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1. 'lAO) 7 ~O) 9=J;Q) G 4 ~~~fR G-C19¥%Ftt J::. 5 ~~l:~;~ L:t~:l:~-@J~d:9~-C~~ C9Q. 

2. ~~~~d: 1~Z::'C:~:7.J1J~0)~;~ffl*Jf~:~2AttJ::. 

3. ~~;~ )tl*Jf~: rp'~*-f% ».rJ§:~*~ ~s2A tt J::. 

4. ~~~J:1[J:~t_t~~O)~m ~d:~J~&9tJ: l;~. 



1. 

Al==[-~6 -~ -~]'A2==[ ~ ~ -~]'.A3=[-~ ~ -~6]
 
-1 4 -4 2 4 -8 4 

1)	 1T~rj A l , A2 , A3 0)~ff1j~'T~-C*6f) J:o 

2)	 1T~1J AI, A2 , A3 0)~~~3K6f) J: o 

3)	 1T~1j Al,A2,A3 7J~~tflJ{~PJfI~iJ'~" 5 iJ~~ftij~J:o b L, qT~1j Ai (i == 

1, 2, 3) iJ~~~1~PT"fm-r:;b Qlet G'i, Pi-1AiPi 7J~~t~1T~1j ~ fj:Q J: 5 IJ:. 

1T~1J Pi ~3K60 J:o ~ 5 -r:fj:v'\fJ:. G~:f, .i4i 7J~~iflJf~/f=~"fmC'&>Q::'~ 

(1)f!!t33 ~~~J:o 

n4)	 1T~rj A1 0)~~1rn:~T~-C)j<6b, -tn~11--~:'Wil~1Ul7J~fJ:.v ,\::.l::~~iE~ 

it'J: 0 t: t-!. L, n ,:tIE O)~~)c l:: T Q 0 



2. N ~IEC')!I:~ t: L-, N 1iC')~$1£~ xI, X2, •.. , XN ~~;tQo .:.tL GC')~$1£~I"j:~~~iYJ I), 
1i,,\,~~~tJ3~~£1rSL~T0o *t~, ~~n (1 ~ n ~ N) ~~jO,,\-C, Xn O)1it$!l£;It~~Pn(xn) ~ 

1	 [ (Xn - ~n)2]
Pn(xn) =~exp . 2 2	 (2.1)

2~an an 

c!::TQ o =-=--C:, m n c!:: a~ 'j:~~XO)JE~-c'~~, a~ > 0 ~TQo J2A-rO)r~~'~~;tJ:o t~t~~, OO~X 
g(Xl,X2, ... ,XN) O)IfL:I:~1~'j:, (g(Xl,X2, ... ,XN)) c!::~T=-c!::~~TQo 

1)	 J~ooxnPn(xn)dxn c!:: J~oo (xn - mn)2pn(xn)dxn O)~'*~~*-, =-nG~ ~n, a~ ~ffl"\-C~1to 

2)	 N (j(5i:~-7 1'lv x c!:: m, MtV~~ N X N :%tjg1T~1j D ~ fA-rO) J:: ? ~~JE~T Qo 

'xT = [Xl, X2, ..• , XN] 
Tm =	 [ml,m2, .. '. ,mN] 

di [2 2 2 ] D =	 lag aI' 0"2' · · · , (J"N 

=- =- -C:, 'T ":tfiii:~~ L diag[dl,.d2, ... , dN] ':tdn ~ (n, n) ~*c!::TQM~1T~U-e~Qo Xl, X2, ... , XN 
O)jffl~1it~!l£;It~~Px(Xl,X2, ... , XN) 'j: 

1 [ 1 ( T -1 ( J (2.2)Px(XI, X2,· .• ,XN)= (21T-)N/2(det D)l/2 exp -2" x - m) D x - m) 

~ f~.Q =- c!:: ~~iE~ '1tJ:: 0 t~ t~ L. det D ,:t D 0)1T~Ij~-c' ~ Q0 

3)	 ~t~,~, N -jJO)1it~~~Yl, Y2, ... ,YN ~~;t0o NtA.-n~~1'lVy ~ yT :;:: [Yl, Y2, ... , YN] ~ JE 
~, y ~ x ,:tfA TO)M{'~~~t~Tt 0) c!:: T Qo 

y= A(x- m) + m	 (2.3) 

