J?@.#2#0G/EY Bg3X1!M}3X8&5f2J Gn;NA04|2]Dx 3XNO8!::LdBj !J ?t3X !& >pJs?tM}3X%3!<%9 !K ?t 3X J?@.#1#9G/#87n#2#0F| !J 7n !K #1#3;~#0#0J,!A#1#7;~#0#0J, !V Cm0U;v9‘ !W 1. LdBj$O A0 LdBj$,#1Bj !" A LdBj$,#5Bj !" B LdBj$,#1#2Bj$"$k !# A0 $OA40w$,2rEz$9$k$3$H !# A LdBj : A1,...,A5 $NCf$+$i G$0U$K#3BjA*$s$G 2rEz$9$k$3$H !# !J #4Bj0J>e2rEz$9$k$3$H$OG’$a$i$l$J$$ !# !K B LdBj : B1,...,B12 $NCf$+$i G$0U$K#1BjA*$s$G 2rEz$9$k$3$H !# !J #2Bj0J>e2rEz$9$k$3$H$OG’$a$i$l$J$$ !# !K 2. 2rEz MQ ;f $O 5 Kg$" $k $N $G !" $= $N $9 $Y $F $K 2JL\L> !$ %3!<%9L>$H<u83HV9f $r5- F~ $N $3 $H !# 3. 3F2rEzMQ;f$N@5J}7A6uMs$K !" 2rEz$7$h$&$H$9$k LdBjHV9f$rL@5- $7 !" #1Kg$K#1Bj$@$1 $r2rEz$9$k$3$H !# 2rEzITG=$N>l9g$b !" 2rEzMQ;f$r;}$A5" $C $F$O$J$i$J$$ !# 4. LdBj:};R$O;}$A5" $C $F$b$h$$ !#

A0 =89g X $+$i=89g Y $X$N<LA| f : X ! Y $r9M$($k !# (1) X $N 2 $D$N It J, =8 9g A , B $K BP $7 $F , f ( A \ B ) j f ( A ) \ f ( B ) $H $J $k $3 $H $r >Z L@ $; $h !# (2) <!$N 2 $D$N>r7o (a), (b) $,F1CM$G$"$k$3$H$r>ZL@$;$h !# (a) <LA| f $OC1<M$G$"$k !# (b) =89g X $N$I$s$J 2 $D$NItJ,=89g A , B $KBP$7 $F$b , f ( A \ B ) = f ( A ) \ f ( B ) $, @.N)$9$k !# 1

A1 <+ A3 ?t n $K BP $7 $F , n <!J# AG @5 J} 9TNs A4 BN $r M = M n ( C ) $H$9 $k !# $^$? , A 2 M $KBP$7 $F , A $NBP 3Q@. J,A4 BN$N OB$r tr( A ) $H=q $/$3 $H$K $9$k !# $D$^$j , A = ( a ij ) $H$9 $k$H $- , tr( A ) = � n i =1 a ii $HDj$a$k$N$G $"$k !# $3$3$G , C $OJ#AG?tBN $G$"$k !# $3$N$H$- , <!$N3FLd $KEz$($h !# (1) f : M ! C $r , 3F A 2 M $KBP $7$F f ( A ) = tr( A ) $G Dj5A$9$k !# f $, C >e@~7A<LA|$G $"$k$3$H$r>ZL@$;$h !# (2) tr( E ij A ) $r5a $a $h !# $3$3$G , E ij $O ( i; j ) @. J,$N $_ $, 1 $G B>$N @. J,$O $9 $Y $F 0 $H $J$C $F$$$k M $N85$G$"$k !# (3) (1) $GDj$a$? f $r9M$($k !# A 2 M $,>r7o!! 8 B 2 M $KBP$7$F B A 2 Ker( f ) $rK~$?$7$F$$$k$H$9$k !# $3$N$H$- , A = 0 ( n <!Nm9TNs ) $H$J$k$3$H$r>ZL@$;$h !# (4) <!$N (a), (b) $r>ZL@$;$h !# !!!!!! (a) A; B 2 M $KBP$7$F , tr( AB ) = tr( B A ) $G$"$k !# (b) A 2 M $H@5B’9TNs P 2 M $KBP$7$F , tr( P � 1 AP ) = tr( A ) $G$"$k !# (5) A 2 M $KBP$7$F , tr( A ) $O , A $N n 8D$N8GM-CM$9$Y$F$NOB$HEy$7$$$3$H$r>ZL@$;$h !# A2 4X ?t f ( x ) = Z x 0 3 x + 1 x 3 � x 2 + x � 1 dx � log 1 � 2 x + x 2 1 + x 2 ( x < 1) $H $* $/ $H $- <! $N Ld $KEz$($h . (1) f ( x ) $r5a$a$h . (2) f ( x ) $N86E@$K$*$1$k T a ylor E83+$*$h$S$=$N<}B+H>7B$r5a$a$h . (3) (2) $G5a$a$?@05i?t$O x = 1 $G$O<}B+$9$k$+ . 2

