




























Leaving the section from 0 to F unchanged, reflect the section from F to P about AE. The 
reflection is shown by the dotted line ending at P'. The coordinates of pI are (j - 1, i + 1). 
The reflection determines a one-to-one map of any illegitimate path to (i,i) to another 
path to (j - 1, i + 1). Thus u( i, j) is obtained by eliminating the illegal routes, and so 

u(i,j) = w(i,j) - w(j - 1, i + 1). (23) 

Thus the problem of determining u(i,j) is reduced to finding w(i,j) and wei + l,j -1). 

Two noticeable features of the u( i, j) array are: 
(i) the apparent preservation of the zero-holes of the w( i, j) array, 
(ii) the string of zeros running along diagonally at equal intervals. 

Interpretation of (i) and (ii). 
(i) From (23) and the symmetry ofw(i,j) array it follows that 

u(i,j) = w(i,j) - wei + l,j - 1). (24) 

The zero-holes of the w( i, j) array represent square shaped cells or clusters containing p X p, 
p2 X p2, ... zero-entries. Exclude the first column and last row of the zero-hole. Then, for 
any entry (i,i) of the remaining array, w( i,j) = w( i + l,j -1) 0; hence u(i,j) = O. Thus 
the u( i, j) array contains zero-holes beginning in rows divisible by p, p2, ... ; these holes 
are generally square shaped and of size (p - 1) X (p - 1), (p2 - 1) X (p2 - 1), .... At the 
cut-off edge, the squares are cut to triangular shape. 

(ii) Consider the point (d, d) on the diagonal of some cell in the w( i, j) array. By the 
symmetry of the cell, wed, d + 1) = wed + 1, d), as long as both (d, d + 1) and (d + 1, d) 
belong to the same cell. (This is not the case when (d, d) is in the last row.) 

Hence by (24), u(d,d + 1) = w(d,d+ 1) - wed + I,d) = 0, provided that pI (d + 1). 

This accounts for the diagonal strings of zeros, cut at points where i is a multiple of p. 

Next we deal with restrictions on the minimal route (Section 3). Outputs are shown on 
tables (7) and (8), of the positive half of the array mod 3 and mod 7. Here the restriction 
consists of cutting away the negative part of the chessboard, while still allowing diagonal 
steps in the negative direction, as long as the whole path is confined to the positive side. 

Let AD, shown on Figure 9, be the line y+ 1 = 0, and OFP an illegal path, with F the 
first intersection of this path with AD, and the path F P' the reflection of the F P section 
in AD. The coordinates of pI are (n, -(k + 2)). 

Denote by [~] the number ofrestricted paths between 0 and.P. All illegal paths ending 

at Pare bijectively mapped to P'. Excluding these, we obtain 

(25) 

Thus 

[n] {n-1} {n-l} {n-l} ({n-l} {n-l} {n-l}) k = k-l + k + k+l - k+l + k+2 + k+3 
205 



( 
I 

Ip' 

/ 
/ 

A 0 

pen, k) 

Figure 9 

with 

== [~= ~] + [n ; 1] + [~~ ~] (k ~ 0) 

[~] == 1. 

Let 

[~] == [~] (mod p). 

By (25), 

From (26) it follows that 

(i) [7] == 0 unless plk or pl(k + 2) 

.. [np] {np} { np } {np} -{n} 
(11) kp == kp - kp + 2 == kp == k (k ~ 0). 

(26) 

Note that, in general, [~;] :f= [~], and this means that the cell cluster structure of the 

{ ~} array is not inherited. 

However, an interesting feature of the array is the regularly spaced vertical columns of 
zeros, interrupted in the rows just above the rows where n == 0 (mod p). Consider 

[
AlP + ao] h 
B b

' were bo == p - 1 an dO:::; ao < p - 1. 
lP+ ° 
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Then, by (26), 

[
AlP + ao] { AlP + ao } { AlP + ao } 

B1P + P - 1 = (BI + l)p - 1 - (Bl + l)p + 1 

The two terms on the right hand side represent entries in a cell where the head is 

{
AlP } 

(Bl + l)p . 

If ao < P - 1, the entries are in the free part of the cell which is symmetrical; hence the terms are equal. Thus under the above conditions 

[
A,P + ao] = o. 
B,p+ bo 
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ARRAY DISPLAYING NO. OF WALKS MODULO 3 
A, a, e,D ARE 1 1 1 0 

o 111111111111111111111111111111111111111111111 
1 1.21.21.21.21.21.21.21.21.21.21.21.21.21.21.2 
2 121121121121121121121121121121121121121121121 
3 111. .• 222111. .. 222111 ... 222111. .. 222111. •. 222 
4 1.2 .•. 2.11.2 .•. 2.11.2 ... 2.11.2 .•. 2.11.2 .•• 2.1 
5 121 .•. 212121. .• 212121. •• 212121. .. 212121. •. 212 
6 111222111111222111111222111111222111111222111 
7 1.22.11.21.22.11.21.22.11.21.22.11.21.22.11.2 
8 121212121121212121121212121121212121121212121 
9 111111111. .••••••. 222222222111111111. ...•..•. 