=- =- -e, A ,:t~~O)JE~~~* c!:: T Q N x N OO:~1T~rj'1:~ lJ , AT = A-I ~~)E~, m,t~~ 
O)JE~~~*'c!::TQ N ~-n~? ~lv'1:&JQo (y) = [(Yl), (Y2), ... , (YN)]T c!::TQ c!:: 

(y)	 = m (2.4) 

~ f~Q =- c!:: ~~1to 

4) N x N 1t'~rj n, ~ n, = ((y - m)(y - m)T) c!:: JEOt)Qo Tf~bi?, ~~nl (1 ~ nl ~ N) ~ n2 
(1 ~ n2 ~ N) ~~jO,,\-C, a, 0) (nl, n2) ~~,:t ((Ynl'---'\Ynl))(Yn2 - (Yn2))) ~f~Qo ::'O)c!::~ 

Ry	 = ADAT (2.5) 

5)	 Xn ,:t Yl, Y2, · · · ,YN ~~~1'¥T Q 0)'1:, Xn = fn(Yl, Y2, · · · , YN) <!:: ~To =- 0) <!:: s , Yl, Y2, ... ,YN 0) 

rm~,llt$!l£;ItOO~Py(Yl, Y2, · · · , YN) ,t 
Py(Yl, Y2, .. .,' YN) = Px[!l(Yl, Y2,· .. , YN), !2(Yl, Y2,·· · ,YN), ... , !N(Yl, Y2,· .. , YN)] 

x I 8(Xl, X2, · · · ,XN) ,I (2.6) 
8(Yl, Y2, · · · , YN) 

~f~QoltjO, a(Xl,X2, ,XN)'j:~::zt:"7~'1:lbi5o ~(26)7J:\~ D0)1~blJ~-r - n8(Yl,Y2, ,YN)	 J:., x, m, v . ~ y, m, .... '1)-t 

~ ffl " \t~ Py(Yl,Y2, · · · , YN) ~ *Ot) J:: 0 



3. .L.~r~L/.R'9 [n]tt13~~(~F~~~) n (J) A-r\~LJ::.Q~fJfc'£10Go 

[0] 
(
- AJ.,AX.X 

[1] AJAX.JX 

[2] =AJAX.J(JX) 

.[n]	 . AJAX. J(J . . . (f x):··) 
~ 

n 

1) [n]gy.t5 et is [n + l]gy tt*6beto 

2) [n] ~ffl,l'L [n + 1] ~~1i"o 

3) s[n] ==[n + 1] t ~ ~ ~~~ s tt A-r\C'~{t 0 

4) a[m][n] == [m + n] t~~~~~ a ~ A-r\C'~{to 

5) rQ~ 4) (J) a 7tffll'ti: a[2] [3] O)~t~~f~~~1i"o 

6)	 11 - AmAnAf.m(nf) ~;]: 2 ~(f) §~~~~5 r~~t L 'l1 -:J{f) §~~~~~9~t~C'£10Go h ta:{5J~ 

~t~~'9 ~ M~~iJ"fIB3 t t t ~<:~JlI3Jj{t eto 



1) a) Z ~jlj,m]~~w O)OO~C: L,-c,L C: C C: R ~mv'-c~ito 

b) Z ~ w O)~~ C: L, -c R C: WQ C: Q ~ fflv'-c~ito 

c) lEO)({t;Q1EJJf.iJ~~-c' Z iJ~~~~~ttQt~60O) Q O)~{tf~>tt60J:o 

d) FJ:1~ 1) c) O)~{lf::T-c', Z iJ~~~~~ttQ~JaJ~~Wl (> 0) ~wo C: Q -c'~ito 

2) a) IZI ~w O)~~C: L,-c R C: Wo C: Q ~mv'-c*1to 

b) IZI7J~t~*{iOC~b~t~60O) Q O)~{lf::~>tt~J::o 

c) rp~ 2) b) O)~{4:T-c', IZI7J~~~*~~tt~fiJmJ~f~W2 (> 0) ~ wO,C: Q ~,~ito 

3) a) ~ O)@]Im~ ~{1L-1 / /~)VA 8(t) O)m¥jfE~-c'~ltJ L, t: ~ ~, L ~mtnQ~¥m~ i(t) C: T 
6 0 8(t) C: i(t) O)OO{*~*T~5thf£~~~~to 

