED S :

1 (220231 YliHR),
Zi=4(2 (22031 VDR FDHRMNEK),
3 (22D aA VHEANR).

n BORITDOE, {Z}, D55 Z; Dk Tho7-HE%E X, (k = 1,2,3) £55. 5,
X = (X1, X, X3) DMERS p Z2HE L2V, UTORMIZER L. 2B, BHOBRSH
wg B L.

(1) (Xl,Xz,Xg) = (nl,ng,ng) Zﬁé%gﬁ%*&bi f:f:b, ni,na2, N3 Cin = 22:1 N
ANE S5 @l I

(2) X1, Xy, X3 DIfHEZ TN KD K.

(3) (Xl,XQ,Xg) = (nl,ng,ng) ﬁ’éﬁ(ﬁ”éhfb\é ny + ns 7’é 0 O)}_). %, p O)Eﬁjﬁﬁﬁz%
p kD XK.

4) ni+ny=0%6lEp=1/2£F5. ZDLE, pOMfHEE KD X.
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ﬁ:ﬁ 10 (_ﬁFnﬁRE‘E)

TIWVT77Ry hY ={0,1} DEFEEHEZD. UFTlda,z,yFIEY LDOFE (D0 0,1
@ﬁBEWJ) A B, X,)Y XY EOFEE (DX WFEDOES) 2KT. fEaDEI % |a &
#< ¢ ﬁ%(EéO@ E) BRT.

1) SFEX,YIZHLTXQY Z2IRTED 5.
XY ={z: (EIxGX)(EIyEY)(m = ly| > z::cy)}.

Jo & 23 A BESIHRE (0011) TRENB S, BALHESE 01) TRENBE
ST
A®B = {8, 00110101,0011001101010101, .. }

THD. §5LROEITKD L8\,
XY DPEHSHEZROEX XY LIEHEETHS.

ZOMBEDKEIEES, TN THEI 2Ry EYIHE (E1) 2HWT
AEAAE &

(2) AR Tl (a); 1F3Ea DTN S i FHOX T2 KT, 728 21 a = 110 DHE, (a), =
1, {a)y =1, {a)3=0 TH 5. iha,z,y WIRD2FM %=L & laldar yDiE
ETHsl LED.

e |a| = [z] = |yl.
e DEIZRNLLAELE, 1<i<n&RBEARIIZONVTD

(a)i = (x)i T7U& (a)i = ()i
NDA/RVASR
ZUTEBEX,YILHLTXQY 2IRCTED 5.
XYV ={2: (FreX)(TyeY)(zdoyDBEETHD )}
AL A BRI ZIFLEEFEUL (0011)* & (01)* 251K
A® B = {£,0001,0011,0101,0111,00010001, 00010011, ...}
ThHd. §T5LIROMEDLD LD,
XY BPEHEHERSIEX Y BIEMSHETHS.

Ihemdizoil, X 2%Hds5 Gildsd, t655) ARA—b~vbr (E2)
LY 2XEITLAMRA— b b0 XY 2RI LERA -~ b 2fESTT
Rz XK.

RR=TITEH Y )
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(FE1 : Ry 78 SEBXDVPERTHI51E, X ITHUTUTITOEM2TEZT
HRE p (RUEVIE) DEET 5.

vaw € X 0 |ul Zp) A IEY
EIxEIsz(w = zyz, |ry| <p, ly| >0, B (¥n € N)(zy"z € X))]
27U NIZEREEAK{0,1,2,.. } THY y" lEnflO y DHEETH 5.
(E2 : BRA—-—F~bv] ARA— b b IPREBOERES Q, EBEK T, ¥
WIRAE 5, ZHUREBES F 2850872 (Q,T,5,F) TH5. 1:FLscQ, FCQTh

D, WEMDGEIZIETIZQ x5 Q DK, FEREMEDLEITIETIZQ x I »
5PQ)NDEBTHL (P(Q)I1ZQDRFER).
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ﬁ:ﬁ 11 (_ﬁFnﬁRE‘E)
RD & D BEtRMEEZZ X 5.
>y THy JHE
AN n MlOES LMEDTEHR (wi,v1),..., (w,,v,) EHIRERE W.
1) ITRTOMIZEDEEKE T 5.
A max{Zvi : SCH{l,...,n} A ZwiSW}.
icS icS
ZOMBIZH U, maxval(n, W) 2R T2 LEZANKESL LT, CTuT T LD
maxval ZIRD LS IZHIFMIZERZ LU-. 72720, B v, w T KA T, AAT—%
Vs ooy Uny W,y wy BY, (L], v[n], w[i],... wn] THEIE N TVWEHDET 5.

int maxval(int now_n, int now_W) {
int valO, vall = 0;
if( now_n <= 0 ) return O;
val0 = maxval( now_n - 1, now W );
if( wlnow_n] <= now W ) {
vall = maxval( now_.n - 1, now_W - w[lnow_n] ) + v[now_n];
+
if( valo > vall ) {
return valO;
} else {
return vall;
+
}

UTFORIZER K.

(1) Gzonfzn & W (72720, 1<n' <n, 0<W' <W) IZX U, maxval(n/,W)
DA 75 % D % il &

(2) ZOBBEZDE FETT L LRHAPLoTUE S, TNIEXFE USIBUHEIZT S
BEEOCHE L EMELTE220THD. ZOFUTH LRI Z IS 272012, &
ZE, n=-=v,=100w=--=w, =1, W=nd, ANT—XELTEHEX
LNz ETDEIREZFZZ 5. maxval(n,n) ZFET L7z & T, maxval(n —z,n —y)
MIEH S N[5 E t,(z,y) &RT LT B, 222, t,(0,00=1ThD,
r<y Bold t,(z,y) =0 Thb. t,(v,y) 2K 2L A% EIT.

(3) I CERE L7z to(x,y) Y, EED n, TUTERED 2,9y, 0 <y <z <n, IZXFL
ta(z,y) = () =y £85I LERE. 61T, TOHEREZM, LREDOMEK

nZHUT, th(n,n/2) DERERB &S5 n CET2SERBIEMLELAN L%
R

(4) KIRZEB DR Mn + 1][W + 1] ZHEL, maxval(n/,W') OENRKEZEIZ, ZD
iz Mp W' CANTHHAEZESEIS2C 7077 0%20BLE. ZDGHEIZ,
maxval(n, W) OFEFTIZ 0055 BRI O A — X —RGTEITE B HED %2 n, W ZHW
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Tt. b, Eido7u s I 40 TCEbNTWS &S REARERIZELRETT
EHHDERELT L.

14



ZRINDAIF,. ZROFICHTEELEDHEICERE L >TILEEW,

ﬁ:ﬁ 12 (_ﬁFnﬁRE‘E)

(1) ARV —=F 4 VI VAT LAOBRETH BMFIRICT, AEY DS T 1 A2k
IEER=VZERDBERIZH 515 LRU (Least Recently Used) /3% &l K.

PLFORIZT, datald 100047, 1000 51D 2k clilsTH 5. datalil[---] DEEES
BifTEIER. ZOESIOM 2 DT, TNFNELS 1 DODHRIR—Y (RER=)
ZHBEINTWS LTS, UHXED) OR—IHF 10, RAEGEOEHIZIZLRU FR %
Anwaeds., R=UYT75—)Middata DitAEZTOARE, datal---][--]D1HE
ZIX1IEOAERY T IR ATHmATEL LT 5.