10 1.21.21.2 ••..•.••• 2.12.12.11.21.21.2 .•..••..• 
11 121121121 ••..••••. 212212212121121121 ...••.... 
12 111 .•• 222 •..••.... 222 ..• 111111 ... 222 ...••... 
13 1.2 ••• 2.1 •.••••••. 2.1 ..• 1.21.2 .•• 2.1 ...••.... 
14 121 ... 212 •.•••.••• 212 ... 121121 .•• 212 ...•••.•. 
15 111222111 •...••... 222111222111222111 ...•••.•. 
16 1.22.11.2 ..•.•.••. 2.11.22.11.22.11.2 ...•••... 
17 121212121 ••....... 212121212121212121 ....•••• 
18 111111111222222222111111111111111111222222222 
19 1.21.21.22.12.12.11.21.21.21.21.21.22.12.12.1 
20 121121121212212212121121121121121121212212212 
21 111. •• 222222 ••• 111111. .. 222111. •. 222222 ••• 111 
22 1. 2 ••. 2.12.1. •. 1 .21.2 .•• 2.11. 2 ••. 2.12.1. •• 1. 2 
23 121. •• 212212 ••• 121121 •.. 212121. •. 212212 .•. 121 
24 111222111222111222111222111111222111222111222 
25 1.22.11.22.11.22.11.22.11.21.22.11.22.11.22.1 
26 121212121212121212121212121121212121212121212 
27 111111111111111111111111111 .••..........•.•.. 
28 1.21.21.21.21.21.21.21.21.2 •••.•.....•...••.. 
29 121121121121121121121121121 ........•...•..•.. 
30 111 .•. 222111 .•. 222111 ... 222 .•........•......• 
31 1.2 ••. 2.11.2 ••• 2.11.2 ... 2.1 ••••...•....•..•.. 
32 121 ••• 212121 .•. 212121 ... 212 ................. . 
33 111222111111222111111222111 .••...•.....•.•..• 
34 1.22.11.21.22.11.21.22.11.2 ....•.....•.•..... 
35 121212121121212121121212121 ............•..... 
36 111111111 •.•.•..•• 222222222 .....•......•..... 
37 1.21.21.2 ..•.•..•. 2.12.12.1 ....•.......•.•..• 
38 121121121 •.••...•. 212212212 ...•...•. ~ ..•..•.• 
39 111 ••. 222 .••...... 222 ... 111 ..•.......•.••.... 
40 1.2 ••. 2.1 .•..•.••. 2.1 ... 1.2 ............•..... 
41 121 .•. 212 •.•.••••. 212 ... 121 .•...•....•.•..•.. 
42 111222111 •.•.•.•.. 222111222 .....•.•...••••.•• 
43 1.22.11.2 •..•....• 2.11.22.1 •...........•..... 
44 121212121 •........ 212121212 ...............•.. 

TABLE 1 
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11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
135 .2H135. 24 6135. 2H135. 2H135 .246135. 2~ 6135 .2H135. 2H135.246135. 24 6135 .2H135. 246135.2 
1 stH!>1l564 6511564 65115(4 651156H51156( 6511564 6511564 6511564 65115H 651156 4651 HU 65115H6 
1.4.3. H. 4.3.61.4.3.61. ~ .3. U. 4.3. n .4.3. n .4.3. 61. 4. 3. H. 4.3.61.4.3.61." .3. H. 4. 3. n.4.3 
12636211263621126362112 6362112£3621126362112636211263621126362112636211263621126362112636 
145.23£145.236145.236145.236145.236145.236145.236145.236145. 236145.236145.236145.236145.2 
161 El HHHHll616HIHH16116161611616161161 n 61161616116161 n 16161611 H 6161 HHH1l6Hl 
111111133333335555555 ....... 2222222 44444446666666111111133333335555555 .•••... 22222224 H 44 

I; 135.2 46321. ~54514. 362 ....... 2~3. 415456 .123642.531135.246321. 654 514.362.. • ..• 263. H 5456.1 
9' 15H6513145H 35426245 ....... 235153246323.4621312U564 65131454135426245 .••••.• 235153246323 

10 1. •. 3.63.5. 2. 45. 6.1.2 .•...• 2.1.6.54.2.5.36.3.4.11.4.:;. £3 .5.2.45.6.1.2 ..•.... ;.> .1.6.54.2.5 
11 126362136424'35321235 .•..... 24565 424135314651415H2 6362136424635321235. • ..•• 245654241353 
12 145.236351. 624564.312 ....... 213.4£5426 .15302.541145.236351. 624564. 312 ..••••. 213.465426.1 
13 16l6l 6134343435252525 .•..•.. 2525252434343HH16HHHl6134343435252525 •••••.• 252525243434 
14 11l1l1l5555S556HH6H4HH4 6HHHS555555111111111111115555555H6E6664 H 4444 U 6666655555 
15 135.24£514 .36:2U2. 53H56.123642 .531514.362135.246135.246514 .362H2 .531456.123642.531514.3 
l' ISH6Sl!>42,"4!>621)1264 632364 621312£54262451564 6511564 651542624562131264 632364 621312654H2 
17 1.4.3. £5. 6.1.26.3.4 .14. 2.5.36.3. 4 .15. 6.1.21.4.3. 61. •. 3. 65. £.1.26. 3. 4.14.2.5.36.3.4.15.6.1 
1 e 120£21532123565141564135314 651415£5321235126362112 63621532123565141564135314 651415653212 
19 145. 23H64. 312632.54142£ .153632.541564.312145.23£145.236564.312£32. :;4142 6.153632.541564.:3 
20 1 n 6l615252525f161 6164343434 U 61 £16525252516161 U 1 61616152525256161616434 3434 616161652525 
21 1111111. ...... 44H444 ...•... 3333333... . .. 66666661111111. .•.•.. 4444444.. • .•• 3333333 ••••• 
22 135.2 H •••.•.• 456.123 ....... 321.654. •. . .. 642.531135.246 .••.••• 45£ .123 ..••. 
23 1564£51 ••••••• H32364 •••..•. 3H5U3 •.•••. 621312615£4£51. ••••.. 4632364 ••••. 
24 1. 4.3.6 ....... 4.2.5.3 ....... 3 . .5.2.4 ....... 6.3.4.11.4 . .).6 ....... 4.:2 .5. 3 .• , ... 3.5.2.4. ... . 
25 12£3621 .•.••.• 4135314 .••.... 3642463 .•.•••• 65141561263621. •••.. 41353H... . .• 3£424£3 ••••. 
26 145.236. .•••.. 426.153 .•....• 351. 624 •...•.. 632.541 145.236.... .426.153 ..••.•. 351. '24 ••••• 
21 1616161 ....•.. 4343434.. • .. 3434343 •...•.. 61£161£1616161. .••••. 4343434. .• . .• 3434343 ..... 
28 111111122222226666666333333366666 66:22222221ll11111111111222222266 66 66 63333333 666666622222 
:2 9 135.:2 46263.415642.531321.654642.531263. H5135.:2 46135.24£263.415642.531321 • 65H4:2. 531263.4 
30 l!I64 6512351532621312631454136213126235153215646511564 6512351532621312 6314 5U3t2131a23515 
31 1.4.3.62.1.6.56.3.4.13.5. 2.H.3.4 .12.1. 6.51.4.3. 61. 4.3. 62.1.6.56.3.4.13.5.2 .H.3. 4.12 .1.6 
32 126362124565426514156364246365141562456542126362112 63 6212456542 651415 63 64 24 63 65141562 4565 
33 145.23£213.4£5632.541351.624632 .541213. 465H5 .236145. 236213.465632.541351 • 62HJ2. 541213.4 
34 16161 &l2525252616HHJ434343H 6161625252521616161161616125252526161 n 634343436161 n 625252 
35 1111111 H 444445555555 ....... 2222222 333333366666££111111 14 H H 4(5555555. .• . •. 222222233333 
36 135. 2H456 .123514 .362. . .•.. 263. 4l5321. 654642.531135. H 6456 .123514.362 .••.••. 2(3.415321. 6 
31 15646514 £:>236 45'262 45. . . .. 23515323H5413621312£lS 6405146323 64 54 26245.. • .•. 235153231454 
38 1.4.3.64.2.5.35.6.1.2. ••..•. 2.1. 6.53.5.2. H .3.4 .11. 4. 3. 64.2 .5.35.6.1. 2.. • ••• 2.1. 6.53.5.2 
3~ 12636214" 353H5321235 .•...•. 24565423H2 H365141561263 E21U353H 5321235 •.••..• 2~56!>4 236424 
40 145. 23642t .153564.312 .•..... 213. H5351. 624632 .541 H5. 236426 .153564.312 .•••.•. 213.465351.' 
41 161£1614343<345252525 .•.•... 252525230006HHHH1616H3430~ 5252525.. • ... 252525234343 
42 1111111666HHlllllI166€H661111111 H6fH611111111111111H666661111111666 66661111111 66666 
43 135. 2H 60.531135.246642.531135. 246HZ. 531135. 246135. 2H642 .531135.:146642.531135.2466(2.5 