b) rp~ 3) a) 0)~~5thf~~0)~~ i(t) 7J~tJIRlbpx:0"~ b~tc~O) Q O)~{lf~>tt~ et o 

c) rp~ 3) b) O)~{!fT-c', i(t) 0)~1bPX::S0)ft3~~~w3(> 0) ~ WQ 'C: Q -c'~ito 

L 

c 
R 

~4.1 



5. 0. 'F O)r~~,;:~ *- J: o tt: t: L, log23 = 1.58 ;Jo J:V log25 = 2.32 (: ili:1£Ht J: o 

1) 1W l3 ~~:7 ~~~t7J~MiJtlJ ~ n 6 C:, ~ 13 WNn~~l~ t? ~Tv '=' C: iJ~*~~13"J'~~ Gn -c v' 6 0 cb 6 mC'~~ 

~~_ntlJ Lt=~*~~ 5.1 '~~To t=t2:.L, 1li$~~)c X, y 'j: ~'i::> Gt 1 ~ t='j: 0 ~ C: t?, X 7J~M r3 0) 

:7~~~tO).iJt!J~*~, y iJ~ ~S 0)~1~0).mlJ~*~~To ~n-tn, 1 fj:~~~~t~ t=fj:W~fx~.ilU L 
t==- C: ~~L, 0 fj:~~l~t~t='j:a1f3C~1iiJIJL-Cv\ftv\~ C: ~~To 

y == 1 Y == 0 

X == 1 24 8 

X == 0 16 16 

a)	 :r./~p ~O~H(Y) 0)1it!~*6bJ:o 

b) ~{tf:1t:r./ l- P 1::°,-- H(YIX) 0)1[[~*6bJ:o
 

c) t§1Lltt~;. I(X; Y) O)~~~~Jl~ L, ~0)1it!~*6bJ:o .
 

d) I(U;V) ==I(V;U) iJ~PX:}rT6=.C:~~iI~1tJ:o t=t-{'l, U,V 'j::ff~.&:7Jv77~V ~'~1it!~J::
 

6~$~f5cC:,T60 

2)	 r~15.1 O)im1~R%~~C'~~h6 2 jG~~im1~~7J~(b t?, ~0)*1~sc%=}3J:V5t1~~c%0)~¥~~)c~~ 

n~'h A, B C: L, ~'i::> Gt 0 C: 1 0) 21rn:~ 1&60 ~ t=*1~~c%0)(±:JEa~*~ p(A == 0) == 0.3 =}3 J: 
tJ p(A == 1) == 0.7 C: T 6 0 

o 

1 

a)	 5t1~~c%0)(±:~1it~ p(B == 0) =}3 J:V p(B == 1) 0)1it!~31<6b J:o 

b)	 t§1Llt~¥aji I(A; B) 0)1rn:~31<6b J:o 

c)	 ~ 5.1 O)lmf~~O)im1~~~A:~*6bJ:o 

d)	 im1~~~~11${f7J~ lb t? f~~O){~itS~ t? 7J~9B~T 6 C: ~, t~ t? f~ <'IW~~{~*T 6 t=6b'~im1~~~ 

%1~~1T50 {~*~t? $~{l::e:~~/J'\~ <C'~ 6 C: v' 5 ~ftf:T~~:}3~t6r!f%1~rEO)ltW~{~~J*lrt 

R O)~~W~~~it J:o 

e)	 ~ 5.1 O)im1~~~~:J:3v\-C, {XO)*1~~JII~~~;t6o x E {0,1} 7J~~~c'rg/tW¥&~7J~G(±:JJX:~h 

6c:~, im1~~r4%~fr,j:2j:1~ ¢(x) ~~J:0-C~JE~h60 r4%~,j: ¢(O) == (0,0,0) =}3J:LJ 
¢(1) == (1,1,1) C: L" -to)~~1ii$~ p(x == 0) == 0.3 j;3 J:V p(x == 1) == 0.7 C: T 6 0 ~1~1JJJJ 

~:t, (j(0)~ %rE~~ J: 0 -C~ %T 6 0 5t1~m- Y == (Yl, Y2,Y3) E {O, 1}3 7J~1};t G~~t= C: ~, ~~1ii 

