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The terminology and notation used in this paper have been introduced in the
following articles: [23], [9], [13], [3], [20], [22], [25], [26], [7], [8], [2], [1], [5], [6],
[24], [10], [19], [4], [15], [14], [21], [11], [12], [16], [17], and [18].

We use the following convention: i, i1, i2, j, j1, j2, k, n are natural numbers,
D is a non empty set, and f is a finite sequence of elements of D.

Let F be a non empty set, let S be a non empty set of finite sequences of
the carrier of 5%, let F' be a function from E into S, and let e be an element of
E. Then F(e) is a finite sequence of elements of 2.

Let F be a function. The functor Values F' yielding a set is defined by:

(Def. 1) Values F' = Union(rng,, F'(k)).
We now state three propositions:
(1) Let M be a finite sequence of elements of D*. If i € dom M, then M (7)
is a finite sequence of elements of D.
(2) For every finite sequence M of elements of D* holds dom(rng,, M (k)) =
dom M.
(3) For every finite sequence M of elements of D* holds Values M =
U{rng f; f ranges over elements of D*: f € rng M }.
Let D be a non empty set and let M be a finite sequence of elements of D*.
Note that Values M is finite.
The following propositions are true:
(4) For every matrix M over D such that i € dom M and M (i) = f holds
len f = width M.
(5) For every matrix M over D such that i € dom M and M (i) = f and
j € dom f holds (i, j) € the indices of M.
(6) For every matrix M over D such that (i, j) € the indices of M and
M (i) = f holds len f = width M and j € dom f.
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(7) For every matrix M over D holds Values M = {M; ; : (i, j) € the indices
of M}.

(8) For every non empty set D and for every matrix M over D holds
card Values M < len M - width M.

In the sequel f, fi, fo are finite sequences of elements of 8% and G is a
Go-board.
Next we state a number of propositions:

(9) If f is a sequence which elements belong to G, then rng f C ValuesG.

(10) For all Go-boards G1, G2 such that Values G; C Values Gy and (i1, ji) €
the indices of G; and 1 < jp and jp < widthGo and (G1)i, 5, = (G2)1,5
holds i1 = 1.

(11) For all Go-boards G, G2 such that ValuesG; C ValuesGy and (i1,
J1) € the indices of G; and 1 < jp and jo < widthGy and (G1);, 5, =
(G2)1enG2,jg holds il = len Gl.

(12) For all Go-boards G, G2 such that ValuesG; C ValuesGy and (i1,
Jj1) € the indices of G; and 1 < i3 and i3 < len Gy and (G1)i, 5, = (G2)is,1
holds j, = 1.

(13) For all Go-boards G, G such that Values G; C Values G and (i1, ji) €
the indices of G and 1 < 42 and ip < len Gy and (G1)i; .5, = (G2)iy,width Go
holds j; = width G;.

(14) Let G1, G be Go-boards. Suppose ValuesG; C ValuesGs and 1 < 3
and i1 < lenGp and 1 < j; and j; < widthGy and 1 < i and s <
lenGy and 1 < jz and jo < widthGy and (G1)i,;, = (G2)is,j,- Then
((G2)iz+1,52)1 < ((G1)iy+1,50)1-

(15) Let G1, G2 be Go-boards. Suppose ValuesG; C ValuesGy and 1 < iy
and i1 < lenGy and 1 < j; and 77 < widthGy and 1 < 49 and iy <
lenGy and 1 < j2 and jo < widthGs and (Gl)ihﬁ = (G2)i2,j2' Then
((G1)iy—1501 < ((G2)ig—1,52)1-

(16) Let G1, G2 be Go-boards. Suppose Values G; C Values Gy and 1 < 43
and 77 < lenGy and 1 < j; and j; < widthG; and 1 < 45 and 75 <
lenGs and 1 < J2 and Jjo < width G5 and (Gl)’h,jl = (Gg)i%h. Then
((G2)iggo+1)2 < ((G1)iy jr+1)2-

(17) Let G1, G be Go-boards. Suppose Values Gy C ValuesGso and 1 < 3
and i1 < lenGp and 1 < j; and j; < widthGy and 1 < i and 75 <
lenGy and 1 < j3 and jo < widthGy and (G1)i,5, = (G2)is,j,- Then
((G1)irjr—1)2 < ((G2)is,go—1)2-

(18) Let G1, G2 be Go-boards. Suppose Values G; C Values G2 and (i1, ji) €
the indices of G and (i2, j2) € the indices of G and (G1)i, j; = (G2)iy jo-
Then CGH(GQ, ig,jQ) g cell(Gl, il,jl).

