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                                                                                1 - "+$,&!"'$%"'&&!"($%"(&&!"#$%"#&&!"$%"&& 2009,   nishioka/ : 5 ( 1.1!"*$%"*&& W path, x (i ρ 1, ρ 2, ±1. n, 2 n paths. 1 ρ 1, ρ 2, {1, 1}. a n, { a, n = 0 (1.1 w(n a + ρ 1 + ρ ρ n, n = 1, 2, (ii (0, a (n, b W, u w(1 a, w(2 w(1,, w(n w(n 1, 1 v w(1 a, w(2 w(1,, w(n w(n 1, , ( path W : W : (0, w(0 (1, w(1 (2, w(2 (n, w(n & (!&#'% '*$!"#$%
2 , : Step 1., a > 0, b > 0, u v = b a, u + v = n u = n + b a 2, v = n b + a. 2 (iii (0, a (n, b W, (ii. path N(n (1.2 n! N(n = n C u = ( n + b a! ( n b + a! 2 2 n b a. = n C (n+b a/2. W : (0, a (1, w(1 (n, b, w(t 0 0 < t < n path,. (i W, x, x t. t = min{k : w(k 0}. (ii W, path W : (2.1 W : (0, a (1, w(1 (t, 0 (t + 1, w(t + 1 (n, w(n. 2, c 0 < k n, S k > c *1. "%$'& "%$*'&!"#$!%& "($&! W path (, t W x, t W path. Step 2., 1:1. (0, a (n, b x path (0, a (n, b path, path. (0, a (n, b path (0, a (n, b x path, path. *1, {w(n}, 1 c.
3 !"#$!%& "($& (,. "%$'& 2.1 "%$*'& (0, a (n, b x path 2.2 (. b > 0. (0, 0 (n, b path, (2.3 w(1 > 0, w(2 > 0,, w(n = b > 0!"#$%!&#'%!*#"%!"#($% 2.2 (0, a (n, b path (2.4 b n nc (n+b/2. [ ] w(1 > 0, (2.3 path (1, 1. (1, 1 (n 1, b path (2.3. (1.2 + [ ], 2.1. (i (0, a (n, b W, W x path = (0, a (n, b W path. (i (1, 1 (n, b path = n 1 C (n+b/2 1. (ii x path = (1, 1 (n, b path = n 1 C (n+b/2. (ii, (1.2,, (2.2 ( n + b + a 2 n!! ( n b a! 2 ( (1.2 a a. = n C (n+b+a/2 = n 1 C (n+b/2 1 n 1 C (n+b/2 (n 1! (n 1! = ( ( ( ( (n + b/2 1! (n b/2! (n + b/2! (n b/2 1! = n! ( (n + b/2 ( ( (n + b/2! (n b/2! n = n C (n+b/2 b n. (n b/2 n
4 3 path W : w(0 = 0, w(1, w(2,, w(n ( &'(*+,-./0 y(k w(k w(k 1 = ±1, k = 1,, n. path W ( : (3.1 W : w (0 = 0, w (1 y(n, w (2 y(n + y(n 1,, w (n y(n + + y(1. &'(*+,-./0 Step1. path W path W (3.1. W, W : 1., 2., 3. &'(*(+,-./01234 W w(k > 0, k = 1, 2,, n. &'(*+ path W path W. w (n = w(n w(n 1+w(n 1 w(n 2+ w(1 w(0 = w(n., Step 2. Ŵ : (0, 0 (n, b, ŵ(k > 0 for k = 1, 2,, n. path Ŵ. (3.1, Ŵ path Ŵ (3.2.