., c e ... L E.., L'" ... '" ., n ~c ,II"" t;") 1 ~, ? ~ ~ C. t:.l t c.. ~ "~l ~ c., 11 .'\ ~ t 65'1 £::n 31 :2 615 £4 651621 3126156465162131 

~5 1.4.3. H. 3.4 .11.4 .3. 66.3. 4.11.4 .3. 60.3. 4 .11.4 .J.U. 4 .3. 66.3.4.11. 4.3.66.3 .L11.4.3. 66.3.4 
H 
47 
~B 

H 
135. H£:3'!;. 246135 .24£135. 2HI3!. 246135.24£135.24£321.654321.6543:21.65021 .654321. 654321.' 

5: : 5H £5: 156 C 6S1156{ 651:5 H 651156 4 .SllS 64 65:15H65131 (~~13314541331 45413314 5'1331 45(1331454 
52 1.4.3. El . (.:3.61 .'.:1. £1 . <.3.61 . 4 . .3.61. •. 3.61.4.3.63 • .5.2. U. 5.2.43 • .5.:2.43.5.:2.43 . .5.:1.43 . .5.:1: 
53 ! 26362112 63621126362112 63 62112636211263 62112636213H2 4 6 336424 633 6<24 633 64 24 030424 03 6424 
54 145.23£145.236145 .236H5. 236145.236145. 236HS .236351.62051.62051.624351.04351.624351.6 
55 : 61 0 H16:6161~ 61 n 611£161 €l1616161H161f:161 n 61300030430300030003043433043 
56 111111: 33333335555555. .. .. 2222222HHHHHHH333333322222221111111. •••.. €66H6655555 
57 13S. 2 H 32: . (5(514 • .3 62. . . .. 263.415456.123642.531321 . 65 (2£3.415135.2<6. . . . 6(2.531514.3 
58 ~56~f~1':1(~.t!3S'(2t245.. . .235~.53;"£323f"£21.3:2€31~54232351S32J.56~f51 . ~" .6213:'Z65(262 
~9 :. '-3. O. 5. 2.45.6.1.2 ....... 2.1.6.5(.2. S.36 .3. (.13.5.2. .6.51.';.3. . ... 6.3.4.15.6.1 
60 12 E36213H2H3532l2 35. . •. .. 2 (565~2 41353: HSl 4:5 e 3HZ H 3H 56542::; 63 621. .. . .. 6514 15 653212 
€l : 45.23£351.624564.312. . • .. .213. <6542 .. 15302 .541251.62,2:3.46514 5.236. . 632.541564.3 
62 1 n 61 €: 3(3005252525 .•..... 25252 52<300H 16161 OD0432525252 16161 £1. . . " 616a1652525 