A3 n <! 85%f!<%/%j %C %I 6u4V R n $K$* $1$k#2E@ x = ( x 1 ; � � � ; x n ) $H y = ( y 1 ; � � � ; y n ) $N 5wN% d 2 ( x; y ) $H d 1 ( x; y ) $r !" $=$l$>$l d 2 ( x; y ) = v u u t n X i =1 ( x i � y i ) 2 $*$h$S d 1 ( x; y ) = Max fj x 1 � y 1 j ; � � � ; j x n � y n jg $HDj$a$k !# $3$N$H$- !" 5wN%6u4V X 2 = ( R n ; d 2 ) $H X 1 = ( R n ; d 1 ) $O91Ey <LA|$K$h$j F1Aj$H $J$k$3$H$r<($; !# A4 #2$D $N 3N N(JQ ?t X ; Y $OFH N) $G , $H$b $K 6h 4V (0 ; 1) >e$N0l MM J, I[ (uniform distribu- tion) $K=>$&$H$9$k . (1) OB U = X + Y $NL)EY4X?t$r5a$a$h . (2) @Q V = X Y $NL)EY4X?t$r5a$a$h . (3) >& W = X= Y $NL)EY4X?t$r5a$a$h . 3

A5 P ascal $N%W%m%0%i%‘$G !" Dj5A !" @k8@$, const n = n ; t yp e nArra y = arra y [1 .. n] of in teger; pro cedure p( v ar a : nArra y); v ar i, j : in teger; b egin a[1] := 1; i := 1; while sqr(i) < = n do b egin if a[i] = 1 then b egin j := sqr(i); while j < = n do b egin a[j] := i; j := j + i end end ; i := i + 1 end end ; $N$h$&$K$5$l$F$$$k$b$N$H$9$k !# $3$N$H$-JQ?t a $r nArra y 7?$NG[Ns$H $7$F !" <jB3$- p $r p(a) $G8F $S =P$7 $F 5"$C$F $-$? $H $-$N a $K $D$$ $F !" <!$NLd $KM} M3 $H$H $b $KEz $( $h !# C"$7 !" n $O 2 0J>e$N@0?tDj?t$H$9$k !# (1) =89g f i j 2 � i � n ^ a[ i ] = 1 g $O !" $I$s$J=89g$+ !# (2) G[Ns a $K$*$$$F 1 � i � n $J$k i $K$D$$$F !" a[ i ] 6 = 1 $G$"$kMWAG a[ i ] $NCM$O$I$N$h$& $J$b$N$+5-$; !# 4