$p(ylx == a) (a == 0 ~ t: Vi Q == 1) ~st~ L, p(ylx == a) 7J~~* C: it 6 a 7J~~1~ ~ ht= c:"*11 
~-r 6 0 =- 0)' C: ~, ~-CO)~f~~ y E {a, 1}3 '~~tT 61l%~*~*0l) J:o ~ tt: r!f%~O)3¥.:f:~ 

1l%~lJ $ E O){~~*6bJ:o 



6. N t:/' r~9UA1.J(1)1Jn_~~~;t,'6oi (1 ~ i < N) t:/'r §(1)J.,.1.J'i- Xi C Yi C lJ,:~(1), Xi 

t Yi ~ AJJ t T~ -¥1JD_~ (HAi ) O)lli1.J ~, 

Gi == Xi 1\ Yi 
Qi == XiEBYi' 

t T ~ 0 ~ ~ -r: /\ t±BffiJJ!!~lr~_ (AND), EB t±39~1mB9~JJ.*Dr~_ (XOR) ~~ L, Bwu~fDim_ (OR) 
t±v ~fflv'--C*~T~o tLr, fi~J!!~, ~J![ill~t±JC~~<flnX:~, fimIJ!!-Y- r- t L-ct±2AJJ 
0) AND, OR, XOR 0)Jj. ~ ffl v) ~ a i ic ; AJJiJ~-9-it Gn -CiJ~ G*.a*iJ~*5ET ~ t ~ ~~~a~ra~ 

t L, L~eBffiJJ-'~- r- O)~}!£a~ra~ ~~-C 1 UT (Unit Time) t T ~ 0 

1) i ~''/ l- § 0) q:. ~ 1) -- (firL~j') C, ~, Gi t o, ;}3 J: If Ci-1 ~ ffl v) t~~WBrn~~~~ 0 

2) ftrL~j'~ ~!ll t: i e' \J l' § O)1Jo_*tt* (fO) 8 i ~, Qi t Ci - 1 ~ ffl v' t~B~~~-r:~~ 0 

3) 4~' '/ l' -900) AJJ X 1 -- X4 C Y1-- Y4H J: (fq:. ~ 1)-An Co ~:~t i.r ,L~Crt:1~ 1) ,j:) J: U' 
2) ~*&0 t~,~~JJ.~ ~:£--:1v)--C 4 e''/ r- O)1Jo_~* 81--84 t L1~~0) q:. ~ 1) - C4 ~ tBJJT 
~4~''/ r-1Ja_~(1Jo_~A)~, 81lMO)HA t~lfBJ.l7-.1'~fflv)--C~IF~J:o 

4) L~G4 e''/ r1JO_~A ~:.t-3v)-C, X1--X4 t Y1--Y4l3J:(fCoO)A1JiJ~JOJa~~:l}itGnt~ 

, a~, *1~~:*JET ~ O)'h~ t"O)tBn1:2b ~ iJ~~IFT t t t ~:, ~n G0)AniJ~l};z Gn -CiJ~ G 
~O)llin#*~T~i~O)~g~OO~UT~~~o 

5)	 Pi == Xi V}li t T ~ t, Ci, == Gi V (Pi 1\ C i - 1) t _ <~ t iJ~1: ~ ~ ~ n J:~, Ci ==0 

Gi V (Pi /\ (Gi-1 V (Pi-1 /\ Ci- 2 ) ) ) == ... == c.V (Pi /\ Gi- 1) V (Pi /\ Pi-1 /\ Gi-2 ) v ... V (Pi 1\ 

Pi-1 /\ ... /\ P1 /\ Co) t ~ ~ ~ ~ ~, Pi,i == Pi' 9i,i == Gi t L, i ~ J, j + 1 :s; k ~ ?~t~T0 

1f:~0) J ~:0v)-C, 

Pi,k	 Pi,j /\ Pj+1,k (6.1) 