5 Ŵ, Ŵ : 1., 2., 3.. &'(*(+,-./ &'(*+,-(.-/,-0,-1, ,, ( w(n > w(k for all k = 1,, n 1 path. W W b > 0. (0, 0 (n, b path &'(*+,-./0 ( (3.2 w(n > w(k for all k = 1,, n 1 1 b n n C (n+b/2. &'(*+,-./0 [ ] Step 1. (0, 0 (n, b path (3.2 W : (0, 0 (n, b, w(n > w(k for k = 1, 2,, n 1. paht W (3.1 W
6 Step 3. Step 1, 2 W : (0, 0 (n, b w (k = w(n w(n 1 + w(k w(k 1 = w(n w(k 1 > 0 (3.2 path = (3.3 path. path 2.2 b n nc (n+b/2. W (3.3 W : (0, 0 (n, b, w(k > 0 for k = 1, 2,, n. Step 2. Ŵ : (0, 0 (n, b, ŵ(k > 0 for k = 1, 2,, n. 3.2., +1, 1 path Ŵ. (3.1, Ŵ path Ŵ (3.2.,, y(k Ŵ (k Ŵ (k 1, k = 1, 2, n n. b 1 2 n b n nc (n+b/2. n, path 1 1/2 n. bw (n = y(n + y(n y(1 = bw(n bw(0 = bw(n, bw (k = y(n + y(k = bw(n bw(k 1 ŵ (n ŵ (k = ŵ(n Ŵ (3.2. ( ŵ(n ŵ(k 1 = ŵ(k 1 > 0.
7 4 4.1 (. A = j, B = k, j > k, X path (0, 0 (1, 1. j + k, A j, B k, X : (0, 0 (1, 1 (j + k, j k,, A B = (1, 1 (j + k, j k path x.., A B = j k j + k., (1, 1 (j + k, j k path x. path (j + k 1! j+k 1C j 1 j+k 1 C j = (j 1! k! (j + k 1! 1 = (j 1! (k 1! k 1 = j = (j + k! j! k! j k j + k j k j k (j + k 1! j! (k 1! (j + k 1! (j 1! (k 1! j k j k = j+kc j j k j + k. [ ], A - B, X., A B, 1 A., (0, 0 (j + k, j k path j+k C j,, A B = j+k C j j k / j+kc j = j k j + k j + k. "&'($&(% &(#!"#$#% # &'( &'(#
8 5, 2n x path. [ ] (i (5.1 + (5.2 path, (2n 1, 1. (5.1 W : (0, 0 (2n, 0. path 2n, 2n.!%&%'!"#$%&%' (5.1 path 2n C n. 5.1 (5.2 path x path. (5.1 + (5.2 path, W : (0, 0 (2n 1, 1 (5.2., [ ] (i (5.1, (5.2 w(1 > 0, w(2 > 0,, w(2n 1 > 0, w(2n = 0 path 1 n 2n 2C n 1. b > 0. (0, 0 (n, b path, w(1 > 0, w(2 > 0,, w(n = b > 0 (b/n n C (n+b/2. (ii (5.1, (5.3 w(1 0, w(2 0,, w(2n 1 0, w(2n = 0 path 1 n + 1 2nC n. (5.1 + (5.2 path = = 1 2n 1 (2n 1! n! (n 1! = 1 n 1 2n 1 2n 1 C n (2n 2! (n 1! (n 1! = 1 n 2n 2 C n 1.
9 (ii 5.1, (i path, W : (1, 1 (2n 1, 1 (5.3. (, ρ 1, ρ 2,.,, { ρk = 1, 1/2 k ρ k = 1, 1/2 (5.4 (1, 1 (0, 0, (2n 1, 0 (2n, 0, (5.1+(5.3 path. (5.4, n n + 1,. a = 0, w(n = { 0 n = 0 n k=1 ρ k n 1 (5.1 + (5.3 path = 1 n + 1 2n C n. n. W : (0, 0 (n, w(n path 2 n, path 1/2 n. 6,. ρ 1, ρ 2, {1, 1}. a n, { a, n = 0 w(n a + ρ 1 + ρ ρ n, n = 1, 2,., 2, ( path W : ( W : (0, 0 (1, w(1 (n, w(n path,. (i n w(n = 0, (ii n 0 w(1 0,, w(n 1 0, w(n = 0, (iii n r > 0 w(1 < r,, w(n 1 < r, w(n = r.,. W : (0, w(0 (1, w(1 (2, w(2 (n, w(n