B1 G $O n <!BP >N72 S n !J $9 $J$o $A !$ =89g = f 1 ; 2 ; � � � ; n g $N >e$N $9$Y $F $NCV 49$N $J $9>hK!72 !K $N??ItJ, 72 !J $9 $J$o $A !$ f 1 g $ G $ S n !K $H$9$k !# $^$? !$ a 2 G $K $h$k i 2 = f 1 ; 2 ; � � � ; n g $NA|$O i a $GI=$7 !$ G $K$*$1$k@Q$O i ab = ( i a ) b ( a; b 2 G ) $HDj$a$k !# $J$* !$ 72 G $NC10L85 !J $N91Ey<LA| !K $b 1 $GI=$9$3$H$K$9$k !# (1) i; j 2 $KBP$7 $F !$ i � j $r i a = j $J$k a 2 G $,B8:_ $9$k $3$H $HDj $a $k !# $3$N $H$- !$ � $OF1CM4X78$G$"$k$3$H$r<($; !# 0J 2< , (1) $K $* $1 $k F1 CM 4X 78 $G i 2 $r 4^ $‘ F1 CM N‘ $r i G = f i a j a 2 G g $H =q $/ !# $^ $? !$ G i = f a 2 G j i a = i g $H$9$k !# (2) G i $O G $NItJ,72$H$J$k$3$H$r<($; !# (3) i 2 $KBP$7 $F !$ F1CM N‘ i G $K4^$^ $l$k 85$N 8D?t j i G j $O j G : G i j !J G $K$*$1$k G i $N;X ?t !K $KEy$7$$$3$H$r<($; !# (4) a 2 G $H i; j 2 $KBP$7$F !$ i a = j $H$9$k$H$- !$ a � 1 G i a = G j $+$D G i a = f b 2 G j i b = j g $G$"$k$3$H$r<($; !# (5) i G = $G !$ $+$D G $,%"!<%Y%k72$J$i$P !$ G i = f 1 g $G$"$k$3$H$r<($; !# B2 R = k [ X ; Y ; Z ] $O BN k >e $NB? 9‘ <0 4D$H $7 !$ I = ( X 2 Y ; X 3 Z ) R $H$9 $k !# R $NAG %$ %G%" %k$G I $r 4^ $‘$b $N A4 BN$r V( I ) $H $9 $k !# $5$i $K V( I ) $K$* $$ $F Jq4^ 4X 78$G 6K >. $JAG %$ %G%"%k$N=89g$r Min( I ) $HI=$9 !# (1) Min( I ) $N85$rA4$F5a$a$h !# (2) R $N G$ 0U$N AG %$ %G %" %k P $K BP$7 $F S = f a 2 R j a 62 P g $O @Q JD =89g $G $" $k $3 $H $r <($; !# (3) P 2 Min( I ) $G X 62 P $J$i $P >jM> 4D R P =I R P $O BN $G$" $k $3 $H$r <( $; !# $?$@ $7 !$ R P $O R $r P $G6I=j2=$7$?4D !J R $N S = f a 2 R j a 62 P g $K$h$k>&4D S � 1 R !K $rI=$9 !# 5

B3 X $r !" 2<?^$N$h$&$K 5 8D$ND:E@ !J 0 <!85C1BN !K !! : < o >; < p >; < q >; < r >; < s > , 8 K\$N JU !J 1 <!85 C1 BN !K !! !! : < op >; < oq >; < or >; < os >; < pq >; < q r >; < r s >; < sp > , 2 8D$N;03Q7A !J 2 <!85C1BN !K : < opq >; < or s > $+$i$J$k?^7A$H$9$k !# X $N<B?t78?t%[%b%m%8!<72 H q ( X ; R ) ; q = 0 ; 1 ; 2 ; : : : $r5a$a$h !# B4 <B?t@. J, 2 <!@5 J}9T Ns A4BN $N $J$9 6u 4V$r M (2 ; R ) $H$*$/ !# <L A| f : M (2 ; R ) ! R 2 $r f � x y z w � = � xw � y z x + w � $GDj$a$k !# M (2 ; R ) $r 4 <! 85%f!<%/%j %C %I 6u4V R 4 $HF10l;k $9$k$H$- f � 1 ( e 1 ) $O M (2 ; R ) $N $J$a$i$+$J 2 <!85ItJ,B?MMBN$G$"$k$3$H$r>ZL@$;$h !# $3$3$K e 1 = � 1 0 � 2 R 2 $H$9$k !# 6