1111111555555566666 HH H H4 666666£55555551 11111133333331111111 H 4';'; ';,555 555544<444411111 
64 135." H514. 362HZ .53H5 6.123642 .531SH. 3<2135.2 H32l. 654135. 24H5 6 .123514 .362456.123135.2 
65 156~ 651542 6H56213126H323H62!31265(2E' ~51S6HS1314SC3156HS1 H3236(S~2 6245463236415646 
66 1 .•• :s •• 5. 6.1.26.3. 4.14.2.5.36.3.4.15. L 1.21 .•. 3.63.5.2.41. •. ;;.64.:2.5.35.6.1.2< .2. 5.31.<.3 
67 12£36215321235651 H 5641 3531 40514: 56532123512£36213642 H 312£3621 (13531 (53:212 3541353H12636 
68 145.2.3656<.312632. S4H26. 15363 •. 54: 564.3: 2: 45.236351. 6: H 45. 23H2 6.153564 .312426.153145.2 
6S 
70 111ll11. .••. 
71 135.2H .... , .456.123 ..... 
72 156H51. ...... 4632364.. ...3145413 ....... (2131263)(5'13 ...... 54262(5. .. .. 2351532 ..... 
73 1 .•. 3 .•..•..•.•. 2.5.3 .•..... 3.5.2.4 .•..... 6.3.4.13.5.2.4 ...••. 5.6.1.2 ..• : ... 2.1.6.5 .•••• 
H 1<63621 ... •• 4135314 ...... 3642463 ...... 65141563£(2463 ....... 5321235 .••..• 2456542 .. .. 
75 145.:!36 .•.•.. 426.153 ..••... 351.624 •...... 632.50351 .• 24. .....• 56~.312 ..•••. 213.465 ... .. 
7€ 1 6l6161 ....... 0<304 .••...• 3434343 ....... 6161£163000 ••..•.. 52!>2525.. • ... 2525252 ..••. 
77 1 ~1l1112:z2:;222H66H63333333H6H££nn2:2' 1111113333333666H66HH H '222 2222HHHH6666 
7 B 135.246263.4156(2.531321. 65 46~2 .531263. (: 5135.:2 H321 . 65 (6,2.531 '56.1 :23263 • ~ 15456 .1:23642.5 
79 156< 6512351532621312 631 <5H362131262351S32156< ESDI ~5" 36213126 < 63236 (2 351532 4 63236462131 
BO 1.4.3.62.1. L 56 .3. 4 .13. 5.2. H.3.4 .12.1. 6.5:.4.3.63.5.:2.46.3.4. H.:2. 5. 32.1.6.5' .2.5. 36.3.4 
el 12636212(5654265: HS63H24E3651 Cl56245£5012£36213H2H 3651415641353142<5 6542413531 HSHI 
62 H5. 2362:3.46%32.541351. E2H32 .541213. H51(5 .236351. 624632.5414:<6.153213. HS<26.153632.S 
63 1 £l616125252526H161630043616161625n2~21 61616130006161£1 604304252 5252434343461616 
S4 11l1l114 H 4 44 45555555 .•••.•• 2222222 3333333H6 66£63333333~5555551111111. •.••.. 666£66622222 
65 135.24645£ .123514 .362 ••.•... 263.415321. 65H U. 531321. 654514.362135.246 •••••.• 642.531263.4 
e 6 156465146323645426245 •••••.. 23515323H5U362131263H5413~4262 '5156 H51 ....... 621312623515 
B7 1 ••. 3. H. 2 .5.35. £.1.2 •.••... 2.1.6.53.5.2. H.3.4 .13.5. 2.45.6.1.21. 4.3.6 ••••••• 6.3.4.12.1.' 
e8 126362141353145321235 •••••.• 2 4565<23642H365H 156364246353212 351263621. ..••.. 651415624565 
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I<ING-WALK MODULO :3 
A, B. C,D ARE 

o 1 
1 III 
2 12.21 
:3 1..1..1 
4 111111111 
5 12 .••.•.. 21 
,. 1. .2 ..•.• 2 •• 1 
7 111222 ••. 222111 
8 12.12.12.21.21.21 
9 1 .••.••.• 1 ........ 1 

10 111. ..••. 111. ..... 111 
11 12.21. ... 12.21. ••• 12.21 
12 1..1..1..1..1..1..1..1..1 
13 111111111111111111111111111 
14 12 ..•.•.•••.•.••..••••..•.• 21 
15 1. .2 ....................... 2 .. 1 
16 111222 ..................... 222111 
17 12.12.12 ................... 21.21.21 
18 1 ........ 2 ................ 2 .•. , •• 1 
19 Ill •...•. 222 ••••••.•••••.•• 222 .•..•• 111 
20 12.21. ••• 21.12 ............. 21.12 .... 12.21 
21 1 .• 1 .. 1 .• 2 •. 2 .• 2 ••••••••.•• 2 .• 2 .. 2 •• 1 .• 1 •• 1 
22 111111111222222222 •••.••••. 222222222111111111 
23 12 ••....• 12 .••.••• 12 .••••.• 21 •••.••. 21 ••••••• 21 
24 1 .. 2 ••••• 1 .• 2 ••••. 1 •• 2 ••••• 2 •• 1 ••••• 2 .. 1 ••••• 2 •• 1 
25 111222 .•. 111222 ••• 111222 •.• 222111. .• 222111. •. 222111 
26 12.12.12.12.12.12.12.12.12.21.21.21.21.21. 21.21.21.21 
27 1 .•.•...........•••.•.••••• 1 •.•..•....•••..•• '" •.••.. 1 
28 Ill .••.•..........•.......• 111 .•.••••.•..•....••••.•.• 111 
29 12.21 •.•.••.....•.....••..• 12.21 ••.••...•..•••••.•••.. 12.21 
30 1 •. 1 .• 1 .•...•.•.......•.•.• 1 .• 1 •• 1 •.•..•.....••.•.•• 1 .. 1 •. 1 
n 111111111. ..........••..... 111111111. ................. 111111111 
32 12 •.•.•.• 21 .......•..•..... 12 ..•.•.• 21 ••.•...•••••••.• 12 ....•.• 21 
33 1 .• 2 ••••. 2 .. 1 .....•.....•.. 1 .. 2 ...•. 2 .• 1 ..•...••..••.. 1 .. 2 ..... 2 •. 1 
H 111222 ... 222111. ........... 111222 ..• 222111. ..•.• , .•••. 111222 ... 222111 
35 12.12.12.21. 21. 21. .....••.. 12.12.12.21. 21. 21. •.•...• , .12.12.12.21. 21. 21 
36 1 ...••.•. 1 ••..•..• 1 •..•.... 1 .•.•••.• 1 •••.••.. 1 •••..•.. 1 ...•••.• 1 .••.••.. 1 
n 111. ...•. 111. ••.•. 111. ••••• 111. ••.•• 111. •••.• 111. •.... 111. •..•. 111. ..... 111 
18 12.21. ... 12.21. ... 12.21. ... 12.21. " .12.21. .•. 12.21. ... 12.21 .•.. 12.21. ... 12.21 
19 1. .1. .1. .1..1. .1. . L .1. .1. .1. .1. .1. .1. .1. .1. .1 .. 1. .1..1. .1..1..1..1..1..1. .1..1 
10 111111111111111111111111111111111111111111111111111111111111111111111111111111111 
11 12 .•••...........•••.•...•....••.•••••••.•••.••••..•....••••.••...••.••••••••••• 21 
12 1 .. 2 •••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••.••••••••••••• 2 •• 1 
13 111222 ........................................................................... 222111 
14 12.12.12 ................................... ' ...................................... 21.21.21 

TABLE 3 
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10 
11 

:5 

3. 