(2) MOTOT I LE2FITTHILEERAD.
sum = O;
for (i = 0; i < 1000; i++) {
for (j = 0; j < 1000; j++) {
sum = sum + datal[i] [j];

}
}

R=IUT7 =)L bOFEERE, BLO, TOHHZEZ L. 70l L%2EFT5
B, Aidd) data DB INTWVWAEDR—VEYHAE D IZH->TWVWEWVWE D &
3 5.

(3) BT BT I LD AITTHEIRDBY IZEB L GEDR—T 7 5 —)V RN, B
O, TOHHEEZ K.
sum = sum + datal[j][i];
(4) DTV T T LERTTHIELEERD.
sum = O;
for (i = 0; i < 1000000; i++) {
j = random10000); // 045 999 X TDHELEL
k = random1000(Q);

sum = sum + datal[j] [k];

}

NR—=U T +—)V NFRERBOYEE, L, TOHEE2EZX L. ZIZ T, random1000
X055 999 F TORBMDELKZRIEHMTHE. 70T L%ETT HETOR
T, il data DHEINTVWBER=—IUDSE T VX LEIZNT 10 R— I H
AEVIZHH>TWB T 5.

(5) ARG OEEIZ FIFO (First-In First-Out) ARX%EHWS 3§ 5L, LRU H%
FAWSEE LI LT, R=Y 74—V MRERBUIRL L7225 h, Thed il
57, Ei(2), (3), (4) FNFTNIIDOVWTER L.
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nIRFEXNFRTE] A DR (58D FEEEEZ N & &3 2 e RMITKHL, |z € RMIFERD
EOMIHEN SR BRZ MLeT 5. DF0, |z| = (|z], [z2],. .-, |za))T THH, TIER
7 MVDELEZET, /2, >0FRI7 ML DETOEENETHD I L E2EIEL,
FRRIZ, 2> 02 TOEENIEATHLILEZEKT S.

(1) n KERFFTH A DG 2 Shi- b &,

v y' Ay
1 = max =—
v7 0 Y'Yy

AT L Y.
(2) ROEFRTH] A DBAEAEN, & TOEHRT MV & %R &

1 11
A=11 3 1
1 11

(3) 2 TOEEREDERMTH S n JOTHFFIOBEAM N ST 2EAR2 Mg z &
T2,
Alz| — [Al|z] > 0

Ll kRt

(4) 2 TOEZRVPIEDOFEHRTH 5 n IXAFMTHI OB KEAME N (CHTLHEET ML E
T r9bHL,
Alz| = |M||l2] LT 2] >0

Y B EAE (M >0 IEEE L) .



ZRINDAIF,. ZROFICHTEELEDHEICERE L >TILEEW,

RS 2 (ELRERISE)

HARE n IR L,

R SR
a, = —4+ -4+ ——logn
273 n_ 08

r 4. x>oc:sc¢u1ogx:/ %m@a:amﬁmf, BT % R4

1
(1) fTED n>11Z20T,

0<ap—ap1 < —=
fIn = nid 2n(n+1)

N AIRVASH
(2) B {an}ps1 EINHT 3.

1
(3) lim a, > =

n—o00 2



ZRINDAIF,. ZROFICHTEELEDHEICERE L >TILEEW,

RS 3 (ELRERISE)

ARMERE O TR 2 OB EART, FHEHAVBLT 1HHEEZIEZ 2O T2KE (Lzdio
TEIFELRY), HEAPZNZTNHEPRAIZZR > TWVWEARE BER2 9K & 2.
WPrSHEFKLTEDT, TOELT, ... 21285 TWL THADMERS %2 /X LT, THA
2,y ME—DNZALEIZHD yDAEPENPSENEE, ylidazDFRTHEEES. FHIX
AR 2 D ROHITH D, ZDXT 2y, 29,23, 24, .. \FOEDDNNATHY, 21,23, 24
R, 5 FABTHY, yidao Lo DFRTHED 03X 2y DTFHRTIEARW. IFT
En,m FIXEREERTER, 2,y FIXHEHAZRTEHL T 5.
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O @ f O
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(1) MR 2 D ARIZEES 2 Fadd 3 &4 AB,C DM EDMFEFRE B2 RER X.
TR HIRD 6 #H D GE
[AZ5I1EB] TBZoIiXA] TAZSIEC) TCHRSIEA] IBZsIXC) IC
551X B
MENTNDRELWHLIELLS BWnWhrZ2RRE (FE1). ZUTELLRWVWGEIEK
il 7 B ERR 2 AR ZIRRE L. FELWESIZEFD I & 2EFHT A2 BB (T4,
(A) HANRANEELT, FONA LIZBADTESAEREZIET 5.
(B] 53 T1,To,. .. FE L TIRDIEK D LD,
Im(z, 1FRMA) 2D Vn(e, DEREALRS I 2, B EA).
(C] BRaDTESPEREFAET 5.
(2) DD M EFROEMC LAETHS Z L 2FFHT L (12) .
(D] BN xq,29,... BMFEL TIRDIKL D LD,

VnIy(y ld z, DFHRTH D y IZHRMH).
(DEVZDNALDEARTEARS REDTHERD. I2ZUEDTHNI

DINA FIZH BB \0.)

GEN1) 222 TALRSIEB] BIELWEI, EEOBAEER 2 40K T2 U TIRAR
DNLDZ & Thb.
HELE THEMEAZM-To61X, TIEEMBbm-T.
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HWEHAPEEMEEET 3501, T & T, 0D & —HIZIXRWIELD
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NEn OXKEREE Z/nZ, T DFERE, THROLBEICEHLUTHILDOD B EEREN SR LT
% (Z/nZ)* TRT. Z/nZ DtH X (Z/nZ)* DI, BEIFREEERTZ TN
X, 222X 7Z/57 =1{0,1,2,3,4}, F72(Z/52)° ={1,2,3,4} TH5. ZOL ELUTFIZ
Bz K.

(1) FTER (Z/11Z)IZDWT, oo =T0H Ty 2R K.

(2) FEIEBE (Z/40841Z)* IZD\WT, Jta = 20100 DGy %K k.
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X,Y ZAifAZEME L, f& g2 X oY NOEGEHRETHEE, DIFIZEZ L.
(1) X 5 Y xY NOEM
d:X >z (flr),g(x) €Y XY
FER BRI D Z L RRE.

Q)Y =RoDLE, 2O0BBOMERE f+g & fglF, MEREBIZREZ L%
R

(3) Y WA ARL7EMOL &, £4
A={zeX; f(z) =g(z)}
X, FHEETH D Z L2 RE.
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u(0,2) = f(z), —-(0,2) = g(z)

Zi-LTWbEd5. 22T, f(x), gla)ldk, |z >1T

Zll- B E 9 5.
() &=+t n=z—tIZXHLT, v(n) =ultx) ELEE,
0%

onoE Y
ThdILrzmrt.
(2) u(t,z) & f(z), g(z) ZFHWTEY.
B)t=1, |zg|>2Dk &,
u(l,z) =0
ThdILzmrY.
(4) IRTDE>0IZXHLT, |z|>MEt)DEEZE,
u(t,z) =0

v 72 B M (1) DRl —D%1F &
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EEIPSTEA4DHAIZEHER T DREEZFEELZ 2 RLTWA.
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B1Dxy N7 —=2I1Z20WT, HE1IPSTHEHMGIZIMT I EDTE 2 AiEE KD B

KFMEEZZ 5L LT, MFIZEZ L.