(19) Let Gy, G be Go-boards. Suppose Values G; C Values G2 and (i1, ji) €
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the indices of G1 and (i2, j2) € the indices of G2 and (G1)i, 5, = (G2)is.jo-
Then CeH(GQ, ig ! 1,j2) - cell(Gl, il ! 1,j1).

(20) Let G1, G2 be Go-boards. Suppose Values G; C Values Go and (i1, j1) €
the indices of G and (i2, j2) € the indices of G2 and (G1)i, j; = (G2)iy,jo-
Then Cell(GQ,iQ,jg - 1) g cell(Gl,il,jl - 1)

(21) Let f be a standard special circular sequence. Suppose f is a sequence
which elements belong to G. Then Valuesthe Go-board of f C ValuesG.

Let us consider f, G, k. Let us assume that 1 < k and £+ 1 <len f and f
is a sequence which elements belong to G. The functor right_cell(f, k, G) yields
a subset of £2 and is defined by the condition (Def. 2).

(Def. 2) Let i1, j1, i2, j2 be natural numbers. Suppose (i1, ji) € the indices of G
and (42, j2) € the indices of G and 7 f = G;, j, and 741 f = G, j,. Then
(i) i1 =12 and j1 + 1 = jo and right_cell(f, k, G) = cell(G, i1, j1), or
(il) i1+ 1 =19 and j; = jo and right_cell(f, k, G) = cell(G, 41,71 —' 1), or
(iii) 41 =42+ 1 and j; = jo and right_cell(f, k, G) = cell(G, iz, j2), or
(iv) i1 =19 and j1 = jo + 1 and right_cell(f, k, G) = cell(G,i; —' 1, j2).
The functor left_cell(f, k, G) yields a subset of 5% and is defined by the condition
(Def. 3).

(Def. 3) Let i1, j1, i2, j2 be natural numbers. Suppose (i1, j1) € the indices of G
and (iz, j2) € the indices of G and 7 f = G}, j, and w41 f = G, j,. Then
(i) i1 =19 and j1 + 1 = jo and left_cell(f, k, G) = cell(G, i1 —' 1, 1), or
(ii) 41+ 1 =19 and j; = jo and left_cell(f, k, G) = cell(G, i1, j1), or
(iii) 41 =42+ 1 and j; = jo and left_cell(f, k, G) = cell(G, ia, jo —' 1), or
(iv) i1 =19 and j1 = jo + 1 and left_cell(f, k, G) = cell(G, i1, j2).
We now state a number of propositions:

(22) Suppose that
1< kand k+1 < lenf and f is a sequence which elements belong to
G and (i, j) € the indices of G and (i, j + 1) € the indices of G and
mf = Gij and w1 f = Gijy1. Then left_cell(f, k,G) = cell(G,1 —' 1, 7).
(23) Suppose that
1< kand k+1 < lenf and f is a sequence which elements belong to
G and (i, j) € the indices of G and (i, j + 1) € the indices of G and
mf = Gij and w41 f = Gy j41. Then right_cell(f, k, G) = cell(G, 1, j).
(24) Suppose that
1< kand k41 < lenf and f is a sequence which elements belong to
G and (i, j) € the indices of G and (i + 1, j) € the indices of G and
mpf = G and Ty f = Gig15. Then left_cell(f, k, G) = cell(G, 1, j).
(25) Suppose that
1 < kand k+1 < len f and f is a sequence which elements belong to G and
(i, j) € the indices of G and (i + 1, j) € the indices of G and 7 f = G ;
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and m41f = Giy1,;. Then right_cell(f, k, G) = cell(G,i,j —'1).
(26) Suppose that
1< kand k+1 < lenf and f is a sequence which elements belong to
G and (i, j) € the indices of G and (i + 1, j) € the indices of G and
mf = Giy1; and mp41 f = G, 5. Then left_cell(f, k, G) = cell(G, 1,7 —'1).
(27) Suppose that
1< kand k41 < lenf and f is a sequence which elements belong to
G and (i, j) € the indices of G and (i + 1, j) € the indices of G and
rf = Gig1; and 71 f = Gy 5. Then right_cell(f, k, G) = cell(G, 1, j).
(28) Suppose that
1< kand k+1 < lenf and f is a sequence which elements belong to
G and (i, j + 1) € the indices of G and (i, j) € the indices of G and
mrf = Gijy1 and 1 f = G, 5. Then left_cell(f, k, G) = cell(G, 1, j).
(29) Suppose that
1 < kand k+1 <len f and f is a sequence which elements belong to G and
(i, j+1) € the indices of G and (i, j) € the indices of G and 7 f = G; j11
and 711 f = G; ;. Then right_cell(f, k,G) = cell(G,i —' 1, 7).
(30) If1<kandk+1<lenf and f is a sequence which elements belong to
G, then left_cell(f, k, G) Nright_cell(f, k, G) = L(f, k).