9j+1,k V (Pj+1,k /\ 9i,j) (6.2) 

c, ==	 9i,k V (Pi,k /\ Ci- 1) (6.3) 

iJ~J&VJ·fL.0o P1,4 t 91,4 ~P1--P4HJ:lfG1--G4~fflv'-c£<~o 

6)	 ~ (6.1), (6.2) ~:£--:5v)--C Pi,j, Pj+1,k, 9i,j, 9j+1,k ~ An t L, Pi,k, 9i,k ~ ten t T ~ 4 A 
1] 2lli:1J O)~;fUJ!!@]Im ~ CLAi,j,k t T ~ 0 it~, ~ (6.3) ~:£--:5v) lPi,k, 9i,k, Ci- 1 ~ A1J t 
i.. c, ~ tBn t T ~ 3 An 1 tB 1J O)~ffiJJ!!@]Im ~ co., t T ~ 0 ~ 0) t ~, 411Q1 0) HA (HAl, 
HA2 , HA3 , HA4), 41ImO) CC (CC1,1, CC1,2 , CC1,3, CC1,4) , 41ImO) O.R-Y- r, 41rs1O)XOR 
-Y- r-, i3 J:If 511SJ 0) CLA ~ fflv' ~ ~ t ~, Xl -- X4 t Y 1--Y4 i3 J: U' Co ~:~t i.r. 4 ~''Y 

r- O)1JD_*ti* 81--84 tL1)[~0)q:. -\' 1) - C4 ~l±L1JT ~ 4 ~''/ r 1JD_~ (1Jo_:Ei B) ~ffiJJJt 

T ~ ~ t iJ~-r: ~~o 51(Q1O) CLAO) -? t, 3 1fQ1iJ~ CLA1,1 ,2 , CLA2,2,3, CLA1,1,3 -r:~ 0 t: t ~ '\ 
~~ VJ 2 'rlQI 0) CLA O)~~ it* ~~G~a 

7)	 CLAi,j,k ~ mv)t~J:.~G 4 ~''/ r-1JD_~ B ~:13 v~ -C, Xl -- X4 t Y1 -- Y4 i3 J: If Co 0)A1JiJ~ 

fff]a~~:lf it Gnt~a~, l1l1~~: *~T ~ O)iJ~ t"O)lH:JJ1:a;~ ip ~ ~T t t b ~:, -f i1., G0) A1.J 
iJ~lf it G'il., --C iJ~ G.:cO) lliniJ~~~T ~ i ~O)~ESa~ra~ ~ UT 1:~~0 

8)	 N==2n(n~2) tT~o tLT0)2'fi~o)N e',/ r-1JD_~~:i3v)--C, A1.JiJ~-9-;ZGtL--CiJ~G 

l£ 1.J iJ~*~ T ~ t -C- 0) Jl!JlS a~ rE~ ~ n ~Jt1 v)--CUT 1:~-lt 0 

a) 1Jo_g A t fEJ~*~:r~, 1) t 2) ~*o) t~~ijBJ]!~~:£0 < N ~',} r-1Jo_~o 

b) 1Jo_~ B t fff]t~~:~ (6.1)~(6.3) ~:£--:5 <N e:' '/ r-1JD_~o 



7. T tj: 7°0 7~7 ~ :/ :7~§m Scheme 0) ib0 T~?7 O)~~~ib ~, J~.r-fO)~ftj:~mt;:'t 
~/j\O)~ft c. L~IE~ ~ n~ v~ ~ t (J) c. T ~ 0 

(T1) d 7J~~~f~~' S ~ c. ~ ~ d t;t T O)~*~' S ~ 0 

(T2) t c. t' 7J~ T O)~*~' S ~ C. ~ ~ F 'Y l'M (t . t') tt T O)~~~' S ~ 0 

J:~DO)IE~tj:~ T O)~*~t~J - r7J~~~~' '7~)v1i~t ~ nt~=7t*~'S ~ ~ c. ~3Zt!~ 

'"t"v~~o TO)~~C7)-Wil~~7.1 t~~9o *t~~ *r~~~~'fflv~~ Scheme 0)~~fringe1, 

fringe2, samefringe1, samefringe2 O)IE~~tx"",--y*~t~~To 

r---------~ --------------------,	 ---------------~~-----------------------~	 r---------------~----l 
I I	 I I I I 

:. 1 :,	 : : : : 
I I , I
 

'I I I I I
 
I I , I I I
 
I, I J •
 

:	 t : :, .: 1 1.L J : 1 ,	 I 

1 

I 

I I 
I I 
I I 
I I 

1 2 3 4: ' 4: 
I I 
I • 
I , 
, I 

1 2 3 4 : 2 3 : 1 2
 
___ fJ._ ___ _ b. _____________ _ '_~1 j~ t_5__1 !§ .:
 

t1 1 

tz (1 . 2) 