(1) M1 ORKGEO R AT R Z KD X.

2 M1DxYy b7 —=ZIZBWTHM 1L LTHM6 2 0ETH Y D55, BEVPRUNE
ANy N FOREEEZ K.

(3) B (3,5) DERAKAEZEZ 4056 3 ICHINSEHE L E, HMALILSTEM6IZHT
ZeDTELHRATED (1) TROZEAKRBELFAUTHENE S D%, BEHEZD
TR X,

(4) B (5,4) OBRKBEEZ 405 3 ICHIPSEELZLE, HALILSTEM6IZHT
ZeDTELHATED (1) TROZFEAKRBELFAUTHDNE S D%, HHEZD
TR K.
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P, E, Var ZZnZnMER, WfHE, 2BeRTdDLT 5. /2, FRDY| By, Bs, ...
ﬁ‘%%%i%'ﬂﬂﬂ (Bn C Bn+1, n = 1, 2, .. .), Cl, CQ, e 7b)$§l§j¥ﬁé\§u (On D) On+1, n = ]_,
2,..) ThBLE,

i Py =p(UB). P =p(0c)
DD 2D Z L IFEEH 7 U THWTRED 78,

(1) SEETRAE % & BRERZR X LAEED o> 0 1K LT, KOFERARY 1o &
BT
E(X)

P(X > <
(X>a) <=

(2) A1, Ao, 2HEDFILTE. ZOLE, Y P(A4,) < oo THNIE,
n=1

P(QIQLAk) —0

MDD Z & &R,
(3) X1, Xo,... ZEBUERERLBII 5. > Var(X,) < co THNIE,
n=1
P( lim | X, — E(X,)| = o) ~1

MDD Z & RE (B M AEED e >0 KL T A, = {|X, —E(X,)| > €} &
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N(p,0?) ¥ p, B o? DIEBAMGE T 5. IRDETIVZ U703 > THERZEE (X1, Xo)
MERINTNVWE LT 5:

Xl ~ N(0702)7
Xy = BX, +U.

72720, U N(QO,1) 125 X; LML ERZEHTH D, BeR, 0% € RIFKAINT
A—=RT, 02>0, |0 <1Z20=TEDOTHE. B, X~ N(0,0%) %X, 2 N(0,0?)
MOERINTVWELWIREIKRTHS. &, BUHME (X, Xo) 226 8, o2 ZHEEL 72\, K
OFIZE Z L.

7B, F p e RY EELSEL Y € R D d IRTGE RS IERLD A0 O 5% & BN
ANTEHEZONEZEIEFHWTRLY:
1

1 Ty —1 d
o) = e (- S -] (@eR)

ZIZT, TR MLOILER FT.

(1) X1 & Xo DFARFHRPELWIZDIZIE, o2 & Bldo? = ﬁ DR ZE 72 X7 < T
FWFRNWZ & ZRY.

2 Xl,XQ D [AHs B Llz72 L, ot = 720)7& {7z TWw y
R AR & 77U, o? = 1b, DAL SR TR BE L, &
HINT A =R B DAZHNTRRYE K.

(3) BHMIE (X1, Xp) ICH & DV, JOREMERERD K. 1B, 0° = =5 OFRME
WzENTVwWbdHDLT 5.
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TIVT7 7Ry b ¥ =1{00,01,10,11} FOFFE A, B,C Z2UTD LS IZEET 5.

A={w|w k0 ZEHMEEL }
B ={w|w X 00 ZMBEET }
C={w|wlk001l & 110 Z[F UMMEHEEL }

#l Z 1%, j(?ﬁu w; =0001 1 0 23 DELZOIFE AITEENLVA, 00 22288
~OEEE BIZEENS. /7, 001 212882110 2 1288 F R WO SEE C 12
EE N\,
F 2B Z0E, SCFEH wy = 001000 1% 0 2 5 DL AOEE AIZEENT, 0023208
B-OEEBIZEEENRW. 72, 001 2 1D2FA 110 2 125 FRWEZHEEC
IZEENRD.
SIZHIZIE, XFH] ws =001 1& Y EOXFHTIERW=d, Sik A, B,C DEDS
LIZHEE TN,
bmbga%? A B,C DEZIZHUT, EHRTH Do FRERAERA— M~ b DIREE
BB (1) 252, EHTRVWRSIIRVE Y78 (F 2) 2 HWTEEHE &.

F L OREMAERA—MT MY DR, TAT77Xy b2 {a,b} THDEIKREFE
{w|wld abb THKDZ } 2T 2IENERA— P~ MV OREBEBXOHITH 5.
FIRIRREIE ¢, ZHRIEBIE ¢4 TH5S.

b

a b

X2 RVEVIHE St LAPLESHETHLLE, UTDEI % p (RrEers
R) "MFET 5!

s |s| >p THBES L OIEBEOXFHTHS L E, s IFIROFRM 27
TRIIT3I DD s =ayz ITHHTE 5:

1. %%2Di>0Z LT ay'ze L

2. |y >0

3. Jzyl <p

U, |s| BXFA s DESEEDL, v iy % i ElELEE0ERbT. 0 1325
Bl e (X% 1 b & ML) Th B,
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PRI nxn 7902 RO LHIFHRRTILI) ZLOPAATH S (72720, FIEEATEK
EZLTn=2F293). XTA=K a2 CIZEE fi,..., fa, G1s- -+ Gas Pits- - -, hoo
EEDDE1DODTNI)XALDNEES. 72720, BE fi,..., fas g1y Gay Rty - hao
TiX, BlI#EE UTHE AN HAITHIELOIFEE L 2MThnwd D L9 5.

mult(n, A, B)

// n ik 2F (72720 k IRFEEEE) T 5.