10 w(0 = 0. u 2n 1 2 2n 2n C n, n = 1, 2,, u 2n. (i P[w(2n = 0], (ii P[w(1 0, w(2 0,, w(2n 0], (iii P[w(1 0, w(2 0,, w(2n 0]. [ ] (i (0, 0 (2n, 0 path 2n C n., 2n path 2 2n, (i. (ii Step P[w(0 = 0, w(1 0, w(2 0,, w(2k 1 0, w(2k = 0] = 1 2 ( k k 2k 2 C k 1 = 1 2k u 2k 2., { 2n } = { } { 2 }, { 4 } { 2n } P[w(0 = 0, w(1 0, w(2 0,, w(2n 0] = 1 P[w(1 0, w(2 = 0] P[w(1 0, w(2 0, w(4 = 0] P[w(1 0,, w(2n 0] (6.2 = u u 2 1 2n u 2n (i W : (0, 0 (2n, 0, w(1 > 0. w(2 > 0,, w(2n 1 > 0, w(2n = 0 path 1 n 2n 2C n 1. w(1 > 0, w(2 > 0,, w(2k 1 > 0, w(2k = 0 path 1 2k 1 2k 1 C k == 1 2k 1 (2k 1! k! (k 1! = 1 k 2k 2 C k 1. w(0 = 0, w(1 0, w(2 0,, w(2k 1 0, w(2k = 0 2 path, 2, k 2k 2 C k 1. Step 2. u 2k 2 u 2k = = 1 2 2(k 1 2k 2 C k (2k 2! 2 2(k 1 (k 1! (k 1! ( 1 1 4, (6.2, (ii. 2 2k 2k C k (2k 1 2k k k = 1 2k u 2k 2 P[w(0 = 0, w(1 0, w(2 0,, w(2n 0] = u u 2 1 2n u 2n 2 = 1 (u 0 u 2 (u 2 u 4 (u 2n 2 u 2n = 1 u 0 + u 2n = u 2n.
11 (iii Step (ii W : (0, 0 (2n, 0, w(1 0, w(2 0,, w(2n 1 0, w(2n = 0 path 1 n + 1 2nC n. {w(0 = 0, w(1 1, w(2 1,, w(2k 2 0, w(2k 1 < 0} = {w(0 = 0, w(1 1, w(2 1,, w(2k 2 = 0, w(2k 1 = 1} Step 2.., { 1, 2,, 2n } = { } { 1 }, (6.3 { 3 } { 2n 1 } P[w(0 = 0, w(1 0, w(2 0,, w(2n 0] = 1 P[w(1 = 1] P[w(1 0, w(2 0, w(3 = 1] P[w(1 0,, w(2n 2 0, w(2n 1 = 1] = u u 2 1 2n u 2n 2. (6.3 = (6.2 (ii, (iii.!&%&' 6.1!"#$(%$(' 2k 1 path!"#$"%&' P[w(0 = 0, w(1 1,, w(2k 2 0, w(2k 1 < 0] = P[w(0 = 0, w(1 1,, w(2k 2 = 0, w(2k 1 = 1] = k 1 k 2k 2 C k 1 = 1 2k u 2k 2. & $( ( RW,, n 1. u 2n 1 2 2n 2n C n,. (6.4 u 2n = [ ] Step 1. (6.1 n k=1 1 2k u 2k 2 u 2n 2, u 0 1. w(0 = 0 RW. P[w(0 = 0, w(1 0, w(2 0,, w(2k 1 0, w(2k = 0] = k k 2k 2 C k 1 = 1 2k u 2k 2.
12 , RW path 0 2T. 2T = 2k path 2 k 2k 2 C k 1 = 2 k u 2k 2. w(2k = 0 w(2n = 0 path 2(n kc n k = u 2n 2k. Step 2. w(0 = 0 RW. 6.1 (i w(0 = 0, P[w(0 = 0, w(2n = 0] = u 2n., RW 2n 0., (6.5 (6.5 w(0 = 0, 2k 0, w(2n = 0 path 2 k 2k 2 C k 1 2(n k C n k = 2 k u 2k 2 2 2k 2 u 2n 2k 2 2n 2k = 22n 2k u 2k 2 u 2n 2k. u 2n = P[w(0 = 0, w(2n = 0] nx = P[w(0 = 0, 2k 0, w(2n = 0] = k=1 nx k=1 2 2n 2k u 2k 2 u 2n 2k 1 2 = X n 1 2n 2k u 2k 2 u 2n 2k. k=1 %&'((*+, 7 path (excursion -./012,.,, $!"!# k { ρk = 1, 1/2 ρ k = 1, 1/2. a = 0, +,-./.012 w(n = { 0 n = 0 n k=1 ρ k n 1 n. $ %&'(*!"!# W : (0, 0 (n, w(n path 2 n, path 1/2 n.