-, 

0\3 

~~ 

H 
C 
<e 
<; 
.. 
-. 
02 
53 
5. 

.-
5£ 
57 
55 
5~ 

60 

1 3 
:3 

l(3 5 

12321 
DE-01 

H.1o.2.£1.£1 
1. ..•.. 1. ..... 1 

111 •••• 111 ..•. 1:.1 
12321. .1232: •. 12321 

l!.l :;3::nf; £':32 33££23232151 
1 (.1£. 115115:':151151:. n. £1 

1 .•... . •..•...... 1 

!:.:. . . .. 22::. . J''!J. .••• " (.( •••• ~~! 
1;:321 ..• ;..5:" .. 3£2 £3 .• 2<6<.:L .53:::5 .. 2<£(2 .. 3£263 .. (1 S:.( .• :'2321 

3t.£3~6.;~.:<t. ..•.. :3~.€::16.c .. :"' .•..... 
1 !1S:':33(~25CH .••• 1<:;2~2l3.«52!:'¢36 ••.. 

.... :::2::::" to(;.( ~!2 E .•• : =: 2::::::::':( E.(5<:'(2£. .!!: !22212:~:' .. £2 !5(~(f<3 1::22::2 ~: .•. 62£!l'(5~ '''3:::23'::':1 
1 .. £ .1L H.1 (.lE.: (. H .16. l6.: .. :( .lE. H.16. 16.1. £1. t:.f:.£:. 0. £1. 61.0. {l.E:. (1. El. 6:.f:. (1. 61 

1 .••.•••..•....•....••.•..••...•.•..•.•.•.••... 1 ..... , ........................................ .. 
:. ! 1 •.•.. , .............. ¥ • • • • • • • • • • • • • • • • • • • .. • • •• .: 11 .•••.......••...•••... ~ 

:232:. .•........•.•...........•.•..............•.. ::.=:;2~ .•..............•......•....••..•..••...••.. :~::2: 
3( . 6.::':. . •• . . . • • • ... . .. ............ . •••.•.•••....• 13£. E1: .• , .................... ~ ..................... :2(. £3: 

1 n523~1....................................... -'" ......••....................... 102~;:Hl 
1 ~ 2323215: ...................................... . . ........................................ l5:232:::2:5: 

1£. E.1. El. 61 .............•...••..•......... . .........•..........•.•..•. H.1£.:.61.61 
. .. . . . ... . .. . . . . ... • . . . . .. . . . . . . . • .. . . . . • . . • • . . . . . •. 1 ... ~ .. 1 ..... ~ . :; ............................................... 1 •..... :. .. . . •. 1 

..... 111 ..... 111 ........................................ :11 ...... lll ..... 1:;.1 ............................................. 111 ., .!:1 .... :1 
•. 1232 .• 123Z~ ................................ 12321. .12321..::'~::2! ............................... :'232 •• 1.2321..1 321 
::'::'3£.£ :.13£.£31 ............................. !3£.CSl13£.E3:13L€3::. ............................... 13£.£ 1:3(,£3113 .£::: 
S~;2 52 5532523 < 1 .................................. 1 < 32 5235532!2 355 32 523( 1. ~ ............................... 1 (:; 2~2 S~ 32 S2::~ 53 523 <: 

TABLE 4 

KING-WhLK MODOLO 7 
A, B, C,D ARE 1 1 o 1 
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RESTRICTED WALK MODULO 
A, S, C,D ARE 

o 1 
1 12 
2 11. 
3 1.11 
4 12.2. 
5 11.211 
6 1.1..2. 
7 12 . .11.22 
8 11.1.1.1. 
9 1.12.12.11 

10 12 .. 2 .. 2.2. 
11 11..211. 21. . 
12 1.11..2.22 ... 
13 12.2 .. 21.1 •... 
14 11.211 .. 12 ....• 
15 1.1 .. 2 .. 11 ••..•• 
16 12.11.22.2 •.•...• 
17 11.1.1.1.211111111 
18 1.12.12.1 .. 21.21.2. 
19 12 •. 2 .. 2.11 .. 1. .1.22 
20 11 .. 211.2.2 .. 122.1.1. 
21 1.11. .2.21.22 .. 1.12.11 
22 12.2 •. 21. .1.1..12 .. 2.2. 
23 11.211 .• 112.122 .. 221.211 
24 1.1 .. 2 .• 1 .. 2 .• 1 .. 2 .. 1 •• 2. 