// A, BIZE n x n TR GEZON5. THOERITEHLT 2.
if n = 1 then return A x* B;

// BAFIE n > 2 OGE
A11 A12 ) ( Bll B12 >
A= , B = 95
( A21 A22 B21 B22
Uy < fi(A11,A12,A91, Ago, Bi1, Bio, Bog, Bao);

Vi < g1(A11, A1, Aoy, Ago, By, Bia, Bog, Boo);
M; < mult(n/2, Uy, Vy);

(My ~ M,y Z[FARRIZEIED)

U, < fa(A11, A2, A1, Ago, Bi1, Bi2, Ba1, Bao);
Vo < ga(A11,A12,A21, Aga, Bi1, Bia, Bog, Bao);
M, + mult(n/2, U,, V,);

Cii < hit(My,....My); Cio < hio(My, ..., M,);
Cor ¢ hot(My,...,My); Cao < hoo(My,...,Ms);

( Ci1 Ci2 ) )
return ;
Cop Co

// BAE mult DEFKT

72z, a=8 LT,

A(Ans. Bu,..) = An, (A, Bu,...) = By,
fo(Aq1, ..., By, .. .) = A, 92(A11, ..., Bi1,...) = By,
f3(Au, ..., B, ...) = A, g3(A11, ..., B, ...) = B,
fa(Aqr, ..., By, .. .) = A, 94(A11, ..., Bi1,...) = Bag,
J5(Ar, ..., B, . ..) = A, g5(A11,...,Bu,...) = Bu,
fe(A1r, ..., Bi1,...) = Ao, 96(A11, ..., Bi1,...) = Boay,
fr(Awr, ..., B, . ..) = Aoy, g7(Aw1, ..., By, ...) = B,
fs(Au, ..., B, ...) = Ag, g8(A1r, ..., B, ...) = By,

hi1(My, My, ...) = My + Mo, hia
hor(My, Ms, . ..) = Ms + M, hag

MlaMQa"') = M3+M47

(
(My, My, ...) = My + My,

L, BEERRTHIEO TV T ) XLABRONS.

(;x/\o_t/\\‘::\jllj < )

13



ZRINDAIF,. ZROFICHTEELEDHEICERE L >TILEEW,

ZOMHATERINE TN TV XLDEHEEZEL LT, ZOT7NVITV XLTnxn it
FIOWZFHET 2 & EDTHOEZMORREDOEBUE DK EFHEEZ t(n), 1THIDOER
FDOMREDRIBIZE D SFHEREE s(n) £ 95, £/, NTIA—=X b %, nxniTlD
FRZFHET D, fi, ., far G, Gas b, .-, hoo 2B BEDFTHIFE L DOHIRE D&
e TB. TBL, s(n) &

0 n=10%4H

0 = {u()(3) Tonons

LREHZRIND. ZOFHERE t(n), s(n) IZBT A FOMWIZE R XK.

(1) §H5E&E t(n) % EFED s(n) DX S ITEHRT K.

(2) :@*@%ﬂ&c:/{:}’)f, INT A=K q ZBE%& fl,...,fa, 91y -3 9a, hll,...,hgg  EF
CHEL, BB a (2EL, 0<a<3) THL, tn) = Onm) 2EET 57
WITY XL %GB ENTE, ZTORD a & o DERIZOVWTIRR K.

(3) BlicZT 7z a = 8 DEGEITIE, HATHIFE L OIMPEEIE hiy, ..., hee TUMMTDH
T, nxn TYIELOBEEZEETIED, fi,.. fo g1, Gashit, ... hoo 1B S
HATHIE L OMPRE DGR 4 MITHB. DFD, b=4 THhb. ZOHFEE
RV, ZOGHADFER s(n) B, On®) THDILERE.
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S ANDEEEDT —TIVICHATHE->TE D, EEPUITLT, FHOHNIIH S XEEE
FTHEVIRNEZEZD. TOB, MO OXELEHTLILENDHL LT 5.

(1) BEHEZ, TRO@ED, —FIZHEATNE LTS, XHEIFXT2HY, TDH>H5D
EETFEEFEDORNCD 5. E%@ TFEDOLEBY, BXY, AUOBEEDLBED I
H, TNEh, XEPDH 5.

X X X@ Xi X X XE
doc[0] doc[1] doc 2] doc 3] doc[4] doc[5] doc[6]

WRDO7Ta 7T L%, ZORRE Java BRGSO bf: DTH%. A v K update
FEFEHEICIDERUHEZRT., TFE1HFNS 5 HFIXZTNE N update(1), -,
update (5) Z#E DR UIFOH Uil 5.

int doc[7];

static void update(int index) {
// Ti% doc @D index - 1 HFHDS index + 1 FHEF TDH IEE
// docl[index - 1], doc[index], doc[index + 1] % H#HKT 5

}

TEEZEDOXE TN T B5FIRE (X 7213555 IRE, race condition) % k) 5728
MHEHRZITD 2 2F 2 5. TDDIT, IRO2BHO DAYy REZHEL, update
DROYITECHT. 22T, By 2 %2#59 5 acquire 14, RS 5 release
M EEMAD LT 5. acquire i ldhlS doc D i FHERIIHIGT 510 v 7 %G
TEHLMATHD.

HikA JiEB
static void updateA(int index) { static void updateB(int index) {
acquire index; acquire index - 1;
acquire index - 1; acquire index;
acquire index + 1; acquire index + 1;
update(index) ; update(index) ;
release index + 1; release index + 1;
release index - 1; release index;
release index; release index - 1;
+ }
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HiEA L HBEBOESL S —HTIX, HFREMETT Y Ruay 2R8RELES. ©5
STHRELES D, B2 XK. £72, Ty Rav 2225 TOBREOHZRHE.

(2) Wiz, HFEEL, TROED, WIZZRoTHATVWS LTS, XFIF52HD, &

HFHEDRNZDH 5.
SO
¥ HE 5 = doc[1] o
doc[0] doc[2]

XE XEH
doc[tﬁ doc[#

ROTVT T L, ZORRE Java SFE TRl L7z DTHS. AV v N update
FEFHEICLBEHFUIEERT. HFE 1 E» S 5 FIXENE N update (1), -,
update(5) Z#fED R UMFOH Uil) 5. H%E 5 FDOHNTH 2 3FH L doc[0] TH
TN EITERTL L.

int doc[5];

static void update(int index) {
// TH doc D 3 EFHE
// doc[(index - 1)1,
// doc[(index) % 51,
// doc[(index + 1) % 5] ZHHHT 53

}

Z Dupdate ZXHE LT, HIEA L HEB THAERBREZITSO I 2EZX5. 20
BX, acquire fii ¥ & release i WD HIE, (1)IZT index, index + 1 &8> TW
L I5%ZNTH index % 5, (index + 1) % 5 ICEEIMZ 5.

ZOWRMTIE, HEA, FHEB, 550 HETHEHREZIT-TETY Ruy 2
MFELES. (1) O—FNETTIETY Fay 722 I IRWADHECZBWTT v
Fay 7 B3FET 5 EBEOHZRYE.

(3) #IZWiATZ (2) DRWMTH Ty Fav 7 2B HEEZRE. AT AEREIXETE T0
T LTH RV, BEEFEVER, LTS 0y 21E, HEKA, HEB EFEBRIZ,
HEOHNIZH B XEB LOHEED OXFIZHIGT 26 DRETF LT 5.
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00000 1000000200 (0000000000) 0000000 JavadO0OO
00 Tree, Leaf, Node 0000000000000 OO0OO0ODODOOOOOOOODODOO
O0000000ooooooooooon)

abstract class Tree { //Tree0 00000
abstract int getV(); /000000 getvd OO
abstract Tree getL();
abstract Tree getR(Q);

}
class Leaf extends Tree { //leaf D000 TreeO OO OOOO
int value; //value 00000 (OOOOOOOO)OO
Leaf (int v) { value=v; } //000000000
int getV() { return value; } //getvVOOODOOOD
Tree getL() { O }
Tree getR(O) { O }
}

class Node extends Tree {
Tree left, right;
Node(Tree 1, Tree r) { left=1l; right=r; }
int getV() { O }
Tree getL() { return left; }
Tree getR() { return right; }