13 ( 3 (7.1 b > 0 path!"#$%&'(*+,-./ ,- 9 ( path,. k 1 k path, k.. : 8! '($%& '$%& "#$%& '*$%& n b path., 3.1[ ] (7.1. b 3.1 b > 0. (0, 0 (n, b path b = w(n > w(k for all k = 1,, n 1 b n n C (n+b/ b., 2n, b b 1 = 2n b 2n b C n 2 2n b., b., 2n b b path b 2n b 2n b C n, n b > 0,
14 [ 7.2 Part 1.] b > 0, (7.2, 2n b b path w &,. * +, +& &'( -& * &'( -, (, 7.1 path w * -, -& &'( &'+,( path 1, 1 L 0 b. (i, (ii 1, (iii 2,. (iv b 1 *,&,-,-.+-,&.+& &'( (& &'+&(!!+, &!!+,-. * &'( (, -./012,,3* -./+. -&/+& &'+,( * &'(!!+,-.
15 path w. [ ] 7.1 path w, :! ""#$%& ""#$%& ""#$%& '(! 1 T 1, 2 T 2,. b 1 T b 1 w. w!!+,-.!!+,-. (7.3 (7.4 w (0 = 0, w (2n = 0, w (k 0 for k = 0, 1,, 2n, k = 0, 1,, 2n, w (k = 0 k b + 1. * /0 /&!!+,-. &'( 7.3. (7.3, (7.4,. 1, 1 L 0. path w, path w. 0. (i L 0 w (1 = 1, (ii w, 1 T 1. (i L 0 1, w T 1 T w (T = 0. T w 1 0 =. ""#$%& *$ +* '$ +'!! '( ""#$%& ""#$%&
16 ! $$%&'( *,-./ *,01/ $$%&'( $$%&'( *& +* "& +" 2",-./ 2",01/ 23,-./ 23,01/ (iii w T 1 L 0 w(t = 1, (iv w, 2 T 2. (i, (ii L 0 2, w T 2 T w (T = 0. T w 2 0 =2. "#! [ 7.2, Part 2] (7.3, (7.4 2n b 0 path w (7.3 w (0 = 0, w (2n = 0, w (k 0 for k = 0, 1,, 2n, (7.4 k = 0, 1,, 2n, w (k = 0 k b + 1. path w. (7.5 w, (7.2, 2n b b path ŵ. (v w T 1 L 0 w(t = 1,. (vi w, b 1 T b 1. (i,, L 0 b 1, w T b 1 T b 1 + b 1. w (T b 1 + b 1 = 0. T b 1 + b 1 w b 1 0 =b 1. (vii w T b 1 L 0 w(t b 1 + b = 1, (viii w, 2n b b. (i,, (vii L 0 b, w 2n b 2n. w (2n = 0. 2n w b 0 =b. [ 7.2, Part 3] Step 1., Part 1 Part 2, 2n b 0 path w (7.3 w(0 = 0, w(2n = 0, w(k 0 for k = 0, 1,, 2n, (7.4 k = 0, 1,, 2n, w(k = 0 k b n b b path (7.2, 2n b b path w 1 : 1.
17 7.1 Step 2. = = b 2n b 2n b C n. (7.3, (7.4 path w. w, 2n path 2 2n,, 2n, b b 2n b 2n b C n 2 b 1 2 2n = b 1 2n b 2n b C n 2 2n b. 0 0 }{{} 2 0 }{{} 2 b 1 0 b 0 }{{} b b. (7.3 path w x. x, 2 b path. "#$%& '($%& '$%& '*$%& 8 Arc sine - k 1 k path w x, RW 1.!, 7.2 path w, {w(k 1 0, w(k > 0} {w(k 1 > 0, w(k 0},. RW., 2n, b path, b 2n b 2n b C n 2 b.