3 

25 12.11.22.11.22.11.22.11.22 
26 11.1.1.1.1.1.1.1.1.1.1.1.1. 
27 1.12.12.12.12.12.12.12.12.11 
28 12 .. 2 .. 2 .. 2 .. 2 .. 2 .. 2 .. 2 .• 2.2. 
29 11..211.221..211.221..211.21.. 
30 1.11. .2.2 .. 11. . .2.2 .. 11..2.22 ... 
31 12.2 .• 21.22.2 .. 21.22.2 .. 21.1 ...• 

1 

32 11.211 .. 1.1.211 .. 1.1.211 •. 12 ....• 
33 1.1 .. 2 .. 12.1 .. 2 .. 12.1 .• 2 .. 11 .....• 
34 12.11~22 .. 2.11.22 .. 2.11.22.2 .....•. 
35 11.1.1.1 .• 212121211.2.2.2.21 ..... '" 
36 1.12.12.11 •....... 2.21.21.22 ...•..... 

o 

37 12 .. 2 .. 2.2 ........ 21 .. 1 .. 1.1 .....•.... 
38 11 .. 211.21 ........ 22 .. 122.12 .......... . 
39 1.11 .. 2.22 ........ 2.22 .. 1 .11 .... ' .•.•.... 
40 12.2 .. 21.1. ..••... 21.1. .12.2 .....••....•. 
41 11.211 .. 12 •....••. 22.122 .. 21 ..••.•.....•.. 
42 1. 1 .. 2 .. 11 ........ 2 .2 " • 1 .. 2.2 .••..• ' ........ . 
43 12.11.22.2 ........ 21.22.11.1. ..........•.... 
44 11.1.1.1.211111111 .. 1.1.1.12 .......•......... 

TABLE 5 
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o 1 
112 

lH 
1621 

,3t £32 
£ 1 ~. ~. 5 * 

1.S.:n 6({ 
£- :=:. lSS:26 
lH.'2l<~4 

1 C, 1 £21.1 (~< €3 
ll25£. 5,(361" 

12 13f{32.224<2£ 
l~ 1!;.5.~.2ES(~£S 

14 1.5316< 6. (152£4 
lS 'l2.:S!;143.54(:'15 
If lH.£:lHi.23S01 
17 1£2:.1<~2'::~.~£1~5t 
lE 1::'5£ 5(~342.4.6~21 

H 13{(32.(J=~13.H1H 
20 1:.5.!c.'(2S252SE.'(;:042 2 

TABLE 6 

~l :.!316(1. .... (.£~( 2,( 
22 15516 .•.. O.H O. 

RES~R1C~ED WALK MODULO 
23 l".£2::: ..... 123.3 44 .. 
;4 1 £21. :. € •••••• of 31,(, .2:3 ••• 

~, B, C,D ARE 

2! 112S€.51 ...... ~41£3.64 •••• 
2E 136£32 E:. .(!;33S1.3 .••. 
27 1~.~.5.65~5555H5(5(51HHH 
2~ 1.~31f'(3.362511.246j3:.:23'(!',2 

2S 1; 1~!;;:l4,.:332(5.622{(f.3:1335 

3C 1<E.£;::;:!.S.5<213:.1S62S<.(€3231 
31 1621.1()SC2.214156.0H63.353l56 
32 112St.!:32.(35 • .31€~:!1.2?.3t:(.126!:21 
__ )3H32. lE556' .«1)(5. (2H2! .3(I1<S 
.3,( l!:.!. 5 .11Sl~152 313: 3: ~CH 3C366'{ 646< 
._ :.!;3:6'{5.e5i(:;22 . .c152(!; .•. ~ .. 2.362S1 
,:,£ !~.1!;5:3:.<66(~3.5~'(5;:.. .2.L2332 6 

~"£.£:2:!23.3:<2t2.2355 .... 2:5.5(2 54 
3l' :£::::.lC:3:4.(2:23~.562 ...... .25"2.21 ~f3 
'H, :~2S€. . .. 22<.35.3 3£:" 
(C 2. .. .:£~5",. 2«26 
(l 15.!~!-; . .3<S<S{~6:(1":"tl:::l:3"l(1(: 5{5<S~ 

(2 :.~3:€< .. 2<£:.3 .. !;3:f.c .5316< w24f:3. 
<3 
H 

,(5 :£::.:<5:~t.t:i:E::.:(;:5i.£32€2:.:.(,~:5£.E3Zt:: 
(f 

(~ 3t(3::.5(::.(~,:3ff3:.~(::(~ . .23E£32.5.C.l(5~:36€3 
.t! S.!..!:.5.5.S.5.5.~,!;.!;.5.!.!:.5.~.5.5,.5.5.!i.~.5. 

(5 .S:;:£'(2.S:::f4;.~31£4~.~3:6{2.!:3:t(2.~::n£"i.53:« 

~C :::::!: : 2: 

t:: €21.1><.€2:.:<.t:::. (2 £3 
:?5:!.S::j::5E.!;~:25£.5::2!;!.:'2:25£.52:25t.5::25t.5~ £1< 

S.( 3f£3: .Jtt';: .. 3tC:; .. .jtt3: .• 3f(32 .• 3f€3~ .. 3€€3:.:: <t(2€ 
l;" _._ .. 3S3.s25!::3:3:33£:€1£:~'(6'(6(f€2':242':4.;.2.Z< 
5£ .:3: f<4 . 4!!J:6~ •..... 2.3£251£. €SC;~:;.2~f:3~. :23( 
!i = :.sS:2€ .3::J23.S4{52 .. ~ ... 2<.2332~: . .(66(::~. 6::£(£.3:1 64 
5£ .(t £2:'(S.(.<£3:C;.23!:5 .•• w2~!;.S(2623.:3:(';3:.:5€2Sc':;t 5:5 
5S t?1.:.(2(!3.:!!.Z235.!<62. ~2~4:.2:231<.{22:.sE.63('€3.J £542 
t=: :2::£. SCH:'.( .1; ~:H2. (S •. ~. ~22<35. 3ft: 1£3. t36S21.:23€1'(. 
£: 3t€32.::2~(26.:::2:3.:; •..... 2(556o{.25:33S:.2(!1(5.'2.«(2f.6£55£4 
£: ! . 5 . 5 . 2 € ~ (:!:! ~ . .3 (3£.3 E: ~.!::::! 3 3 5 63 £:; £:;!-S € 5 65 €: . :; ~:: . 5:2: . ~ . : . 6 t: 1 4: ,: 
€} .!;3: foCt. ":~:t6'( .2<4£::::. €!<~~':~24€13'(. '(:52t;t.~3164'.1::':·LS'{ .~';:6<S 
£.( ;;. : ~ 5: 43.54 (~: S. (22£5:. 46€ "2~. (226£:1.5<453=.: !:512€. 3: 1352. 
6~ <€ £~:6f:.:::S(3:.:5:t32::.3~.c3~1.15f<£2,:::S6.{£.£21(5(.4t3(~f.E::::-';:3 

{f 6::: 'l.'(2J~.S6::~L{35::1o(.":';2l5€.f3f,23~.5t3f::.l(2.{(':.3::5t21.:'{331-< 

£~ l:'~( .5t:S3(2.4(f.521.2~<163.t3f521.24~3(2.(£::;5£.5(3f:'(. 