3

O00000QO new Node(new Node(new Leaf(0), new Leaf(1)), new Leaf(2)) 00O 0O
ooooono

gbobobooooboboboool1gobon

oo 1:

to
1

— h (t, t,000000000)

gbboooooobbooobool1bboobbooobboobbooooboo
gbooboobboobbobbobbobbobboon

() 00000 +0000 1000000000000 000DOO000OoDoCOoOO
[0 hasRedex(t) 0O O0OO0(0DOO0OO 10 isRedexO0 0D OOOOODODO)
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000000+000001000000000000000000000000
100000000000000000 reduce(t+) 00000000 100000
0000000000000000000010000000000000000
00000000000000000000000000¢00010000000
0000000000000+000000000000000000000000
0000000000000000000000000000000000000
00000(00000 10 isRedexO (1) hasRedex 100000000 0)

gooobobD+t0O0O0100000b00b00000b00000000D0 isRedex(t)

obooboobooog

static boolean isRedex(Tree t) {

by

return (t instanceof Node) &&

(t.getL(O) instanceof Node) &&
(t.getL() .getL() instanceof Leaf) &&
t.getL( .getL() .getV() == 0;

OO0 t instanceof NodeUUOtUUOUO NedeODUDUOODOOOOOOODOODOOOOO
OO00b00gOODOOO0O0O0O0O0DOO0OOO0O0OO000O00bO0O00O000O0ODbOO00O0 o
obooboobooboon

0 2:

OO0D000DO0O00DbO0O0D0O00D0ODisRedex(t) D00 OOOOOOODDOO

UO00staticOO0DODOO0OO0DO0OO0O0OO0O0O0ODODOODOOODODOD isRedexUODOODODODOOO
gboboboogoobbbooooobobobod
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0 12(0000)

cobobooboboboobooooooooo

go

/* 0000000000000 */
void callee(int k) {

int a = 0x1234;

int i;

/* D0 a0000000000000
O000oo0booob1edoboonog =/
for (1 = 0; 1 < 12; i++) {
printf ("%x\n", *(&a + i));
}
}

void caller(void) {
callee(0x5678);
}

callerUO0O0O0OO0O0OO0OOOO0DOOO0ODOOODOOO

1234

1

0

0
bfdb8388
8048485
5678
804858e
bfdb8394
45ce7d50
1
45c988£8

ObOgoserslldlU calleeJUDOUOO0OO0DOOO0OO0O0DOODOOODOOODOOODO

(1)

(2)

(3)

U0 calleeUUU a0 i00000O0O0O0OO0OO0OOODOOOO0OOOOOOOO0OO
gbobobobooooobboboooobobbboooobbbbooooobobbog
gbobobbouooobbooooobobbooobooobboooobo

gbobobbuoooobbobbooooobbbboooooboboboooooooboo
gbobobobooooobboboooobobbboooobbbbooooobobbog
gbobobooooobbobuooobboboogobobbuooon

U0 caller0000 calleeDODUOOOOO0O0OODDODOOO0OO0DODOO0OOOCcall
gbobobooobougbbuoobbboodud calleroggoooooobn
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LEFRTD.
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M 2 (EHERRE)
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M 3 (EWHERRE)

LT TIEIEDRIEZT P HIEDFHRY ~OBOHRZEZD . EEOBE f,9 126 LT,
de e RT,dng € Z*, Yn > ny [f(n) <c-g(n)]

ThHLE,
f(n) = 0O(g(n))
LEFT D, El, [EEOBE f,g9 1SHLT,

e e RY,3ng € ZT, Yn > ny [f(n) > c- g(n)]
ThodLE,

EERTDH. 2ok, UTOMICER L.
(1) 14 3nlogyn = O(n?) ZEFRIT LI=H3 > CREBHE L.

(2) filn) = Qgi1(n)) 7> fa(n) = Qga(n)) 7 51, fi(n) - fa(n) = Q(g1(n) - g2(n)) T
HbH LA L.
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parseF() {
switch (nexttoken) {
case ’(’:
gettoken(); parseE(); if (nexttoken == ’)’) gettoken() else error();
break;

case ’i’: // i’ Ll b —7 U ilZxT HNEHEH O Z L
gettoken(); break;

default:
error(); break;
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RBENDSAIF. ZROFMIDHTEELEDLAICEREL > TS,

M 12 (—A%fERE)
AEY FOEE 1 77T EST RO TS5 A (TR )a—R) 2225,

load R1, ml // Rl = ml
add R1, R1, 1 // R1 =R1+1
store ml, R1 // ml1 = R1
7a s 7 APIZEN MO E BRI, BBRORITRTHEY THS.

(1) A VEMEXET S nEHORA Ly KB, ZRENLERT, Z0o7vr 7 LEkHE
TTDHEVIRWMAEZEZD. 7u 77 AMEKEOYRHIm OER n EITH 25 &0
ILDTHDHN, nfADA Ly RBITLCEDI A, TOXRERWVWZEnb 5.
70T AEITEIOnL DEN 07272358, nfOALy RRWTL T v s
FLAEETLIEHRICnL N EVELEEZ T X TORE.

(2) ERT e s T MBI DT a s T MERE OB EERT 5 70120%, vy 7 20

LIZEN—ENTHL., —HT, vy ZHORWEELHD. compareandswap
MeEHND L, ROBYELZENTED.

increment:
load R1, ml // Rl =mi
add R2, R1, 1 // R2 = Rl + 1
cas mi, , // compare-and-swap fii4
jumpne increment /] FLL BRI TREHEICY v T

(a) & (b) 2D E % K.

(3) compare-and-swap fi & Ty 7 2REFT 5L TES. TR T T A
2O THD. Tr s T LFETHL, 2 DEIZ0 THDLETDH.

move (a)|, O
move )|, 1

try:
cas m2, ,
jumpe acquired
jump try

acquired:

VTNt 7 a)

move R1, O

store m2, R1
(a), (b), (c), (d) BMAIEEZ L.

(4) B) DT T IFALT, JUT 4Nt a rERKCIATTIHAL Y RE12LF
I CX 2%, compare-and-swap 4 OHEREIZ S & LoD, R L.
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RBENDSAIF. ZROFMIDHTEELEDLAICEREL > TS,

K 7B T Y a— FoOmm

LERERIZEN

=] %
=

load LY RAH, AEY
store AEY, LUAH

move LY AH 1, LYRAHZ 2 F-IHE1

add LYRAFZ 1, LURZ 2, fH1

cas AEV, LYVAHX 1, LYVAK 2

jump V¥ 7Y
jumpne ¥ L

jumpe ¥ 27k

AEY LR LY AZICE— Rt 5.
LURAADIEE AT VIZA R T 5.
LYAZ2DOMERMHEL LI AKX 1L OEETD.
LUK 2 OMEIE 1 2R L7ZbDEL IR 1 OfiL
T 5.

compare-and-swap fi4r. AEY LOEELIAZ 20
AR L, ESLITHAIEAEVICILYRZ 1 Ofix R
TIDH., ZOlEEE A NT & atomic (RA[4y) 12T 9.
L T Aums L.