18 Arc sin path w, R(2k, 2n RW 2k, n 2k R(2k, 2n = 1 2 2k 2kC k 1 2 2n 2k 2n 2kC n k RW n, n = R(n, 2n n = 10, n = 54. n = 10 2k R(2k, , (= : n = 10 R(0, 20 / R(10, n., n = 54 R(0, R(4, 54. R(25, R(29, (, n = % 80% 61% 60% 40% 19% 39% 20% 29% 14% 13% %, 80-61%, 60-40%, 39-20%, 19%
19 [ 8.1 ] u 2n 1 2 n 2n C n.. Step 1. k = 0, 2n (iii w(0 = 0. $ %&'(* +*,-!.-/0!"!# P[w(1 0, w(2 0,, w(2n 0] = u 2n, RW 0 2n u 2n., R(2n, 2n = u 2n. RW, R(0, 2n = u 2n. Step 2., 1 k n 1. 2k > 0, 2(n k > 0 RW. RW x, 2T RW x Step 3. (8.1 path (i W : (0, 0 (2n, 0, (8.3 w(1 > 0, w(2 > 0,, w(2n 1 > 0, w(2n = 0 path 1 n 2n 2C n 1., 2k, 2(n k RW : w(k > 0 for k = 0, 1,, 2T (8.1 2T 2n, 2k 2T. w(k < 0 for k = 0, 1,, 2T (8.2 2T 2n, 2k. 0 = w(0 w(1 > 0 w(2t 1 > 0 w(2t = 0 path 1 T 2T 2 C T 1. 1 T k, (8.1 path = 1 T 2T 2 C T 1 2 2(n T R(2(k T, 2(n T. {z } R, 1 T n k, $ %&'(* (*+,!-.!",,/0!"!# (8.2 path = 1 T 2T 2 C T 1 2 2(n T R(2k, 2(n T. {z } R.
20 6.2 (8.4 2 n R(2k, 2n = (8.1 + (8.2 kx 1 = T 2T 2 C T 1 2 2(n T R(2(k T, 2(n T T =1 n k X 1 + T 2T 2 C T 1 2 2(n T R(2k, 2(n T. T =1 n 1. u 2n 1 2 2n 2n C n,.. u 2n = nx k=1 1 2k u 2k 2 u 2n 2, u 0 1. Step 4. (8.5 m = 1, 2, n 1,, R(2k, 2m = u 2k u 2(m k,,. R(2k, 2n = u 2k u 2(n k, k = 0,, m k = 0,, n kx 2 n R(2k, 2n = 2 2n 1 1 2T u 2T 2 u 2k 2T u 2n 2k T =1 {z } u 2k n k X +2 2n 1 1 2T u 2T 2 u 2(n k 2T u 2k T =1 {z } u 2(n k = 2 2n 1 u 2k u 2n 2k + u 2n 2k u 2k = 2 n u 2k u 2n 2k. k = 0, 2n Step 1. 1 k 2n 1. (8.4 2 n R(2k, 2n = kx 1 = T T =1 2T 2C T 1 {z } 2 2T 2 u 2T 2 2 2(n T R`2(k T, 2(n T {z } (8.5 u 2k 2T u 2n 2k 9 (i,. (ii,,. n k X 1 + T T =1 2T 2C T 1 2 2(n T R`2k, 2(n T {z } {z } 2 2T 2 (8.5 u 2T 2 u 2k u 2n 2k 2T = kx T =1 1 T 22n 2 u 2T 2 u 2k 2T u 2n 2k n k X 1 + T 22n 2 u 2T 2 u 2k u 2n 2k 2T. T =1 6
21 9.1 U : (i 1, +1, 1. (ii, U p (0 < p < 1. (iii a, 0 (=. (. (i U n, 1 n a 1. { n + 1 (ii 1. U n 1. (iii, U 2 n + 1 n 1 (=.! ' #$%& # #$% #&% (!" " (, U n (0 < n < a. U,. a Q(n (i 2 p n + 1, q = 1 p n 1. (ii a (=.. (iii, 0 (=,.. 9.1, (9.1. (9.1 Q(n = p Q(n q Q(n 1, Q(a = 0, Q(0 = 1, p + q = 1.