B5 R >e$N %k%Y !<%02D B,=8 9gB2$r M !" %k%Y !<%0B, EY$r m $H $7 !" f ( x ) $O R >e$N HsIi %k%Y!<%02DB,4X?t$H$9$k . ’ ( E ) = Z E f ( x ) dm ( x ) ( E 2 M ) $H$*$/$H$- !" 0J2<$NLd$$$KEz$($h . (1) ’ $O M >e$NB,EY$G$"$k$3$H$r<($; . (2) ’ ( E ) < + 1 $N$H$- !" 8 " > 0 ; 9 � > 0; A � E ; m ( A ) < � !!$J$i$P!! ’ ( A ) < " $G$"$k$3$H$r<($; . B6 0J2<$NLd$$$KEz$($h . (1) f ( z ) $, C � f 0 g $G@5B’$J$i g ( � ) = f ( 1 � ) $b C � f 0 g $G@5B’$G$"$k$3$H$r>ZL@$;$h . (2) J#AG 78?t 2 <!B?9‘<0 f ( z ) $KBP$7 2 $D$NNmE@$,>eH>J? LLFb$K$"$l$P f 0 ( z ) $NNmE@$b>e H>J?LLFbFb$K$"$k$3$H$r>ZL@$;$h . (3) J# AG 78 ?t n <! B? 9‘ <0 f ( z ) = ( z � � 1 ) � � � ( z � � n ) $N Nm E@ $, $9 $Y $F >e H> J? LL Fb $K $" $l $P !" f 0 ( z ) $NNmE@$b$9$Y$F>eH>J?LLFbFb$K$"$k$3$H$r>ZL@$;$h . 7

B7 y 0 ; y 1 $rJQ?t x $N4X?t !" Y = Y ( x ) = � y 0 ( x ) y 1 ( x ) � ; A = � 0 1 � � � � + � � ; b ( x ) = � 0 e �x + e � x � ( � ; � 2 C ) $H$9$k$H$- <!$N3FLd$KEz$($h . $?$@$7 d Y dx = � dy 0 dx dy 1 dx � $G$"$k . (1) %Y%/%H%kI=<($5$l$?HyJ,J}Dx<0 d Y dx = AY $N3F@.J,$NI=$9J}Dx<0$r=q$1 . (2) HyJ,J}Dx<0 d Y dx = AY $r2r$1 . (3) HyJ,J}Dx<0 d Y dx = AY + b ( x ) $r2r$1 . (4) (3) $K$*$$$FFC$K � + � = 0 ; � � > 0 $G$"$k;~ , <B4X?t$rMQ$$$F2r$rI=$; . 8

B8 <+A3?tA4BN $N=89g$r N $H$*$- , N >e$GDj5A$5$l $?<B?tCM4X?t u $G sup x 2 N j u ( x ) j � 1 $r$_$?$9 $b$NA4 BN$N =89g$r � $H$* $/ . X $H Y $r N - CM3N N(JQ?t $H$7 , $=$l $>$l$N N%;6 7?3N N(L)EY4X?t$r f X ( x ), f Y ( x ) ; x 2 N $H$*$/ . (1) G$0U$N u 2 � $KBP$7$F � � E [ u ( X )] � E [ u ( Y )] � � � 1 X x =1 � � f X ( x ) � f Y ( x ) � � $,@.$jN)$D$3$H$r<($; . (2) � $NMWAG u $G � � E [ u ( X )] � E [ u ( Y )] � � = 1 X x =1 � � f X ( x ) � f Y ( x ) � � $r$_$?$9$b$N$r5a$a$h . (3) d ( X ; Y ) = sup u 2 � � � E [ u ( X )] � E [ u ( Y )] � � $HDj5A$9$k . $3$N$H$- d ( X ; Y ) = 2 sup A � N � � P [ X 2 A ] � P [ Y 2 A ] � � $,@.$jN)$D$3$H$r<($; . 9

B9 X 1 ; X 2 ; : : : ; X n $rFH N) $K %Q %i %a !< %? � $N;X ?t J, I[ (exp onen tial distribution) $K=> $&3NN(JQ?t$H$9$k!%$9$J$o$A !$ X i $N3NN(L)EY4X?t$,<!$N$h$&$KM?$($i$l$F$$$k$H$9$k !% f ( x j � ) = � e � � x ( x > 0) $?$@$7 !$ � > 0 $H$9$k !%$3$N$H$-<!$NLd$$$KEz$($h!% (1) 3NN(JQ?t S = n X i =1 X i $N@QN(Jl4X?t M S ( t ) = E ( e S t ) $r5a$a$h . (2) S $NJ?6Q E ( S ) $HJ,;6 v ar( S ) $r5a$a$h !% (3) I8 K\J?6Q X = S=n $,%Q%i%a!<%? � = 1 =� $NITJP?dDjNL (un biased estimator) $G$"$k $3$H$r<($; !%$^$? !$ X $NJ,;6$b5a$a$h . (4) %Q%i%a!<%? � $N%U %# %C %7%c!<>pJsNL (Fisher information) I ( � ) $, I ( � ) = � E ( @ 2 @ � 2 " n X i =1 log f ( X i j � ) #) = n � 2 $H$J$k$3$H$r<($; !% (5) � $KBP $9 $k %/%i %a %k !& %i %* $N2< 8B (Cram � er-Rao lo w er b ound) V = ( @ � @ � ) 2 = ( nI ( � )) $r 5a$a $k$3 $H $K $h$j !$ X $, � $N0lMM :G >. J,;6 IT JP ?dDj NL (UMVUE) $G$" $k $3 $H$r <( $;!% 10