Ty TR T T D,

ERHTD cas M THEFERNE LL o T2 5BA1Z,
Py TRV TTD. HE Lo EBAICE Y Y
T LR,

BEHID cas I CTHIBHERNE Lo HEIl, Uy
VTR T T D L B o EGRIIE Yy v
LR,
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EMEE (58D 24 K

#ie - stERE BRI FRTOME 309 — ik 185
EEERE

1 SPERERTEE, 1, M2, M3 kb 2z IR L MEE &,
PR, R A~RT12 kD 3 RIREIN LS X

PR S N RS E A TS L 2503 A S e O ifRENED S 5
TR COEMICHTHETR & L OZBHFS 2L AE X,

fEREE 1S &2 1 DB RS REAY K.

fRBERMROER ZHEH L CHb R 0D, ZogaI3RIC THEANE | FOoRTR%E
HouTBL I L,

> o e w N



fl 1 (ERERRE)

2 x 4174 A %

TEHT 5.
(1) XDZEME (a), (b) Zii7cd 4 x4 EZMTI P=(p, p, ps Py ) ZROXK,

(a) py, py 1FTTH A DED 2 5B D% {x : Ax = 0} DIEHELREIKZ 727 4 Xt
IR 7 v,

(b) ps, py \FFTHI AT DFIR T P L OIE ZRIEE S22 {ATy -y 1 2 KoudIR s
VY OIFMERIEES 23 4 Xoudlx7 by, 22T, AT 13175 A OE
o249,

(2) 4 x4 /5175 ATA D 4 DDEHE A, Ao, A3, My (BET 2562868) 2Rk X,

(3) ﬁ{ﬁ )\1, )\2, )\3, )\4 CCNFEL, Eb)c:ﬁﬁj‘% ATA @ﬁ&y ]‘}l/ ry, o2, I3,



fl 2 (ERERIRE)
PUT D& A2 K.
(1) k&K

IS 5 2 L 2mE.
(2) #EKL

22T, IPURMEZ KD X,

o

1
2

[e.e]

Z(_l)nH 2n +1

— n(n+1)
S HICHERIOR L 2 2 & 2R,




fl 3 (ERERIRE)

APEOERCEBE AL 7L T AL 2R T VT XL E v, BEOEHICE>T
FEATREME D H B8, AR VA ZETHEDOTIL I AL X DR L EHETE
2BABH 5720, FIRT7ILTIY ZLEF 7L RLDOEELFHED —DICH > TV
5. RITRT DL, THIEOMEZERICHEZEIET 2 2 LR (IR ITHIERT Y
39 X A BasicCheck TH 5.

AN inxn OEHITI A, B, C.

HA:C A E BDEIIESTOE0EILDHE,

) C=AB %613 yes, C # AB 72613 no &L THL 23,
DRICIEL CHWITE 2 EIZRS W,

TR
By, r, DiEE LT
FUFLIT 001 ZEY, 1
VI LMERT BV Br = : EEET S,
u=A(Br) ZRk® 5%, Tn
v=Cr ZKD 5,

u=v %56 yes, I ThWVELIEno 2T 3,

ZOTNITY ALIZODOWTHTOMWICEZ X, &E, 7VIYRLPTI VI ALIZO
D1 ZEALTYS EZATIE, BHMSZICHER 1/2 T 1 258N D ET5, X
72, 526N AT A B,C E7NVTY ZALHOXRT F)L r u,v I,

u=v < (AB-C)r=0

WAL T 508, RETIZZOFEZFHLTH v, 7220, 01 ZTXRTOEEN 0 D
X7 FLTH B,

(1) Z? BasicCheck X, 7 ¥ L7 F)b r OFECHBE O EFHAET 2 (IEL <M
RHTER) UGB H 5, ZODTTIE, (1) yes LML E EDARRBEEDH
%, (i)no EMH L7 L ZDRMBEEDVDH 5, (iii) yes EMHL7LEED, no &
HMAOLZLLELMBELAVRH D, DENTHLY, ZOMBPE EHIEZ L.

(2) BasicCheck Z4% 7V —F v & LTHH LT, 1/1000 DL T DORRHEMERZ D1l R
AT 57N AL Check Z78 L, Z OFHIEMERDY 1/1000 AT TH % 2 & %k
e k. &k, ZITIE, EEDOANTI A B,C IZx L, BasicCheck 253#:H7E
TOMERIZ 12 0P THD, LI FEEEZREL TD Lo,

(3) fEEDASITTH] A, B,C X L, BasicCheck 2538 HE T 2HEH23 1/2 LR TH %
& zike X,



Ml 4 (—A%RERE)

Fo 2 —“DDIL{0,1} 225645 54T 5. fTHDERITNF, DILTH D, 1751031 € Fy
7% 2 RIESITH % SL(2,F,) ERT. Thbb,

SL(2,F,) = { (‘C‘ Z)

SL(2,Fo) RATHIOBHC I L CREE %2 5.
(1) SL(2,Fy) DILOM % FI24 & |
(2) SL(2,Fy) & 3XNMELIZFRITH 5 Z & 2 E.

a,b,c,dEFg,ad—bc:l}.



M 5 (—A%fERE)

XY ZfutHZEEE L, [ X > Y 2GR ET S L E, DTOMWIZEZ X.

(1) Y BINTARNVT72EETH-7ET 5. YV DLIEPOLRLEREBIAEAICLRS L

= R
o, 7L, DAAHZERD Z 3N ARV 7 EITH S X, Z DIEEDOHEZ: %
2Rz, y LT, ZORES UV DHFEL, 2€U DO ycV TIHIZUNV
MEELH LR E, 209,

(2) XWdav "7 ed%. A%z X OMBEGLETZE, AR X Day Ry i
ARH

BEIRD L 2mE, kL, (2 Z OEDHEEGE C Ba v 7 b Thb L
s

1%, BIEADIE {Uaer TC CUynUn E%2bDORITEICEZD E, HAK n
EMyey M EADVEFIELTC C UL, Uy, DIRD DT L, 219,

LNAE N

3) X Fav 7 b, Y IINTARL7EMET S, B%Y ORREBIEGLET S
Y, fUB) IR X Davoss N ARESEAICE D LR,



Ml 6 (—i%fRE)
ue C*[0,7] xR) 23, HGAoN7BIE fIThL T

Pu_0u teR
92 Oa2 <7, 1€k,
u(0,t) =0, u(m,t) =0 t eR,
)
u(z,0) =0, a—?(:c,O):f(x) O<z<nm

Zlil-LTCwW3 LT3, UTMoEMICEZ k.

(1) W2l d fIZDOnTYH
T ou\ ou\
/ ((a) +k<a—x)>‘”

DBHITKSRAK ) ITER K Z2ED K.
2) f=0%6Fu=02%2mY.
(3) f(x) =sin2z +sinbxr D & Z u(z,t) ZKD X.



Ml 7 (—A%RERE)
LU OEE I EE O Rodf B X O RoifE 2 Ko X,

HiI %xl—afz—%x3+maX(y1—yz,3y1—2yz) — /MU

FEE . om Fa Aga <0G
Sy 4w < 3
s+ > -1
=2y + < B

L1, T2,T3,Y2 Z 07 n S 0

72721, max(a,b) & a & b DAfEZET.