6 E 3 if:;:2 . (: 2: ::; • 1 (: :.C !; . 5;.5:;:; $: . :: .:. 14 S . {: 22':.:; .:: 3 t £3:: . 22.( 4:2 { • S 3 £; £3':: . .3!;:3:5; 
{S ~ . !; . !S . ~;:!. Z 52 $£.( =.(242 .3 (J • .3 .. t 53 5 3 532 2 52.52 ~1 .2 .. :: .2 ·n .. : . 1 . S t 1 f: £ 1,(:' £5 f S € 
ie .!:):f(!.~.~ .. .(. ..~~~3.:23<S3~~ .~.E.24f~32.123<S3.~ ••.. 5.'(:52t; 
I. ~.1:~:6 ...•.. .(: .• t£(3 ...... 3t.3::3' ..... t~.6:26(E.3::3' ~~ .5:::.5.(52 
72 H. 0:1..... .31H ..... 35L4£33 ..... f31.1S625C 4£33.. . 5'~ .235;. 
73 £2l . 1 H ••...• OJ(. 423 ..•.• 3H3. 35~ ...•. H5L OH£3. 354, .. 5:35.5.2. 
7. :25L S1. .... HI £3. ~c ..... 3361<.13 ..... H521.223£I4. ~3... .~S3<2. (5 ... 

is 3H3:;.6. .... 453351.0. ..... 324<2(.4 •.. 6<)1<5.04(2<'< ... 5:2213.2. 
i f ~ • 5 ~ !, . £ ~ 5:!; ~ 5 ~2'( Z. (5 « 5: 4 ..... 4 ( • 54 5,( 5 C 15! 5 55 5,( .! . S . 521 . :: .! . .( ;. 1: : 11 t ~ 15: S::; SS $5 5S 
i i . ~.:: f <,3 • J £;:; 51: . t -4 £ 1::; 2:.12:: CS2 w 2 4 £ 13 2 • .3 €;; ~: 3.5 J: f" " . 12:':; (52 . 2 ,,£:.? ~ . f S <.3? £ . 36:: ~ ~ 
it 2 .1~5:1( .:33245. £2264f.3::3:!S. €22£3( .::332£2.155:2£.3:1335. E:2€S~ .4tf<S( .233221 
is (f (2:::!!:.5.(i:J:.:5£::S(.1(€3;:3:~:'5{11!:.$(23A;£.62:(5.(. .:~€3:3.:n.(t::~.S'2£2 

ec f::.~4:S.::.2:4;:St.£J<'£J.JSj:SL(33.542~21£t2:.1~2<€.3.353:Sf.f3531<.<2!~<2.2:~3 " 
e~ ~:~£.!':243!.3:£!;2~.2::H14 .~:243~.~31:'5€.S(3€:'.:2£52:.:::H~t::.6€:<35.3f'( 63 
e: 3f£32.1t!:5£<.4":>4~.C:.(2t.3C~:'(!.3f;5t:(.63Ei£3:.2~''(2€ . .3<'!1'(~.~5:.33~1.S!~5£'.( 2= 3~1 

E3 5.!:.~.1:5:S15:3:3:3:5CH343664t<4Ei •. 2t2£2£5.2.:2.;4: .1.~313:3!{::;j::J~':!!2~~$2(.( .(545 
f4 .~:n f(!;. £5«.32; .4:5~£S .• ~ •• 2 .3'2S1~.12:S(S::.;4C:3:2.1::3'(~1.4:!:;2t£.53:f:'1 .•..•. t .((13 
t! 2.l5~13:.4€tC.3.S4(!2 ....•. 2 ... 23321'.3:1J3~.fiL2t.c£.3:1323.S"(~32.:SS1£~ •.••. (S £;:2£ ( 
u H t:11523.310£2.2j~~ ...•.. Zl~.5';:55 •. Hn31.1505CH31t2.235fH.62!l ....•. Cl:l.15( )5 
Ei £2 .143314.42~235.5£:/ ..•.•. =5'2.21)(O.J5315f.OHO.352235 5£3£21.1H .••..• C:SL(3 50 
H :2 £.55(:0.625342.45 ..•..• 2205.353£1 .. 12052:.2230 .. 1153' .H:25L5: ..•.•• H~21.: 205 
£S 3f 3<.30335:.1::-213.2 ..•... 2£55 ... 1240£.3(1:(5.(2442£.2)22 :;.33€O:.6 .....• H::<S. £556. 
90 5. .5.3454 50614H 1 H:: 11: 13(1 41 (: 2;(5(5(..5.5.52) .1.1. 251S 5) 0535350333 :;:;2S35353 151515 
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1 11 
::21 

3 12.1 
.11 

•. 1221 
t .1.22.1 

11.11.11 
~ 22;::Z2221 
9 1. ... 2.1 

10 11 •. 22 1), 
11 22: .211.221 

12 12~1:.12.1 

............ 11 
H ....•.. 1221 
15 •......•. 1.2~. 
16 ......... 11.11.11 
17 .•.•••. 1222222221 
1 e • ............... 1 