B10 n; k ( � n ) $r <+ A3 ?t $H$7 !" M-8B BN F 2 >e $N n <!85 9T %Y %/ %H%k 6u 4V V $H $= $N k <! 85 $N @~ 7A It J, 6u 4V C $K $D $$ $F 9M $( $k . V $N G$ 0U $N 85 v = ( v 1 ; v 2 ; � � � ; v n ), v i 2 F 2 ( i = 1 ; 2 ; � � � ; n ) $KBP $7 !" $= $N =E $_ w ( v ) $r%Y%/ %H %k v $K4^$^ $l $k Hs Nm MWAG ( $D$^ $j #1 ) $N8D ?t $H $9$k . $^ $? !" V $NG$ 0U$N #2$D$N 85 v ; u 4V $N5w N% d ( v ; u ) $r !" d ( v ; u ) = w ( v � u ) $H Dj 5A$9$k . $3$N$H$- !" 0J2<$NLd$KEz$($h . 1. (A) @~7AItJ,6u4V C $K$*$1$k:G>.5wN% d min ( C ) $r , <!$N$h$&$KDj5A$9$k !% d min ( C ) = min f d ( v ; u ) j v ; u 2 C ; v 6 = u g !!$3$N$H$- !" <!<0$,@.N)$9$k$3$H$r<($; . d min ( C ) = min f w ( v ) j v 2 C ; v 6 = 0 g (B) d min ( C ) � 2 t + 1 ( t $O$"$k<+A3?t ) $J$i$P !" 2 9‘78?t$K4X$9$k<!<0$,@.$jN)$D $3$H$r<($; !% t X i =0 � n i � � 2 n � k 2. k <! 85 $N @~ 7A It J, 6u 4V C $r !" F 2 >e$N ( n � k ) � n 9T Ns H $r MQ $$ $F !" <! $N $h $& $K Dj $a $k . C = f v j H v T = 0 ; v 2 V g !J v T $O v $NE>CV$rI=$9 !K $3$N$H$- !" <!$NLd$KEz$($h . (A) 9T Ns H $N n 8D $N 3F Ns ( 6 = 0 ) $, $9 $Y $F Aj 0[ $J $l $P !" d min ( C ) � 3 $G $" $k $3 $H $r <( $; . (B) d min ( C ) � 4 $H$J $k 9TNs H $r9= @.$7 $? $$!% C" $7 !" ( n � k ) $NCM$O 3 0J>e $N Dj?t $H $7$F M? $( $i $l !" n; k $NCM $O <+M3 $K $H $l $k $b $N $H $9 $k !# $3$N $H $- !" n; k $NCM$, $J $k $Y $/ Bg $- $/ $J $k $h $& $K !" 1.(A) $N 7k 2L $r A0 Ds $K C5 :w E* $K 9= @. $7 $F $$ $/ <j =g $r 5- $;!% 11

B11 2<$N Sc heme $K$h$k%W%m%0%i%‘$K$D$$$F !" <!$NLd$KEz$($h !# 1. <0 (define a (fc)) $rI>2A$7$?7k2L$r5-$; !# 2. >e$N8e !" <0 (a) $r0z$-B3$$$F 3 2sI>2A$7$?$H$-$N7k2L$r5-$; !# 3. <0 (f 3) $rI>2A$7$?7k2L$r5-$; !# 4. <jB3$- f $K$*$1$k0z?t$HCM$N4X78$r4J7i$K1d$Y$h !# |||||||||| Sc heme %W%m%0%i%‘ |||||||||| (define (fc) (let ((c 0)) (lambda () (set! c (+ c 1)) c))) (define (f n) (letrec ((x 0) (a (fc)) (b (fc)) (c (fc)) (g (lambda (n) (cond ((= n 0) (a) 1) ((= n 1) (b) 1) (else (c) (+ (g (- n 1)) (g (- n 2)))))))) (set! x (g n)) (list x (- (a) 1) (- (b) 1) (- (c) 1)))) 12