8 (—fi%fERE)

Xl,Xg,... Z HASITHSZIS S pt (u> 0) OB (BRI fx(2) = pe ™ (z > 0))
W L7 MEREB DI E TS, a ZIEOERE LT FOEMN ﬁtxot 7-7L P
Eﬁ—l—‘, j;/ﬁﬂﬁ‘:{ﬁ%?%j‘

(1) X, >a 20D n Z2RTMEERERZ N L35, Thbb, {(N=n}={X; <
a,Xo<a,..., Xy 1<a,X,>a} TH? (X,>a %2 nDBLVEHIT N =+
£42). N=nTHAMHEEP(N=n)(n=1,2,...) % a, p, n ZHTEL.

(2) X; > a WEZoNEED X; DFRMASHFE EX; | X; >a), BLL X, <a
DBEZoNTLED X, DFMMEWIRHE E(X; | X; <a) ZZNZia, p ZHVT
.

N
(3) (1) D N IR LT E(ZXZ) % oa, p ZHVTHEY,
=1



9 (—A%fGRE)
7T—% D ={(y1, 1), (Y2, %2), - - -, (Y, Tn) } 1F 2 R DEAR
yi = a+ br; +cax? + ¢ (1=1,2,...,n)

EROLT B, 1T 6 BBINBETHS, F—F D BSRASTA—F a,b, ¢ Dl
Tt 6, b, ¢ FEEOHFMERMET 2 2 & (B/NETE) TROFG, 22U (i
BH T

ERET S, ROBZEXKT 5.
: n =1 a ' n i=1 a " n =1 h o n =1 s

(1) B/DEFRHEE R a, b, ¢ DSWi7e TR ABRE Sys, Spt, Say, Se2y 2 TR,
(2) F/NATEEE R 6, b, ¢ 2 ZNEFH Sy5, Spa, Spy, Sezy &I THRE,
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R 10 (—ARRIE)

TIVT7 7 Xy | {a, b} J:@%%E%%Z 5, %é&%@i?ﬁﬂ o = T1T9 - ToapTop+1 (71::71'5
L x; € {a,b}) ITHL T,

skip(a) = 212325 - - Tan_1Tons1
LT %, O% D skip(a) i a DWHEHOXFE T 2 HARKETSH S, SHELICHLT
skip(L) = {8 | Ja € L (o 13%%%C skip(a) = §)}
L35,

(1) E& {(aa)"(bb)" | n € N} BIEM TRV L%, Ry v @iz HVTORE, %
7ZLNIZ02&EAARBEROES {0,1,2,...} TH 5.

(2) Ly \FIERL TR\ skip(Ly) I IERLIC 2 2 558 Ly O B4R % 18,
(3) —MRICEEE L 2SIEMLZ: & (3 skip(L) bIEBTH % Z & ZAFHE X,

CEE1 1 RYEVITHRE) S X VIERTH 24 61F, X ITH L TUT D&Mz
HAE p (R EVTR) BHFET 5.

‘v’a[(a e XD |o| > p) A=Y
Ja, EIﬁ,EI’y(a =afy, |af| <p, |B| >0, 2>2 (Yn € N)(ap"y € X))}

72720 0,a B ERXXFINZRTELKT, o 3TN o DRI TH S,

(GEB2) BRA— b~ b 2Tl 25601, REl JRkEme2 Rl L - BT, R
REtEty Q, EBBI T, WHIREE s, ZEREBES A Z2WRT(Q,T,s,A) L) X
ICKFHT DL, HELse@, ACQ THY, WEHDEEITIE T 13Q % {a,b}
225 Q ~NDOBE, FIFREEDHAITIE T 11X Q x {a,b} 226 P(Q) ~DEEKTH %
(P(Q) 11X Q DRIEL) .

GEER3) SiEXDIEMTHZ Z L ZAHT 2121, X 2ZMI2H6RBA -~ Ek
X X ZRTIEHEHZTREIE X0, 728 ZIAEOLEE, (Q,T,s, A) DHHMEIZE
W<, "oy X 22422 OHIFHIZAETH 2.
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R 11 (—ARRIEE)

7407 FTyFHEEFIRDEILDHDTH 5.
fib(n) =1 n=0F7%F1DLE
fib(n) = fib(n-1)+fib(n-2) n>20tZ
INZZDEEMFTFHLZHCCERET 27077 812 RDEHITHD, ndd
ADLEIIEZ LR TEVET S, £FEE Java AlTH 5238, SUEDRMIFIFAIC L Z&
CT LW,
(7w 75 4]
int fib(int n) {
if (n <= 1)
return 1;
else

return fib(n-1) + fib(n-2);
}

(1) fib(n) OWEONH; L FIEIC 35 < RERHIFHELRNZ O(fib(n)) TH 5 2 & &R,

(2) HrEtEETLO v VI L2 F T3 A,
fib(30)=1346269
FATRE 0.25 ¥ (BAECT 2 M7, DUTFRIL)
fib(31)=2178309
FATIRERT 0.30 B
fib(32)=3524578
FEATIREE 0.39 B
fib(33)=5702887
FEATIREE] 0.52 F
Th-oT-,
25 OFATIEIL fib(n) DEEET TIE A\, Z OB ZHEN L TGER X,

7, ZoOHEHE S LI fib(n) DEFEIC D 2R E BT 2 T PRL T,
HiZp A TRl

I 512, fib(34) DFFELIZD D B R %2 PG K.
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Rl 12 (—ARRIE)

Tay5 IV IEEIIBFETHE p IioWT, ROEMAZMETILZT~UDLE)
WCRT LTS, ZITTLEUIREATH S,

o p ZEEDFIE i cT LEBIIERE, ZDEZD p DFMEIZIEFIFELELTUD
BWERVPRDEICE 50, p DFFREIMFIEL 20,
o p B i g T EEBITIPAL L EDOEHEII S AEEE X 178\,

(1) XD &) %THiE procl 2HEZ 5,
procl(i) { return f(i); }

procl 1Z5[3 i L EBICFHE £ 2, f DREVEZHGORENfELE L TRT.
ZITEDBRD (a), (b), (c) THBHLE, THi& procl ZEEDHIHiecI L&D
ICIES L, procl DEIEIAMEILT 2ADOR D EIZHEIC I OEETH L LV R 50
B, ZNZNDOEAEICOVTEA L, HHEBRI R TL,

(a) I~1

(b)L~I7ZLICL

(c)B~I77ZLBCI

(2) BIBDEES S & TORODORD L) %BfR%Z S<KTOLIICERTILILTS, kEU
LEATH 5.

¢ [TEDT~UTHEITFHE pliOonT, TEDEEics EEBITp 2SR
&, p DEFEIFIEFITFIEL T U OEREIRDMEIC KR 2D, p DRIEIFFIEL
A4TRY

BZIEsCTHolE, HOIZS < T TH 5.