22 9.2 Case 1. p = 1/2. p = 1/2 = q = 1 p (9.1 Q(n = 1 2 Q(n Q(n 1 2 Q(n + 1 Q(n = Q(n Q(n 1 Q(n + 1 Q(n = = Q(1 Q(0 = Q(1 1. Q(n = ( ( Q(n Q(n 1 + Q(1 Q(0 + Q(0 = (Q(1 1n + Q(0 = (Q(1 1n + 1. (9.1 2 Q(n Q(n 1 = γ n 1{ Q(1 Q(0 } = γ n 1{ Q(1 1 }. Q(n = ( ( Q(n Q(n 1 + Q(1 Q(0 + Q(0 = { Q(1 1 }{ γ n 1 + γ n γ + 1 } + 1 = { Q(1 1 } 1 γ n 1 γ + 1 = 1 { { γ + Q(1 + 1 Q(1} γ n }. 1 γ Q(1. 0 = Q(a = 1 + (Q(1 1a Q(1 1 = 1/a. 1 Step 2. (9.1 2, (9.2 p = 1 2 Q(n = 1 n, n = 0, 1,, a. a 0 = Q(a = 1 1 γ { γ + Q(1 + ( 1 Q(1 γ }. Q(1 = γa γ γ a 1. Case 2. Step 1. p 1/2 p + q = 1, (9.1 Step 1 2 (p + q Q(n = Q(n = p Q(n q Q(n 1 p { Q(n + 1 Q(n } = q { Q(n Q(n 1 }. γ q/p, : { Q(n + 1 Q(n } = γ { Q(n Q(n 1 }. (9.3 p 1 2 Q(n =, n = 0, 1,, a. γa γ a 1 γn γ a 1 = γa γ n γ a 1.
23 9.3, : 9.2. U a, n (0 n a, 1 1. Q(n 1 n a, p = 1/2, Q(n = (1/p 1 n (1/p 1 a 1 (1/p 1 a, p 1/2. a = 100 a = 1000 p Q( p Q( ( 9.2 Q(n p, a = 100, n = 50, a = 1000, n = 500, Q(n. 1 2, : a = 100 (, a = 1000 (
24 (i 1 (a = 100, n = 50, p = 0.5 Q(50 = 0.5,, p = % Q(50 = (ii 2 (a = 1000, n = 500, 1 p. Q n p = 0.5 Q(50 = 0.5, p = % Q(500 = p = 0.51( p = 0.52( n, p > 0.5, (. a = 100, p = 0.52, n Q(n n a = 100, p = 0.51 Q(n a = 100, p = 0.52 Q(n , 2 % (p = 0.52, 1/10, 50%., : 9.3. (i Q(n, p a (ii,,. a, p. ( Q(n.
25 , Q(n Q (n ,. [ ] Q (9.4 : (1/p 1 2n (1/p 1 2a = ˆ(1/p 1 n (1/p 1 a ˆ(1/p 1 n + (1/p 1 a , 1/2, 1/2 Q (9.4 : 1 (1/p 1 2a = ˆ1 (1/p 1 a ˆ1 + (1/p 1 a, U Q (n. [ ] Step1. [ 9.4 ],,. Q (n = [ (1/p 1 n (1/p 1 a][ (1/p 1 n + (1/p 1 a] [ 1 (1/p 1 a ][ 1 + (1/p 1 a] = Q(n (1/p 1n + (1/p 1 a 1 + (1/p 1 a. Step 2., 9.2 : n 2n, a 2a., Q (n., p 1/2 (9.4 Q (n = (1/p 12n (1/p 1 2a 1 (1/p 1 2a. p < p 1 > 1 (1/p 1n + (1/p 1 a 1 + (1/p 1 a > 1. Q(n Q (n < p < 1 2 Q (n > Q(n, 1 2 < p < 1 Q (n < Q(n.
26 9.5 1/3, 1/4,. Q(n n, a, (i p 1/2,. (ii p 1/2, , (i 1, +1, 1. (ii, U p (0 < p < 1. (iii a, 0 (=. (, (. n, a. D(n * , D(n.,,. Step 1. (i n + 1, (ii, n 1, (iii, 1, : *1..
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