(31) Ifl1<kandk+1<lenf and fis a sequence which elements belong to
G, then right_cell(f, k, Q) is closed.

(32) Suppose 1 < k and k+ 1 < len f and f is a sequence which elements
belong to G and k + 1 < n. Then left_cell(f, k,G) = left_cell(fIn, k,G)
and right_cell(f, k, G) = right_cell(f[n, k, G).

(33) Suppose 1 < k and k + 1 < len(f},) and n <len f and f is a sequence
which elements belong to G. Then left_cell(f, k+n, G) = left_cell(f|,, k, G)
and right_cell(f, k + n, G) = right_cell( f, k, G).

(34) Let G be a Go-board and f be a standard special circular sequence.
Suppose 1 < nand n+ 1 < len f and f is a sequence which elements
belong to G. Then left_cell(f,n, G) C leftcell( f,n) and right_cell(f,n,G) C
righteell(f, n).

Let us consider f, G, k. Let us assume that 1 < k and £+ 1 <len f and f
is a sequence which elements belong to G. The functor front_right_cell(f, k, G)

yielding a subset of 5% is defined by the condition (Def. 4).
(Def. 4) Let i1, j1, i2, j2 be natural numbers. Suppose (i1, j1) € the indices of G
and (ig, j2) € the indices of G and 7, f = Gj, 5, and w11 f = G, j,. Then
(i) i1 =iz and 71 + 1 = jo and front_right_cell(f, k, G) = cell(G, iz, j2), or
(ii) i14+1 =1y and j; = j2 and front_right_cell(f, k, G) = cell(G, iz, j2 —' 1),

or
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(iii) 43 =2+ 1 and j; = j2 and front_right_cell(f, k, G) = cell(G, iz —'1, j2),
or
(iv) 41 =g and j; = jo+1 and front_right_cell(f, k, G) = cell(G,ia—'1, jo—'
1).
The functor front_left_cell(f, k, G) yields a subset of 5% and is defined by the
condition (Def. 5).

(Def. 5) Let i1, j1, 12, j2 be natural numbers. Suppose (i1, j1) € the indices of G
and (42, j2) € the indices of G and 7, f = G, j, and 71 f = G, j,. Then
(i) i1 =i2 and j; + 1 = jo and front_left_cell(f, k, G) = cell(G,i2 —' 1, ja),
or
(ii) 41 + 1 =12 and j; = j and front_left_cell(f, k, G) = cell(G, iz, j2), or
(iii) 41 = i2+1 and j; = j2 and front_left_cell(f, k, G) = cell(G, ia—'1, jo—'1),
or
(iv) i1 =i9 and j; = jo + 1 and front_left_cell(f, k, G) = cell(G, iz, j2 —' 1).
Next we state several propositions:

(35) Suppose that
1 < kandk+1 < len f and f is a sequence which elements belong to GG and
(i, j) € the indices of G and (i, j 4+ 1) € the indices of G and 7. f = G ;
and 741 f = Gij+1. Then frontleft_cell(f, k, G) = cell(G,i —'1,j + 1).
(36) Suppose that
1 < kand k+1 <len f and f is a sequence which elements belong to G and
(i, j) € the indices of G and (i, j 4+ 1) € the indices of G and 7. f = G ;
and 71 f = G j+1. Then front_right_cell(f, k, G) = cell(G, 4, j + 1).
(37) Suppose that
1 < kand k+1 < len f and f is a sequence which elements belong to G and
(i, j) € the indices of G and (i + 1, j) € the indices of G and 7 f = G ;
and mp+1f = Giy1,;. Then front_left_cell(f, k, G) = cell(G,i + 1, ).
(38) Suppose that
1 < kand k+1 < len f and f is a sequence which elements belong to G and
(i, j) € the indices of G and (i + 1, j) € the indices of G and 7 f = G ;
and 741 f = Giy1,;. Then front_right_cell(f, k, G) = cell(G,i+ 1,5 —'1).
(39) Suppose that
1 < kand k+1 < len f and f is a sequence which elements belong to G and
(i, j) € the indices of G and (i+1, j) € the indices of G and 7, f = G115
and 741 f = G; j. Then front_left_cell(f, k, G) = cell(G,i —" 1,7 —'1).
(40) Suppose that
1 < kand k41 < len f and f is a sequence which elements belong to G and
(i, j) € the indices of G and (i+1, j) € the indices of G and 7, f = G115
and 741 f = G ;. Then front_right_cell(f, k, G) = cell(G,i -1, j).
(41) Suppose that