I, HFEINATEZLMHP v e T THIINDEEGZ T[] XY, B ac
T[] DEHRICvg T 2RAT2LE, T7—LRD, TurJsefdz I TREE
9%,

1) S<THSHIXTI <80 TH S, IFRY Lk, KlZ2RE,
(i) S<T%HSIXs <T THD, B Ikwv, Kz,
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(1) x=00000 f(x)0O TaylorOO

f(x) = Z anx"
n=0
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0000000000
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/* 00000000000 %/
int B[9];

int checkQ{ /x 00000 =/ }
int count(int t);

int next(int t);

int main(int argc, char *argv[]) {
int i, answer;

for(i = 0; i < 9; i++) B[i] = 0;
answer = count(1);
printf ("0 00000000 = %d\n", answer);

for(i = 0; 1 < 9; i++) B[i] = 0;

answer = next(1);

if (answer == +1) printf("o OO \n");

else if (answer == -1) printf("x OO \n");
else printf ("0 OO \n");

return O;

3

int count(int t) {
int d, i, result;

if(t > 9) {
if(check() == 0) return 1; /+ O0O0O0O*/
else return O;

3

if(t % 2==1) d = +1; else d = -1;
result = O;
for(i = 0; i < 9; i++) {
if(B[i] == 0) {
B[i] = 4 * t;
result = result + count(t + 1);
}
}

return result;

13

ggooboood



gobooooobooobooboobobobooboooboobooogon

int next(int t) {
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OBO¢t—-1000000000000000DO0ODO0ODO0O0OOnext(t) OOODO
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release L;
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}
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BBRINIAER. BIXRRINIANCTEEEOREBICEREE>TTE W,

M 10 (—fi%fERE)
TN7 7Ry b {0,1} hOFFE A B,C ZUTDX ) ITEET .

A = {0"1m0"|n, m > 0}
B = {0"1"0™|n,m > 0}
C ={0"1"n > 0}

INEDZEIZOVTUTORICE A X,
(1) Baf A, B 24§ 2 XREHSAE (11 1) 222 NG 2 X,

) Bt AL BOXZbHH ANBIINRAHTH 5207 XIRAHZ 51X, i AnB
AT A RAMERZ G2 % & EHICZ O Z23H L, SURAHT
Bz siE, Sl ANB BPXRABH TRV I 2Ry EV JHi#E (1 2) 2/
WY,

(3) Bl C OHlitES C I XXRAMTH 227 XRAHZ 51, S5 C 24K T
5XNREAMXEZ G2 % L EHICZOEIT#ZFAL, URAHTEVWARS
£, SiEC BWUREHTE W L2 R v v ZhiER FVWTRE,

E L DUMNE, S5 {20 n > 0} 24T 5 REHGEOHITH 5.

X — aXb
X —- Y
Y — ¢
%8, HREBIZ—F LOBAOELICEHNZKE TS, ZofITid X DFith
ERTH 5.
E 2 ArEv I S LOUREHTSHS L E, MTOL) B8 p (R E
VIR DHFET 5
s |s|>p THELI% L DEROXFINTHD L E, s IFRDFEM%E
729 X 912 5 DDOFERGT LTI s = uwvayz IZHHITE 5.
1. 4D i >0 1L T wlay'z € L
2. Jvy| >0
3. fory| < p

72720, |s| BXFI s DRI ZRDL, ¢ 3y Z i MR LD 2RDT, o°
3225 e LB,



BBRINIAER. BIXRRINIANCTEEEOREBICEREE>TTE W,

M 11 (—i%fERE)

gz e Bl (arithmetic expression)
50010/ (10-2) (4)
BEZD.

Bz T3 2 BR121E, HESOK (syntax tree) Z W5 2 L%\, (A) DREX
KIFTHOMEY TH S, DITOEMICER X,

/N
VAWA

(1) (A) DIZRERLE (postfix notation) IZ Xk D FRE, £, BMTORIRNE.
Aot E, ZIORELEOAZIESL EDH o £ L 2HICEN X,
%E, RERER, WA —F v FELEE (reverse Polish notation) & b F W, 7
EZFEMA T2 - 1) OREFER T2 1 - TH D,

(2) /M (1) TE AT (A) ORBEFEDORDEZ, X¥ v 7 (stack) 2l TEHRE

T35 ERE, f{HHHZO T X, 2E0L, BEEORX T2 1 -
DIEZFIET2RYIDE T 2R T ERD LIRS,

AN ‘ AE w7 (KD 7) ‘ A
L, 2% v 713%E

2 2 Kox7Tvra

1 2 1 K1z7Tvra

— (LAF )

(3) (A) DEZFIHEL, HEREREZL A r1icLE) &) RHNWa—-F2 7%
7)) R ATTE . AMREOREMIZE T, (A) OFFEZEFEIC GRE, W
B, BEZ 1HTOfH-7) 77559 HNa—FicL, %, iHT3
LY RYIPTELR I A vwa—FEw X,

Z2EDID, Bl T2 - 1) ZFEL, izl PAFr1lclLE) L%
HiVa—FIZRTH 3.
1i rl, 2
1i r2, 1
sub rl, r1, r2

CZTHWLAEEMIIEHE L RISCT—FT7XFF Y DbDTH- T, ihe
LTHOWAZILNTELDIE, XROBEDOHLDEITLET 5.

maiz I=US
1i rA, const EER const & rAlcn—F$ 3

add r4, rB, rC rB + rC OFER%Z rA L 9
sub rd, rB, rC B — rC DFEREZ rA ~L ¥9
mul 74, rB, rC rB* rC OFER%Z rA~NL E9
div rA, rB, rC rB | rC DfER%Z rA ~L £

() #HkCEH L7z rA, rB, rCREBEHMOL Ay ENLTH Y, BEMN
WX ri~r1sMEZ B £33, rA, rB, rOCDBFEIC LAY TH Lo,



BBRINIAER. BIXRRINIANCTEEEOREBICEREE>TTE W,

M 12 (—fi%fERE)

—RI ARV =T 4 YTV RAT L (0S) ITBWT, 77V r—yary-Y 7t
TOTRTThIE, —HFE—FREEEENIEMEE—FT7rEeyHicko>T
FIrE3N5, Zhz ek RA vy, —J, OSA—2VD7a 77 L%, FiEE—
FHDVNEA=R=NAHF—E— F R L EPEIN28EFE— FTEITINS,

(1) Z—FE— F LEEE— FOROLEEBR, 5EF TR A% L—FE— FCET
+ 3 DD FIIE k|

(2) A—F DT 2% T u e AU T L &1, FEfTE—FE2ZNnET
DL—YFE—FPORETE—F\UDEZL TS, H—FNVHADa— FA7if
TOMEDNH S, L—FE—FDOoREE— FEIffE—F2U 0B 57217
DM EWEG S %2 7ay YICE ¥ 2L, X2V 54k, BEHAINS
el H 5, FEHO BAKH %2R,

(3) — A —F UM T 2BEZ T AMEOH T L E 1S, #DiAAREY
7 Y 2 THICHEAE I A EMEER a2 ). BIDAARREL L ED T T
X v I OEEZ P K.

(4) —MRICHI D AARDFEE L L ElE, FHES—FNIUOEDLS, £X2V 74D
BlE»S CoMEZIEH SNV EIITT BITE, XEY OEH#EICOWLTHE
LI TH %, BARMIHNCEE T 2 R &2, #DIAARFERFOEEICHIL
THHE X,