B12 AH$_ 9g $; O@ M} (com binatory logic) $NBN 7O CLw $r<!$N $h $& $K Dj 5A$9 $k !# CLw $N4p K\ 5-9f (primitiv e sym b ol) $O2D ;;8D $NJQ ?t ’ x ’, ’ y ’, ’ z ’,... $H ’ K ’, ’ S ’ $H$$$& Dj ?t5- 9f$H 2 $D$N 3g 8L ’(’, ’)’ $G $" $k !# CLw $N 4p K\ 5- 9f $+ $i :n $i $l$k I= 8= $N Cf $K 9‘ $H 8F $P$l $k $b $N $, $" $j , (1) JQ?t $H Dj ?t 5- 9f $O 9‘ $G $" $k , (2) M $H N $,9‘ $J $i $P ( M N ) $O9‘ $G $" $k , $H5" G< E* $K Dj5A$5$l$k !# 9‘$NB-$j$J$$ 3g8L$O :8$+$i Jd$&$3$H $K$9$k !# $9$J$o$A , S xy S $O9‘ ((( S x ) y ) S ) $rI=$7$F $$$k !# M $H N $r 9‘$H $9$k$H $- , M B 1 N $*$h$S M B N $H$$ $& 2 <o N‘$NI= 8=$r CLw $N <0 $H$$ $& !# >ZL@?^$N=PH/ E@$H$J $k8xM} $O<0$G $"$j , >Z L@?^$O <0$rLZ >u$KJB $Y$?$b $N $G $" $k !# >Z L@ ?^ $O $= $N:, 85 $K $" $k <0 $K;j $k >Z L@ ?^ $H 8F$P $l $k !# BN 7O CLw $N8x M} 7? $O<! $N 3 $D$G$"$k !# ( K ) K M N B 1 M ( S ) S M N R B 1 M R ( N R ) ( � ) M B M BN7O CLw $N?dO@5,B’$O<!$N 3 $D$G$"$k !# N B 1 R M N B 1 M R ( � ) ; M B 1 N M R B 1 N R ( � ) ; M B 1 N N B R M B R ( � ) : <0 M B 1 N $K;j $k BN 7O CLw $N>Z L@ ?^ $, $" $k$H $- , M B 1 w N $H=q $/ !# $^$? , <0 M B N $K;j $k BN 7O CLw $N>Z L@ ?^ $,$" $k $H $- , M B w N $H=q $/ !# M B 1 w N $H$J $k $h $& $J 9‘ N $,B8:_ $7 $J $$ $H $- , 9‘ M $O @5 5, 7A (normal form) $G$" $k , $H $$ $& !# M B w N $+ $D 9‘ N $, @55, 7A $N $H$- , N $O M $N@55, 7A$G $"$k$H $$$& !# 9‘ S ( KS ) K $r B $HI=5- $9$k !# 99$K , 9‘ S ( BBS )( KK ) $r C $HI=5-$9$k !# $3$N$H$-<!$NLd$$$KEz$($h !# 1. 9‘ B xy z $N@55, 7A$r 5a$a $h !# ( B xy z B @55,7A $K;j $k>Z L@?^ $O =q$+ $J$$ $G$h $$ $, , 7k2L $@$1$G$J$/ESCf7P2a$b=q$/$3$H !# ) 2. 9‘ C xy z $N@55, 7A$r 5a$a $h !# ( C xy z B @55,7A $K;j$k >ZL@ ?^$O =q$+ $J$$ $G$h $$$, , 7k2L $@$1$G$J$/ESCf7P2a$b=q$/$3$H !# ) 3. M B w N $+$D N B w R $J$i$P M B w R $G$"$k$3$H$r>ZL@$;$h !# ( %R%s%H : M B N $K ;j$k>ZL@?^$ND9$5$K4X$9$k5"G<K!$G>ZL@$9$k !# ) 13