(1 . (2 . (3 . 4))) 
(( 1 . 2) (3 . 4)) 

t3 

t4 

*t: t3 C. t4 tj:~ ;ctL~n (1 2 3 . 4) jO et rJ((1 .' 2) 3 . 4) 0) et '? ~~. <;: c. 
't -C'~ ~o ~rO)*~~9S ~~.~to 

a) ~ 7.1 0) ts 

b) &17.1 0) t6 

2)	 ~rO)fiEI~ S ~-C'.,~to 

a) ~~ fringe1 ~~ 7.1 0) ts t~Jiffl Lt~ C. ~ O)m ~ f~
 

b) ~~ fringe2 ~~ 7.1 0) t4 t~~fflL t~ c. ~ O)m ~ frnI
 

3)	 t ~ T O)~~ c. 9~ 0 N(t) tj: t o)~J - P' O)~~ ~ D(t) tj: t O)~~~ ~~9 to) C. 9 ~o 

{J1j;tt;f~7.1 0) tl, ... , t6 ~~,,?,,~'"t"tt~ N(tl) = 1, N(t2) = 2, f{(t3) = N(t4) = N(ts) = 

N(t6) =4 jO et '(J D(t1) =0, D(t2) = 1, D(t4) = 2, D(t3) =D(t5) =D(t6) == 3 c. i:t. Q 0 ~ 

~ fringe 1 ~ t t~ ~ffl L t~ c.. ~ ~~ Scheme 0) ~~ cons 7J i n¥ rJ lH ~ n ~ @]~ ~ C1(t) 

C. L ~ ~~ fringe2 ~ t ~~~ffl L t: C. ~ t~ ~~ cons 7J~n¥'()\lH~ n~ @]~~ C2(t) c. 
9 ~ 0 f71j;t ti' CI (t4) =8 }3 J:LJ C2(tl) =1 C. i:t. ~ 0 



a)	 11 ~ ~F~ O)~~ c. L, t ~ N(t) =2n 1J~-:J D(t) =n -r.:~ ~ ~ T O)~~ c.9 ~ 0 Ct(t) 

~ n O)~-r.:~~~ 0 

b)	 117i:: 1~J:0)~f>cc. L, t~N(t)=I1-r.:~~OTO)~~C.9~o Ct(t)O)c. ~1'~ 

{laO):&i*{la~ n O)~-r.:~~~ o 

c)	 n ~ 1 ~J:0)~f>c c L, t ~ N(t) = n -r.:~~ ~ T O)~~ c9 ~ C2(t) 0) c ~ 1~O0 

{mIO)ji*{ii~ 11 O)~-r.:~~~ 0 

. 
4)	 OO~ samefringe1 c samefringe2 ~j:, IJ:TI t T~- ?7 ~ 51 f>c c L 'i: c ~ ~~ IJ:TI l: *5*~ 

1j.~~o 

,a) samefringe2 iJ~c~O)~-~ ~~Ib{!P9~iJ~~~aJ3~~o
 

b) samefringe20) samefringel t;:M9 ofIj~~~aJ3~~o
 

(define (samefringel x y)
 
(if (pair? x)
 

(define (fringel x) 
(equal? (fringe2 x) (fringe2 y») 

(append (fringel (car x» 
(fringel (cdr x») (define (samefringe2 x y) 

(cons x I ( ) ), ) ) (or	 (eq? x y) 
(and (pair? x) 

(define (append x y) (pair? y) 
(if	 (null? x)y (same? (digl x) 

(cons (car x) (digl y»») 
(append (cdr x) y»» 

(define (same? x y) 
(and (eq? (car x) (car y»(define (fringe2 x) 

(samefringe2 (cdr x) (cdr y»»(fr2a x ( ) ) )I 

(define (digl x)(define (fr2a x a) 
(if	 (pair? (car x»(if	 (pair? x) 

(digl (cons (car (car x»(fr2a (car x) 
(cons (cdr (car x»(fr2a (cdr x) a») 

(cdr x»»(cons x a») 
x ) ) 