144 CZESEAW BYLINSKI

1 < kandk+1 < len f and f is a sequence which elements belong to G and
(i, j+1) € the indices of G and (i, j) € the indices of G and 7 f = G; j11
and 741 f = G; ;. Then front left_cell(f, k, G) = cell(G,4,5 —'1).
(42) Suppose that
1 < kand k+1 <len f and f is a sequence which elements belong to G and
(i, j+1) € the indices of G and (i, j) € the indices of G and 7 f = G; j1+1
and 741 f = G; ;. Then front_right_cell(f, k, G) = cell(G,i —'1,5 —'1).
(43) Suppose 1 < k and kK + 1 < lenf and f is a sequence which ele-
ments belong to G and k + 1 < n. Then front left_cell(f, k,G) =
front_left_cell(f[n, k, G) and front_right_cell(f, k, G) =
front_right_cell(f [n, k, G).
Let us consider f, G, k. We say that f turns right k, G if and only if the
condition (Def. 6) is satisfied.
(Def. 6) Let i1, j1, i2, jo be natural numbers. Suppose (i1, j1) € the indices of G
and (ig, j2) € the indices of G and 7, f = Gj, 5, and w11 f = G, j,. Then
(i) i1 = i2 and j1 +1 = jo and (i2 + 1, j2) € the indices of G and
Tet+2f = Giy41,45, OF
(i) 41+ 1 = iy and j; = jo and (ig, jo —' 1) € the indices of G and
Tprof = Gig,jr/la or
(ili)) 4 = d2+ 1 and j; = jo and (i2, jo + 1) € the indices of G and
Tet2f = Gig jot1, OF
(iv) 41 = iy and j; = jo + 1 and (i2 —' 1, jo) € the indices of G and
7Tk+2f = Gigdl,jg-
We say that f turns left k, G if and only if the condition (Def. 7) is satisfied.
(Def. 7) Let i1, j1, i2, jo be natural numbers. Suppose (i1, j1) € the indices of G
and (i2, j2) € the indices of G and 7, f = Gj, 5, and w11 f = G, j,. Then
(i) 44 = iz and j; + 1 = j and (is —' 1, j2) € the indices of G and
Trvof = Giy_r1j,, OF
(i) 41+ 1 = d2 and j; = j2 and (i2, jo + 1) € the indices of G and
Trt2f = Giy jot1, OF
(ili) 4 = i2 + 1 and j; = jo and (ig, j2 —' 1) € the indices of G and
Trv2f = Giy jy—11, OF
(iv) 43 = i9 and j; = jo + 1 and (i + 1, jo) € the indices of G and
Trr2f = Giyt1,jo-
We say that f goes straight k, G if and only if the condition (Def. 8) is satisfied.
(Def. 8) Let i1, j1, 42, jo be natural numbers. Suppose (i1, j1) € the indices of G
and (42, j2) € the indices of G and 7 f = G;, j, and mpy1f = G, j,. Then
(i) 41 = i2 and j; +1 = jo and (ig, jo + 1) € the indices of G and
Trt2f = Giy jot1, OF
(i) 41+ 1 = iz and j; = j2 and (i2 + 1, j2) € the indices of G and
Te+2f = Giy+1,4y, OF
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(ili) 4 = i2 + 1 and j; = j2 and {iy —' 1, j2) € the indices of G and
Thtof = Giz—’l,jga or

(iv) i3 = iy and j1 = j2 + 1 and (ig, jo —' 1) € the indices of G and
Tk+2f = Giy jo—11-

One can prove the following propositions:

(44) Suppose 1 < k and k+ 2 < len f and f is a sequence which elements
belong to G and k + 2 < n and f[n turns right k£, G. Then f turns right
k, G.

(45) Suppose 1 < k and k+ 2 < len f and f is a sequence which elements
belong to G and k + 2 < n and f[n turns left k, G. Then f turns left &,
G.

(46) Suppose 1 < k and k+ 2 < len f and f is a sequence which elements
belong to G and k42 < n and f[n goes straight k, G. Then f goes straight
k, G.

(47) Suppose that
l<kand k4+1<lenf; and £+ 1 < len fo and f; is a sequence which
elements belong to G and fy is a sequence which elements belong to G
and f1lk = folk and f1 turns right ¥ =" 1, G and f5 turns right £ —"1, G.
Then f1 r(k’ + 1) = f2 r(k‘ + 1)

(48) Suppose that
l<kand k4+1<lenf; and k+ 1 < len fo and f; is a sequence which
elements belong to G and fy is a sequence which elements belong to G
and f1lk = fo]k and f1 turns left k —' 1, G and fy turns left k —' 1, G.
Then fi[(k+1) = fol(k+1).

(49) Suppose that
l<kand k4+1<lenf; and £+ 1 < len fo and f; is a sequence which
elements belong to G and fy is a sequence which elements belong to G
and f1]k = fo|k and f; goes straight ¥ —'1, G and fy goes straight k —'1,
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