TABLE 7 
19 ••.•. n.n " .11 
20 ..... 122 .112. ~211 RESTRICTED Y.ING-WkLK MODULO 

.... 1.21.2: .12.1 
Z:2 ..... ::.1." .... ~ • 
:2.3 •• :. :Z21 ~ ....... 
24 .1. 
25 11 

<I.' l ......... ~., .. ~ ..••. ~ ~.2.1 

2E 11. ••...•••••.••••••. 
2S 22:... . .........•... 
30 12.1. ............... 2. 12.1 
,. 11. ............. 22 ..... :1 

... 1221. .... . ...... ~tll: .... 122: 

3€ 1. ..... 2.1. ..•. 2.1. •...• 
3i 11 .... 22.:: .. 22.1: .. ~ 
3E :21 .. 211.22: w2!1.221 
3$ :2.:2.12.::.:2.12.1: . 
• 0 ••••• ••• . ••••• 
(1 

o ............. . 
~3 ••• •• •• ••••••••• •• • ••••• 
« 

~ € ••••••••• •••••••••••••• • •.•.•• 
n 

.5 C ........................... ~ ...... .. 
! l ................................... . ~ 

!>2 ••••••••••••••••••••••••• • 

A, B. C.D ARE 1 

. .. ~ 1 '), 

!>< ••••• •••••••••• • •••••• 1.: .............. . 

57 ..................... 1.2L2:.2 .... . 
5 B 
59 ••••••••••••••••••• 
£0 
f: 
(2 
63 •••••••••••••••••••• 
6~ ....•.......•... 22 •... 11.22 ...• 11.22.. .U. 
65 ••..........•. 122.112. .:22.:12 .. 2:1.221 
6£ ............. " .. 1.2:.2:.2:.2:.2:.2~.21.2: 
£7 ••••••••••.• 11. . ............ . .... 11 
68 •••••.•••.• 1221. •••• •••..••••••. . ... 1221 
£9 .•.....••. 1.22.1. ................... 1.22.1...... . ...... 1.22.: 
iO ......... 11.11.1: ............... 1:.::.11... . ...... 11.1 .:1 
i1 ........ 1222222221. •..•••••••••••• 1:222222221 ............. :222222221 
72 ••..... 1.2..... .1. .. . .•...••... 1.:2 ...... ~ . . . .. 1. .1 
73 •• _ .... 11.22 .. ~ ... l!" ............. 1!.22 ... ~2:.11.~o . ~ ... 11.22. ~~2.11 

o 

14 .• " ... l22.112 .. 2:1.221.~ ........ ".1:22.112 .. 2:1.221. .... :22.112 ... ~~1.22: 
75 .... 1.21.21.22 .. :2.1 1.21.21 .12.12.1. .. 1.212: :2.12.'-
if ••. ll ....... :1.. ... ........ . ............. : ....... :1 
17 .. :::21 ..... :221 .. , ....• 21. ... 1 1. .... 122: ... :221. ... 1 21. .... l221 
IS .1.22.1. .. 1.22. . ..•. 2.1... .1 ... 1.22 1 .22 .. 1. 2.1. .. 1..12.1 
'911.11.11.11.11.1:.. 1:' ,~, 1.11.1 .11.1:.1:. 1:.~:.11. 'l.ll.11.1:.:1 
eo 22222222222222222222:222 22222 222222 222222222222;:222222222222 22222222222221 
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o 1 
111 
:1 221 
.3 .531 

2520 
.2'-51 

£ :tH2Hl 
i 1. ... Ll 
e 11..6£.11 
~ 221£55.221 

10 (52523. <531 
11 2(523!>.25Hl 

TABLE 8 

1:1 £44331. .24.51 RES"RIC!£D ~ING-W~ MODULO 
13 3.0.026£2661 
1( 3 .... 5.:2. ..6.1 
15 33 .. 55.22 .. H.11 
16 U3533.4<H55.221 
17 51. 4H .135623 .(531 
lI\ H51.:l.42.H5.25241 
19 ~3560. £61312 .. 2(.51 
201£.16.2!>£35£322H2Hl 
21 ..... 1.6 ..•• C3 .. 6.1 
22 .... 11.H .. 44.33 .. H.Il 
23 ., .122.556Hl.HH55.221 
24 .• 1354.321462.511.23.(531 

~. B. C.D ARE 1 

25 .1<252.5L451.6.2355.2SH1 
26 15. 0 •• H323£ .61!:.363 .• 24.51 
27 H2H2<H2H25.52.5232662£S1 
:a 5 ..•. 5.2 •..• C3 •... :l.4. ... £.1 
2S ~5 .. 55.:22 .. H.3:l .. 33.H .• H.ll 
30 n!533.H2(ll.H33H.llH55.22: 
3: 6"£646,,133 .. 62.515515,,2{(123~<E31 
32322223.(.6211.6HHE:.:S4.65.252C: 
:l3 5.H.5.012<2.3.5S.3.6323<4 .2<.51 
34 5 (554 52.16.1653133132202 <1 (26626£! 
35 2 ••. (.3 .... 5.2 .••• Ll. ... 2.5 ..•. £.1 
3£ 22 .• 4<.33 .• 55.22 .. ".11 •. 22.55 .. 6£.11 
3i 4001.6(3533. H:H55. 22124<. 335E55. 22: 
3S !J3.£2.5~.4H.135£23.(55.:11.'(.2n.(531 
:H (.011.6£51.3.(2.£45.2.314(.336L5.2520 
H OlH2. 53560.661312. 2502!. £5025 .. ;~. 51 
(: .16 .16.1£. H. 25050( .0. O. 43. (3 .52662Hl 
(2 ..... 1.60 .. Ll. ••.....•.. ~.L .. 6.1 
4:? 1: ..••.... 1"1.U •• H.1 •...... n.H .. H.11 
H 221. ...... 122.55H55.221. .•.•.. 
<5 <531. •.•• l35L323323.(53l. .... 
H n2C ... 1 <252.511115.25241 .. 1052. !1l115. 252 ( 
4'1 .2<.51.15.(2 .. 6.33.60.2<.51.15.(2. £o33.L.2<-
H 2H2662H2H2662H2H2H2H2HH62HH62H2H2 61 
(S 1. .......................................... L: 
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